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Nephrology, Endocrinology and Vascular Medicine, Tohoku University Graduate School of Medicine, Sendai, Japan

Objective: To investigate how often target renin is pursued and achieved in patients with
primary aldosteronism (PA) and other low renin hypertension (LRH) treated with
mineralocorticoid receptor antagonists (MRAS), as reversal of renin suppression was
shown to circumvent the enhanced cardiovascular and renal morbidity and mortality in
these patients.

Patients and Methods: \We conducted a retrospective cohort study of patients with PA
and LRH treated with MRAs in an academic outpatient practice from January 1, 2000,
through May 31, 2020.

Results: Of 30,777 patients with hypertension treated with MRAs, only 7.3% were
evaluated for PA. 163 patients (123 with PA) had renin followed after MRA initiation. After a
median follow-up of 124 [interquartile range, 65-335] days, 70 patients (43%) no longer
had renin suppression at the last visit. The proportion of those who achieved target renin
was higher in LRH than in PA (53% vs. 40%). Lower baseline serum potassium, lower
MRA doses, and beta-blocker use were independently associated with lower odds of
achieving target renin in PA, while male sex was associated with target renin in LRH.
Overall, 50 patients (30.7%) had 55 adverse events, all from spironolactone, and 26
patients (52%) were switched to eplerenone or had a spironolactone dose reduction.

Conclusion: Despite evidence that reversal of renin suppression confers cardio-renal
protection in patients with PA and LRH, renin targets are followed in very few and are
achieved in under half of such patients seen in an academic setting, with possibly even
lower rates in community practices.

Keywords: primary aldosteronism, renin, mineralocorticoid receptor (MR) antagonist, adrenal disorders,
hypertension, aldosterone, adrenal, adrenal cortex

Abbreviations: CKD, chronic kidney disease; DRC, direct renin concentration; eGFR, estimated glomerular filtration ratio;
LRH, low renin essential hypertension; MR, mineralocorticoid receptor; MRA, mineralocorticoid receptor antagonist; PA,
primary aldosteronism; PAC, plasma aldosterone concentration; PRA, plasma renin activity; RAAS, renin-angiotensin-
aldosterone system.
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INTRODUCTION

Primary aldosteronism (PA) is a common form of secondary
hypertension, accounting for up to 20% of resistant hypertension
cases (1-3). Compared to sex- and age- matched individuals with
essential hypertension and equivalent blood pressure, patients with
PA have a higher risk of cardiovascular and renal complications,
including atrial fibrillation, coronary artery disease, strokes, renal
insufficiency, and death (4, 5). Such complications are partly
mediated by excessive mineralocorticoid receptor (MR) activation
in target tissues, which promotes myocardial fibrosis, left ventricular
hypertrophy, increased carotid intima-media thickness, endothelial
dysfunction, and microalbuminuria (6-12). Mineralocorticoid
receptor antagonists (MRAs) are the mainstay of medical
treatment for PA (13). While small observational studies showed
that MRAs can be efficacious for blood pressure control and
cardiovascular protection even in low doses (14-16), large
retrospective cohort studies of patients with PA and essential
hypertension suggest that the cardio-renal benefits of MRA
therapy in PA patients are maximized when renin is no longer
suppressed (4, 17, 18).

The clinical benefits of MRA therapy on blood pressure
control and cardiovascular morbidity and mortality has also
been demonstrated more broadly in resistant hypertension (19-
21). Moreover, low renin has been associated with cardiovascular
risk in patients with “essential hypertension” (22-24) and it has
been shown to be a predictor of blood pressure response to
MRAs in this population (25). Therefore, abrogation of renin
suppression is suggestive of therapeutic MR blockade that
overcomes the excessive amounts of aldosterone or other
MR activators.

In this study, conducted in a large academic clinical practice
that includes both primary care and specialty services, we aimed
to: 1) assess how often MRA therapy is titrated to target renin

levels; and 2) identify factors that preclude adequate MRA dose
titration to overcome renin suppression, such as side effects or
concomitant medications that contribute to alterations of renin-
angiotensin-aldosterone-system (RAAS).

PATIENTS AND METHODS
Study Participants

We employed an internal database search engine, DataDirect
(26), to identify patients with low-renin hypertension treated
with MRA between January 1%, 2000 and June 1%, 2020 (Figure
1). We included patients with hypertension who had: 1)
suppressed renin prior to initiation of MRA therapy, and 2)
follow-up renin measurements after MRA initiation available in
our medical records. We excluded patients with: end-stage renal
disease; Cushing syndrome; glucocorticoid use; adrenal cortical
carcinoma; congenital adrenal hyperplasia; and critically ill
patients. We also excluded patients who did not have follow-
up renin within 18 months after MRA initiation. This study was
conducted with the University of Michigan Internal Review
Boards approval (HUMO00055821). A waiver of consent was
granted for the retrospective review of medical records.

Clinical Information

Data extracted from medical records included: demographics,
body mass index (BMI), blood pressure, medical diagnoses,
medications, serum electrolytes, the estimated glomerular
filtration ratio (eGFR), plasma aldosterone concentration
(PAC), plasma renin, both before and after MRA initiation, as
well as side effects related to MRA use. To compile results,
eplerenone doses were converted to equivalent spironolactone
doses by dividing by 2 (18, 27, 28).

|

Adults with hypertension seen
between 1/1/2000 and 5/31/2020
(N=620,463)

1

l

1

Patients diagnosed with
“hyperaldosteronism” (N=59,317)

[

J

Other hypertension (N=561,146) ]

[ No MRA treatment (N=53,518) J‘

[

No renin/aldosterone assessment
(N=4,599)

Secondary hyperaldosteronism or
meeting exclusion criteria
(N=1,077)

F[ No MRA treatment (N=536,168) ]

)

F[ Meeting exclusion criteria (N=992) ]

No renin/aldosterone assessment
(N=23,946)

Primary aldosteronism
N=123

J (

Low renin hypertension
N=40

FIGURE 1 | Selection of study participants. MRA, mineralocorticoid receptor antagonist; PA, primary aldosteronism.
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Measurement of Renin and Definition of
PA Diagnosis

Plasma renin activity (PRA) was available in the majority of
patients (74.8%), and it was measured as previously reported
(29). Direct renin concentration (DRC) was measured after
February 2018 and it was the only test available in the
remaining patients (25.2%). DRC was measured with a
DiaSorin Liaison competitive chemiluminescent immunoassay
with a coefficient of variability <10%. A conversion factor of 1:8
was used to transform DRC values into PRA equivalents
following rigorous in-house analysis of both assays over a 9-
month transition period. Renin was considered suppressed when
PRA was <1.0 ng/mL/h (to convert to pmol/L, multiply by
0.0030) and DRC was <8.0 pg/mL (to convert to pmol/L,
multiply by 0.0237), and renin values above these thresholds
were set as target following MRA therapy. The diagnosis of PA
was established based on one of the following criteria: an oral salt
loading test followed by a 24-hour urinary aldosterone >12 ug
(to convert to pmol, multiply by 0.0028); an intravenous
saline infusion test followed by a PAC >6.8 ng/dL (to convert
to nmol/L, multiply by 0.0277) at 4 hours; or PAC >20 ng/dL
along with suppressed renin (13). The laterality of
hyperaldosteronism was confirmed by adrenal venous
sampling, as previously reported (30).

Statistical Analysis

The Mann-Whitney U test was used for comparison of
continuous variables between two independent groups. The
paired t-test (for normal data distribution) or Wilcoxon
signed-rank test (skewed data distribution) were used to
compare continuous variables prior to and after MRA therapy
within the same patients. The Chi-squared test and Fisher’s exact
test were used for comparison of proportions between two
groups. Linear regression analysis was used to assess
relationships between continuous variables. Multiple logistic
regression with backward stepwise selection was employed to
evaluate predictors of target renin achievement following MRA
treatment. All statistical analyses were performed with StatFlex
software (version 7.0; Artech Co, Ltd, Osaka, Japan) or Prism
(version 8.0; GraphPad Software, La Jolla, CA). Statistical
significance was accepted at p values smaller than 0.05.

RESULTS

Demographics and Clinical Characteristics
of Study Participants

Of 620,463 adult patients with hypertension seen across our
institution during the study period, 59,317 (10%) patients had a
documented diagnosis of “hyperaldosteronism” (Figure 1). Only
5% of all patients and 9.8% of those with hyperaldosteronism
were prescribed an MRA. In total, 123 patients with PA and 40
patients with other low-renin hypertension (LRH) met all
inclusion criteria (Figure 1). The number of the patients
meeting entry criteria increased progressively since 2013 (13
before 2010, 51 from 2011 through 2015, and 97 since 2016;

Supplemental Figure 1). The median age of all participants at
study entry was 56 (range, 19 to 84) years, and it was similar in
both groups (Table 1). Patients with PA were more frequently
men (60%), while those with LRH were more often women
(67.5%, p=0.02). The median number of antihypertensive agents
was 3 (interquartile range: 2 to 4) in both groups. Patients with
LRH had a higher systolic blood pressure (159 [137, 182] vs.148
[132, 162] mmHg, p=0.03). Beta-blockers, RAAS inhibitors
(including angiotensin converting enzyme inhibitors and
angiotensin receptor blockers), and calcium channel blockers
were prescribed in 64%, 53%, and 69% of the patients,
respectively. Patients with PA were treated more often with
calcium channel blockers (75% vs. 53%, p=0.008), and
potassium supplements (45% vs. 20%, p=0.01) than those
without PA (Table 1).

Rates of Target Renin Achievement After
MRA Initiation

Patients were followed for a median of 124 (interquartile range:
65, 335) days while on MRA treatment. In 59% of cases (74/123
with PA and 22/40 with LRH), the MRA titration decision was
based on renin values or side effects. In a minority of patients,
MRA titration was based on other factors, such as blood
pressure (14%, 11 with PA and 12 with LRH)) and serum
potassium (4%, 3 with PA and 1 with LRH), or no
documentation regarding the rationale for the titration was
found (9%, 10 with PA and 4 with LRH). In the remaining
patients, the initial MRA doses were not changed. The median
MRA dose used at the last visit was 50 (range, 12.5 to 300) mg/
day (Table 1). Most patients (82%) were treated with
spironolactone. The overall cumulative proportion of patients
in whom target renin was achieved was 43% at the last visit
(Figure 2A). The proportion of patients with target renin
increased gradually over time in both groups, but was higher
across all stages in patients with LRH as compared to the PA
group. In the PA group, target renin was achieved in 2% of
patients at 2 weeks, and it reached 40% by the last visit (Figure
2B). In patients with LRH, target renin rates were reached in
8% at 2 weeks and 53% one year after MRA initiation
(Figure 2C).

Factors Associated With Target Renin in
PA and LRH

The clinical characteristics of PA patients with and without
achievement of target renin levels are summarized in Table
2A. Compared to those who achieved target renin levels,
patients with persistent renin suppression were younger (54
[44, 62] vs. 59 [51, 67] years, p=0.01), were more often treated
with beta-blockers (74% vs. 51%, p=0.008), and had lower serum
potassium concentrations (3.7 vs 3.9 mM, p=0.001). Patients
with PA who reached a target renin value at the last visit were
treated with higher doses of MRAs (50.0 [25.0, 81.3] vs. 31.3
[25.0, 50.0] mg/day, p=0.002), and had higher serum potassium
levels (4.4 [4.2, 4.7] vs. 42 [3.9, 4.5] mM, p=0.01). Of the
concomitant antihypertensive agents used, beta-blockers were
associated with higher odds of persistent renin suppression
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TABLE 1 | Baseline demographics of study participants.

Variables All

N 163

Age (years) 56 [46, 64]
Women (N, %) 76 (46.6%)
BMI (kg/m?) 32.9[28.7, 36.5]
SBP (mmHg) 149 [134, 168]
DBP (mmHg) 84 [75, 92]
Serum potassium (mM) 3.8 [3.5,4.2]
eGFR (mL/min/1.73m?) 81 [64, 94]
PAC (ng/dL) 18.8[13.2, 26.5]
PRA (ng/mL/hr) [N = 122] 0.3[0.1, 0.6]
DRC (pg/mL) N = 41] 2.1[2.1,35]
ARR (ng/dL per ng/mL/h) 61.0 [32.2, 124.4]
Follow-up duration (days) 124 [65, 335]
MRA dosage at the last visit (mg/day) 50.0 [25.0, 50.0]
MRA-related side effects (N, %) 50 (30.7%)
Smoking history (N, %) 9 (37.1%)
Diabetes mellitus (N, %) 2 (31.9%)
Cardiovascular disease (N, %) 3 (20.2%)
Stroke (N, %) 16 (9.8%)
Antihypertensive agents (N) 3.0[2.0, 4.0]
Alpha-blocker (N, %) 22 (13.5%)
Beta-blocker (N, %) 105 (64.4%)
Central agonists (N, %) 39 (23.9%)
Potassium-wasting diuretics (N, %) 69 (42.3%)
Potassium-sparing diuretics (N, %) 10 (6.1%)
RAAS inhibitors (N, %) 87 (63.4%)
Calcium channel blocker (N, %) 113 (69.3%)
Other antihypertensives (N, %) 9 (5.5%)
Potassium replacement (N, %) 63 (38.7%)

PA LRH p
123 40
56 [47, 64] 56 [46, 67] 0.99
49 (39.8%) 27 (67.5%) 0.02
32.9 [29.0, 36.0] 33.3 [28.4, 37.1] 0.92
148 [132, 162] 159 [137, 182] 0.03
84 [75, 91] 85 (76, 99 0.13
3.7 3.5, 4.2] 4.01[35,4.2] 0.24
81 [65, 92] 82 (61, 96] 0.86
21.0[16.3, 29.7] 11.2 [8.4, 16.6] <0.001
0.2 [0.1, 0.6] 0.4[0.2,0.7] 0.06
2121, 2.1] 231[2.1, 4.3] 0.052
79.5 [38.6, 170.0] 28.9 [18.5, 47.1] <0.001
175 [73, 342] 80 [35, 173] 0.008
50.0 [25.0, 50.0] 25.0 [25.0, 50.0] 0.18
41 (33.3%) 9 (22.5%) 0.20
3 (35.8%) 16 (41.0%) 0.56
5 (28.5%) 17 (42.5%) 0.10
3 (18.7%) 10 (25.0%) 0.39
10 (8.1%) 6 (15.0%) 0.20
3.0 2.0, 4.0] 3.0 2.0, 4.0] 0.58
18 (14.6%) 4(10.0%) 0.46
0 (65.0%) 25 (62.5%) 0.77
6 (21.1%) 3 (32.5%) 0.14
4 (43.9%) 5 (37.5%) 0.48
9 (7.3%) 1 (2.5%) 0.27
1 (49.6%) 6 (65.0%) 0.09
2 (74.8%) 1 (52.5%) 0.008
7 (5.7%) 2 (5.0%) 0.87
55 (44.7%) 8 (20.0%) 0.005

PA, primary aldosteronism; LRH, low renin essential hypertension; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration ratio; PAC, plasma aldosterone concentration; PRA, plasma renin activity; DRC, direct renin concentration; ARR, aldosterone-to-renin ratio; RAAS, renin-angiotensin-aldosterone
system; MRA, mineralocorticoid receptor antagonist. RAAS inhibitors include angiotensin-converting enzyme inhibitors and angiotensin receptor blockers. Continuous variables are shown

as median [interquartile range].

(p=0.02), whereas neither RAAS inhibitors, nor potassium-
wasting diuretics had an impact on the likelihood of target
renin achievement. Multiple logistic regression determined that
a lower baseline serum potassium, lower MRA dose, and beta-
blocker use were independently associated with lower odds of
achieving target renin levels (Table 3A).

Of patients with LRH, those who reached target renin levels
had higher PRA (0.6 [0.3, 0.7] vs. 0.2 [0.1, 0.4] ng/mL/h,

p=0.04) at baseline than the patients with persistent renin
suppression (Table 2B). Intriguingly, patients with persistent
renin suppression were more frequently women than those
with target renin achievement (90% vs. 48%, p=0.005). There
was no difference in age, beta-blocker use, or MRA doses
between the two groups. In multiple logistic regression, only
sex was independently associated with target renin levels
(Table 3B).

A B
N N
150
100
57% 61%
100 84%
50 B
50
43% 28%
13% 14%  poen
o — = 0 — °
2w 1Y 2w M

in white bars, and those in whom renin was not assessed in grey bars.

47 %]

79%

20

13%

FIGURE 2 | Cumulative rates of target renin achievement during MRA therapy. MRA, mineralocorticoid receptor antagonist; PA, primary aldosteronism; LRH,
low-renin essential hypertension; W, weeks; M, months; Y, year. Changes of target renin rates in all participants (A, n=163), PA patients (B, n=123), and LRH
patients (C, n=40) during follow-up after initiation of MRA. Patients who reached target renin are shown in black bars, those who continued to have suppressed renin
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TABLE 2 | Comparison of patients with and without target renin following MRA therapy.

Variables

A. PA patients

N

Age (years)

Women (N, %)

BMI (kg/m?)

SBP (mmHg)

DBP (mmHg)

Serum potassium (MmM)

eGFR (mL/min/1.73m?)

PAC (ng/dL)

PRA (ng/mL/hr) [N=99]

DRC (pg/mL) [N=24]

ARR (ng/dL per ng/mL/h)

Confirmed unilateral PA cases (N, %)
Antihypertensive agents (N)
Beta-blocker (N, %)

Potassium replacement (N, %)
Cardiovascular disease (N, %)
Follow-up duration (days)

MRA dosage at the last visit (mg/day)
MRA-related side effect (N, %)

Serum potassium at the last visit (mM)
eGFR at the last visit (mL/min/1.73m?)
PAC at the last visit (ng/dL) [N=82]
PRA at the last visit (hg/mL/h) [N=92]
DRC at the last visit (pg/mL) [N=14]
ARR at the last visit (ng/dL per ng/mL/h) [N=82]
B. LRH patients

N

Age (years)

Women (N, %)

BMI (kg/m?)

SBP (mmHg)

DBP (mmHg)

Serum potassium (mM)

eGFR (mL/min/1.73m?)

PAC (ng/dL)

PRA (ng/mL/hr) [N=23]

DRC (pg/mL) [N=17]

ARR (ng/dL per ng/mL/h)
Antihypertensive agents (N)
Beta-blocker (N, %)

Potassium replacement (N, %)
Cardiovascular disease (N, %)
Follow-up duration (days)

MRA dosage at the last visit (mg/day)
MRA-related side effect (N, %)

Serum potassium at the last visit (mM)
eGFR at the last visit (mL/min/1.73m?)
PAC at the last visit (ng/dL) [N=82]
PRA at the last visit (hg/mL/h) [N=92]
DRC at the last visit (pg/mL) [N=14]
ARR at the last visit (ng/dL per ng/mL/h) [N=82]

Target renin

49
59 [51, 67]
22 (44.9%)
33.6 [29.9, 36.8]
155 [137, 172]
84 (78, 90]
3.91(3.6, 4.3]
84 (68, 96]
19.4 [15.9, 27.3]
0.3[0.1,0.6]
2.1 2.1, 5.1]
66.3 [38.3, 113.5]
5(10.2%)
3.0[1.0, 4.0]
25 (51.0%)
21 (42.9%)

8 (16.3%)
182 [78, 342
50.0 [25.0, 81.3]
16 (32.7%)
4.414.2,47)
66 [56, 80]
32.1 [23.5, 48.0]
2.3[1.3,5.9]
15.0 [12.9, 26.5]
15.4 [8.7, 20.4]

21
47 (36, 68]
10 (47.6%)
35.4[29.7, 40.9]
157 [143, 174]
87 (80, 98]
4.01[3.5, 4.2]
77 [58, 95]
11.0 [8.6, 16.4]
0.61[0.3,0.7]
2.7 2.1, 6.6]
25.8 [13.6, 38.4]
3.0[1.8, 4.0]
8(38.1%)
4 (19.0%)
6 (28.6%)

80 [31, 160]
25.0 [25.0, 50.0]
6 (28.6%)
4.5[4.2,4.9]
65 [43, 94]
19.0 [14.3, 26.5]
2.6[1.5, 5.4]
19.7 [18.4, 77.0]
5.901.9,17.4]

Suppressed renin p
74
54 [44, 62] 0.01
27 (36.5%) 0.35
32.7 [28.3, 35.9] 0.35
143 [126, 156] 0.01
82 [72, 92 0.41
3.7 [3.4,4.0] 0.001
80 [63, 90] 0.38
22.0 [16.4, 30.8] 0.30
0.2 [0.1, 0.6] 0.33
2.1 [2.1,21] 0.50
100.2 [41.0, 210.0] 0.10
20 (27.0%) 0.02
3.0[2.0, 4.0] 0.75
55 (74.3%) 0.008
34 (45.9%) 0.74
15 (20.3%) 0.58
164 [66, 342] 0.79
31.3[25.0, 50.0] 0.002
25 (33.8%) 0.64
4.2 [3.9, 4.5] 0.01
72 60, 91] 0.08
28.7 [20.4, 38.6] 0.14
0.3[0.2, 0.6] <0.001
2.5[2.1, 4.4] <0.001
76.0 [44.3, 128.1] <0.001
19
59 [50, 64] 0.24
17 (89.5%) 0.005
30.2 [26.6, 35.6] 0.08
160 [130, 184] 0.50
83 [72, 106] 0.84
3.9[35, 4.3 0.71
87 [75, 103] 0.26
11.3[8.3, 17.3] 0.94
0.2 [0.1, 0.4] 0.04
2.3[2.1, 8.9 0.79
36.1 [25.5, 58.8] 0.11
3.0 [2.0, 3.8] 0.72
7 (36.8%) 0.93
4(21.1%) 0.87
4(21.1%) 0.58
76 [37, 184] 0.99
25.0 [25.0, 50.0] 0.84
3(15.8%) 0.33
4.2 [4.0, 4.4] 0.02
75 [60, 82] 0.25
13.4 [8.5, 18.5] 0.02
0.3[0.2,0.5] <0.001
3.1[2.2,3.4] <0.001
47.0 [25.7, 54.0] <0.001

PA, primary aldosteronism; LRH, low renin essential hypertension; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration ratio; PAC, plasma aldosterone concentration; PRA, plasma renin activity; DRC, direct renin concentration; ARR, aldosterone-to-renin ratio; MRA, mineralocorticoid receptor

antagonist. Continuous variables are shown as median [interquartile range].

Safety and Side Effects of MRA Therapy

Overall, serum potassium concentrations increased (from 3.8
[3.5, 4.2] to 4.3 [4.1, 4.6] mM, p<0.001 for all) during MRA
treatment. The percentage of patients taking potassium
replacement therapy decreased from 39% to 23% (p<0.001),
and 21 (13%) patients developed hyperkalemia (Supplemental

Table). Of the latter, 16 (76%) patients had chronic kidney
disease (CKD), and 12 (57%) were concurrently treated with
RAAS inhibitors. Overall, eGFR decreased, from 81 [64, 94]
prior to MRA initiation to 69 [57, 83] mL/min/1.73m?
(p<0.001) at the last follow-up visit. The changes in eGFR
and renin were inversely associated in PA (r=-0.3022, p=0.002,
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TABLE 3 | Factors associated with target renin achievement during MRA therapy.

B SE
A. PA patients
Serum potassium at baseline (mM) 1.67 0.48
Beta-blocker use -1.29 0.44
(Reference: no use)
MRA dose (mg/day) 0.02 0.0056
B. LRH patients
Sex (Reference: women) 2.24 0.87

P Odds ratio 95% CI
<0.001 5.32 2.07-16.68
0.004 0.28 0.12-0.66
0.002 1.018 1.01-1.03
0.01 9.35 1.71-561.03

PA, primary aldosteronism; LRH, low renin essential hypertension; MRA, mineralocorticoid receptor antagonist; SE, standard error; Cl, confidence interval. Serum potassium, beta-blocker
use and MRA daily dosage in PA and sex in LRH were chosen for multiple logistic regression analysis, using a backward stepwise selection.

Supplemental Figure 2), but not in LRH patients (data
not shown).

Gynecomastia and/or breast tenderness occurred in 21 (13%)
patients taking spironolactone, at doses between 25-200 mg daily
(Supplemental Table). Other side effects associated with
spironolactone included: acute elevation of creatinine, irregular
vaginal bleeding, and decreased libido (Supplemental Table).
The incidence of side effects was similar between patients with
and without PA (33% vs. 23%, p=0.20). Overall, side effects
occurred after a median follow up of 91 days and while taking
MRA doses between 12.5-400 mg/day. In 17 patients (34%),
spironolactone was changed to eplerenone, and 9 other patients
(18%) stopped or reduced the doses of spironolactone.

DISCUSSION

Although MRAs have been used primarily for blood pressure
control in patients with PA and resistant hypertension (31), recent
data indicate that the risk of cardio-renal complications is reduced
only in patients with adequate MR blockade, as suggested by
reversal of renin suppression (17, 18). Several noteworthy findings
emerge from this study of clinical practice patterns in an academic
center, with a large volume of patients with hypertension: 1) a very
small fraction of patients with hypertension are treated with
MRAs; 2) in very few patients treated with MRAs the dose is
titrated based on renin targets; 3) only 43% of patients with PA
and other LRH treated with MRAs reached target renin after one
year of treatment. These findings suggest that a large proportion of
patients with hypertension are exposed to preventable risk of
cardiovascular and renal morbidity and even death.

While patients with unilateral PA can be cured with surgery,
patients with bilateral PA or those who do not undergo unilateral
adrenalectomy require life-long medical management. In the
absence of selective aldosterone synthase inhibitors, MRAs are
the first line of treatment for all non-surgical PA cases (13).
Evidence from cohort studies of patients with PA and essential
hypertension suggests that, overall, PA patients treated with
MRAs have an excess risk of developing atrial fibrillation and
renal insufficiency as compared to those treated surgically or
patients with essential hypertension with similar baseline blood
pressure and risk factors (4, 18). The excessive risk of
cardiovascular events and even mortality appeared to be
annulled in patients treated with MRA doses that allowed
renin elevations above 1 pg/L/h (17). MRAs are also highly

effective add-on therapies for controlling resistant hypertension
cases (19, 25), likely due to the high prevalence of unrecognized
PA and other LRH (3). Moreover, mounting evidence suggests
that PA spans a hormonal and clinical continuum, and that some
cases of LRH might represent early stages of PA (32, 33). Yet,
MRAs are prescribed infrequently. In line with previous data (34,
35), only 5% of all hypertensive patients and less than 10% of
those diagnosed with hyperaldosteronism were prescribed MRAs
in our cohort. Furthermore, of those who received MRAs, renin
goals were followed in a minority of patients and were achieved
in under half of the latter subgroup.

In addition to the lack of awareness regarding the benefits of
MRA treatment in patients with low-renin hypertension,
concerns about hyperkalemia might limit their broader use.
The risk of hyperkalemia increases in patients with renal
insufficiency. PA is associated with intravascular volume
expansion and glomerular hyperfiltration. In such patients,
correction of the hyperaldosteronism, either by surgery or
medical treatment with MRA, can unmask underlying CKD,
by reinstalling normal intravascular volume states (36, 37).
Adrenalectomy for aldosterone-producing adenomas leads to a
decline in eGFR by 11 to 15 mL/min/1.73m? and increase the
proportion of apparent CKD (37-39). Similarly, MRA therapy in
bilateral PA might cause a relatively acute fall of eGFR, but
contributes to long-term preservation of renal function (40, 41).
The inverse association between changes of renin and eGFR
observed in our study is in line with previous data. Taken
together these results indicate that eGFR should be carefully
monitored after MRA initiation, and that a mild decline in eGFR
should not prompt MRA discontinuation, as cardio-protective
benefits occur with long-term MRA therapy.

Simultaneously with the escalation of MRA doses, adjustments
of other medications that influence eGFR and/or serum potassium
concentrations are essential to prevent hyperkalemia while
attempting to reverse renin suppression. In order to reduce the
risk of hyperkalemia, discontinuation of potassium supplements
and reduction of RAAS inhibitors must be anticipated when
suppressed renin renders intensification of MRA therapy. In our
study, 21 patient developed hyperkalemia, and of these, 57% were
concomitantly taking angiotensin converting enzyme inhibitors or
angiotensin receptor blockers, and 76% had CKD.

In addition to the impact of potassium and renal function,
concomitant drugs that interfere with RAAS might alter the time
to achieving goal renin levels (13, 42). In particular, beta-blockers
decrease both renin activity and concentration by blocking
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sympathetic stimulation (42, 43). Supporting these effects, our
study demonstrates that beta-blockers are associated with lower
odds of overcoming renin suppression during MRA treatment.
Beta-blockers are often used in patients with cardiac pathology,
including heart failure, coronary artery disease, and atrial
fibrillation or other tachyarrhythmias, and have survival
benefits in such patients (44, 45). Thus, clinical trials designed
to answer how to best manage patients with low renin
hypertension and cardiac history are greatly needed.

In addition to concerns related to polypharmacy, medication-
specific side effects can impact patients’ adherence to
recommended treatments. In this study, 14% of patients
experienced breast tenderness, breast enlargement and/or
sexual dysfunction while taking spironolactone. Spironolactone
was the first MRA developed and it has been commercialized
since the 1950s. While spironolactone is a potent MRA, it can
also block the androgen and progesterone receptors (46, 47),
which explain its side effect profile. Eplerenone has superior MR
selectivity and low propensity for gynecomastia (47, 48), but its
efficacy is lower than that of spironolactone (27, 28).
Nevertheless, prospective and retrospective studies have shown
that both MRAs are efficacious for blood pressure control and
reduction of morbidity and mortality associated with heart
failure (49-51). Consequently, eplerenone might offer an
advantage over spironolactone, particularly in men.

Our study has several limitations, including its retrospective
design, heterogeneity of concomitant antihypertensive regimens,
and variability in follow-up. In addition, due to the
overwhelming number of hypertensive patients and limitation
of our medical records search engine, it was not feasible to
determine the exact number of patients with resistant
hypertension. Nevertheless, extrapolating from existing data,
we speculate that a large number of patients who could benefit
from MRA are never prescribed these agents.

In summary, in this study of patients with hypertension seen
in a large academic center, including primary care and
hypertension-focused services, we found that MRAs are rarely
prescribed. Despite compelling evidence that inappropriate MR
activation enhances the risk of cardiorenal morbidity and
mortality, MRA titration to doses that overcome MR activation
and reverse renin suppression is pursued in a minority of
patients with PA and LRH, and is achieved in less than half
of those followed. Until large prospective longitudinal studies of
patients with PA and other low-renin hypertension will elucidate
the optimal parameters for guiding medical therapy titration,
incorporating renin targets within PA practice guidelines is likely
to benefit patient care.

REFERENCES

1. Florczak E, Prejbisz A, Szwench-Pietrasz E, Sliwinski P, Bielen P, Klisiewicz A,
et al. Clinical characteristics of patients with resistant hypertension: the
RESIST-POL study. ] Hum Hypertens (2013) 27:678-85. doi: 10.1038/
jhh.2013.32

2. Strauch B, Zelinka T, Hampf M, Bernhardt R, Widimsky ] Jr. Prevalence of
primary hyperaldosteronism in moderate to severe hypertension in the

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available due
to patient privacy. Requests to access the datasets should be
directed to aturcu@umich.edu.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by University of Michigan IRB. Written informed
consent for participation was not required for this study in
accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

AFT conceptualized the study. AFT and YT designed the study.
YT collected the data and performed the statistical analysis. AFT
was responsible for reviewing the data and providing scientific
input. YT and AFT wrote the article. All authors contributed to
the article and approved the submitted version.

FUNDING

AFT was supported by grants: 1KO8DK109116 from the NIDDK,
2019087 from the Doris Duke Charitable Foundation, and
U070002 from the Michigan Institute for Clinical & Health
Research (MICHR).

ACKNOWLEDGMENTS

We thank the University of Michigan (UM) Medical School
Research Data Warehouse and DataDirect for providing data
aggregation and management services in support of the research
reported in this publication.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2021.
625457/full#supplementary-material

Central Europe region. ] Hum Hypertens (2003) 17:349-52. doi: 10.1038/
sj.jhh.1001554

3. Brown JM, Siddiqui M, Calhoun DA, Carey RM, Hopkins PN, Williams GH,
et al. The Unrecognized Prevalence of Primary Aldosteronism: A Cross-
sectional Study. Ann Intern Med (2020) 173:10-20. doi: 10.7326/M20-0065

4. Hundemer GL, Curhan GC, Yozamp N, Wang M, Vaidya A. Renal Outcomes
in Medically and Surgically Treated Primary Aldosteronism. Hypertension
(2018) 72:658-66. doi: 10.1161/HYPERTENSIONAHA.118.11568

Frontiers in Endocrinology | www.frontiersin.org

March 2021 | Volume 12 | Article 625457


mailto:aturcu@umich.edu
https://www.frontiersin.org/articles/10.3389/fendo.2021.625457/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2021.625457/full#supplementary-material
https://doi.org/10.1038/jhh.2013.32
https://doi.org/10.1038/jhh.2013.32
https://doi.org/10.1038/sj.jhh.1001554
https://doi.org/10.1038/sj.jhh.1001554
https://doi.org/10.7326/M20-0065
https://doi.org/10.1161/HYPERTENSIONAHA.118.11568
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Tezuka and Turcu

MRAs and Renin Targets

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Monticone S, D’Ascenzo F, Moretti C, Williams TA, Veglio F, Gaita F, et al.

Cardiovascular events and target organ damage in primary aldosteronism
compared with essential hypertension: a systematic review and meta-analysis.
Lancet Diabetes Endocrinol (2018) 6:41-50. doi: 10.1016/S2213-8587(17)
30319-4

. Brown NJ. Contribution of aldosterone to cardiovascular and renal

inflammation and fibrosis. Nat Rev Nephrol (2013) 9:459-69. doi: 10.1038/
nrneph.2013.110

. Nishizaka MK, Zaman MA, Green SA, Renfroe KY, Calhoun DA. Impaired

endothelium-dependent flow-mediated vasodilation in hypertensive subjects
with hyperaldosteronism. Circulation (2004) 109:2857-61. doi: 10.1161/
01.CIR.0000129307.26791.8E

. Rossi GP, Bernini G, Desideri G, Fabris B, Ferri C, Giacchetti G, et al. Renal

damage in primary aldosteronism: results of the PAPY Study. Hypertension
(2006) 48:232-8. doi: 10.1161/01.HYP.0000230444.01215.6a

. Kozakova M, Buralli S, Palombo C, Bernini G, Moretti A, Favilla S, et al.

Myocardial ultrasonic backscatter in hypertension: relation to aldosterone
and endothelin. Hypertension (2003) 41:230-6. doi: 10.1161/
01.HYP.0000052542.68896.2B

Freel EM, Mark PB, Weir RA, McQuarrie EP, Allan K, Dargie HJ, et al.
Demonstration of blood pressure-independent noninfarct myocardial fibrosis
in primary aldosteronism: a cardiac magnetic resonance imaging study. Circ
Cardiovasc Imaging (2012) 5:740-7. doi: 10.1161/CIRCIMAGING.
112.974576

Stehr CB, Mellado R, Ocaranza MP, Carvajal CA, Mosso L, Becerra E, et al.
Increased levels of oxidative stress, subclinical inflammation, and myocardial
fibrosis markers in primary aldosteronism patients. J Hypertension (2010)
28:2120-6. doi: 10.1097/HJH.0b013e32833d0177

Mulatero P, Monticone S, Bertello C, Viola A, Tizzani D, Iannaccone A, et al.
Long-term cardio- and cerebrovascular events in patients with primary
aldosteronism. J Clin Endocrinol Metab (2013) 98:4826-33. doi: 10.1210/
jc.2013-2805

Funder JW, Carey RM, Mantero F, Murad MH, Reincke M, Shibata H, et al.
The Management of Primary Aldosteronism: Case Detection, Diagnosis, and
Treatment: An Endocrine Society Clinical Practice Guideline. J Clin
Endocrinol Metab (2016) 101:1889-916. doi: 10.1210/jc.2015-4061

Rossi GP, Ceolotto G, Rossitto G, Maiolino G, Cesari M, Seccia TM. Effects of
Mineralocorticoid and AT1 Receptor Antagonism on The Aldosterone-Renin
Ratio In Primary Aldosteronism-the EMIRA Study. J Clin Endocrinol Metab
(2020) 105:2060-7. doi: 10.1210/clinem/dgaa080

Parthasarathy HK, Menard ], White WB, Young WF Jr, Williams GH,
Williams B, et al. A double-blind, randomized study comparing the
antihypertensive effect of eplerenone and spironolactone in patients with
hypertension and evidence of primary aldosteronism. | Hypertens (2011)
29:980-90. doi: 10.1097/HJH.0b013e3283455ca5

Pilz S, Trummer C, Verheyen N, Schwetz V, Pandis M, Aberer F, et al.
Mineralocorticoid Receptor Blockers and Aldosterone to Renin Ratio: A
Randomized Controlled Trial and Observational Data. Horm Metab Res
(2018) 50:375-82. doi: 10.1055/a-0604-3249

Hundemer GL, Curhan GC, Yozamp N, Wang M, Vaidya A. Cardiometabolic
outcomes and mortality in medically treated primary aldosteronism: a
retrospective cohort study. Lancet Diabetes Endocrinol (2018) 6:51-9. doi:
10.1016/S2213-8587(17)30367-4

Hundemer GL, Curhan GC, Yozamp N, Wang M, Vaidya A. Incidence of
Atrial Fibrillation and Mineralocorticoid Receptor Activity in Patients With
Medically and Surgically Treated Primary Aldosteronism. JAMA Cardiol
(2018) 3:768-74. doi: 10.1001/jamacardio.2018.2003

Williams B, MacDonald TM, Morant S, Webb D], Sever P, MclInnes G, et al.
Spironolactone versus placebo, bisoprolol, and doxazosin to determine the
optimal treatment for drug-resistant hypertension (PATHWAY-2): a
randomised, double-blind, crossover trial. Lancet (2015) 386:2059-68. doi:
10.1016/S0140-6736(15)00257-3

Chapman N, Dobson J, Wilson S, Dahlof B, Sever PS, Wedel H, et al. Effect of
spironolactone on blood pressure in subjects with resistant hypertension.
Hypertension (2007) 49:839-45. doi: 10.1161/01.HYP.0000259805.18468.8c
de Souza F, Muxfeldt E, Fiszman R, Salles G. Efficacy of spironolactone
therapy in patients with true resistant hypertension. Hypertension (2010)
55:147-52. doi: 10.1161/HYPERTENSIONAHA.109.140988

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kisaka T, Ozono R, Ishida T, Higashi Y, Oshima T, Kihara Y. Association of
elevated plasma aldosterone-to-renin ratio with future cardiovascular events
in patients with essential hypertension. ] Hypertens (2012) 30:2322-30. doi:
10.1097/HJH.0b013e328359862d

Maule S, Mulatero P, Milan A, Leotta G, Caserta M, Bertello C, et al. QT
interval in patients with primary aldosteronism and low-renin essential
hypertension. | Hypertension (2006) 24:2459-64. doi: 10.1097/01.hjh.
0000251908.93298.20

Weinberger MH, Fineberg NS, Fineberg SE, Weinberger M. Salt sensitivity,
pulse pressure, and death in normal and hypertensive humans. Hypertension
(2001) 37:429-32. doi: 10.1161/01.HYP.37.2.429

Williams B, MacDonald TM, Morant SV, Webb DJ, Sever P, McInnes GT,
et al. Endocrine and haemodynamic changes in resistant hypertension, and
blood pressure responses to spironolactone or amiloride: the PATHWAY-2
mechanisms substudies. Lancet Diabetes Endocrinol (2018) 6:464-75. doi:
10.1016/52213-8587(18)30071-8

Kheterpal S. RDW/DataDirect: a self-serve tool for data retrieval. Ann Arbor,
MI: University of Michigan (2015).

Funder JW. Mineralocorticoid receptor antagonists: emerging roles in
cardiovascular medicine. Integr Blood Press Control (2013) 6:129-38. doi:
10.2147/IBPC.S13783

Weinberger MH, Roniker B, Krause SL, Weiss R]. Eplerenone, a selective
aldosterone blocker, in mild-to-moderate hypertension. Am ] Hypertens
(2002) 15:709-16. doi: 10.1016/50895-7061(02)02957-6

Nanba AT, Nanba K, Byrd JB, Shields JJ, Giordano TJ, Miller BS, et al.
Discordance between imaging and immunohistochemistry in unilateral
primary aldosteronism. Clin Endocrinol (Oxf) (2017) 87:665-72. doi:
10.1111/cen.13442

Wannachalee T, Zhao L, Nanba K, Nanba AT, Shields JJ, Rainey WE, et al.
Three Discrete Patterns of Primary Aldosteronism Lateralization in Response
to Cosyntropin During Adrenal Vein Sampling. J Clin Endocrinol Metab
(2019) 104:5867-76. doi: 10.1210/jc.2019-01182

Garthwaite SM, McMahon EG. The evolution of aldosterone antagonists. Mol
Cell Endocrinol (2004) 217:27-31. doi: 10.1016/j.mce.2003.10.005

Vaidya A, Mulatero P, Baudrand R, Adler GK. The Expanding Spectrum of
Primary Aldosteronism: Implications for Diagnosis, Pathogenesis, and
Treatment. Endocr Rev (2018) 39:1057-88. doi: 10.1210/er.2018-00139
Vaidya A, Carey RM. Evolution of the Primary Aldosteronism Syndrome:
Updating the Approach. J Clin Endocrinol Metab (2020) 105:3771-83. doi:
10.1210/clinem/dgaa606

Hwang AY, Dave C, Smith SM. Trends in Antihypertensive Medication Use
Among US Patients With Resistant Hypertension, 2008 to 2014. Hypertension
(2016) 68:1349-54. doi: 10.1161/HYPERTENSIONAHA.116.08128

Carey RM, Sakhuja S, Calhoun DA, Whelton PK, Muntner P. Prevalence of
Apparent Treatment-Resistant Hypertension in the United States.
Hypertension (2019) 73:424-31. doi: 10.1161/HYPERTENSIONAHA.
118.12191

Ribstein J, Du Cailar G, Fesler P, Mimran A. Relative glomerular
hyperfiltration in primary aldosteronism. J Am Soc Nephrol (2005)
16:1320-5. doi: 10.1681/ASN.2004100878

Iwakura Y, Morimoto R, Kudo M, Ono Y, Takase K, Seiji K, et al. Predictors of
decreasing glomerular filtration rate and prevalence of chronic kidney disease
after treatment of primary aldosteronism: renal outcome of 213 cases. J Clin
Endocrinol Metab (2014) 99:1593-8. doi: 10.1210/jc.2013-2180

Kobayashi H, Abe M, Nakamura Y, Takahashi K, Fujita M, Takeda Y, et al.
Association Between Acute Fall in Estimated Glomerular Filtration Rate After
Treatment for Primary Aldosteronism and Long-Term Decline in Renal
Function. Hypertension (2019) 74:630-8. doi: 10.1161/HYPERTENSIONAHA.
119.13131

Kramers BJ, Kramers C, Lenders JW, Deinum J. Effects of Treating Primary
Aldosteronism on Renal Function. J Clin Hypertens (Greenwich) (2017)
19:290-5. doi: 10.1111/jch.12914

Sechi LA, Novello M, Lapenna R, Baroselli S, Nadalini E, Colussi GL, et al.
Long-term renal outcomes in patients with primary aldosteronism. JAMA
(2006) 295:2638-45. doi: 10.1001/jama.295.22.2638

Sechi LA, Di Fabio A, Bazzocchi M, Uzzau A, Catena C. Intrarenal
hemodynamics in primary aldosteronism before and after treatment. J Clin
Endocrinol Metab (2009) 94:1191-7. doi: 10.1210/jc.2008-2245

Frontiers in Endocrinology | www.frontiersin.org

March 2021 | Volume 12 | Article 625457


https://doi.org/10.1016/S2213-8587(17)30319-4
https://doi.org/10.1016/S2213-8587(17)30319-4
https://doi.org/10.1038/nrneph.2013.110
https://doi.org/10.1038/nrneph.2013.110
https://doi.org/10.1161/01.CIR.0000129307.26791.8E
https://doi.org/10.1161/01.CIR.0000129307.26791.8E
https://doi.org/10.1161/01.HYP.0000230444.01215.6a
https://doi.org/10.1161/01.HYP.0000052542.68896.2B
https://doi.org/10.1161/01.HYP.0000052542.68896.2B
https://doi.org/10.1161/CIRCIMAGING.112.974576
https://doi.org/10.1161/CIRCIMAGING.112.974576
https://doi.org/10.1097/HJH.0b013e32833d0177
https://doi.org/10.1210/jc.2013-2805
https://doi.org/10.1210/jc.2013-2805
https://doi.org/10.1210/jc.2015-4061
https://doi.org/10.1210/clinem/dgaa080
https://doi.org/10.1097/HJH.0b013e3283455ca5
https://doi.org/10.1055/a-0604-3249
https://doi.org/10.1016/S2213-8587(17)30367-4
https://doi.org/10.1001/jamacardio.2018.2003
https://doi.org/10.1016/S0140-6736(15)00257-3
https://doi.org/10.1161/01.HYP.0000259805.18468.8c
https://doi.org/10.1161/HYPERTENSIONAHA.109.140988
https://doi.org/10.1097/HJH.0b013e328359862d
https://doi.org/10.1097/01.hjh.0000251908.93298.a0
https://doi.org/10.1097/01.hjh.0000251908.93298.a0
https://doi.org/10.1161/01.HYP.37.2.429
https://doi.org/10.1016/S2213-8587(18)30071-8
https://doi.org/10.2147/IBPC.S13783
https://doi.org/10.1016/S0895-7061(02)02957-6
https://doi.org/10.1111/cen.13442
https://doi.org/10.1210/jc.2019-01182
https://doi.org/10.1016/j.mce.2003.10.005
https://doi.org/10.1210/er.2018-00139
https://doi.org/10.1210/clinem/dgaa606
https://doi.org/10.1161/HYPERTENSIONAHA.116.08128
https://doi.org/10.1161/HYPERTENSIONAHA.118.12191
https://doi.org/10.1161/HYPERTENSIONAHA.118.12191
https://doi.org/10.1681/ASN.2004100878
https://doi.org/10.1210/jc.2013-2180
https://doi.org/10.1161/HYPERTENSIONAHA.119.13131
https://doi.org/10.1161/HYPERTENSIONAHA.119.13131
https://doi.org/10.1111/jch.12914
https://doi.org/10.1001/jama.295.22.2638
https://doi.org/10.1210/jc.2008-2245
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Tezuka and Turcu

MRAs and Renin Targets

42,

43.

44,

45.

46.

47.

48.

Mulatero P, Rabbia F, Milan A, Paglieri C, Morello F, Chiandussi L, et al.
Drug effects on aldosterone/plasma renin activity ratio in primary
aldosteronism. Hypertension (2002) 40:897-902. doi: 10.1161/01.HYP.
0000038478.59760.41

Griffin TP, Browne GA, Wall D, Dennedy MC, O’Shea PM. A cross-sectional
study of the effects of beta-blocker therapy on the interpretation of the
aldosterone/renin ratio: can dosing regimen predict effect? | Hypertens
(2016) 34:307-15. doi: 10.1097/HJH.0000000000000775

Packer M, Colucci WS, Sackner-Bernstein JD, Liang CS, Goldscher DA,
Freeman I, et al. Double-blind, placebo-controlled study of the effects of
carvedilol in patients with moderate to severe heart failure. The PRECISE
Trial. Prospective Randomized Evaluation of Carvedilol on Symptoms and
Exercise. Circulation (1996) 94:2793-9. doi: 10.1161/01.CIR.94.11.2793
McMurray J, Keber L, Robertson M, Dargie H, Colucci W, Lopez-Sendon J,
et al. Antiarrhythmic effect of carvedilol after acute myocardial infarction:
results of the Carvedilol Post-Infarct Survival Control in Left Ventricular
Dysfunction (CAPRICORN) trial. ] Am Coll Cardiol (2005) 45:525-30. doi:
10.1016/j.accreview.2005.05.018

Janmohamed S, Bouloux PM. The pharmacological treatment of primary
aldosteronism. Expert Opin Pharmacother (2006) 7:563-73. doi: 10.1517/
14656566.7.5.563

Menard J. The 45-year story of the development of an anti-aldosterone more
specific than spironolactone. Mol Cell Endocrinol (2004) 217:45-52. doi:
10.1016/j.mce.2003.10.008

Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et al.
Eplerenone, a selective aldosterone blocker, in patients with left ventricular

49.

50.

51.

dysfunction after myocardial infarction. N Engl ] Med (2003) 348:1309-21.
doi: 10.1056/NEJM0a030207

Pitt B, Williams G, Remme W, Martinez F, Lopez-Sendon ], Zannad F, et al.
The EPHESUS trial: eplerenone in patients with heart failure due to systolic
dysfunction complicating acute myocardial infarction. Eplerenone Post-AMI
Heart Failure Efficacy and Survival Study. Cardiovasc Drugs Ther (2001)
15:79-87. doi: 10.1023/a:1011119003788

Karagiannis A, Tziomalos K, Papageorgiou A, Kakafika Al, Pagourelias ED,
Anagnostis P, et al. Spironolactone versus eplerenone for the treatment of
idiopathic hyperaldosteronism. Expert Opin Pharmacother (2008) 9:509-15.
doi: 10.1517/14656566.9.4.509

Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The effect of
spironolactone on morbidity and mortality in patients with severe heart
failure. Randomized Aldactone Evaluation Study Investigators. N Engl ] Med
(1999) 341:709-17. doi: 10.1056/NEJM199909023411001

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Tezuka and Turcu. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

March 2021 | Volume 12 | Article 625457


https://doi.org/10.1161/01.HYP.0000038478.59760.41
https://doi.org/10.1161/01.HYP.0000038478.59760.41
https://doi.org/10.1097/HJH.0000000000000775
https://doi.org/10.1161/01.CIR.94.11.2793
https://doi.org/10.1016/j.accreview.2005.05.018
https://doi.org/10.1517/14656566.7.5.563
https://doi.org/10.1517/14656566.7.5.563
https://doi.org/10.1016/j.mce.2003.10.008
https://doi.org/10.1056/NEJMoa030207
https://doi.org/10.1023/a:1011119003788
https://doi.org/10.1517/14656566.9.4.509
https://doi.org/10.1056/NEJM199909023411001
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Real-World Effectiveness of Mineralocorticoid Receptor Antagonists in Primary Aldosteronism
	Introduction
	Patients and Methods
	Study Participants
	Clinical Information
	Measurement of Renin and Definition of PA Diagnosis
	Statistical Analysis

	Results
	Demographics and Clinical Characteristics of Study Participants
	Rates of Target Renin Achievement After MRA Initiation
	Factors Associated With Target Renin in PA and LRH
	Safety and Side Effects of MRA Therapy

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


