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Abstract

A recent report stated that patients with primary aldosteronism who remain renin suppressed during mineralocorticoid
receptor antagonist treatment might have a higher risk of developing cardiovascular disease than those with unsuppressed
renin activity. We retrospectively investigated the incidence of composite cardiovascular disease and risk factors for
cardiovascular disease in 1115 Japanese patients with primary aldosteronism treated with mineralocorticoid receptor
antagonists. The median follow-up period was 3.0 years, and the incidence of cardiovascular events was very low (2.1%)
throughout 5 years of follow-up. Changes in plasma renin activity from before to after mineralocorticoid receptor antagonist
treatment were divided into three groups based on tertile, low, intermediate, and high plasma renin activity change groups,
with incidences of cardiovascular disease events of 2.1%, 0.5%, and 3.7%, respectively. Multivariate Cox regression
analysis revealed age (adjusted hazard ratio, 1.07; 95% confidence interval, [1.02—1.12]) and body mass index (adjusted
hazard ratio, 1.13 [1.04—1.23]) as independent risk factors for cardiovascular disease. The high plasma renin activity change
group had significantly higher cardiovascular disease risk with mineralocorticoid receptor antagonist treatment than the
intermediate plasma renin activity change group (adjusted hazard ratio, 5.71 [1.28-25.5]). These data suggest that a high
change in renin level after mineralocorticoid receptor antagonist treatment may not necessarily predict a better prognosis of
cardiovascular disease in patients with primary aldosteronism.

Keywords Cardiovascular disease + Mineralocorticoid receptor antagonist - Plasma renin activity * Primary aldosteronism *
Renin

Introduction

Primary aldosteronism (PA) is a form of secondary hyper-
tension caused by autonomous overproduction of aldosterone,
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with renin activity usually being suppressed [1, 2].
Aldosterone-producing adenoma and idiopathic hyper-
aldosteronism are the main subtypes of PA [3]. Compared
with essential hypertension, PA is associated with a higher
incidence of cardiovascular and cerebrovascular diseases
[4-6], and these important comorbidities are mediated by
excessive mineralocorticoid receptor (MR) activation [7].
Therefore, clinical guidelines recommend treatment with an
MR antagonist (MRA) in cases in which patients with PA
have bilateral PA or when they are unwilling or unable to
undergo surgery [2]. However, previous studies have shown
that some patients with PA treated with MRA have a higher
rate of cardiovascular disease (CVD) than hypertensive con-
trols [8, 9]. The plasma aldosterone concentration (PAC) and
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Graphical Abstract

Regarding Japanese primary aldosteronism, the low, intermediate, and high renin change groups (classified based on the
response of renin to mineralocorticoid antagonist treatment) had CVD incidence of 2.1%, 0.5%, and 3.7%, respectively,

during the 5-year study period.
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plasma renin activity (PRA), which increase with MRA
administration, are important indicators of the effect of MR
inhibition, and a higher increase in PRA level from baseline
indicates that MRA may more strongly inhibit MR activity
[10, 11]. In a previous large PA cohort study, the risk of CVD
development in patients with PA who had unsuppressed renin
levels with MRA treatment was comparable to that of patients
with essential hypertension [8]. Thus, titration of MRA aimed
at avoiding suppression of renin activity may help to improve
CVD outcomes in patients with PA. To date, very few large
studies have focused on CVD outcomes and risk factors,
including renin levels, in patients with PA receiving MRA
treatment.

Therefore, this study aimed to investigate the association
between CVD outcomes and the change in renin level from

before to after MRA treatment using a large Japanese cohort
database of patients with PA.

Methods
Study patients

This retrospective cohort study was conducted using data
from a nationwide multicenter collaborative PA registry
[Japan Primary Aldosteronism Study (JPAS)/Japan Rare/
Intractable Adrenal Disease Study (JRAS)] involving 41
referral centers [12]. Patients who were diagnosed with PA
between January 2006 and March 2019 were enrolled.
Eligible patients were men or women aged 20-90 years.
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Over the 5-year follow-up period, we enrolled a total of
1115 patients with PA treated with MRAs whose clinical
outcomes and blood sample results, including PRA before
and after MRA treatment, could be confirmed. The indica-
tions for medical treatment with MRA for patients with
PA were determined by each center’s attending physician
based on adrenal venous sampling (AVS) results, imaging
findings, clinical features, and patient requests. PA diag-
noses were performed in accordance with the guidelines of
the Japan Endocrine Society and the Japan Society of
Hypertension [13, 14]. Screening for PA was considered
positive at a PAC/PRA ratio of >200 or a PAC/active renin
concentration (ARC) ratio of >40. PA was diagnosed when
at least one of the following tests was positive: captopril
challenge, saline infusion, furosemide-upright, and oral salt-
loading. Before the PA screening test, the antihypertensive
drug was changed to a calcium channel or an a-adrenergic
blocker, as necessary. Potassium was replenished if hypo-
kalemia was present before the confirmatory test. The PA
subtype in this study was diagnosed primarily based on
AVS results using adrenocorticotropic hormone (ACTH)
stimulation [15, 16]. The selectivity index (SI) was defined
as the ratio of cortisol of the adrenal vein to that of the
inferior vena cava, and cannulation of the adrenal vein was
considered successful if the SI was >5. The lateralization
index (LI) was defined as the dominant adrenal vein
aldosterone-to-cortisol ratio (A/C) divided by the non-
dominant adrenal vein A/C ratio. The contralateral ratio
(CR) was defined as the nondominant adrenal vein A/C
ratio divided by the inferior vena cava A/C ratio. Unilateral
PA was diagnosed when LI>4 and CR<1 after ACTH
stimulation.

Data collection

Clinical and laboratory data were available for visit dates of
the patients at baseline and at 6, 12, 36, and 60 months after
definitive PA diagnosis. Blood samples were collected
using the method followed at each medical institution,
which was standardly conducted after 30 min of rest in the
supine position. Treatment with an MRA was commenced
after the study participants received a definitive diagnosis of
PA, including AVS. We used PRA data measured before
and after starting MRA treatment. If a CVD event occurred
before a specified visit date, we used the PRA data obtained
before the onset of a CVD event. Follow-up periods
included the date of definitive diagnosis to the date of
occurrence of a CVD event. For patients who did not
develop a CVD event during the observation period, their
follow-up was terminated on the last consultation day over
the 5-year observation period.

The estimated glomerular filtration rate (eGFR) was
calculated using the following equation prepared by the
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Japan Society of Nephrology, as follows:

eGFR(mL/min/1.73 m*) =194 x SCr — 1.094
x age — 0.287 (x 0.739 if female)

The unified MRA dose was analyzed by multiplying the
total daily dose of spironolactone by 2 for conversion to a
dose equivalent to eplerenone [17, 18]. The details of the
assay method, including PRA, ARC, and PAC, are pre-
sented in the Supplementary Methods. The PRA change
with MRA treatment was calculated by subtracting the PRA
value before treatment from that during MRA treatment.
The PAC change with MRA treatment was calculated by
subtracting the PAC value before treatment from that during
MRA treatment.

The results of adrenal localization diagnosis by AVS are
presented as the proportion of unilateral categories. Dia-
betes and dyslipidemia were confirmed based on medical
history or medication use. A CVD history included myo-
cardial infarction, cerebral hemorrhage, cerebral infarction,
and heart failure of New York Heart Association class II or
higher.

Definition of cardiovascular outcomes

The primary outcome was the occurrence of CVD-related
events and death. We defined composite CVD as the presence
of stroke, ischemic heart disease, heart failure necessitating
hospitalization, and atrial fibrillation. Heart failure included
causes of severe aortic stenosis and sick sinus syndrome, both
of which require hospitalization. In this study, CVD events
consisted of composite CVD and mortality and excluded
death caused by overt malignancy.

Data analysis

Characteristics before and after MRA treatment were
compared between the CVD occurrence and nonoccurrence
groups.

In this study, patients with PA were divided into three
groups according to the tertile of PRA change with MRA
treatment: low (<0.1 ng/mL/h), intermediate (0.2-0.7 ng/
mL/h), and high (0.8 ng/mL/h) PRA change groups. The
characteristics of the groups, including the incidence of
CVD, were compared.

Continuous variables with a normal distribution are
expressed as means (standard deviations), whereas those with
a nonnormal distribution are expressed as medians (inter-
quartile ranges [IQRs]). For comparative analysis between
two groups, we performed Fisher’s exact test for categorical
variables and Student’s #-test or the Mann—Whitney U test for
continuous variables. Comparison of the three groups was
performed using Fisher’s exact test, one-way analysis of
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variance, and the Kruskal-Wallis test. The P-value was
adjusted using the Bonferroni method.

The incidence of CVD events among PRA changes stra-
tified by MRA treatment was estimated using a Kaplan—Meier
survival curve and evaluated with the log-rank test. The
P-value was adjusted using the Bonferroni method.

Univariate and multivariate Cox proportional hazard
models were employed to identify factors significantly
associated with the development of CVD events. Variables
with a P-value of <0.05 in univariate analysis and sex were
selected in multivariate analysis. The goodness-of-fit for the
multivariate Cox proportional hazards model was confirmed
by the Wald test, and the proportional hazards assumption
was confirmed by a correlation test using Schoenfeld
residuals.

Spearman’s rank correlation coefficient was used for
correlation analysis of PRA changes by MRA and other
parameters.

All statistical analyses were conducted using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria) [19]. P values
were two-sided, and a P-value of <0.05 indicated statistical
significance.

Ethics

This study was performed in accordance with the guidelines
for clinical studies published by the Ministry of Health
and Labor of Japan and was approved by the institutional
ethics committees of all participating facilities. This obser-
vational study was registered in the University Hospital
Medical Information Network Clinical Trials Registry
(UMIN ID 18756 and 32525). The opt-out option was
posted on the website.

Results
Study patients

In this study, data for 1115 eligible patients with PA who
were followed up for a median duration of 3.0 years (IQR,
1.1-5.0) were analyzed. The overall prevalence of compo-
site CVD events in our study population was 2.1% over the
5-year observation period. Details of the composite CVD
events and the incidence of each cardiovascular event are
presented in Supplementary Table 1.

Comparison of the characteristics of patients with PA with
and without CVD events during the follow-up period is pre-
sented in Table 1. Patients in the CVD event occurrence group
were older (P = 0.001), had a higher body mass index (BMI)
(P=0.02), had a lower eGFR at baseline and during MRA

treatment (P =0.04 and P = 0.03, respectively), and had a
longer duration of hypertension (P = 0.003) than those in the
nonevent occurrence group. There was also a higher propor-
tion of patients with more than urinary protein 1 4 (P = 0.01)
in the CVD event occurrence group. However, the prevalence
of CVD history, dyslipidemia, and diabetes mellitus did not
differ between the two groups. During follow-up, no sig-
nificant differences were observed in MRA dose, blood
pressure, or K level, as well as changes in PRA and PAC, with
MRA treatment between the groups.

CVD risk factors during MRA treatment

As changes in PRA are substantial as an indicator of the
effect of MRAs, we compared variables among the three
groups stratified by tertile of PRA changes with MRA
treatment (Table 2). The incidence rates of CVD events in
the low, intermediate, and high PRA change groups were
2.1%, 0.5%, and 3.7%, respectively, a difference that was
significant (P = 0.008). The high PRA change group had a
higher incidence of CVD events than the intermediate PRA
change group (P = 0.009). In addition, the low PRA change
group tended to have a higher incidence of CVD events
than the intermediate change group, though the difference
was not significant. Kaplan—Meier survival curve analysis
showed that the incidence of CVD events was higher in the
high PRA change group than in the intermediate PRA
change group throughout the observation period (P = 0.01)
(Fig. 1). In univariate Cox proportional hazards regression
analysis to investigate CVD risk factors during MRA
treatment, variables with P values of <0.05 included high
PRA change, age, BMI, eGFR at baseline, proteinuria, and
duration of hypertension (Table 3). Multivariate Cox pro-
portional hazards analysis indicated that the risk of com-
posite CVD, including death, was significantly greater in
the high PRA change group than in the intermediate group
(adjusted hazard ratio (AHR), 5.71 [95% CI, 1.28-25.5]).
Other significant CVD risk factors in multivariate analysis
were age (AHR, 1.07 [1.02-1.12]) and BMI (AHR, 1.13
[1.04—1.23]). Proteinuria and duration of hypertension were
excluded as covariates in the multivariate regression model
because they were unknown in several cases.

Factors Associated with High PRA Change with MRA
Treatment

As shown in Table 2, the proportion of male individuals was
greater in the high than in the intermediate (P = 0.02) and low
(P <0.001) PRA change groups. The high PRA change group
also had a significantly higher BMI than the low PRA change
group (P = 0.04). MRA doses were significantly higher in the
high than in the low and intermediate groups (P <0.001
for both comparisons). During MRA treatment, systolic and
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Table 1 Comparison of
characteristics between patients
with PA with and without
CVD events

Characteristic Without CVD event With CVD event P-value
(n=1092) (n=23)
Sex (male), n (%) 481 (44.0) 13 (56.5) 0.29
History of CVD event, n (%) 78 (7.1) 4 (17.4) 0.08
Dyslipidemia, n (%) 282 (25.8) 10 (43.5) 0.09
Diabetes mellitus, n (%) 132 (12.1) 2 (8.7) 1.0
Age at baseline, years 53.9+10.6 61.4+12.0 0.001
SBP at baseline, mmHg 141 + 18 144 + 21 0.47
DPB at baseline, mmHg 87+13 87+15 0.92
LDL, mg/dL 114+ 30 108 +29 0.32
HbAlc, % 5.6 (5.3-6.0) 5.9 (5.5-6.2) 0.14
BMI, kg/m? 24.6 (22.1-27.4) 27.2 (23.7-30.9) 0.02
eGFR at baseline, mL/min/1.73 m? 76.5 (66.5-88.3) 72.6 (62.7-75.9) 0.04
Urine protein 21 +, n (%); available 94 (9.4) 6 (28.6) 0.01
data = 1021
Duration of hypertension, years; available 4.0 (1.0-10.0) 14 (4.0-26.0) 0.003
data = 1037
Serum K+, mEq/L 3.9 (3.74.1) 3.9 (3.6-4.1) 0.57
PAC at baseline, pg/mL 160 (120-218) 149 (126-250) 0.83
PRA at baseline, ng/mL/h 0.4 (0.2-0.6) 0.2 (0.2-0.6) 0.22
Unilateral lesion in AVS, n (%) 12 (11.0) 1 4.3) 0.58
Duration of follow-up, months 36.5 (12.9-60.9) 35.2 (26.0-52.1) 0.82
Dose of MRA at follow-up, mg/day 77.1+£373 72.8+45.8 0.58
SBP during MRA treatment, mmHg 132+11 133+15 0.99
DBP during MRA treatment, mmHg 83+11 80+9 0.30
eGFR during MRA treatment, 66.2 (56.8-76.5) 62.5 (48.5-65.6) 0.03
mL/min/1.73 m?
Serum K+ during MRA treatment, mEq/L. 4.2 (4.0-4.4) 4.2 (4.0-4.3) 0.60
PRA change by MRA, ng/mL/h 0.3 (0.1-1.0) 1.0 (0.1-1.6) 0.12
PAC change by MRA, pg/mL 53 (—4-133) 43 (—28-118) 0.6

Data are expressed as meanststandard deviations, medians (interquartile ranges), or numbers and

percentages (%)

CVD cardiovascular disease, SBP systolic blood pressure, DPB diastolic blood pressure, LDL low-density
lipoprotein, HbAIc hemoglobin Alc, BMI body mass index, eGFR estimated glomerular filtration rate, PAC
plasma aldosterone concentration, PRA plasma renin activity, MRA mineralocorticoid receptor antagonist,
PA primary aldosteronism, AVS adrenal vein sampling

diastolic blood pressures were significantly lower in the high
PRA change group. Moreover, serum Na and K levels were
significantly lower and higher, respectively, in the high PRA
change group. These findings suggest that MR blockade was
relatively sufficient in the high PRA change group. Along
with changes in PRA, PAC levels increased with MRA
treatment, indicating that the large PAC change due to MRA
treatment might be attributed to higher activity of the renin-
angiotensin system (RAS) in the high PRA change group. The
use of RAS inhibitors, such as angiotensin II receptor blockers
and angiotensin-converting enzyme inhibitors, did not differ
among the three PRA change groups.

The degree of change in PRA level from before to after
MRA treatment correlated highly with the PRA value dur-
ing MRA treatment according to Spearman’s test (p = 0.86,
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P <0.001) but did not correlate with PRA before MRA and
showed only a weak correlation with MRA dose (p =0.17,
P <0.001) (Supplementary Table 2).

Discussion

The increase in PRA level with MRA treatment is con-
sidered an important indicator for the effect of MR inhibi-
tion. In this study, we investigated the predictive potential
of PRA changes caused by MRA treatment with regard to
the development of CVD during follow-up period in
patients with PA treated with MRAs. Unexpectedly, the
high PRA change group had a significantly higher risk of
CVD than the intermediate PRA change group. The low
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Table 2 Clinical characteristics stratified by the tertiles of PRA change due to MRA treatment
PRA change groups
Characteristic Low PRA change Intermediate PRA change High PRA change P-value
(0.1 ng/mL/h) (0.2-0.7 ng/mL/h) (20.8 ng/mL/h)
Total, n 383 378 354
CVD events, n (%) 8 (2.1) 2 (0.5) 13 3.7) 0.008
History of CVD events, n (%) 27 (7.0) 23 (6.1) 32 (9.0 0.30
Duration of follow-up, months 31.5 (12.9-58.9) 35.7 (12.7-59.7) 36.1 (12.9-61.7) 0.21
Dose of MRA at follow-up, mg/day 71.4+30.2 72.3+30.2 88.1+47.9 *T <0.001
Unilateral lesion by AVS, n (%) 34 (8.9) 52 (13.8) 3509.9 0.19
Sex, male, n (%) 145 (37.9) 162 (42.9) 187 (52.8) *T <0.001
Age, years 54.0+10.9 53.8+10.2 544 +11.1 0.76
BMI, kg/m? 24.3 (21.7-27.4) 24.4 (22.3-27.3) 25.0 (22.9-27.7)* 0.03
Duration of hypertension, years, available 4.0 (1.0-10.0) 5.0 (1.9-12.0) 5.0 (1.9-12.0) 0.06
data n = 1037
SPB at baseline, mmHg 14118 140+ 19 140+ 18 0.72
DPB at baseline, mmHg 87+12 87+13 87+13 0.65
eGFR at baseline, mL/min/1.73 m? 76.8 (65.6-88.3) 75.2 (66.0-87.5) 77.0 (67.7-88.0) 0.50
Urine protein 21 4, n (%); available data, 34 (9.6) 33 (9.6) 33 (10.3) 0.94
n=1021
Serum Na+ at baseline, mEq/L 141.1 (7.1) 141.7 (2.2) 140.2 (2.3) 0.17
Serum K+ at baseline, mEq/L 3.9 (3.64.1) 3.9 (3.74.1) 4.0 (3.74.2) 0.007
SPB during MRA treatment, mmHg 134+15 132+ 14 130+ 13"7 <0.001
DPB during MRA treatment, mmHg 85+11 83+10 81+10"" <0.001
eGFR during MRA treatment, mL/min/ 66.9 (56.3-77.3) 65.4 (57.6-76.5) 65.7 (56.5-75.3) 0.68
1.73 m?
Serum Na+ during MRA treatment, 141.0 (2.0) 140.5 (18.7) 140.2 (2.3) ™7 <0.001
mEqg/L
Serum K+ during MRA treatment, mEq/L. 4.1 (3.9-4.3) 4.2 (3.9-4.4) 43 (4.1-4.5) 1 <0.001
PRA at baseline, ng/mL/h 0.4 (0.2-0.6y 0.3 (0.2-0.5)" 0.4 (0.2-0.6)" <0.001
PAC at baseline, pg/mL 163 (121-229) 162 (120-219) 156 (118-209) 0.45
PAC during MRA treatment, pg/mL 190 (140-272) 217 (165-310)* 265 (192-380)"" <0.001
PAC change by MRA treatment, pg/mL 25 (—23-79) 53 (1-116)* 109 (25-211)"" <0.001
ARB at follow-up, n (%) 19 (5.0) 25 (6.6) 33 (9.3) 0.06
ACE inhibitor at follow-up, n (%) 3(0.8) 2 (0.5) 4 (1.1) 0.66
Diuretics at follow-up, n (%) 6 (1.6) 4 (1.1) 8 (2.3) 0.40
B-blocker during at follow-up, n (%) 13 (34) 6 (1.6) 10 (2.8) 0.10

Data are expressed as means (+ standard deviations), medians (interquartile ranges), or numbers and percentages (%)

PRA plasma renin activity, MRA mineralocorticoid receptor antagonist, AVS adrenal venous sampling, SBP systolic blood pressure, DPB, diastolic
blood pressure, eGFR estimated glomerular filtration rate, BMI body mass index, PAC plasma aldosterone concentration, ARB angiotensin II

receptor blocker, ACE angiotensin-converting enzyme

P-values adjusted by Bonferroni. * vs. low PRA change group, p <0.05; ¥ vs. intermediate PRA change group, p-value <0.05; ¥ vs. low PRA

change group, p <0.05

PRA change group also had a higher incidence of CVD
events than the intermediate PRA change group, in line with
the results of a previous report [8], though with no sig-
nificant difference. In addition to PRA changes, age and
BMI were identified as independent CVD risk factors for
the study subjects. Indeed, age and obesity are known
independent risk factors for CVD [20, 21]. Potassium and
blood pressure levels, which are considered to be markers of

PA severity, were not identified as such in our model, likely
due to lower detection sensitivity than PRA change.

A question that could be raised is why CVD risk was
higher in the high PRA change group of our cohort. Inter-
estingly, the high PRA change group had a higher proportion
of male participants than the other groups. One study reported
that in normotensive populations, men have higher PRA than
women [22]. Moreover, a study on postmenopausal women

SPRINGER NATURE
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1.00+ has shown that women who undergo estrogen replacement
~~~~~~~ therapy have lower renin activity than those who do not or
@ 0.98 men [23]. Another previous study reported that the response
% of PRA to an intravenous furosemide test was lower in women
2 0.96 than in men [24]. In a prospective study of pretreatment
f ' hypertension, the high renin-sodium profile group was more
£ likely to have myocardial infarction than the low and normal
5 0.94 groups, and men had a higher renin profile than women [25].
g In animal studies, testosterone increases renin activity, with a
& 0924 — Low PRA change group strong positive linear relationship between testosterone and
= — —Intermediate PRA change group PRA [26-28]. Based on these previous reports, it can be
ogod T 7 High PRA change group hypothesized that the higher proportion of male individuals

5 10 20 20 40 20 20 resulted in high PRA and a high risk of CVD.
PRA change Months Another characteristic of the high PRA change group

(ng/mL/h)  Number at risk

<0.1 383 341 234 196 141 119 95
0.2-0.7 378 334 230 204 154 126 92
20.8 354 323 225 192 151 134 M1

Fig. 1 Kaplan—Meier curves for CVD events in patients with PA
stratified by tertile of PRA change from before to after MRA treatment.
MRA mineralocorticoid receptor antagonist, PRA, plasma renin
activity, PA primary aldosteronism, CVD cardiovascular disease

was higher BMI than in the other groups. An increase in
renin level has been reported for patients with obesity due to
sympathetic nervous system activation [29]. Moreover,
significant decreases in renin and aldosterone levels
occurred with weight loss in patients with obesity [30]. In
this study, although the difference in BMI was small among
the three groups, BMI was one of the independent CVD risk

Table 3 Cox proportional
hazards analysis for CVD risk in
patients with PA treated

with MRA

Factors

Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

4.10 (0.87-19.32)  0.07  3.73 (0.79-17.7) 0.09

SPRINGER NATURE

Low PRA change group <0.1 ng/mL/h
Normal PRA group change 0.2-0.7 ng/mL/h

1.0 (reference group)-

1.0 (reference group)-

High PRA change group 0.8 ng/mL/h 6.59 (1.49-29.19) 0.01  5.71 (1.28-25.5) 0.02
Age at baseline 1.07 (1.03-1.12) 0.002 1.07 (1.02-1.12) 0.003
Sex (male) 1.58 (0.69-3.60) 0.27  1.21 (0.51-2.83) 0.66
History of CVD event 2.61 (0.90-7.69) 0.08

Dyslipidemia 2.16 (0.95-4.92) 0.07

Diabetes mellitus 0.70 (0.16-2.94) 0.63

BMI 1.12 (1.03-1.21) 0.006 1.13 (1.04-1.23) 0.003
HbAlc 1.10 (0.73-165) 0.62

LDL 0.99 (0.98-1.01) 0.48

eGFR at baseline 0.97 (0.95-0.99) 0.04  0.99 (0.96-1.02) 0.49
eGFR during MRA 0.98 (0.96-1.01) 0.27

Dose of MRA 1.00 (0.99-1.01) 0.46

Serum Na+ during MRA 1.04 (0.85-1.28) 0.69

Serum K+ during MRA 0.71 (0.20-2.53) 0.60

Systolic blood pressure during MRA 1.0 (0.97-1.03) 1.0

Diastolic blood pressure during MRA 0.98 (0.94-1.02) 0.39

ARB during MRA 2.77 (0.94-8.18) 0.07

B-blocker during MRA 1.32 (0.17-9.82) 0.78

Urine protein > +; available data = 1021 3.70 (1.43-9.50) 0.007

Duration of hypertension; available data= 1037 1.06 (0.02-1.09)  <0.001

PRA plasma renin activity, MRA mineralocorticoid receptor antagonist, CVD cardiovascular disease, BMI
body mass index, HbAIc hemoglobin Alc, LDL low-density lipoprotein, eGFR estimated glomerular
filtration rate, MRA mineralocorticoid receptor antagonist, PA primary aldosteronism, ARB Angiotensin II

Receptor Blocker, CI confidence interval
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factors. Therefore, the higher BMI may be partly related to
the high CVD risk in the high PRA change group. Never-
theless, as the aforementioned studies did not examine the
PRA response to MRA treatment, their applicability to the
discussion of our study is limited, and further studies are
needed to clarify the involvement of male and obesity
profiles in this context. The PAC change with MRA treat-
ment was proportionally high in the high PRA change
group, demonstrating that RAS activity was intact in this
context. As RAS is located upstream of MR, MRA does not
inhibit but rather activates the system, which might lead to
undesirable outcomes. Although the dose of MRA used in
the high PRA change group was relatively high, the cor-
relation between PRA change and MRA dose was very
weak. Therefore, we do not recommend reducing the MRA
dose when encountering individuals with high PRA chan-
ges with MRA treatment. We should instead combine RAS
inhibitors for such cases while considering the possible
development of hyperkalemia. The optimal approach to
reducing CVD risk in patients with a high PRA change
needs to be investigated and established in future studies.

Our cohort study showed that a very low (2.1%) incidence
of CVD development in Japanese patients with PA treated
with MRA during a 5-year observation period. One of the
possible reasons for the low incidence of CVD is that many
patients had bilateral PA, which is a relatively mild PA sub-
type. Second, the median follow-up duration of this study was
3 years, which is a relatively short period. Third, the Japanese
population has been reported to have the longest life expec-
tancy, the lowest prevalence of obesity, and the lowest mor-
tality due to ischemic heart disease compared to populations
of other Organization for Economic Cooperation and Devel-
opment countries. The greater longevity observed in the
Japanese population might be attributed to their healthy life-
style, diet, universal and equitable health care coverage, and
social determinants [31, 32].

This study has some limitations. First, the retrospective
design may have affected the quality of the data. Second,
we did not collect data on urinary Na excretion during the
follow-up period; therefore, we could not assess the effect
of Na intake on renin levels during MRA treatment. Third,
this study did not exclude patients with a history of CVD
because many of those who developed a CVD event during
the 5-year follow-up already had a history of CVD at the
time of PA diagnosis. This setting was different from that of
a previous similar study [8]. Hence, we cannot argue why
the result of our study was different from the previous one.

Last, the PRA change used in this study is not currently
authorized as a marker of MRA effect; thus, the validity of
this marker should be confirmed in future research.

In conclusion, this study indicates that the risk of CVD is
unexpectedly higher in patients with PA with high PRA
change due to MRA treatment. Although the PRA change

caused by MRA treatment is an indicator of the effect of
MR inhibition, other factors are also involved in the PRA
change induced by MRA treatment. Therefore, a high PRA
change may not necessarily be a better prognostic marker.
Further studies are needed to establish the optimal approach
to predict CVD risk in patients with PA treated with MRAs.
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