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Abstract
Primary aldosteronism (PA) is a major cause of secondary hypertension and presents a higher risk for cardio-cerebrovascular
(CCV) events compared with essential hypertension. To diagnose PA after a positive screening test, at least one of three
available confirmatory tests [the saline infusion test (SIT), the captopril challenge test (CCT) or the furosemide upright test
(FUT)] should be performed. The aim of our study was to investigate the relationship between the number of positive
confirmatory tests using SIT and CCT and the clinical presentation and prevalence of CCV events in 398 PA patients. The
number of PA patients doubled when PA diagnosis was defined by positive results on either the SIT or CCT confirmatory
tests (single positive) compared to positive results on both the SIT and CCT confirmatory tests (double positive). We also
found a more typical clinical presentation of PA, such as the use of more antihypertensive drugs to control blood pressure
and a higher incidence of hypokalemia, in PA patients with double positive confirmatory tests than in those with a single
positive confirmatory test. The incidence of CCV events in PA patients with double positive confirmatory tests was
significantly higher than that in those with a single positive confirmatory test. Our results demonstrated that the number of
PA patients was doubled by the use of PA diagnostic criteria using a single positive confirmatory test compared to the use of
double positive confirmatory tests. PA patients with double positive confirmatory tests were associated with a more typical
clinical presentation and a higher incidence of CCV events than those with a single positive confirmatory test.
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Introduction

Primary aldosteronism (PA) is a major cause of secondary
hypertension. PA is caused by autonomous and excess
secretion of aldosterone and accounts for 5~13% of
hypertensive patients [1, 2]. Aldosterone excess causes not
only hypertension but also direct myocardial and vascular
damage. PA patients have a higher risk of cardiovascular
and cerebrovascular (CCV) events compared with essential
hypertension patients [3, 4]. Therefore, mineralocorticoid

receptor antagonist treatment or adrenalectomy should be
considered and initiated to reduce the risk of CCV events in
patients with PA [5].

The plasma aldosterone concentration (ng/dL) (PAC)/
plasma renin activity (ng/mL/hr) (PRA) ratio (ARR) has
been used for PA screening. Patients with positive ARR
should undergo one or more confirmatory tests to diagnose
PA. The “Guidelines for the diagnosis and treatment of
primary aldosteronism” published by the Japan Endocrine
Society in 2009 recommend performing at least two of three
confirmatory tests [the saline infusion test (SIT), the cap-
topril challenge test (CCT) and the furosemide upright test
(FUT)] to diagnose PA [6]. However, the Endocrine Society
[7] and Japan Hypertension Society [8] indicate that one
confirmatory test is enough to diagnose PA. In 2016, the
Japan Endocrine Society published the consensus statement
on PA diagnosis and defined PA as the presence of at least
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one positive confirmatory test, as the other societies above
have recommended [9].

We reported that SIT and CCT were useful not only for
the diagnosis of PA but also for the evaluation of the risk of
CCV events [10]. SIT-positive PA patients had a sig-
nificantly higher risk of CCV events than SIT-negative PA
patients. In addition, post-SIT PAC and post-CCT ARR
levels are correlated with the risk of CCV events. However,
it remains unclear whether the number of positive con-
firmatory tests reflects the risk of a CCV event. Moreover,
no study has assessed the clinical significance of performing
two confirmatory tests.

The aim of our cross-sectional study was to investigate
the relationship between the number of positive con-
firmatory tests (SIT and CCT) and the clinical presentation
and prevalence of CCV events in 398 PA patients.

Methods

Subjects

The participants in this study included 398 PA patients
(males 162/ females 236) who were diagnosed with SIT and
CCT at our hospital between January 2004 and December
2017 (Table 1).

The study protocol was approved by the Human Ethics
Committee of Osaka University (no. 16136) and conformed
to the Declaration of Helsinki.

Diagnosis of PA

PA was diagnosed by a positive result on either the SIT or
the CCT based on the cut-off value for each confirmatory
test presented in the guidelines of the Japan Endocrine
Society [6]. To exclude the effects of antihypertensive
agents on PRA and PAC levels, all hypertensive treatment
with angiotensin II receptor blockers, angiotensin-
converting enzyme (ACE) inhibitors, β-blockers was dis-
continued for 14 days and diuretics were discontinued for
4 weeks before the diagnostic tests were performed, as
recommended in The Endocrine Society guidelines on PA
[7]. We measured the PAC (ng/dL) and PRA (ng/mL/hr)
and calculated the ARR. When the ARR was more than 20,
we performed the SIT and CCT to confirm the diagnosis of
PA. Although the FUT is performed to evaluate renin
suppression in Japan, the area under the ROC curve for the
post-FUT PRA was smaller than that of the ARR [11], and
neither positive nor negative FUT results were associated
with CCV events in PA patients [10]. For this reason, two
confirmatory tests (SIT and CCT) were investigated in this
study. The tests were considered positive using the fol-
lowing cut-off levels: postinfusion PAC > 6 ng/dL (SIT) and

ARR at 60 or 90 min after captopril challenge > 20 (CCT).
The diagnosis of PA was established when one of these tests
was positive. We excluded patients who were under 18
years of age, had end-stage kidney disease (eGFR < 15 (mL/
min/1.73 m2), did not undergo the SIT or CCT, or were
clinically diagnosed with PA without confirmatory tests.
We defined both confirmatory tests positive as double
positive group, either test positive as single positive group.

CCV events

We defined CCV events as cardiovascular disease (CVD)
(nonfatal myocardial infarction or angina diagnosed by
coronary angiography); atrial fibrillation (Af); or heart
failure (HF) requiring hospitalization, defined as a history of
admission to the hospital for HF treatment; symptomatic
cerebral hemorrhage (CH) and cerebral infarction (CI). All
patients were assessed for a history of CCV events at the
time of PA diagnosis.

Table 1 Clinical presentation of the 398 patients with PA

n 398

Sex: Male/Female 162/236

Age (years) 58 (47–67)

Body mass index (kg/m2) 23.9 (21.7–27.1)

Systolic blood pressure (mmHg) 136 (125–150)

Diastolic blood pressure (mmHg) 82 (75–93)

Duration of hypertension (years) 5.0 (1.0–12.0)

No. of antihypertensive drugs 1.4 ± 1.1

Plasma aldosterone concentration (ng/dL) 16.1 (11.7–25.0)

Plasma renin activity (ng/mL/hr) 0.3 (0.2–0.6)

ARR (ng/dL)/(ng/mL/hr) 55.5 (30.1–108.6)

eGFR (mL/min/1.73 m2) 76.6 (66.2–87.3)

Serum potassium (mEq/L) 3.8 (3.6–4.1)

Urinary sodium excretion (mmol/gCr) 101.8 (69.0–144.7)

Urinary potassium excretion (mmol/gCr) 36.8 (26.8–52.0)

Hypokalemia 28.0%

Diabetes mellitus 16.5%

Dyslipidemia 48.1%

Ever smoker 40.5%

All CCV events 6.0%

CVD 1.0%

Af 1.5%

HF 0.5%

CH 0.8%

CI 2.8%

Data are median (first and third quartiles) values or mean ± SD

ARR plasma aldosterone concentration/plasma renin activity ratio,
eGFR estimate glomerular filtration rate, CCV events cardio-cerebro-
vascular events, CVD cardiovascular disease, Af atrial fibrillation, HF
heart failure, CH cerebral hemorrhage, CI cerebral infarction
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Laboratory tests

Blood samples were taken in the early morning after fasting,
with the patient in a recumbent position. PAC was measured
using an aldosterone radioimmunoassay (RIA) kit II
(YAMASA Corporation, Tokyo, reference range: 2–13 ng/dL,
intra and interassay CV: ≤ 15%, before 31 January 2007;
Spac S Aldosterone Kit (TFB Corporation, Tokyo, refer-
ence range: 2.99–15.88 ng/dL, intra and interassay CV of
≤20%, from 1 February 2007 to 12 February 2017; or
Accuraseed Aldosterone (Fuji Film Wako Corporation,
Tokyo, reference range: 2.99–15.9 ng/dL, intra and inter-
assay CV of ≤20%, after 13 February 2017)). The measured
values were adjusted using a correlation formula estimated
by the linear regression model of the aldosterone RIA Kit II
(A) or Accuraseed Aldosterone (B) and Spac S Aldosterone
Kit (C). PAC levels (A) were converted to PAC values (C)
using the formula C (ng/dL)= 0.767 × A (ng/dL)−0.67.
Similarly, PAC levels (B) were converted to PAC values
(C) using the formula C (ng/dL)= [B (ng/dL)+ 2.19]/0.89.
The correlation coefficients of the regression models were
0.97 and 0.90, respectively.

PRA was measured by radioimmunoassay (YAMASA
renin RIA beads, YAMASA Corporation, Tokyo), with a
reference range of 0.2–2.7 ng/mL/hr and an intra and
interassay CV of <15%.

Statistical analysis

Variables were expressed as median values (first and third
quartiles) or mean ± SD. The 95% confidence interval (CI)
for the proportion is based on the Clopper-Pearson method.
The parameters of the two groups were compared using the
Wilcoxon test for continuous variables and the chi-square
test or Fisher’s exact test for categorical variables. Rela-
tionships were evaluated by the Pearson correlation coeffi-
cient. Two-sided p < 0.05 was considered to indicate the
presence of a statistically significant difference. Statistical
analyses were performed using the JMP Pro software for
Windows (ver. 12, SAS Institute, Cary, NC).

Results

Relationship between the SIT and CCT results in PA
patients

The relationship between the SIT and CCT results in the PA
patients is shown in Fig. 1. Three hundred four PA patients
were SIT positive, and 318 PA patients were CCT positive.
PA patients who were positive on both the SIT and CCT
(the double-positive group) accounted for 56.3% (224
patients). PA patients with positive results on either the SIT
or CCA (the single-positive group) accounted for 43.7%
(174 patients); the SIT-positive group comprised 80 patients
(20.1%), and the CCT-positive group comprised 94 patients
(23.6%).

Comparison of clinical presentation and incidence of
CCV events between the double-positive group and
the single-positive group

The clinical presentation of the 398 PA patients is shown in
Table 1. The median age of these patients was 58 years
(range: 47–67), and the median body mass index (BMI) was
23.9 kg/m2 (range: 21.7–27.1). The median systolic blood
pressure (SBP) was 136 mmHg (range: 125–150)/median
diastolic blood pressure (DBP) was 82 mmHg (range: 75–
93), and the patients took 1.4 ± 1.1 numbers of anti-
hypertensive classes. The median ARR was 55.5 (range:
30.1–108.6), eGFR was 76.6 mL/min/1.73 m2 (range: 66.2–
87.3), serum potassium was 3.8 mEq/L (range: 3.6–4.1) and
the rate of hypokalemia at diagnosis was 28.0%. The inci-
dence of all CCV events was 6.0% [CVD 1.0% (4 patients),
Af 1.5% (6 patients), HF 0.5% (2 patients), CH 0.8% (3
patients) and CI 2.8% (11 patients)] (Table 1). There was no
difference in the incidence of CCV events between the SIT-
positive PA patients and the CCT-positive PA patients (7.2
vs. 6.9%, p= 0.88).

The clinical presentations of the double-positive group
and the single-positive group are shown in Table 2. The
proportion of female patients in the single-positive group
was higher than that of the double-positive group (54.0%
vs. 66.1%, p= 0.015). Compared with the single-positive
group, the double-positive group was taking more anti-
hypertensive drugs (1.5= 1.1 vs. 1.2 ± 1.0, p= 0.003) and
had a higher PAC (19.9 vs. 12.0 ng/dL, p < 0.001), lower
PRA (0.3 vs. 0.4 ng/mL/hr, p < 0.001), higher ARR [77.2
(ng/dL)/(ng/mL/hr) vs. 30.7 (ng/dL)/(ng/mL/hr), p < 0.001],
lower serum potassium (3.8 vs. 3.9 mEq/L, p= 0.001) and a
higher incidence of hypokalemia (39.0 vs. 13.8%, p <
0.001). There were no significant differences in eGFR,
urinary sodium-to-creatinine ratio, urinary potassium-to-
creatinine ratio, rate of ever smoking, diabetes mellitus or
hyperlipidemia.

Fig. 1 Venn diagram of the number of positive cases for each con-
firmatory test (SIT and CCT). SIT saline infusion test, CCT captopril
challenge test
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The incidence of CCV events in the double-positive
group was significantly higher than in the single positive
group [8.9% (20/224) vs. 2.3% (4/174), respectively, p=
0.006] (Fig. 2).

In the present study, 100 patients underwent adrenal
venous sampling successfully, 34 patients were diagnosed
with unilateral PA, and 66 patients were diagnosed with
bilateral PA. The proportion of unilateral PA in the double-

positive group was higher than in the single-positive group
(40.7 vs. 5.3%, p= 0.003). Thirty-nine PA patients under-
went adrenalectomy and were diagnosed with adrenal cor-
tical adenoma. The proportion of adrenal cortical adenoma
in the double-positive group was higher than in the single-
positive group (92.7 vs. 33.3%, p= 0.030).

Comparison of clinical presentations between the
SIT-positive and CCT-positive subgroups of the
single-positive group

The single-positive group was divided into two sub-
groups: the SIT-positive subgroup and the CCT-positive
subgroup. The clinical presentations of the two sub-
groups are shown in Table 3. Patients in the SIT-positive
subgroup were characterized by a higher proportion of
males (51.3 vs. 19.1%, p < 0.001), younger age (47 years
vs. 66 years, p < 0.001), higher systolic blood pressure
(141 vs. 135 mmHg, p= 0.026), higher diastolic blood
pressure (90 vs. 78 mmHg, p < 0.001), higher PAC (14.8
vs. 10.2 ng/dL, p < 0.001), higher PRA (0.9 vs. 0.2 ng/
mL/h, p < 0.001) and lower ARR [18.5 (ng/dL)/(ng/mL/
h) vs. 49.8 (ng/dL)/(ng/mL/h), p < 0.001). There were no
significant differences in the duration of hypertension,
the number of antihypertensive drugs used and the rate of
hypokalemia.

Table 2 Comparison of clinical
presentation between double
positive and single positive
group

Double positive Single positive P value

n 224 (56.3%) 174 (43.7%)

Sex: Male/Female 103/121 59/115 0.015

Age (years) 57 (47–67) 59 (45–68) 0.618

Body mass index (kg/m2) 23.9 (21.8–27.2) 23.9 (21.6–27.0) 0.790

Systolic blood pressure (mmHg) 135 (126–149) 138 (124–151) 0.663

Diastolic blood pressure (mmHg) 83 (75–92) 82 (75–93) 0.891

Duration of hypertension (years) 5.0 (1.0–12.8) 4.0 (1.0–10.8) 0.131

No. of antihypertensive drugs 1.5 ± 1.1 1.2 ± 1.0 0.003

Plasma aldosterone concentration (ng/dL) 19.9 (15.4–37.4) 12.0 (9.2–16.3) <0.001

Plasma renin activity (ng/mL/hr) 0.3 (0.2–0.4) 0.4 (0.2–0.8) <0.001

ARR (ng/dL)/(ng/mL/hr) 77.2 (46.3–153.3) 30.7 (18.2–60.1) <0.001

eGFR (mL/min/1.73 m2) 75.2 (63.9–87.4) 78.1 (68.5–87.3) 0.094

Serum potassium (mEq/L) 3.8 (3.5–4.1) 3.9 (3.7–4.1) 0.001

Urinary sodium excretion (mmol/gCr) 101.3 (69.6–138.4) 104.2 (64.6–167.4) 0.548

Urinary potassium excretion (mmol/gCr) 36.1 (27.4–51.3) 37.0 (26.5–53.3) 0.810

Hypokalemia 39.0% 13.8% <0.001

Diabetes mellitus 17.6% 15.1% 0.539

Dyslipidemia 48.9% 47.0% 0.710

Ever smoker 40.0% 41.2% 0.812

Data are median (first and third quartiles) values or mean ± SD. Double positive group vs. single positive
group (Sex, hypokalemia, diabetes mellitus, dyslipidemia and ever smoker are by chi-square test, others are
by Wilcoxon test)

ARR plasma aldosterone concentration/plasma renin activity ratio, eGFR estimate glomerular filtration rate

Fig. 2 Comparison of the incidence of CCV events according to
double-positive results (both the SIT and CCT are positive) or single-
positive results (either the SIT or CCT is positive). The data on each
bar represent the percentage of patients who developed CCV events.
SIT saline infusion test, CCT captopril challenge test
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Discussion

The present study showed that the double-positive group
had a more typical clinical presentation of PA; they took
more antihypertensive drugs to control blood pressure and
had a higher PAC, lower PRA, higher ARR, lower serum
potassium, higher rate of hypokalemia, higher incidence of
CCV events, higher proportion of unilateral PA and higher
proportion of adrenal cortical adenoma than the single-
positive group. These results suggest that the double-
positive group had a higher capacity for autonomous
aldosterone secretion and a greater likelihood of having a
unilateral adrenocortical adenoma compared with the
single-positive group.

Regarding the diagnosis of PA, the CCT results confirm
the failure of ACE inhibition to decrease ARR, and the SIT
results confirm the failure to suppress aldosterone secretion
after volume expansion with isotonic saline. Thus, these
tests examine different parts of the renin-angiotensin-
aldosterone system (RAAS) to evaluate autonomous
aldosterone secretion. Kim et al. reported that the results of
the CCT are not always in agreement with those of the SIT
regarding PA diagnosis [12]. In fact, there were different
clinical characteristics in the SIT-positive and CCT-positive

subgroups in the present study. The SIT-positive subgroup
included a significantly higher proportion of young males
and higher PAC and PRA levels than the CCT-positive
subgroup. RAAS is affected by sex and age. Estrogen
decreases PAC levels, while testosterone increases PAC
levels [13]. with increased age, PRA tends to decrease, and
ARR tends to increase because salt sensitivity increases
[14]. Based on these reports, young males tend to be more
likely to show higher PAC levels and be positive on the SIT
compared with the elderly, and postmenopausal females
tend to be more likely to have positive CCT results.
Regarding ARR in the CCT, the possibility of unreliable
and misleading diagnosis as a result of suppressed PRA in
cases of low-renin hypertension should be considered.
Therefore, other PAC diagnostic criteria post-CCT [12]
might lead to different results and conclusions.

The treatment goal for PA is to prevent CCV events and
control hypertension and hypokalemia [15]. The clinical
severity and CCV event risk of PA patients ranges from
mild to severe and from low to high, respectively. There-
fore, we suggest that PA patients be treated based on their
clinical severity and CCV event risk. The point is how PA
patients evaluate their clinical severity and risk of CCV
events. As previously described, we reported that SIT-
positive PA patients had a significantly higher risk of CCV
events than SIT-negative patients, and the post-SIT PAC
and post-CCT ARR levels correlated with the risk of CCV
events [10]. The present study also showed that SIT-
positive patients had a higher risk of CCV events than SIT-
negative patients (7.2% vs. 2.1%, Fisher’s exact test, p=
0.083) and had higher post-SIT PAC levels and post-CCT
ARR (Cochran-Armitage tendency, p= 0.059 and p=
0.016, respectively). In addition, patients with SIT and CCT
positivity had a significantly higher risk of CCV events
compared to patients with SIT positivity and CCT nega-
tivity (odds ratio 3.82, p= 0.033, data not shown). Our
previous study did not investigate the CCT results in SIT-
positive PA patients because some of them underwent only
one CCT and SIT. However, the present study elucidated
that PA patients with CCT positivity had a higher risk of
CCV events than CCT negative PA patients with SIT
positivity because we recruited PA patents who had
undergone both the SIT and the CCT. Thus, the use of both
the SIT and CCT confirmatory tests may be more beneficial
than the use of each test alone for elucidating the clinical
severity and CCV event risk in PA patients. In terms of the
incidence of specific CCV events in the double-positive
group and the single-positive group, the double-positive
group had a higher incidence of Af (2.7 vs. 0%), HF (0.9 vs.
0%), CH (1.4 vs. 0%) and CI (4.0 vs. 1.2%) than the single-
positive group, but its incidence of CVD was not higher
(0.9 vs. 1.2%). The reason that the incidence of CVD events
was not different between these groups was not elucidated

Table 3 Comparison of clinical presentation between SIT positive and
CCT positive subgroup

SIT positive CCT positive p value

n 80 94

Sex: Male/Female 41/39 18/76 <0.001

Age (years) 47 (39–60) 66 (56–71) <0.001

Body mass index (kg/m2) 25.1 (22.5–29.3) 23.4 (20.5–25.8) 0.004

Systolic blood pressure
(mmHg)

141 (127–155) 135 (121–144) 0.026

Diastolic blood pressure
(mmHg)

90 (78–99) 78 (72–87) <0.001

Duration of hypertension
(years)

4.0 (1.0–10.0) 4.0 (1.0–12.0) 0.921

No. of antihypertensive drugs 1.2 ± 0.9 1.2 ± 1.2 0.203

Plasma aldosterone
concentration (ng/dL)

14.8 (11.8–22.2) 10.2 (7.7–13.4) <0.001

Plasma renin activity
(ng/mL/hr)

0.9 (0.5–1.4) 0.2 (0.1–0.3) <0.001

ARR (ng/dL)/(ng/mL/hr) 18.5 (10.8–30.7) 49.8 (30.0–77.3) <0.001

eGFR (mL/min/1.73 m2) 80.9 (70.0–91.2) 77.2 (67.1–84.9) 0.108

Serum potassium (mEq/L) 3.9 (3.6–4.2) 3.9 (3.7–4.1) 0.576

Hypokalemia 15.0% 12.8% 0.670

Diabetes mellitus 10.3% 19.1% 0.134

Dyslipidemia 45.1% 48.4% 0.673

Ever smoker 46.1% 37.1% 0.243

Data are median (first and third quartiles) values or mean ± SD. SIT
positive group vs CCT positive subgroup (Sex, hypokalemia, diabetes
mellitus, dyslipidemia and ever smoker are by chi-square test, others
are by Wilcoxon test)

ARR plasma aldosterone concentration/plasma renin activity ratio,
eGFR estimate glomerular filtration rate
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because the small number of CVD cases might be affected.
Thus, performing both SIT and CCT confirmatory tests may
be more useful for elucidating the clinical severity and CCV
event risk in PA patients compared to the use of either test
alone.

As a limitation, our study was cross-sectional. Further
prospective studies are needed to show whether the use of
both the SIT and CCT tests predicts the clinical severity and
the CCV event risk of PA patients.

In conclusion, the number of PA patients was doubled
when PA diagnostic criteria requiring a single positive
confirmatory test was used compared to when double
positive confirmatory tests were required. PA patients with
double positive confirmatory tests had a more typical clin-
ical presentation of PA and a higher incidence of CCV
events than those with a single positive confirmatory test.
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