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Abstract

Objective: In the present study, we investigated the most useful confirmatory test for
reflecting the severity of primary aldosteronism (PA), by evaluating 24-hour blood pres-
sure (BP), urine albumin, left ventricular mass (LVM), and intima media thickness (IMT).
Methods: This study included 113 patients (80 PA and 33 non-PA hypertensive patients) who
were admitted to Oita University Hospital and evaluated using ambulatory blood pressure
monitoring (ABPM). First, casual blood pressure (BP) and ABPM parameters were com-
pared between PA and non-PA patients. Second, patients were divided into PA-positive and
PA-negative groups based on confirmatory tests, including the saline infusion test (SIT),
captopril challenge test (CCT), and oral salt loading test (OSLT), and casual BP and ABPM
parameters were compared between the 2 groups. In addition, urine albumin excretion,
LVM, and maximum IMT as markers of organ damage were compared between the 2 groups.
Results: The ABPM parameters but not casual BF, were higher in PA patients than in
non-PA patients. Nocturnal and 24-hour systolic BP (SBP) in OSLT-positive patients were
significantly higher than in OSLT-negative patients. ABPM parameters in other confirma-
tory tests were not different between the PA-positive and PA-negative groups. Urine
albumin excretion in OSLT-positive patients was significantly higher than in the OSLT-
negative patients. However, in other confirmatory tests, organ damage markers were not
different between the 2 groups.
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Conclusion: The OSLT is potentially useful not only for the diagnosis of PA but also for
assessment of 24-hour SBP and organ damage, as indicated by urine aloumin excretion.

Key Words: primary aldosteronism, blood pressure, ambulatory blood pressure monitoring, confirmatory test, oral

salt loading test, urine albumin

Hypertension causes arteriosclerosis followed by myocar-
dial infarction, stroke, and peripheral artery diseases [1,
2]. Reportedly, hypertension was the strongest risk factor
for cerebrocardiovascular events in the Japanese popula-
tion [3]. Ambulatory blood pressure monitoring (ABPM)
that measures blood pressure (BP) during a 24-hour
period is useful for evaluating hypertension and predicting
cerebrocardiovascular events [4-9]. In particular, nocturnal
systolic blood pressure (SBP) correlates with urine albumin
[10-12], left ventricular mass (LVM) [13, 14], maximum
intima media thickness (IMT) [14, 15], and cardiovascular
death [16], therefore, nocturnal SBP is considered a prog-
nostic factor for hypertension.

Primary aldosteronism (PA) is characterized by exces-
sive aldosterone secretion, suppression of plasma renin ac-
tivity, and hypertension. PA prevalence ranges from 3%
to 10% among hypertensive patients [17, 18]. In previous
studies, patients with PA were associated with a higher
risk of cerebrocardiovascular events, atrial fibrillation, and
chronic kidney disease compared with essential hyperten-
sion patients [19-21]. The Japan Primary Aldosteronism
Study (JPAS) group reported that Japanese PA patients are
at higher risk of cerebrocardiovascular events: 9.4 % cardio-
vascular disease, 7.4% stroke, and 4.0% arrhythmia [22].
The Japanese Society of Hypertension Guidelines for the
Management of Hypertension (JSH2019) recommends that
PA diagnosis should be based on a screening test followed
by confirmatory tests, such as saline infusion test (SIT), fur-
osemide upright test (FUT), captopril challenge test (CCT),
or oral salt loading test (OSLT). However, it is unknown
which of these confirmatory tests most accurately reflects
cardiovascular damage in PA patients. Furthermore, the use
of ABPM for PA patients has been investigated in only a
few studies, and correlation with confirmatory tests for PA
when using ABPM was not discussed.

In the present study, we investigated which confirma-
tory test was most useful for reflecting the severity of PA,
by evaluating 24-hour BP and measuring urine albumin,
LVM, and IMT.

Patients and Methods
Subjects

In the present study, we recruited 113 patients with
hypertension who were admitted to the Department of

Endocrinology and Metabolism, Oita University Hospital,
from January 2018 to October 2019 and who were exam-
ined using ABPM. Among 116 patients, 83 were diagnosed
with PA based on confirmatory tests. Among the 83 PA pa-
tients, subjects diagnosed with atrial fibrillation, in whom
BP could not be measured correctly, who had advanced dia-
betic nephropathy with overt albuminemia and estimated
glomerular filtration rate (eGFR) <30 mL/min/1.73 m?, or
had subclinical Cushing syndrome, were excluded (n = 3),
because these comorbidities might affect the BP or urine
albumin results. In addition, 33 obese diabetic patients not
diagnosed with PA (non-PA) and who received ABPM were
used as controls. There were no suspected cases of other
secondary hypertension, including renovascular hyper-
tension, pheochromocytoma, and paraganglioma, using
plasma renin and 24-hour urine fractionated metanephrine
and normetanephrine excretion.

This study was approved by the Human Ethics
Committee of Oita University and was performed in ac-
cordance with the Declaration of Helsinki.

BP measurement

Casual BP was measured early in the morning during hos-
pitalization while the patient was at rest in a seated pos-
ition. The ABPM (FB-270, Fukuda Denshi Co., Ltd., Tokyo,
Japan) measured SBP and diastolic blood pressure (DBP)
continuously every 30 minutes during the day (7 am to 10
pM) and every 60 minutes during the night (10 PM to 7 AM).

PA diagnosis

Patients were diagnosed with PA according to JSH2019
[23]. Screening tests were performed by measuring plasma
renin activity (PRA) or active renin concentration (ARC)
and plasma aldosterone concentration (PAC) from 8:00
to 10:00 am. The screening test was determined positive
when the PAC (pg/mL)/PRA (ng/mL/h) ratio was >200 or
the PAC/ARC (pg/mL) ratio was >40 plus basal PAC >120
pg/mL. Next, SIT, CCT, and OSLT were performed as con-
firmatory tests. SIT was performed by intravenous infusion
of 2 L of saline over 4 hours, with the patient in a supine
position. When PAC was >60 pg/mL after saline loading,
the test was considered positive. CCT was performed by
administration of 50 mg captopril tablets and blood was
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drawn after 90 minutes. When the PAC/PRA ratio was
>200 or PAC/ARC ratio was >40 at 90 minutes after ad-
ministration, the test was considered positive. OSLT was
performed by 24-hour urine pooling after consumption
of a high salt diet. The test was considered positive when
the 24-hour urinary aldosterone and Na excretion were
>8 ng/day and >170 mEqg/day, respectively. When urine Na
was <170 mEg/day, the data were excluded due to insuf-
ficient NaCl loading. Since angiotensin receptor blockers
(ARBs), mineralocorticoid receptor antagonists (MRAs),
beta-adrenergic blockers, and diuretics affect renin and
aldosterone, these drugs were disncontinued or changed
to calcium channel blockers (CCBs) or alpha-adrenergic
blockers 2 weeks before the confirmatory test. Patients at
risk of potassium depletion due to discontinuation of ARBs
and MRAs were supplemented with potassium.

Comparison of BP, confirmatory tests, and
hypertensive changes

First, SBP, DBP, and heart rate (HR) in casual, daytime,
nocturnal, and continuous 24-hour ABPM were compared
in PA and non-PA patients. Second, in each confirmatory
test, patients were divided into PA-positive and PA-negative
groups and the confirmatory test results and ABPM param-
eters were compared. Third, in each confirmatory test,
urine albumin excretion, LVM, and maximum IMT were
compared between the PA-positive and PA-negative groups.

Laboratory tests

Blood was sampled early in the morning after fasting. PAC was
measured using the Chemiluminescent Enzyme Immunoassay
(CLEIA) Accuraseed Aldosterone Kit (FUJIFILM Wako Pure
Chemical Corporation, Osaka), ARC was measured only at
the baseline hormone level using the CLEIA Accuraseed Renin
Kit (FUJIFILM Wako Pure Chemical Corporation), PRA was
measured only at CCT using the Radio Immunoassay (RIA)
Renin FR Kit (FUJIREBIO Inc., Tokyo), and urine aldos-
terone was measured using the RIA Spac S Aldosterone Kit
(TFB Corporation, Tokyo).

Statistical analysis

Values are expressed as means = standard error (SE). For
statistical analysis, the unpaired ¢ test in Microsoft Excel
2019 was performed for comparison of the 2 groups, and
analysis of variance was performed by GraphPad prism
7 (GraphPad Software Inc., La Jolla, CA, USA) for com-
parison of the 3 groups. P < 0.05 was considered statisti-
cally significant.

Results
Background of subjects

As shown in Table 1, PA patients presented with lower
serum K and ARC but higher PAC and aldosterone-to-
renin ratio (ARR) than non-PA patients. Non-PA patients
showed higher body mass index (BMI), glycated hemo-
globin Alc (HbAlc), and maximum IMT than PA pa-
tients. The proportion of antihypertensive drugs in PA and
non-PA patients was as follows: CCBs, 82.7% and 33.3%;
ARBs, 13.3% and 33.3%; MRAs, 8.0% and 9.1%; diur-
etics, 2.7% and 27.3%; beta-adrenergic blockers, 16.0%
and 12.0%; alpha-adrenergic blockers, 9.3% and 6.1%,
respectively. Among the 80 PA patients, 48 underwent sub-
type testing using adrenal vein sampling (39 bilateral and
9 unilateral PA). The lateral PA diagnosis was unknown in
the remaining 32 PA patients because adrenal vein sam-
pling failed or was not conducted.

Comparison of casual BP and ABPM parameters
between PA and non-PA patients

Casual BP and ABPM parameters were compared between
PA and non-PA patients (Fig. 1). Significant differences in
casual SBP and DBP were not observed between PA and
non-PA patients (casual SBP: 137.2 = 2.2 mmHg and
131.2 3.6 mmHg, P =0.157; casual DBP: 84.6 = 1.7 mmHg

Table 1. Clinical Features of Patients With Primary
Aldosteronism (PA) and non-PA

PA non-PA P value
Sex (male / female) 32/48 19/14
Age 542 =16 57132 0.412
BMI (kg / m?) 25.0 +4.7% 29.6 7.3 0.002
Number of 1.2 +0.1 1.2+0.2 0.999

antihypertensive drugs

eGFR (mL/min/1.73m? 71.8=1.8 76.9 + 4.9 0.339
HbA1c (%) 5.9=+0.1% 8.5+0.4 <0.001
Na (mEq/L) 140.4 + 0.3 139.5 £ 0.5 0.082
K (mEq/L) 3.8+0.1* 42+0.1 <0.001
ARC (pg/mL) 3.9+0.5* 16.5+3.3 <0.001
PAC (pg/mL) 213.7+9.7*  135.8+8.2 <0.001
ARR 140.4 = 18.6* 16.9+2.3 <0.001
Adrenal tumor (n) 291780 0/33
Urine albumin (mg/day) 38.5+13.2 46.3+259 0.765
LVM (g) 157.5+5.5 1571114 0.972
max IMT (mm) 1.18 £ 0.09* 1.53£0.13 0.025

Data are presented as means = SE.

Abbreviations: ARC, active renin concentration; ARR, aldosterone-to-renin
ratio; BMI, body mass index; CCT, captopril challenge test; eGFR, estimated
glomerular filtration rate; IMT, intima media thickness; LVM, left ventricular
mass; PA, primary aldosteronism; PAC, plasma aldosterone concentration; SE,
standard error.

* Compared with non-PA patients (P < 0.05).
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and 80.5 = 2.3 mmHg, P = 0.186, respectively). In con-
trast, mean daytime, nocturnal, and 24-hour SBP were sig-
nificantly higher in PA than non-PA patients (daytime SBP:
126.2 =+ 1.7 mmHg and 116.6 = 2.7 mmHg, P = 0.002;
nocturnal SBP: 118.3 = 1.6 mmHg and 107.6 =+ 2.7 mmHg,
P < 0.001; 24-hour SBP: 1234 =+ 1.6 mmHg,
113.2 = 2.6 mmHg, P < 0.001, respectively). Similarly,
mean daytime, nocturnal, and 24-hour DBP were also sig-
nificantly higher in PA than in non-PA patients (daytime
DBP: 84.5 + 1.3 mmHg and 74.2 = 1.7 mmHg, P < 0.001;
nocturnal DBP: 77.3 = 1.3 mmHg and 67.6 = 1.5 mmHg,
P < 0.001; 24-hour DBP: 81.9 = 1.3 mmHg and
71.7 + 1.5 mmHg, P < 0.001, respectively). Casual, day-
time, nocturnal, and 24-hour HR were not significantly dif-
ferent between the 2 groups.

Comparison of the confirmatory test results and
BP levels

The SBP, DBP, and HR were compared between test-
positive and test-negative patients in each confirmatory test
(Table 2). Nocturnal and 24-hour SBP were significantly

(@) SBP

higher in OSLT-positive patients than in OSLT-negative
patients; however, the differences were not observed be-
tween SIT- or CCT-positive and -negative patients. Clinical
features were not significantly different between test-
positive and test-negative patients in each confirmatory test
(Table 3). Analysis of variance for absolute PAC values of
OSLT-positive, SIT-positive, and CCT-positive cases showed
no significant difference (OSLT vs CCT, P = 0.363; OSLT vs
SIT, P = 0.292; and CCT vs SIT, P = 0.991 , respectively).

Relationship between confirmatory test result
and organ damage markers

The OSLT was performed in 52 PA patients and 10 of 52
patients were excluded due to insufficient NaCl loading,
based on urine Na <170 mEq/day. Consequently, the num-
bers of OSLT-positive and OSLT-negative patients were
21 and 21, respectively. The prevalence of diabetes or im-
paired glucose tolerance, duration of diabetes, HbAlc,
and eGFR were not significantly different between OSLT-
positive and OSLT-negative patients (prevalence of dia-
betes or impaired glucose tolerance: 23.8% and 28.6%;

HR

mmHg bpm
150 - mPA Onon-PA 120 ; mPA Onon-PA
p =0.157
140 - , P= 0.786 p= 0.289 o123 P= 0.250
130 p = 0.002 p <0.001 P
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(b)lo0 _mmHg DBP
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Figure 1. Comparison of systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR) in primary aldosteronism (PA) and
non-PA patients BP was compared between PA and non-PA patients. Casual, daytime, nocturnal, and 24-hour (a) SBP, (b) DBP) and (c) HR. Bar

shows standard error.
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Table 3. Clinical Features of Patients Undergoing Ambulatory Blood Pressure Monitoring (ABPM) and Divided Into Confirmatory Test-Positive or -Negative Groups

P value

CCT

P value

SIT

P value

OSLT

negative

positive

negative

positive

negative

positive

14
23.9+0.9

40
251 0.8

50
25.0+0.7

21
23.3+0.8

21
25412

0.451

0.397
0.941

224 0.7

0.157
0.074
0.851

BMI (kg/m?)

0.821

1.1 0.1
70.6 = 5.0

1.2+0.2

73224

1.0 = 0.0
79.1 = 11.4

1.0 = 0.1
72423

0.8 0.1
75.7 3.5

1.6 £ 0.4
76.6 = 3.7

Antihypertensive drugs (n)

eGFR

0.609

0.490

(mL / min /1.73m2)
K (mEg/L)

Basal ARC

(pg/mL)

0.880 3.8+0.1 3.8+0.1 0.617

3.8+0.2
8.8 6.3

0.292 3.8+0.1
0.243

3.9+0.1

3.7+0.1

4.2=+0.7 0.390

3.1+.0.7

0.100

3.6 0.7

1.9+04

3.8+1.4

195.3 +20.1 0.364

221.0 = 15.0

162.9 + 33.4 0.324

2184 =134

199.5 +21.4 0.100

2592 +27.2

Basal PAC
(pg/mL)

186.0 = 31.9 95.2 = 30.0 0.117

0.591

96.2 £ 72.7

0.988 156.4 + 26.8

193.2 + 52.7

192.1 = 51.0

Basal ARR

Data are presented as means = SE.

Abbreviations: ARC, active renin concentration; ARR, aldosterone-to-renin ratio; BMI, body mass index; CCT, captopril challenge test; eGFR, estimated glomerular filtration rate; OSLT, oral salt loading test; PAC, plasma

aldosterone concentration; SE, standard error; SIT, saline infusion test; SE, standard error; SIT, saline infusion test.

duration of diabetes: 14.0 = 6.7 years and 6.9 = 3.8 years,
P =0.393; HbAlc: 5.8 £ 0.1% and 6.0 = 0.2%, P = 0.447;
eGFR: 74.5 = 3.7 mL/min/1.73m" and 74.6 = 3.1 mL/
min/1.73 m?, respectively). Urine albumin, LVM, and IMT
were considered as organ damage markers and compared
(Fig. 2). Urine albumin excretion in OSLT-positive patients
was significantly higher than in OSLT-negative patients
(51.6 = 22.5 mg/day and 3.0 = 0.3 mg/day, respectively,
P =0.043). The LVM in OSLT-positive and OSLT-negative
patients was similar (123.0 = 1.7 g and 124.5 = 8.5 g, re-
spectively, P = 0.87). The maximum IMT in OSLT-positive
and OSLT-negative patients was also not statistically dif-
ferent (1.16 = 0.13 mm and 1.04 = 0.12 mm, respectively,
P = 0.517). Based on the results showing OSLT is associ-
ated with urine albumin excretion, OSLT may be useful for
assessing 24-hour SBP and organ damage.

Discussion

In the present study, which confirmatory test was most
useful for reflecting the PA severity was determined by
evaluating 24-hour BP and organ damage markers. Thus,
24-hour BP and organ damage markers were investigated
in patients diagnosed with PA based on confirmatory tests:
SIT, CCT, and OSLT. The results showed that OSLT, but
not SIT or CCT, was positively correlated with nocturnal
and 24-hour SBP. Furthermore, OSLT-positive patients
showed higher urine albumin excretion than OSLT-negative
patients.

First, ABPM parameters including daytime, nocturnal,
and 24-hour BP were higher in PA patients than in non-PA
patients, although higher proportions of obesity and dia-
betes were observed in non-PA patients. Differences in
casual BP were not found between the 2 groups. The re-
sults indicated 24-hour BP measurement using ABPM is
more important for accurately evaluating BP than casual
BP measurement. The present study results are consistent
with several previous reports demonstrating that nocturnal
SBP in PA patients was higher than essential hypertension
[24, 25]. Multiple mechanisms may play crucial roles in
severe and resistant hypertension in PA patients due to ex-
cessive aldosterone-mediated mineralocorticoid receptor
activation followed by increased effective circulatory
blood volumes, sympathetic nervous system activity, salt
sensitivity, cardiovascular inflammation, and complication
of obstructive sleep apnea syndrome. We did not investi-
gate whether efficacies of antihypertensive drugs are dif-
ferent between PA and non-PA subjects. Since the numbers
of antihypertensive drugs to control BP were not signifi-
cantly different between PA and non-PA patients (Table 1),
it is not likely that proportion of resistant hypertension is
different between these 2 groups.
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max IMT

mg/day  urine albumin left ventricular mass
150 4 250 - 1.5 4 —
p=0.078 Iﬂl
p =0.043 200 1 | |
100 - 1]
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100 -
50 1 0.5
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OSLT OSLT OSLT

Figure 2. Comparison of urine albumin, left ventricular mass (LVM), and maximum intima media thickness (IMT) between oral salt loading test
(OSLT)-positive and OSLT-negative patients with primary aldosteronism (PA) Patients were divided into OSLT-positive and OSLT-negative patients,
and urine albumin, left ventricular mass (LVM), and maximum IMT were evaluated. (a) Urine albumin excretion, (b) LVM, and (c) maximum IMT. Bar

shows standard error.

Second, whether one PA confirmatory test was superior
to others was not proven. The clinical practice guideline
for PA recommends that at least one test should be positive
to confirm PA diagnosis. However, a positive confirmatory
test could indicate not only a PA diagnosis but also clin-
ical or biochemical PA severity. In previous reports, the SIT
results correlated with cerebrocardiovascular events [26].
In another report, the number of positive confirmatory
tests correlated with cerebrocardiovascular events [27].
However, the comparison between confirmatory tests and
ABPM or organ damage markers has not been reported in
previous studies. In the present study, OSLT, but not SIT or
CCT, was associated with 24-hour SBP and urine albumin.
The positive result associated with 24-hour BP and urine
albumin in OSLT, but not SIT or CCT, was presumedly be-
cause 24-hour urine collection was required for OSLT. We
assumed that a reason why 24-hour urine collection ex-
plain the positive result with the 24-hour BP monitoring
may be attributable to different methods of sample col-
lection by each confirmatory test. The OSLT uses 24-hour
urine aldosterone during 24-hour salt-loading period. In
contrast, both SIT and CCT utilize 1 PAC value, at 4 hours
and 90 minutes, respectively, after aldosterone suppres-
sion. Moreover, the positive rate with SIT (94%) and CCT
(74%) was higher than that with OSLT (50%) in this study.
Since patients who were tested with each confirmatory test
were partially overlapped, but not exactly same, it is not
possible to determine the superiority or inferiority of the
performance of each confirmatory test. The different cutoff
values for each confirmatory test by JSH2019 compared
with other guidelines [28] and previous reports [29] may
be attributable to different positive rates.

Third, OSLT-positive patients excreted significantly
more urine albumin than OSLT-negative patients and
tended to have a higher LVM than OSLT-negative pa-
tients. According to numerous reports, PA caused kidney
damage and increased urinary albumin excretion [30-33].
Possible mechanisms include increased renal fibrosis and
impaired reabsorption of albumin in renal tubules. Ribstein
et al also confirmed that albumin levels decrease after PA
treatment [30]. Based on the data, the relationship between
PA and urinary albumin excretion is evident. The OSLT-
positive patients had higher urine albumin excretion than
OSLT-negative patients, possibly due to long-standing
higher 24-hour SBP. As shown in the results, because sig-
nificant differences in HbAlc and the number of diabetic
patients were not found between OSLT-positive and OSLT-
negative patients, the possibility of a higher proportion of
diabetic nephropathy cases in OSLT-positive patients was
eliminated. Similar to urinary albumin excretion, PA re-
portedly affected LVM and IMT [32, 33]. In the present
study, LVM and IMT were not significantly different be-
tween OSLT-positive and OSLT-negative patients; however,
OSLT-positive patients tended to have higher LVM than
OSLT-negative patients. Other organ damage markers,
such as LVM and maximum IMT, may be statistically dif-
ferent between PA-positive and PA-negative patients if a
larger number of PA patients is investigated.

Limitations

The present study had several limitations. First, the non-PA
patient group was not completely uniform and included a
substantial number of diabetic and obese patients. Second,
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PA patients often have sleep apnea syndrome; however, the
presence of sleep apnea syndrome was not investigated in
the present study. Third, urine albumin, LVM, and IMT
were investigated as organ damage markers; however, ac-
tual long-term prognosis, such as cerebrocardiovascular
events and mortality were not investigated. These data
should be investigated in future studies.

Conclusion

In the present study, the OSLT results were positively
correlated with 24-hour SBP, and OSLT-positive patients
had higher urine albumin excretion than OSLT-negative
patients.

OSLT is potentially useful not only for PA diagnosis but
also for assessment of 24-hour SBP and organ damage, as
indicated by urine albumin excretion.
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