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Abstract

Background The diagnosis of primary aldosteronism (PA) requires screening and confirmation testing. The present
study examined whether the 1 ug ACTH stimulation test for plasma aldosterone concentration (PAC) can accurately
diagnose PA by bypassing the regular confirmatory steps of PA diagnosis.

Methods A cross-sectional study with a total of 36 patients with an aldosterone-renin ratio (ARR) > 20 ng/dL

per ng/m/hr were included. The confirmation test for PA was performed by saline infusion and the patients were
categorized into PA and non-PA. PAC was collected at 20 and 40 min after 1 ug ACTH stimulation test. Multivariable
logistic regression analysis was performed, and the associations are presented as odds ratios (OR) and 95% confidence
intervals (Cl). Diagnostic accuracy is presented as AuROC.

Results Multivariable analysis found only PAC at 20 min after ACTH stimulation showed significant association with a
diagnosis of PA (OR 1.18, 95%ClI (0.99, 1.31), p=0.040). AuROC for this value was 0.95 and the proposed cut-off was 52
ng/dL with a sensitivity of 71.4% and a specificity of 96.6%.

Conclusions Diagnosing PA may be aided by PAC at 20 min following 1 ug ACTH stimulation. This value may be used

with patients for whom the confirmation test for PA cannot be conducted.
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Introduction

Primary aldosteronism (PA) is the most common cause of
secondary hypertension, accounting for 60% of resistant
hypertension cases [1]. According to current guidelines,
the diagnosis of PA is comprised of a screening test and
a confirmatory test [2]. The screening test includes mea-
suring the aldosterone-renin ratio (ARR) which is calcu-
lated from the plasma aldosterone concentration (PAC)
and plasma renin activity (PRA). If ARR is higher than
the suggested cut-off level, confirmation tests should be
conducted. The confirmation tests are the saline infusion
test (SIT), captopril challenge test, fludrocortisone sup-
pression test and oral sodium loading test. Among these,
SIT is the most commonly used test for confirmation of
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PA [3]. Although the cost of performing this test is low,
some potentially adverse events can occur following SIT
including increased blood pressure, volume overload,
and low potassium levels [4].

Angiotensin II plays a major role in aldosterone secre-
tion from the zona glomerulosa of the adrenal gland. In
addition to angiotensin II, ACTH and potassium can also
regulate aldosterone synthesis [5]. The ACTH stimula-
tion test, which is normally used to diagnose adrenal
insufficiency, has been reported to be helpful in differ-
entiating between PA and low-renin hypertension [6].
One study demonstrated that the 250 ug ACTH stimula-
tion test can help differentiate subtypes of PA with a high
degree of accuracy in the diagnosis of aldosterone-pro-
ducing adenoma (APA) [7]. Combined with abdominal
computed tomography (CT), the 250 ug ACTH stimu-
lation test can also differentiate PA subtypes [8]. Also,
some studies have reported conflicting results. Two stud-
ies reported that PAC after a 250 pg ACTH stimulation
test does not facilitate the confirmation of PA while only
one study stated that this test can confirm PA [9-11].

All of the above-mentioned studies used a high (250 pg)
ACTH stimulation test which is a supramaximal dose for
adrenal gland stimulation. In order to mimic a physi-
ologic adrenal response, some experts have suggested
the use of a low dose ACTH stimulation test with more
frequent blood sampling of aldosterone levels [12]. Only
one study was performed using a 1 pg ACTH stimulation
test to differentiate APA from other functioning adrenal
tumors [13]. There have been no studies of a 1 uyg ACTH
stimulation test to facilitate the diagnosis of PA.

The aim of the present study was to examine whether a
low dose (1 pg) ACTH stimulation test for PAC can help
diagnose PA while bypassing the confirmation step of PA
diagnosis. We also determined the optimal cut-off value
for significant PAC results after a low dose ACTH stimu-
lation test.

Materials and methods

This cross-sectional study was conducted at the outpa-
tient endocrine and metabolism unit of a tertiary medical
center between March and October 2021. The study was
approved by the Faculty of Medicine, Chiang Mai Uni-
versity Ethical Committee (355/2562). The study adhered
to the Standards for Reporting of Diagnostic Accuracy
Studies (STARD) guideline (Supplementary Appendix).
All methods were carried out in accordance with declara-
tion of Helsinki. Written informed consent was obtained
from all participants before participating in the study. All
subjects were evaluated and screened for study eligibil-
ity by the first author (WM) prior to study entry. A total
of 36 adult patients aged over 18 years with an ARR>20
ng/dL per ng/mL/hr and who had indications suggest-
ing investigation for PA according to the current PA
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Guidelines were included in this study [2, 14]. The indi-
cations were comprised of resistant or severe hyperten-
sion, hypertension with hypokalemia, hypertension in
patients under the age of 40, hypertension with adrenal
incidentaloma or atrial fibrillation or sleep apnea and a
family history of early onset hypertension or of cere-
brovascular accident at age<40 years. Exclusion crite-
ria were pregnancy, a history of Cushing’s syndrome,
adrenal insufficiency, chronic kidney disease (eGFR<30
mL/min/1.73m?), heart failure, metastatic cancer, current
use of glucocorticoids and a history of ACTH allergy. The
information from the participants can be identified by
the research team but is not revealed to anybody outside
the research project. The data that supports the findings
of this study are available upon request from the authors.

The ACTH stimulation test for plasma aldosterone
concentration and serum cortisol

The ACTH stimulation test was performed at an outpa-
tient clinic between 8:00 a.m. and 9:00 a.m. by medical
nurses. The patients’ potassium levels must be greater
than 3.5 mEq/L. An intravenous cannula was inserted
into a forearm vein, and the patients were rested for
15 min. before starting the test. First, serum basal cor-
tisol and PAC at 0 min were determined. That was fol-
lowed by 1 pg ACTH administered intravenously, after
which serum cortisol and PAC were determined at 20
and 40 min. Serum cortisol was collected to be used for
the adjustment of PAC levels. The 1 pg ACTH ampules
were prepared by pharmacists under sterile conditions by
diluting the 250 pg ampules of ACTH with normal saline,
which were then stored at 2-8 °C. Ampules were used
within 60 days after dilution [15, 16].

Assay methods

PAC assay was accomplished using direct ELISA assays
(DiaMetra Ekit, Spello, Italy) with a reference range in
the upright position of 3-40 ng/dL and in the supine
position of 2—18 ng/dL. The intra-assay variability was
<9.7%, and the inter-assay variability was <11%. PRA
was determined using a direct ELISA assay (DRG Instru-
ments GmBH, Germany) with a reference range of 0.06—
4.69 ng/mL/hr. Serum cortisol levels were measured
by electrochemiluminescence assay (ECLIA) (Elecsys®,
Cortisol II assay, Roche Diagnostics GmbH, Mannheim,
Germany).

Diagnosis procedure for primary aldosteronism

Screening for PA was performed according to the Endo-
crine Society guideline 2016 [2]. In brief, PAC and
PRA were collected between 7:00 a.m. and 9:00 a.m.
The patients’ potassium levels must be greater than 3.5
mEq/L. Patients taking beta-blockers, ACE inhibitors,
or ARBs were required to stop taking them at least two



Manosroi et al. BMC Endocrine Disorders (2024) 24:37

weeks before the screening test. Patients taking diuretics
and drugs that block mineralocorticoid receptors were
instructed to stop taking them at least 4 weeks before
the screening test. For the treatment of hypertension,
only slow-release verapamil, hydralazine, and/or alpha-
blockers were permitted to be continued. Samples for
PAC and PRA analysis were drawn from patients in the
upright position after they had been seated for 5-15 min.
Patients who underwent the saline suppression test for
PA confirmation had an upright ARR>20 ng/dL per ng/
mL/hr and suppressed PRA. The confirmation test con-
sisted of infusing 0.9% normal saline at a rate of 500 mL/
hr for 4 h while sitting. After the infusion was completed,
PAC was assessed. Patients with PAC levels more than 6
ng/mL were diagnosed as having PA.

Definitions

Non-PA patients were those with a negative confirma-
tion test for PA. 20- and 40-minute delta PAC were
defined as the difference between the value of PAC before
the ACTH stimulation test (0 min) and the PAC level
at 20 and at 40 min after the ACTH stimulation test,
respectively. Hypertension in the young was defined as
patients <40 years who were diagnosed with hyperten-
sion. The results of PAC after the ACTH stimulation test
and the confirmed result of PA were not blinded to the
assessor.

Statistical analysis

For statistical analysis, the STATA program (Stata Corp.,
College Station, Texas, USA) was employed. Counts or
percentages are reported for categorical data, whereas
means and standard deviation (SD) are shown for contin-
uously distributed variables with a normal distribution.
Interquartile ranges (IQR) are presented for continuous
variables with a non-normal distribution. For continuous
data, the Wilcoxon rank-sum test was used for non-nor-
mally distributed variables and the independent t-test for
normally distributed variables. To evaluate the relation-
ship between PAC following an ACTH stimulation test
and PA diagnosis, multivariable logistic regression anal-
ysis was employed. The data is displayed as unadjusted
and adjusted odds ratios (ORs) and 95% confidence
intervals (CI). The model was adjusted for age, sex and
body mass index (BMI). Area under the receiver operat-
ing characteristics (AuROC) and the selection of opti-
mal cut-off values were performed only for values which
demonstrated statistically significant results in multivari-
able analysis. The optimal cut-off value was selected by
Liu index [17]. Statistical significance was set at p<0.05.
The sample size calculation was not performed due to
this was a pilot study. Missing data and inclusive results
were excluded from the study.
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Results

Baseline characteristics

Among the 36 patients, 7 had PA while 29 were non-PA.
The mean age of the patients was 33.0£11.7 years; 69%
were male. Those with PA were significantly older than
those with non-PA. The most common comorbidity in
the included subjects was dyslipidemia (36%). The most
common indication for PA screening was hypertension
in young patients at 80.6%. PAC levels were significantly
higher in the PA than in the non-PA group, while there
was no significant difference in PRA between the groups.
ARR were significantly higher in PA than in non-PA
patients. The approximate time interval between the PA
confirmation test and the ACTH stimulation test was 1
month, and there was no clinical intervention during this
time interval. No adverse effect occurred after PA screen-
ing and confirmation tests in all patients. The baseline
characteristics of the PA patients and non-PA groups
are presented in Table 1 and flow diagram of the study is
shown in Fig. 1.

ACTH stimulation test for plasma aldosterone
concentration

PAC levels at 20 and 40 min and at maximum PAC after
the ACTH stimulation test were significantly higher in
PA patients than in non-PA patients (p<0.005, p<0.005
and p<0.014, respectively). Maximum PAC adjusted
by serum cortisol for the same time period (maximum
PAC/cortisol) showed significantly higher levels in PA
than in non-PA patients (p<0.005). Changes in PAC
after the ACTH stimulation test (the 20- and 40-minute
delta PAC) were significantly higher in PA than in non-
PA patients (p<0.005 and p<0.005, respectively). No
adverse effect occurred after ACTH stimulation test in all
patients. The results are as shown in Table 1.

Univariable and multivariable model of plasma

aldosterone concentration after 1 ug ACTH stimulation test
Univariable analysis of the association between the PAC
after the ACTH stimulation test and a diagnosis of PA
revealed that all values of PAC (PAC at 20 and 40 min,
maximum PAC, maximum PAC/cortisol, 20- and
40-minute delta PAC) were significantly associated with
PA. For multivariable analysis adjusted for age, sex and
BMI, only PAC at 20 min after the ACTH stimulation
tests showed a significant association with a diagnosis of
PA (p=0.040). The data are shown in Table 2.

Diagnostic accuracy of plasma aldosterone concentration
at 20 min after ACTH stimulation test

The AuROC of PAC at 20 min after ACTH stimula-
tion tests was 0.95 (Fig. 2). The optimal cut-off for PAC
at 20 min was 52 ng/dL with a sensitivity of 71.4% with
95%CI (29, 96.3%) and a specificity 96.6% with 95%CI
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Fig. 1 AuROC of plasma aldosterone concentration 20 min after ACTH stimulation test

(82.2, 99.9). The positive likelihood ratio was 20.7 with
95%CI (2.8, 150.3) and the negative likelihood ratio was
0.3 with 95%CI (0.09,0.96).

Discussion

The present study highlights the important finding that
the PAC level 20 min after a 1 ug ACTH stimulation test
has a significant association with the occurrence of PA.
Also, the appropriate cut-off level of PAC at 20 min after
ACTH stimulation test was demonstrated. This diagnos-
tic procedure can help determine the presence of PA,
which can potentially allow bypassing multistep investi-
gations, particularly in patients who have contraindica-
tions to performing those confirmation tests, and can
help in institutions where conducting confirmation tests
is not possible.

Results of the use of the PAC level after ACTH stimu-
lation test to determine PA status have been reported in
multiple studies, most of which were performed in Japan.
Those studies, which used PAC following the ACTH
stimulation test to differentiate between APA and bilat-
eral adrenal hyperplasia (BAH), showed high predictive
performance based on AuROC and provided consistent
results [7, 9, 18]. In contrast to predicting PA subtypes,
the evidence regarding using ACTH stimulation tests for
PAC to help diagnose PA is limited and has shown incon-
sistent results. To the best of our knowledge, two studies
have reported that PAC after an ACTH stimulation test
had no utility in the confirmation of PA [9, 10].

There has been only one study that, similar to the pres-
ent study, demonstrated a positive association between
PAC after ACTH stimulation and the confirmation of PA.

That retrospective study by Inoue et al., which included
48 patients, reported that PAC at 30 min after a 250 pg
ACTH stimulation test without 1-mg dexamethasone
suppression had a high diagnostic accuracy for PA with
an AuROC of 0.78 [11]. Their proposed cut-off for PAC
at 30 min after an ACTH stimulation test was at 29.1 ng/
dL with a sensitivity of 73.3% and a specificity of 66.7%.
There were, however, some differences between their
study and ours. First, our study used low dose (1 ug)
ACTH rather than 250 pg. As the usual post-stimulation
ACTH level in normal individuals is approximately 4,000
pg/mL, the use of a 1 pg ACTH stimulation is more phys-
iologic than 250 pg [19]. Second, the PACs were drawn at
20 and 40 min after ACTH stimulation in our study while
in the Inoue study, PAC was collected only at 30 min.
A study by Honour et al. reported that after a low dose
ACTH stimulation test the peak aldosterone response
usually occurs 30 min after the test [12]. Thus, repeated
measurement of PAC levels at intervals as in our study
may more accurately detect peak levels of PAC. Addition-
ally, the proposed cut-off for PAC in our study was higher
than in the Inoue study, which could be explained by the
different time points at which PAC levels were measured.

One possible reason for the conflicting results of
ACTH stimulation testing for PAC level in the aforemen-
tioned studies is that those studies were based on small
sample sizes, were single-center studies, and most were
performed in one country, Japan. Further studies with
larger samples and conducted in multiple countries are
warranted to prove the concept that the ACTH stimula-
tion test for PAC can be employed, allowing some inva-
sive confirmation procedures for PA to be bypassed.
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Table 2 Univariable and multivariable model of plasma

Baseline characteristics Primary Non-primary  p- aldosterone concentration after 1 ug ACTH stimulation test
aldosteron- hyperaldoste- value Value Univariable Multivariable*
ism(n=7) ronism (n=29) OR(95%Cl) p-value OR(95%Cl) p-value

Male, n (%) 5(714) 20 (68.9) 0899 PAC 20 min 114 (103, 0010 1.18(0.99,  0.040

Age, mean=+SD (years) 46.2+16.1 29.8+7.8 <0.005 1.27) 1.31)

Body mass index, mean+SD  27.8+1.6 309+6.0 0.193 PAC 40 min 1.25(1.02, 0.029 1.50 (0.85, 0.157

(kg/m?) 1.54) 2.66)

Systolic blood pressure, 1435+54 1396+28 0.537 Maximum PAC 124 (1.03, 0.019 1.33(0.92, 0.133

mean +SD (mmHg) 1.49) 1.93)

Diastolic blood pressure, 93.1+11.9 87.1+21.1 0.479 Maximum PAC/  2.04 (1.10, 0.023 1.54 (0.82, 0177

mean +SD (mmHg) cortisol 3.79) 2.89)

Underlying disease, n (%) 0(0) 3(10.3) 0374 20-minute delta  1.41 (1.02, 0.037 1.59 (0.95, 0.079

- Diabetes mellitus 0 (0) 1(3.5) 0618 PAC 1.95) 2.67)

- Stroke 1(14.3) 164 0.261 40-minute delta 121 (1.04, 0012 151(0.74, 0254

- Atrial fibrillation 3(428) 10 (34.5) 0679 PAC 141) 308)

- Dyslipidemia PAC: Plasma aldosterone concentration, PRA: plasma renin activity

Smoker, n (%) 2(28.6) 2(6.9) 0.101 *Multivariable analysis was adjusted for age, sex and body mass index

Duration of hypertension, 36 (6, 120) 12 (7,36) 0.149

median (IQR) (months)

Indication for testing, n (%) 4 (57.1) 2(69) <0.005 Strengths of the present study included, first, that the

—Hypokale@a _ confirmation test for PA was performed by seated SIT

- Hypertehs@n intheyoung 3 (42.8) 26 (89.6) 0005 which has higher sensitivity than recumbent SIT and that

- Adrenal incidentaloma _ 10143 00 0039 it had a lower proportion of inconclusive results than the

) g;com@ledlhypertens‘on (]) ((])4'3) 0 (?)7 , ggiz fludrocortisone suppression test [20]. Second, the low

- Obstructive sleep apnea Q) >(17.2) ' dose ACTH used in this study better mimics a physi-

Potassium level, mean+SD 3.6+0.1 3.6+0.1 0.830 . . .

(mEQ/L) ologic adrenal response than the high dose used in other

PAC. median (QR) (ng/dL) 176(104,  99(61.149) 0056 stud}es. Lastly, the pres.ent stl}dy was one of the very few
24.9) studies about ACTH stimulation tests and PA which con-

PRA, median (IQR) (ng/mL/hr) 0.2(0.06,  08(038,161) 0206 ducted outside Japan.

0.77) There are several limitations in this study. First,
internal validation could not be performed and the
o
O_ -
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Fig. 2 Standards for reporting of diagnostic accuracy (STARD) flow diagram of the study
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generalizability of this study was questionable due to the
small sample size as this study was a preliminary study,
performed in a single center and the small event rate of
PA. Additional studies should be conducted with larger
numbers of patients and with cohorts from different
countries. Second, performing the dexamethasone sup-
pression test prior to the ACTH stimulation test for PA
is still controversial. In our study only ACTH stimulation
without the dexamethasone suppression test was used.
Third, the present study did not determine the subtypes
of PA by using adrenal venous sampling or by CT adrenal
gland, so only a diagnosis of PA or non-PA was reported.
Subtypes of PA may affect the results, e.g., one report
stated that aldosterone secretion in unilateral disease or
APA patients is more likely to depend on endogenous
ACTH than in patients with BAH [21]. Fourth, the PAC
level measured by ACTH stimulation after unilateral
adrenalectomy was not retrieved. Therefore, the result
could not be further elucidated as to whether PAC was
improved after surgery or not. Also, in this study, high
dose ACTH stimulation tests (250 pg) and low dose
ACTH stimulation tests (1 pg) were not compared. This
study aimed to explore six different potential diagnostic
indices. However, this approach may inadvertently inflate
the statistical significance of the results by chance. Con-
sequently, it is advisable to interpret the findings with
caution. Lastly, the association of PAC level after saline
suppression test and PAC level after ACTH stimulation
test showed moderate to strong positive correlation.
However, after multivariable regression analysis, there
was no significant association between these two values
(Supplementary appendix). Further study with the pri-
mary outcome of the association of PAC level after saline
suppression test for PA confirmation and PAC level after
ACTH stimulation test should be conducted.

Conclusions

PAC level at 20 min after a 1 uyg ACTH stimulation test
may be used where confirmation testing for PA cannot
be conducted. Further study of these results with larger
samples and with internal and external validation is
warranted.
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