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Abstract

Primary aldosteronism (PA) is the most common and potentially curable form of secondary hypertension, affecting 5-10%
of primary care patients with hypertension. Primary care physicians have an important role in initiating the screening for PA
in patients with hypertension and referring to a specialist service depending on the screening test results. The currently
recommended screening test for PA is the plasma aldosterone-to-renin ratio (ARR). Test results are influenced by
medications so careful patient preparation is required including adjusting existing antihypertensive medications to avoid
diagnostic errors. A range of laboratory method-dependent ARR thresholds are used for the screening of PA around the
world. Periodic clinical audits and case reviews by clinicians and the laboratory may help refine the local thresholds. Patients
with an abnormally elevated ARR should be referred to a specialist for confirmatory testing while patients with a high pre-
test probability but a normal ARR could have a repeat test in view of the within-individual variability. Despite the
heterogenous ARR thresholds, measuring the ARR is still more likely to detect PA than not screening at all.

Keywords Primary aldosteronism * Screening * Primary care

Background

Primary aldosteronism (PA) is the most common form of
secondary hypertension and is characterised by increased
adrenal aldosterone secretion and suppressed renin [1].
Aldosterone production in PA is independent of renin and is
relatively non-suppressible despite volume expansion and
inhibition of angiotensin II [2]. The disease affects 5-10% of
patients with hypertension in primary care and up to 30% of
those with refractory hypertension [3, 4]. The two most
common subtypes of PA are aldosterone-producing adenoma
(APA) and bilateral idiopathic hyperaldosteronism (IHA).
Compared to blood pressure-matched essential hypertension,
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patients with PA have an increased risk of stroke, coronary
artery disease, and heart failure [5]. Experts have proposed
that screening for PA in patients newly diagnosed with
hypertension would maximise treatment benefits, minimise
end-organ damage and avoid the confounding effects of
commonly used antihypertensive medications on screening
test results [3, 6]. Hence, general practitioners (GPs) who are
at the frontline of hypertension management play a crucial
role in screening for PA and interpreting the test results to
determine subsequent management [3].

The diagnosis of PA starts with case detection, typically
using plasma aldosterone-to-renin ratio (ARR) as the
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first-line screening test [1]. A normal or elevated plasma
aldosterone concentration (PAC) together with a low or
suppressed renin concentration is characteristic of PA and
gives rise to an elevated ARR [2]. Confirmatory testing is
then indicated in most patients with positive screening
results to demonstrate the non-suppressibility of aldosterone
in the setting of stimuli that would normally suppress
aldosterone production, such as salt loading [1]. The current
Endocrine Society guideline-recommended confirmatory
tests are oral sodium loading test (OSLT), intravenous sal-
ine infusion test (SIT), fludrocortisone suppression test
(FST) and captopril stimulation test [4]. Once PA is con-
firmed, patients generally undergo computed tomography
(CT) scan of the adrenal glands and adrenal vein sampling
for subtyping into unilateral (APA) or bilateral (IHA) PA
[1]. The diagnosis of PA provides the clinician with a
unique opportunity to offer targeted treatment of the root
cause of hypertension or even cure in the case of APA
which can be surgically resected [4].

The ARR threshold considered to be abnormal is cru-
cially dependent on the assays used to measure aldosterone
and renin. Historically, PAC was analysed by radio-
immunoassay (RIA) [7]. The need for increased throughput
led to the introduction of chemiluminescent immunoassays
(CLIAs) with automation [7]. Marked overestimation of
aldosterone by immunoassay can occur in renal impairment
due to an accumulation of cross-reacting steroid metabolites
[7]. This phenomenon is eliminated by liquid chromato-
graphy and tandem mass spectrometry (LC—MS/MS) which
specifically measures aldosterone but is not currently widely
used given the financial costs and technical expertise
required [7]. Renin can be measured based on its enzymatic
activity (plasma renin activity, PRA) or on its mass (plasma
renin concentration, PRC) [7]. PRA is expressed as the
amount of angiotensin I generated per unit of time (e.g.,
ng/mL/h or nmol/L/h) [7]. PRC is expressed as mU/L [7].
For convenience, automation and speed, many clinical
laboratories have switched from PRA to PRC assays.

Hung and colleagues recently published a systematic
review on the performance of the ARR as a screening test
for PA [8]. Ten studies with a total of 4110 participants
were included [8]. The authors found that the clinical per-
formance of ARR varied widely based on the patient
population and diagnostic criteria, particularly in terms of
sensitivity [8]. It was concluded that no single ARR
threshold for interpretation could be recommended [8]. The
work by Hung and colleagues is timely but two limitations
should be noted. Numerous publications were excluded
from the systematic review because they did not perform the
confirmatory test on patients who had a ‘negative’ ARR.
While this step ensured the accurate calculation of diag-
nostic performance, it omitted useful information about
patients who had a positive ARR and their outcomes
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following confirmatory testing. Secondly, the majority of
the ten studies were from hypertension referral centres [8].
An understanding of the diagnostic performance of the
ARR in the primary care setting would be very relevant to
GPs who manage the majority of hypertensive patients. The
information will also be important for revising guidelines
for the screening of PA in primary care. General practi-
tioners could play an important role by actively screening
for PA, facilitating early treatment of this readily managed
form of secondary hypertension [9]. In a prospective study
of detecting PA in Australian primary care, screening peo-
ple with newly diagnosed hypertension by general practi-
tioners before commencing antihypertensive treatment led
to the diagnosis of PA in 14% of screened patients [9].

This current review summarises the performance char-
acteristics of the ARR as a screening test for PA in the
primary care setting and aims to answer the questions: what
does an ARR result mean for a primary care physician? At
what level does it indicate the patient should be referred to a
specialist to undergo further testing for PA?

Methods

The Ovid MEDLINE database was searched for articles
relating to primary aldosteronism, ARR and primary care.
Additional relevant records were identified through review
of the references of selected articles and suggestions from
experts in the field. Two reviewers (JA, KWC) were
responsible for conducting the search, title and abstract
screening, reading articles in full, and data extraction. With
regards to screening abstracts, the inclusion criteria were as
follows: prospective, retrospective, and cross-sectional
observational studies in the primary care settings that
include adults aged 18 years or older; studies where the
ARR was measured as a screening test for PA and for
which guideline-recommended dynamic confirmatory test-
ing for PA was performed.

Key elements of study design, characteristics of the study
population, handling of blood pressure medications, aldos-
terone and renin assays used, threshold for ‘positive’ ARR,
type and threshold of dynamic confirmatory testing used
were extracted from the included studies.

Results

Nine studies were included in the review (Fig. 1). The
characteristics of included studies are detailed in Table 1.
All studies were conducted on patients presenting with
hypertension in primary care. The studies spanned the last
21 years encompassing 8180 patients and included pub-
lications from the USA [10], Sweden [11-13], China [14],
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Fig. 1 Literature review flow diagram.

the Netherlands [15], Italy [5], Germany [16], and Sin-
gapore [17]. Study population sizes range from 63 to 1672
patients. The most common study population was all
patients with hypertension rather than just resistant
hypertension.

The studies incorporated heterogenous ARR thresholds
across heterogenous study populations, making direct head-
to-head comparisons challenging. In the studies where PRA
was measured (n = 3), two studies used an ARR threshold
of >20ng/dL:ng/mL/h [10, 17] together with a PAC
threshold of 210 ng/dL (and suppressed PRA (<1 ng/mL/h)
in one study [10] and PAC threshold of >15ng/dL in the
other [17]. The third study set a higher ARR threshold of
>30 ng/dL:ng/mL/h and required a PAC > 10 ng/dL for an
abnormal screening test [18]. In studies that measured PRC
(n=06), the ARR threshold ranged from >31 to >78 pmol/
mU with four of the six studies also requiring an elevated
PAC varying from >277 pmol/L to >859 pmol/L [11-16].
Based on the range of ARR thresholds, the true positive
rates ranged from 12.2% to 65.4% while the false positive
rates ranged from 34.6% to 87.8% (Table 2). At the lowest
ARR threshold of >31 pmol/mU (with a PAC threshold of
>350 pmol/L), 33.3% of subjects were confirmed to have
PA [11]; at the highest ARR threshold of 2100 pmol/mU
(with a PAC threshold of >277 pmol/L), 42.7% of patients
were confirmed to have PA [18].

Seven of the nine studies required only one positive ARR
before proceeding to confirmatory testing [10, 13-18].
However, in the study by Volpe and colleagues, if the initial
ARR was elevated, a repeat ARR (and a 24-hour urinary
aldosterone with sodium and potassium) was required prior
to any confirmatory testing [11]. At the initial screening an
elevated ARR was found in 14 patients. After adjustment of
medication and repeated ARR with urinary aldosterone, six

patients were considered to have positive screening tests
[11]. The repeat ARR led to fewer than half (43%) of
participants proceeding to confirmatory testing. In the study
by Westerdahl and colleagues, patients with one or two high
ARR (>65 pmol/mU) at screening were referred for FST. Of
the 36 patients with raised ARR on initial testing, the sec-
ond ARR led to three less patients proceeding to con-
firmatory testing [12]. All studies included in our review
used an immunoassay for aldosterone and renin measure-
ments but a variety of different analysers were used (Table).

Six studies incorporated either oral salt loading, saline
infusion, fludrocortisone suppression or captopril challenge
test to confirm the diagnosis of PA [10, 12, 13, 15-17].
Three studies allowed two or more confirmatory tests to be
used within its study population [11, 14, 18].

Discussion

This review demonstrated substantial heterogeneity in the
cut-off values for the ARR that are used to determine if the
hypertensive patient should undergo further testing for PA.
There was also variability in the requirement for an absolute
minimum PAC in the screening process.

The heterogeneity in ARR thresholds can be partly
attributed to the lack of uniform guideline recommenda-
tions. Of note, rather than a definitive threshold, suggested
ranges for the ARR cut-off, without an absolute minimum
PAC threshold, are provided in the Endocrine Society
Guidelines [4]. Furthermore, for the majority of the studies
included in our review, the derivation of the ARR and/or
PAC thresholds were not clearly described (Supplementary
Table 1). Some studies adopted a lower cut-off compared
to previously published studies to avoid false negatives
[10, 11, 15]. Loh and colleagues established their own
threshold using 150 healthy volunteers with normal blood
pressure and normokalaemia [17]. Westerdahl and collea-
gues verified the ARR threshold by determining the 42 SD
from the mean of 28 healthy subjects [13]. As expected,
the higher the ARR and absolute minimum PAC threshold,
the greater proportion of patients are confirmed to have
PA. At an ARR of 2100 pmol/mU and a PAC of >277
pmol/L, 42.7% of the screening results were true positives
[18]. In comparison, only 12.2% of the screening results
were considered to be true positives with an ARR of >40
pmol/mU and PAC > 400 pmol/L [15]. On the other hand,
an ARR threshold of >65 pmol/mU, without a minimum
PAC requirement, represented a true positive result in
30.6% of patients [12]. However, different confirmatory
tests with their own variability in diagnostic accuracy were
used to define the true positives in these studies, which
prevents generalisation about the most appropriate ARR
threshold [19].
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Between-assay variability is another reason for different
recommended ARR thresholds. All of the ARRs in this
review were measured by immunoassays. The possibility of
between-method differences in ARR immunoassay mea-
surements cannot be excluded. Fortunato and colleagues
compared the analytical performance of two CLIAs (IDS
iSYS and Diasorin LIAISON) and some RIA methods [20].
The aldosterone values measured with the LIAISON plat-
form were compared to those measured with the iSYS
platform in 290 plasma samples of 91 healthy subjects and
199 patients with cardiovascular diseases [20]. There was a
significant bias (P =0.0146) between these two methods,
which proportionally increased with the aldosterone con-
centration [20]. Compared to RIA methods, the LIAISON
method showed on average lower aldosterone values of
about —11.2% (SD 118.2%, P<0.0001 by Wilcoxon
Signed Rank test) [20]. Between the ALDOCTK-2 RIA and
iSYS platform, the mean difference was 40.7 pmol/L with
the range between +1.96 SD from —38.0 to 119.4 pmol/L
[20]. Similar variability has been reported between other
immunoassay methods [21, 22].

Developments in LC-MS/MS have allowed aldosterone
to be quantified in a more consistent and accurate manner in
routine clinical laboratories [23]. The LC-MS/MS system
will likely lead to lower ARR and/or PAC thresholds
compared to immunoassay. Guo and colleagues compared
aldosterone measurement by RIA with LC-MS/MS (PRC
by immunoassay) in 41 patients who underwent ARR
testing to screen for, and FST to confirm or exclude, PA
[24]. The median serum PAC with LC-MS/MS was 27.8%
lower (P <0.05) than plasma PAC by RIA in 164 pairs of
FST samples [24]. A cut-off of 55 pmol/mU for LC-MS/
MS PAC-based ARR was equivalent to the threshold of 70
pmol/mU for RIA PAC-based ARR [24].

An important clinical question that requires further inves-
tigation is within-individual variability in the ARR and
whether a single ARR at one point in time is sufficient to
exclude PA or indicates the need for confirmatory testing.
Yozamp and colleagues found that aldosterone concentrations
and the ARRs are highly variable in patients with PA, with
many screening values falling below conventionally accepted
thresholds [25]. Based on 51 patients with confirmed PA who
had two or more screening aldosterone and renin measure-
ments on different days, the within-individual variability was
31% for aldosterone and 45% for ARR [25]. Of note, 57% of
subjects had at least one ARR below 30 ng/dL:ng/mL/h, 27%
had at least two ratios below 30 ng/dL:ng/mL/h, and 24% had
at least one ARR below 20 ng/dL:ng/mL/h [25]. Only two of
the studies in our current review required more than one ARR
result for a ‘positive’ screen. The ARR variability may also
lead to an initially negative ARR despite the presence of PA.
Patients in this category would have been missed in the stu-
dies included in our review.

@ Springer

A limitation of the ARR is that in the presence of very
low renin levels, the ARR may be elevated even when
plasma aldosterone is low and almost certainly not con-
sistent with PA [4, 26]. To avoid this problem, some
investigators include a minimum PAC threshold, ranging
from >277 pmol/L (>10ng/dL) to >859 pmol/L (>31 ng/
dL), within the screening criteria [26]. Some proceed with a
diagnostic workup for PA in all patients with elevated ARR
unless the PAC is below the level used to define normal
suppression during confirmatory testing [4, 26]. Having a
minimum PAC threshold has previously been shown to
reduce the sensitivity of the ARR [27], but demonstrated
inconsistent effect on the proportion of true positives in the
studies reviewed here.

The ARR can be significantly influenced by commonly
used antihypertensive medications. These medications affect
either aldosterone or renin concentration, and should be
considered when interpreting the ARR as the accuracy of
screening may be undermined [1, 6]. The lack of consistent
control for these medications in the studies included in our
review may also contribute to heterogeneity in the diagnostic
performance of the ARR. Interfering medications should be
ceased and replaced with sustained-release verapamil, pra-
zosin, moxonidine and/or hydralazine [6]. For accurate
screening, drugs that should be ceased for at least four weeks
before the test include thiazide diuretics, loop diuretics,
mineralocorticoid receptor antagonists, epithelial sodium
channel blockers. Where possible, medications that should
be ceased for at least two weeks before test are angiotensin
receptor blockers, angiotensin-converting enzyme inhibitors,
dihydropyridine calcium channel blockers, selective and
non-selective beta blockers [6].

The lack of standardisation in testing conditions may
have also contributed to the seemingly disappointing per-
formance of the ARR [28]. The challenges in setting the
‘optimal’ threshold is another contributing factor. Adjusting
threshold for any diagnostic test can affect a test’s sensi-
tivity and specificity [29]. This is simply a mathematical
function and not specific to PA. It is at the discretion of the
clinician to select the threshold to be used based on their
priorities between sensitivity and specificity because there
will be inherent trade-offs between the two. This “moving
threshold” approach to ARR has not been used in many
studies pertaining to ARR interpretation and there is
inherent fallibility of a single ARR threshold for a disease
(such as PA) that exists on a biochemical continuum [29].

A limitation of any analysis of diagnostic accuracy is the
lack of gold standard and this is relevant to the ARR and PA
diagnosis. The only gold standard available is for patients
with unilateral PA who achieve a biochemical cure defined
by the normalisation of the ARR and potassium following
adrenalectomy [30]. Of the 10 studies in our review, one
study conducted a subgroup analysis of unilateral PA [14].
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Xu and colleagues reported that for surgically treated
patients (n =7), a complete biochemical success rate was
100% and a complete clinical success rate (defined by the
normalisation of blood pressure without any medications)
was 85.7% [14]. Based on their ARR threshold of >20 ng/
dL:mU/L. (>55 pmol/mU) and a PAC of >10ng/dL
(>277 pmol/L), 7.5% (7/93) were confirmed to have uni-
lateral disease [14].

Of all the studies in this review, none conducted con-
firmatory testing in subjects with a ‘negative’ ARR. Hence,
we could not reliably determine an overall ARR sensitivity
and specificity, nor can we recommend the adoption of any
single threshold for ARR interpretation.

In contrast to the studies included in our review where the
ARR was routinely performed, recent studies in large
hypertensive cohorts revealed much lower prevalence of PA
due to the lack of systematic screening. In a nationally dis-
tributed cohort of veterans in the US with apparent treatment-
resistant hypertension (n =269,010), Cohen and colleagues
observed that testing for PA was rare; fewer than 2% of
patients with incident treatment-resistant hypertension
underwent guideline-recommended testing for PA [31].
Testing rates ranged from 0% to 6% across medical centres
and did not correlate to the population size of patients with
apparent treatment-resistant hypertension [31]. Liu and col-
leagues found in a Canadian study of 1.1 million adults with
hypertension that less than 1% of patients expected to have
PA were ever formally diagnosed and treated [32]. Of note,
among those who were screened, 1703 (21.4%) had positive
test results consistent with possible PA, and 1005 (59.0%) of
these were further investigated to distinguish between uni-
lateral and bilateral forms of PA [32]. Despite it being an
imperfect first-line test for detecting PA (affected by many
common medications, time of day, posture, stage of men-
strual cycle, and renal impairment), the ARR test may still be
valuable for excluding primary aldosteronism when two
ARR results on different days are negative and for identify-
ing potential primary aldosteronism where there is a positive
ARR or low plasma renin, especially if the patient is taking
an ACE inhibitor, angiotensin receptor blocker, or diuretic
that should increase renin [2, 4]. When the ARR test is
positive, referral to a specialist unit for confirmatory primary
aldosteronism testing is recommended [4].

Conclusion

A range of ARR thresholds are used for the screening of PA
around the world. Periodic clinical audits and case reviews
by clinicians and the laboratory may help refine the local
thresholds. In practice, the GP who is ordering the test can
rely on the cut-off or decision limit recommended by their
local pathology service. The patients with an abnormally

elevated ARR should be referred to a specialist for con-
firmatory testing while patients with a normal ARR could
have a repeat test in view of the within-individual varia-
bility. If the ARR threshold used in clinical practice is too
low, the next confirmatory step should help to identify those
who have a false positive ARR and spare these patients
from further testing. If the ARR threshold is set too high,
then a patient with PA may miss out on the accurate diag-
nosis and targeted treatment of PA.
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