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Detecting primary aldosteronism in Australian primary

care: a prospective study
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The known: People with primary aldosteronism have poorer
cardiovascular disease outcomes than people with essential
hypertension matched for blood pressure. Prompt diagnosis

is crucial because targeted treatment can mitigate some of its
effects, but people with hypertension are often not screened for
primary aldosteronism because it is considered a rare condition.

The new: Screening people with newly diagnosed hypertension
by general practitioners before commencing antihypertensive
treatment led to the diagnosis of primary aldosteronism in 14% of
screened patients.

The implications: GPs could play an important role by actively
screening for primary aldosteronism, facilitating early treatment of

this readily managed form of secondary hypertension. )

-l

secondary hypertension. In people with PA, autonomous

aldosterone secretion by the adrenal gland is inappropriate
with respect to sodium status, suppressing renin secretion and
resulting in an elevated plasma aldosterone-to-renin ratio.' PA
may cause hypokalaemia, but blood potassium levels are normal
in about 70% of people with PA.” Cardiovascular outcomes are
poorer for patients with PA than for blood pressure-matched
patients with essential hypertension.” Adrenalectomy (for
people with unilateral adrenal disease) or mineralocorticoid
receptor antagonist therapy (for those with bilateral disease, and
people with unilateral disease who cannot undergo surgery),
can optimise blood pressure control and mitigate many of the
adverse cardiovascular consequences of excessive aldosterone
secretion, especially if commenced early in the course of
disease.*”

Primary aldosteronism (PA) is an important cause of

However, only a minority of patients with PA receive targeted
treatment, chiefly because the condition is often not recognised
and diagnosed.” For example, a study in northern Italy found
that the number of patients discharged from hospital with
diagnosis codes consistent with PA corresponded to only 2%
of the expected number.” Our Endocrine Hypertension Service
(Monash Health, Melbourne) has reported that the median
time between diagnosis with hypertension and referral to
the specialist service was 13.5 years, and that 26 of 62 patients
with confirmed PA (42%) had end-organ damage at the time of
referral.® A survey of general practitioners in Victoria found that
fewer than 0.1% of about 7000 patients with hypertension had
been diagnosed with PA.” Investigations in primary care suggest
that its prevalence among patients with hypertension lies in the
range 1-13%.%!

GP-led screening for PA has not been investigated in
Australian primary care. To inform the future investigation
and management of hypertension in primary care, we assessed
the identification of PA in newly diagnosed, treatment-naive
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Abstract

Objective: To assess the identification of primary aldosteronism
(PA) in newly diagnosed, treatment-naive patients with
hypertension by screening in primary care.

Design: Prospective study.

Setting: General practices in the South Eastern Melbourne
Primary Health Network with at least three general practitioners
and general practices elsewhere in Victoria that had referred
patients to the Endocrine Hypertension Clinic at Monash Health,
2017-2020.

Participants: Adults (18-80 years) with newly diagnosed
hypertension (measurements of systolic blood pressure > 140 mmHg
or diastolic blood pressure > 90 mmHg on at least two occasions)
and not taking antihypertensive medications were screened for PA
by assessing their aldosterone-to-renin ratio (ARR). Participants
with two ARR values exceeding 70 pmol/mU underwent saline
suppression testing at the Endocrine Hypertension Service (Monash
Health) to confirm the diagnosis of PA.

Main outcome measures: Prevalence of PA (number of patients
with confirmed PA divided by number screened).

Results: Sixty-two of 247 screened participants had elevated
ARR values on screening (25%); for 35 people (14%; 95% Cl, 10—
19%), PA was confirmed by saline suppression testing. Baseline
characteristics (mean age, sex distribution, median baseline blood
pressure levels, and serum potassium concentration) were similar
for people with or without PA.

Conclusion: PA was diagnosed in 14% of patients with newly

diagnosed hypertension screened by GPs, indicating a potential

role for GPs in the early detection of an important form of
\secondary hypertension for which specific therapies are available.

patients with hypertension through active screening by GPs.
We hypothesised that GP-led screening prior to the initiation
of antihypertensive treatment (which could affect screening
results) would identify patients with PA who had previously not
been diagnosed with the condition. Our secondary objectives
were to assess the characteristics of patients with PA and to
evaluate the outcomes of treatment.

Methods

All general practices in the South Eastern Melbourne Primary
Health Network with at least three GPs, and all general practices
elsewhere in Victoria, that referred patients to the Endocrine
Hypertension Clinic at Monash Health during 1 January 2017 —
31 December 2020 were invited during 2017 (practices outside the
South Eastern Melbourne Primary Health Network: 2017-2019) to
participate in our prospective study. Participating GPs were asked
to screen for PA by assessing the aldosterone-to-renin ratio (ARR)
for people aged 18-80 years with newly diagnosed hypertension
(measurements of systolic blood pressure exceeding 140 mmHg
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or diastolic blood pressure exceeding 90 mmHg on two or
more separate occasions) who were not taking antihypertensive
medications. Each participating GP received a 30-minute
education session delivered by author JY, and screening was
assisted by providing pre-filled pathology request forms.

Prospective participants received an information sheet about
the study, and those who agreed to participate provided written
consent for the results of their screening tests and relevant
clinical information being forwarded to the research team.

Initial screening for primary aldosteronism

The ARR was assessed at the same time as other routine blood
tests (eg, electrolyte levels, renal function assessment). A positive
screening test was defined by an ARR of 70 pmol/mU or more
(sensitivity and specificity each greater than 95%).”” Patients with
an initial positive screening result were referred to the Endocrine
Hypertension Clinic, a specialist clinic that investigates and
manages patients with endocrine causes of hypertension.” Patients
with negative screening results were deemed to not have PA and
their GP continued to manage their hypertension as usual.

For the laboratory assessment of plasma aldosterone and renin
concentrations, patients were instructed to have blood samples
collected between 8 am and 10 am and after they had been
upright for at least two hours. Plasma aldosterone and direct
renin concentrations were measured in chemiluminescent
immunoassays (LIAISON, DiaSorin). For the aldosterone assay,
the within-run coefficients of variation were 3.5% at 188 pmol/L
and 1.8% at 798 pmol/L; total coefficients of variation were 9.6%
at 188 pmol/L and 5.6% at 798 pmol/L. For the direct renin assay,
the within-run coefficients of variation were 6.6% at 24.0 mU/L
and 1.4% at 92.4 mU/L; total coefficients of variation were 10.0%
at 24.0 mU/L and 4.5% at 92.4 mU/L.

Diagnosis and treatment of primary aldosteronism

The ARR was assessed a second time for all patients with
positive screening test results who agreed to be referred to the
Endocrine Hypertension Clinic for further investigations. Those
with a second abnormal ARR value proceeded to confirmatory
diagnostic testing, the saline suppression test, in which two litres
of physiological saline are infused over four hours (9 am -1 pm).
Prior to June 2019, the diagnosis of PA was deemed confirmed if the
plasma aldosterone concentration remained above 140 pmol/L
after recumbent saline suppression testing.' In June 2019, our
centre switched to saline suppression testing in the seated
position for its greater se1r1si’civity,23 with a plasma aldosterone
concentration of 170 pmol/L the threshold for confirming PA.
Participating patients who required antihypertensive medication
at this point were prescribed medications that would not interfere
with PA testing, such as non-dihydropyridine calcium channel
blockers, alpha blockers, hydralazine, or moxonidine.!

Adrenal computed tomography (CT) imaging and adrenal vein
sampling (AVS) were offered to patients diagnosed with PA who
were suitable candidates for laparoscopic adrenalectomy, to
subtype their PA as unilateral or bilateral. Samples were collected
from the adrenal veins both before and after administering
adrenocorticotropic hormone (ACTH; 250 pg intravenous bolus
followed by 50 ug/h infusion®)). AVS results were interpreted in
accordance with the Endocrine Society guideline."

Patients with unilateral PA were offered unilateral laparoscopic
adrenalectomy. They were assessed after the procedureaccording
to the Primary Aldosteronism Surgical Outcome (PASO)

consensus criteria.” Patients with bilateral PA, unsuccessful AVS,
or indeterminate lateralisation, and those who did not undergo
AVS were treated with a mineralocorticoid receptor antagonist
titrated to optimise blood pressure (below 130/80 mmHg) and
to normalise plasma renin (greater than 15 mU/ 0).®

Statistical analyses

We report the prevalence of PA (number of patients with confirmed
PA divided by the number screened) with a 95% confidence interval
(CL Clopper-Pearson binomial proportion interval). Assuming an
underlying population prevalence of 5%,° 203 patients were needed
to determine the prevalence of PA with 3% precision and 95%
confidence. We assessed the normality of continuous data with the
Kolmogorov-Smirnov test. The statistical significance of between-
group differences was assessed in Student t tests or one-way
analysis of variance with post hoc Bonferroni correction (normally
distributed data), or in Mann-Whitney or Kruskal-Wallis tests
(non-normally distributed data). Categorical data were summarised
as frequencies and proportions, and differences assessed in y* tests.
P < 0.05 (two-sided) was deemed statistically significant. Statistical
analyses were undertaken in SPSS Statistics for Windows 26 (IBM).

Ethics approval

The study was approved by the Monash Health Human Research
Ethics Committee (HREC/16/MonH/390).

Results

We contacted 80 GP practices; 31 agreed to participate: 29 in
Greater Melbourne and two in regional Victoria. The median
practice size was ten GPs (interquartile range [IQR], 7-13 GPs).
Seventy GPs recruited patients for the study; six recruited more
than ten patients each, 34 recruited one patient each. A total of
256 patients were screened during March 2017 — November 2020,
of whom nine were excluded because they were not treatment-
naive; 62 of 247 eligible patients (25%) had initial positive
screening results (ARR > 70 pmol/mU) (Box 1, Box 2).

Eight patients with positive screening results declined further
investigations (ie, were not followed up at the Endocrine
Hypertension Clinic), and one with two positive ARR results
could not undergo a saline suppression test because of cardiac
illness; these patients were categorised as having incomplete
investigations (“possible PA”). Seven people with positive
screening results but normal ARR values on re-testing were
categorised as not having PA. [Correction added on 4 March 2022
after first online publication: the first sentence has been updated.]

Forty-six of the 47 participants with two abnormal ARR values
underwent confirmatory saline suppression testing; the PA
diagnosis was confirmed for 35 people: 21 in recumbent tests, 14 in
seated tests (14% of all eligible participants; 95% CI, 10-19%) (Box 1).
In a sensitivity analysis excluding nine patients with incomplete
investigations, the proportion of patients diagnosed with PA was
15% (95% CI, 10-20%). For the six GPs who recruited more than
ten patients each, 10 of 116 participants had confirmed PA (9%),
as did 25 of the 131 patients recruited by the other 64 GPs (19%).
[Correction added on 4 March 2022 after first online publication:
the first sentence has been updated.]

For the 62 people with positive screening results, the baseline
characteristics — mean age, sex distribution, baseline blood
pressurelevels, and laboratory values (including serum potassium
concentration) — of the three participant groups (confirmed PA,
no PA, investigation incomplete) were similar (Box 2).
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1 Screening and confirmation of primary aldosteronism in our study

General practice patients screened:

Negative ARR results: 185

247%
Positive ARR results: 62
Second abnormal ARR Normal ARR value on
value: 47 second test: 7
Declined follow-up: 8 Underwent saline
Could not uqdergo saline suppression test: 46 > Normal value: 11
suppression test: 1

Possible primary aldosteronism:

Confirmed primary aldosteronism:

No primary aldosteronism:

203

9 35
\ Y
Awaiting adrenal vein Underwent adrenal vein Did not undergo adrenal
sampling: 5 sampling: 16 vein sampling: 12
Lost to follow-up: 2

Y

Y

Unilateral primary
aldosteronism: 3

Bilateral primary
aldosteronism: 13

Y

Adrenalectomy: 2

Mineralocorticoid receptor antagonist therapy:

26

ARR = aldosterone-to-renin ratio. A positive screening test was defined by an ARR of 70 pmol/mU or more. * A further nine patients were screened, but were excluded from our analysis
because they were not treatment-naive. [Correction added on 4 March 2022 after first online publication: figure has been updated.] @

Of the 35 patients with confirmed PA, 16 underwent AVS subtyping;
three were found to have unilateral PA (Box 1). Two of these patients
underwent laparoscopic unilateral adrenalectomy with complete
clinical and biochemical success; 6-12 months after surgery, their
blood pressure was normal without the aid of antihypertensive
medications, and their ARR had declined (in one case, from
82 pmol/mU to 15 pmol/mU; in the other, from 180 pmol/mU to
2 pmol/mU). The third patient had left-side AVS lateralisation, but
CT imaging also indicated a right adrenal lesion of indeterminate
character that is now subject to surveillance, and they are being
treated with a mineralocorticoid receptor antagonist.

The 13 patients with bilateral PA determined by AVS and the
12 who did not undergo AVS (chiefly because of advanced age
and comorbid conditions) were managed medically. At their first
consultations in the Endocrine Hypertension Clinic, 18 of these
people were not taking antihypertensive medications, and seven
had commenced one antihypertensive medication after initial
ARR screening. By their final study visit to our clinic (median of
1.6 years[IQR, 1-2 years] since their referral), 18 of the 25 (72%) were
taking spironolactone as their sole antihypertensive medication

(median daily dose, 25 mg per day; IOR, 25-50 mg per day), three
used spironolactone and a second antihypertensive agent, one
had stopped using spironolactone because of side effects, and two
had started using it too recently to tell whether they would need
a second medication; one person was lost to follow-up. For the
18 patients using spironolactone monotherapy, the median renin
concentration increased from 3.7 mU/L (IQR, 2.2-5.3 mU/L) before
treatment to 21.5 mU/L (IQR, 11.3-39.2 mU/L) after treatment;
their median systolic blood pressure declined from 155 mmHg
(IOR, 146-168 mmHg) to 122 mmHg (IQR, 120-129 mmHg),
and their median diastolic blood pressure from 92 mmHg (IQR,
84-99 mmHg) to 85 mmHg (IQR, 75-88 mmHg).

Discussion

In this first study of PA screening in Australian primary
care, we found that 35 of 247 treatment-naive people with
hypertension had PA (14%). A similar value (16%) was recently
reported in the United States, based on suppressed renin and
high urinary aldosterone levels in 115 patients with stage 1
hypertension.”® In a survey of GPs, we had previously found



2 Characteristics of 247 treatment-naive general practice patients with hypertension screened for primary aldosteronism
All participants Participants with positive screening results
Primary
Negative Positive Primary aldosteronism aldosteronism not Investigation
screen result screen result P confirmed confirmed incomplete P
Number of patients 185 62 35 18 9
Age (years), mean (SD) 53 (14) 55(13) 0.46 56 (11) 50 (14) 62 (13) 0.06
Sex (men) 85 (46%) 22 (36%) 0.5 16 (46%) 4 (22%) 2 (22%) 016
Systolic blood pressure 157 155 0.69 155 154 162 0.79
(mmHg), median (IQR) (146-169) (147-169) (149-171) (140-162) (141-179)
Diastolic blood pressure 94 95 0.80 93 95 92 0.55
(mmHg), median (IQR) (86-103) (89-100) (85-100) (90-101) (86-100)
Laboratory values,
median (IQR)
Potassium (mmol/L) 44 43 0.19 43 44 4.4 017
(4.2-4.6) (41-4.5) (41-4.4) (41-4.6) (4.3-47)
Creatinine (umol/L) vl 7 0.67 73 72 61 0.20
(61-85) (61-83) (61-83) (63-85) (52-80)
eGFR (mL/min/1.73 m?) 90 87 0.56 90 87 90 0.22
(79-90) (82-90) (82-90) (77-90) (84-90)
Aldosterone (pmol/L) 312 409 <0.001 417 380 378 0.76
(227-420) (297-526) (333-508) (224-543) (288-569)
Renin (mU/L) 16.0 3.2 <0.001 4.0 29 3.0 0.58
(9.2-26.0) (2.0-4.8) (2.0-5.0) (2.0-6.5) (22-3.6)
ARR (pmol/mU) 22 101 <0.001 106 98 95 0.90
(12-34) (85-141) (84-128) (86-133) (83-219)
ARR = aldosterone-to-renin ratio; eGFR = estimated glomerular filtration rate; IQR = interquartile range; SD = standard deviation. Reference ranges: potassium, 3.5-5.2 mmol/L; creatinine,
45-90 pmol/L; eGFR, > 59 mL/min/1.73m? plasma aldosterone, 70-1090 pmol/L; direct renin, 4.4-46.0 mU/L; ARR, < 70 pmol/mU. &

that PA had been diagnosed in less than 0.1% of more than
7000 patients with hypertension.” Our study suggests that PA is
much more frequent in unselected general practice patients with
hypertension than is recognised. Our finding also highlights
the central role of GPs in the early detection of this treatable
form of hypertension.

PA is considerably underdiagnosed in Australia. The BEACH
(Bettering the Evaluation And Care of Health) dataset, with
data for more than 15 000 GPs across Australia, included
only 57 PA diagnoses for 1.5 million GP encounters over 16
years; aldosterone levels had been measured only 66 times.’
Even conservatively assuming a prevalence of 10% (the lower
bound of the 95% CI for our estimate), a considerable number
of people with undiagnosed PA could be missing targeted
treatment. We found that a large majority of people diagnosed
with PA benefited from targeted treatment; hypertension
was resolved for two by adrenalectomy, and blood pressure
control and normalisation of renin level was achieved by 18 of
25 patients prescribed mineralocorticoid receptor antagonist
monotherapy.

People with PA benefit from early detection and diagnosis,”” but
many have resistant hypertension and end-organ damage by
the time they are referred to a tertiary centre.® The response to
targeted PA treatment is inversely proportional to the duration
of disease; that is, damage accumulates over time because of
continuous mineralocorticoid receptor activation or chronic
poor hypertension control.* As early treatment is beneficial and
early diagnosis enables early treatment, screening for PA is best
initiated in general practice, early in the course of the disease.

We found in our study that a dedicated education program
could encourage GPs to actively screen for PA.

Another important finding was that the baseline characteristics
of patients with and without PA were similar. PA is often
assumed to chiefly affect younger patients and to be associated
with hypokalaemia and severe hypertension. However, age,
blood pressure, and serum potassium levels were similar in
patients with PA or essential hypertension.

Limitations

The prospective design of our study and the active involvement
of GPs in the screening process were strengths. It is important
that screening was undertaken by the GPs rather than the
investigators, as GPs are the clinicians most likely to diagnose
and treat hypertension. The detection of PA in our study
accordingly reflects what can be achieved by the targeted
education of GPs. However, a limitation of our approach was
the lack of information about the number of patients diagnosed
with hypertension by participating GPs; if GPs screened patients
selectively, selection bias may have ensued. Differences in
selection for screening may have been related to patient-, GP-,
or practice-related factors, and we have commenced a follow-up
study to explore the barriers and enablers of PA screening
from the GP perspective. Further, the patients in our study had
predominantly presented to GPs in a large metropolitan city
(Melbourne), and our findings may not be generalisable to rural,
remote, or Indigenous Australian practices. As younger people
may be less likely to see their GP than older people, they may not
have been adequately sampled in our study.
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Conclusion

We found that 14% of treatment-naive patients with hypertension
screened in primary care had PA, a rate much higher than the
current PA detection rate. Our findings suggest that it would
be useful to evaluate the cost-effectiveness of screening all
patients with hypertension for PA in primary care before
initiating antihypertensive treatment. If cost-effective and
acceptable to patients, PA screening could substantially change
the management of hypertension in Australian primary care,
and also bring GPs to the forefront of the timely detection and
optimal management of a common disease.
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