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Abstract

Background: Primary aldosteronism (PA] is the most common endocrine cause of secondary
hypertension and can be effectively managed, or even cured, with targeted treatment. Despite
this, it remains largely undiagnosed leaving a significant patient population with resistant

hypertension and modifiable cardiovascular risk.

Objective: To determine expert consensus on key information about PA that should ideally
be taught to medical students as a step toward improving the detection of this common,
underdiagnosed, and often easily treated condition.

Design: The study employed a modified Delphi method which consisted of three rounds,

the first of which contained an open-ended question about key areas that experts believe

to be most important for inclusion in medical teaching resources and then progressing to
assessment of individual versus group rankings of consensus items. Experts included both
clinician-educator-researchers and patients with lived experience.

Results: Nine critical knowledge areas in epidemiology, diagnostics, and pathophysiology
were identified by the Delphi as consensus items, with the highest ranked being: "PA is
common but often under-diagnosed - think about it with every hypertensive patient.”
Conclusion: Experts reached a consensus, for the first time, on nine critical knowledge areas
about PA that should be covered in medical education. Importantly, the consensus accounted
for patients’ values and decisions. The results of this study could be used to assess medical
student knowledge and their learning resources to facilitate curriculum development and
medical resource updates to ensure the timely and accurate diagnosis of PA in hypertensive

patients.

Keywords: Conn’s syndrome, Delphi method, endocrinology, hyperaldosteronism,
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Introduction

Hypertension is the leading cause of cardiovascu-
lar disease and the largest preventable risk factor
for overall mortality,! with up to 22.8% of
Australian adults recording blood pressure (BP)
measurements over 140/90mmHg.2 The poor
control is partly attributable to unrecognized pri-
mary aldosteronism (PPA), the most common

endocrine cause of secondary hypertension,
accounting for 5%-15%?3 of hypertension in pri-
mary care and up to 30% in those with resistant
hypertension.*-

While experts recognize PA as a common cause of
hypertension, previous literature has described
PA as a rare disease accounting for less than 1%
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of hypertensive patients,*> and at present it
remains grossly underdiagnosed in clinical prac-
tice.” A study of 4660 individuals with resistant
hypertension found that only 2.1% were screened
for PA despite all of them fulfilling screening cri-
teria.> This has significant implications for
patients as untreated PA 1is associated with
increased morbidity and reduced quality of life8.°
secondary to cardiovascular, renal, and metabolic
consequences.10-12

Poor diagnostic rates are a product of multiple
factors including inadequate understanding and
acknowledgment of PA. Educating medical stu-
dents is one component of a multi-pronged
approach to ensure increased awareness and
improved diagnosis and treatment of PA.
Targeted PA teaching during medical training is
important as teaching implemented during initial
training can have a significant impact on future
physician clinical reasoning and diagnostic pat-
terns!3 and may also play a crucial role in improv-
ing patient outcomes.

The lack of consensus on what to teach medical
students about PA is a critical gap that contributes
to deficient knowledge and subsequent underdiag-
nosis of a common condition. Medical school cur-
ricula are prone to overcrowding and, due to
continually expanding medical knowledge, face
constant pressure from various disciplines to
include more content and more detail about more
things.!* A good argument can be made to focus on
prevalent and treatable conditions as such knowl-
edge is likely to positively impact patients’ health.
Now that the prevalence and treatment for PA are
better understood, the degree of attention on this
disease in medical schools may warrant review.

Hence, we sought to determine key, up-to-date,
knowledge areas about PA that experts believe are
most important for medical students to learn.
The expert consensus will be invaluable for medi-
cal curriculum development. It can also be used
to assess whether medical professionals in train-
ing have adequate knowledge and whether their
learning or teaching resources contain adequate
information as determined by experts in PA.

Method and participant

A modified three-round Delphi survey was per-
formed with an international panel, composed of
both clinicians with expertise in PA and patients

with PA. The Delphi method is a consensus-
based iterative process that uses repetitive ques-
tionnaires to gather information from a selected
panel.1>

The initial Delphi method was first implemented
in the 1960s by Dalkey and Helmer to define and
predict military priorities.!® This method has
since been refined, from which a conventional
Delphi is defined by its ability to utilize anonym-
ity and controlled feedback to assess initial judg-
ments and make alterations to determine panel
consensus.!”

The current study employed a modified Delphi
method which consisted of three rounds, the first
of which contained an open-ended question
about key areas that experts believe to be most
important for inclusion in medical teaching
resources and then progressed to assessment of
individual versus group rankings of PA consensus
items (Figure 1). The questionnaires were devel-
oped and distributed through Google Forms. The
link and instructions to these questionnaires were
provided to panel members through email.

Panel

Panel participants (other than consumers) were
selected for their clinical expertise in managing
PA as well as active involvement in research and
education. They were also chosen for diverse geo-
graphic representation with expertise across
Australia, America, Asia, and Europe. All invited
panel members accepted the invitation and com-
pleted all three stages of the Delphi process.

The consumer panel participants were selected
for their advocacy for all individuals with PA
through the establishment of the Primary
Aldosteronism Foundation and the Conn’s
Syndrome/Hyperaldosteronism Support Group.
Their lived experience of PA (encompassing both
bilateral and unilateral forms) and related comor-
bidities, including obstructive sleep apnea and
atrial fibrillation, are supplemented by extensive
consumer feedback via these advocacy platforms.
They engage with 200-1500 individuals per
month via these platforms.

Written consent was obtained from all panel par-
ticipants (clinicians and consumers) for their
involvement and contributions to this Delphi
study.
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Figure 1. Modified Delphi method.

Round 1

The objective of Round 1 was to confirm panel
member involvement with PA research, patient
care, and student teaching; alongside identifying
aspects of PA that they believe to be most impor-
tant in medical student teaching.

Questions included in Round 1

e Are you a PA clinician or patient?

e How many years have you been involved in
the management of patients with PA?

e Approximately how many patients with PA
(new and reviews) do you currently see per

month?

e Are you involved in teaching medical
students?

e Are you involved in research on the topic of
PA?

e Do you currently teach students about PA?

e Based on your expertise, what do you believe
to be the three most important messages
about PA that should be taught to medical
students by the time they graduate? Please
rank them in the order of importance and
provide a short justification for each as to
why you believe it to be an important aspect
of PA knowledge for medical students.

The final question was used as the primary
resource with responses grouped into similar cat-
egories and then redistributed to the original
panel for calibration and assessment of consensus
via survey 2.

The responses to the final question were collated
and grouped into key teaching points according
to their similarity. Points identified as important
by more than one panel member were deemed
consensus items and redistributed to the original
panel for calibration and assessment of consensus
in Round 2.

Round 2

The aspects of PA identified as consensus items
were redistributed to the original panel mem-
bers who were asked to rank them in order of
importance from most important to least
important.

The mean and median were calculated from the
responses of the entire panel (13 participants),
patients only (2), and clinicians only (11). A dis-
tinction was made to identify whether there was a
significant variance between aspects of PA that
clinicians versus patients believed to be most
important.
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Round 3

The responses from survey 2 were compiled to
generate an ordered ranking of the previously
identified critical knowledge areas of PA. The
group ranking was redistributed to panel mem-
bers alongside their own ranking, from which
panelists were allowed to change their initial rank-
ing after comparison to the group ranking.

Results

Round 1

Response to Round 1 of the Delphi confirmed the
clinical expertise of the clinician panel members.
They have an average of 16years of experience
with PA management, seeing an average of 19
patients with PA per month. They were all
involved in PA research and 9/10 were involved
with medical student teaching.

The two patients were actively involved in con-
sumer advocacy as founding members of the PA
Foundation (based in Arizona) or Conn’s
Syndrome/ Hyperaldosteronism Patient Support
Group (with 4000 members on Facebook). One
of them endured 25years of unmanaged hyper-
tension with associated hypertensive crises before
being diagnosed with bilateral adrenal hyperpla-
sia and commencing medical management with
mineralocorticoid receptor antagonists. The other
patient was initially diagnosed with an aldoster-
one-producing adenoma and underwent an adre-
nalectomy prior to discovering he also had
bilateral disease which was then treated with a
mineralocorticoid receptor antagonist.

Round 1 also identified nine critical knowledge
areas about PA encompassing prevalence, symp-
toms, diagnostic methods, pathophysiology,
treatment methods, and associated risks.
Responses were assigned points based on the
ranking provided by the panel, that is, most
important allocated three points, the second most
important two points, third most important one
point (Table 1).

Round 2

A ranking of the points identified from Round 1
was established in Round 2 of this Delphi.
Significant variation between groups was not
identified; however, some variance was noted
between responses from patients and clinicians.

The patients gave greater weight to teaching
about the spectrum of PA severity and screening
all hypertensive patients for PA (Table 2).

Round 3

The responses from the third survey were closely
aligned with the ranking achieved in Round 2
despite 11 members altering their rankings
between Rounds 2 and 3. The only difference was
a new distinction between points 4 (ARR is a key
screening test) and 5 (pathophysiology of PA)
which were initially equal in both mean and
median (Table 3).

Discussion

This modified Delphi process identified nine con-
sensus knowledge areas considered by both clini-
cians and patients with expertise in PA as crucial
for medical students to understand.

In addition to inviting clinicians and researchers to
join the expert panel, we actively recruited patients
because they carry a similar goal to healthcare pro-
fessionals in seeking optimal treatment for them-
selves and others with equivalent chronic
conditions.!® They provide a unique perspective
about areas of care, including “impact, the practi-
calities of treatment, and the attitudes of other
people, including the medical profession, to [their]
condition.”!® In this circumstance, their involve-
ment allows for a holistic perspective with greater
insight into patient experience and allows for
emphasis on patient-centered models of care in the
continuing development of medical education.

Consensus points that held greatest importance
across the panel focused on epidemiological
knowledge and the implication of late diagnosis of
PA on patient morbidity.

While all nine key knowledge areas identified are
relevant to PA and medical education, the top
three points and their relevance in current litera-
ture are discussed below.

Key knowledge area 1: PA is common

but underdiagnosed, think about it with

every hypertensive patient

Various studies have demonstrated the high prev-
alence of PA in patients with resistant hyperten-
sion as well as those presenting in primary care

journals.sagepub.com/home/taj
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Table 1. Delphi Round 1 results.

Responses Frequency Firstimportance (3) Second importance (2)  Third importance (1) Total
PA epidemiology - prevalence 8.5 8.5 25.5
in hypertensive patients

(underdiagnosed and

underrecognized)

Increased cardiovascular, renal, 5 3 2 8
and metabolic risk compared to

essential matched HTN

Testing in initial hypertension 3.5 1 2 0.5 7.5
assessment

PA screening (screening 2.5 2 0.5 6.5
guidelines)

PA screening methods 3 2 1 5
Pathophysiology of condition 1.5 0.5 1 35
Spectrum of condition, not 2 1 1 3
binary

Hypokalemia is not always 2 1 1 3
present

Treatment options 2 2 2
PA subtypes 1 1 2
inadequacy of current 1 1 1
screening for aldosterone

levels (aldosterone blood

concentration)

PA Symptoms and signs aside 1 1 2

from resistant hypertension

Education of spironolactone 1
prescribing

Condition not fully understood: 1
limitation of current disease

Cardiovascular managementin 1
PA patients

facilities. The exact statistics vary across studies,
with prevalence estimates of 4%, 5.9%, and 14%
in primary care centers in China, Italy, and
Australia respectively,!%2%21 and 11%—22% in
populations with resistant hypertension.?223
However, the proportion of patients who are
screened or diagnosed is much lower, with <1%
of eligible hypertensive patients screened in a

Canadian population of more than 245,000
patients identified with resistant hypertension?*
and <0.1% of hypertensive patients having the
diagnosis of PA in an Australian primary care
setting.”

These studies support the universal screening of
PA in people with hypertension. However, there

journals.sagepub.com/home/taj
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Table 2. Delphi Round 2 results.

Key message

Consensus item

Entire panel

Only clinicians Only patients

Total

Epidemiology

Increased
morbidity

Early screening

Screening
methods

Pathophysiology

Treatment

Hypokalemia
presence

Spectrum of
condition

Screening
guidelines

PA is common but
underdiagnosed - think about it
with every hypertensive patient

Untreated PA is associated

with increased cardiovascular,
renal, and metabolic risk when
compared to blood pressure-
matched essential hypertension

It is important to test for
PA following a diagnosis of
hypertension, by measuring
aldosterone and renin

The ARR is the key screening
blood test for PA, however, it

is important to recognize that
results may be inaccurate due to
interfering medications

Pathophysiology: PA is an
adrenal disease characterized
by inappropriately high and
autonomous aldosterone
production and suppressed renin

PA has targeted treatment or
potential cure

Hypokalemia is not always
present in PA

Spectrum of condition: PA can
range in severity

There are screening guidelines
for PA as set out by the Endocrine
Society

ARR, aldosterone:renin ratio; PA, primary aldosteronism.

Mean Median Mean Median Mean Median

are high-risk patient groups that warrant specific
attention, as recommended by the 2016 Endocrine
Society Clinical Practice Guideline?>:

e Sustained BP above 150/100mmHg on
each of three measurements obtained on
different days, or

e Hypertension (BP >140/90 mmHg) resist-
ant to three conventional antihypertensive
drugs (including a diuretic), or

e Controlled BP (<140/90mmHg) on four
or more antihypertensive medications

e Hypertension and spontaneous or diuretic-
induced hypokalemia

e Hypertension and adrenal incidentaloma

e Hypertension and sleep apnea

e Hypertension and a family history of early-
onset hypertension or cerebrovascular acci-
dent at a young age (<40 years)

e All hypertensive first-degree relatives of a
patient with PA

At present, screening rates are low even in these
high-risk groups, with 1%-3% tested despite hav-
ing resistant hypertension or hypokalemia.?6-29

The wide chasm between the expected prevalence
and actual screening and detection rates
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Table 3. Delphi Round 3 results.

Rank Key message Total Mean Median
1 Epidemiology PA is common but underdiagnosed - think about it
with every hypertensive patient
2 Increased morbidity ~ Untreated PA is associated with increased 40 3.3 2.5
cardiovascular, renal, and metabolic risk when
compared to blood pressure-matched essential
hypertension
3 Early screening It is important to test for PA following a diagnosis of 45 3.75 3
hypertension, by measuring aldosterone and renin
4 Screening methods ~ The ARR is the key screening blood test for PA; 53 4.58 4.5
however, it is important to recognize that results may
be inaccurate due to interfering medications
5 Pathophysiology Pathophysiology: PA is an adrenal disease 58 4.83 9
characterized by inappropriately high and
autonomous aldosterone production and suppressed
renin
6 Treatment PA has targeted treatment or potential cure _ 5
7 Hypokalemia Hypokalemia is not always present in PA 74 6.17 6.5
presence
8 Spectrum of Spectrum of condition: PA can range in severity 81 6.75 7.5
condition
9 Screening There are screening guidelines for PA as set out by
guidelines the Endocrine Society

ARR, aldosterone:renin ratio; PA, primary aldosteronism.

highlights the importance of PA screening as an
important teaching point for medical students.

Key knowledge area 2: Untreated PA is

associated with increased cardiovascular, renal
and metabolic risk when compared to BP-
matched essential hypertension

Increased risk of poor cardiovascular, renal, and
metabolic outcomes in inadequately treated PA is
well documented in the literature. A retrospective
French study comparing 459 patients with PA
and 1290 with essential matched hypertension
(EH) showed up to 3X increased risk of myocar-
dial infarction, atrial fibrillation, coronary artery
disease, and heart failure.3? A systematic review
and meta-analysis of 3838 patients with PA com-
pared to 9284 patients with EH also demon-
strated an increased risk of stroke OR 2.58 (CI
1.93-3.45), atrial fibrillation OR 3.52 (CI

2.06-5.99), coronary artery disease OR 1.77 (CI
1.1-2.83) and heart failure OR 2.05 (CI 1.11—
3.78) in the PA group.!! Patients with PA also
demonstrated accelerated renal damage com-
pared to patients with EH evidenced by increased
urinary albumin excretion, secondary to endothe-
lial dysfunction caused by excess aldosterone.31:32
Specifically, preclinical models have character-
ized the impact of aldosterone infusion on pro-
moting renal inflammation and fibrosis via actions
on the podocytes, infiltrating macrophages and
stromal cells.?®> In humans, the Chronic Renal
Insufficiency Cohort (CRIC) study identified
median baseline serum aldosterone concentration
to be higher among 3680 participants who devel-
oped chronic kidney disease, at 10.6 ng/dL. com-
pared to 9.6ng/dL.. When expressed as a
continuous variable, there was an 11% higher risk
for chronic kidney disease progression per dou-
bling of serum aldosterone.3* The FIDELIO
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study contributed further weight to the impact of
aldosterone excess on renal dysfunction by dem-
onstrating a lower risk of chronic kidney disease
progression in a randomized clinical trial of min-
eralocorticoid receptor antagonist, finerenone.?>

Key knowledge area 3: It is important to

screen for PA following a diagnosis of
hypertension by measuring aldosterone

and renin

The high prevalence of PA together with the uni-
versal issue of underdiagnosis, logically leads to
the third highest-ranked knowledge area.
Currently, the Endocrine Society guidelines out-
line a range of criteria for PA testing (as described
above),?> however, the expert panel established
consensus that all patients should be screened
upon their diagnosis of hypertension. Screening
for PA in all adults with hypertension has recently
been recommended by the European Society of
Cardiology 2024 Hypertension Guidelines.3¢

The benefit of routine screening is evident in the
5-15-fold increase in PA diagnosis following the
implementation of the aldosterone to renin ratio
(ARR) as a routine test for PA across five interna-
tional centers.?” Routine measurement of the
ARR in treatment-naive hypertensive patients in
primary care led to the diagnosis of PA in 14%.2%!
Early screening of PA also avoids the confound-
ing effect of most antihypertensive agents which
commonly cause false negative ARR results.?>
Furthermore, early PA screening has been found
to be cost-effective in health economic evaluation
studies from China and Australia.383°

Practical implications

Evaluation of these top three consensus points
demonstrated that expert consensus, while
obtained via questionnaires, has a strong evidence
base. Given that maintaining currency in medical
education is usually achieved by virtue of the
teachers and educational resources being up to
date,% consensus on teaching points by interna-
tional experts, including patient advocates, may
be a valuable and time-efficient strategy to achieve
currency.

This is particularly the case for PA as current
popular medical textbooks and online informa-
tion resources often contain gaps and outdated

information. In a review of original articles pub-
lished in the New England Fournal of Medicine
between 2001 and 2010, 146 medical reversals
were identified where emerging evidence led to a
change in previously established practices.4!
Further research analyzing popular online
resources, including UpToDate and Best
Practice, found between 23% and 60% variation
between these resources and recently published
articles on the same topics.#2 While no formal
research has been published about the currency
of PA medical resources, given the current chal-
lenges facing screening and diagnosis, it can be
inferred that a proportion of the existing literature
fails to adequately articulate the prevalence of
PA, the importance of screening and the ease of
medical management with mineralocorticoid
receptor antagonist such as spironolactone.?>

With the rapid pace of medical innovation and
changes in guidelines, clear teaching points as
identified in this Delphi study can be incorpo-
rated into the medical curriculum to guide stu-
dent teaching and assessment. Furthermore, to
ensure that the key learning points are widely dis-
seminated beyond individual medical schools,
collaborations can be sought with popular learn-
ing resources.

Further research to evaluate the clinical impact of
expert-consensus-guided PA teaching will be
important for understanding how this strategy
improves the diagnosis, management, and health
outcomes of patients with PA.

Strengths and limitations

A key strength of this research is the inclusion of
both expert clinicians/educators and patients with
lived experience of PA. The engagement of
patients brings valuable insights into the practical
and patient-centered aspects of care. An extensive
literature search did not identify any other studies
that utilized the Delphi process to establish learn-
ing points for students. This unique approach to
developing education content has enabled us to
identify and prioritize critical knowledge areas for
PA that are important to both clinicians and con-
sumers, creating a focused and relevant frame-
work for curriculum development.

While the expert panel is geographically diverse,
it consisted of a relatively small number of experts
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with 13 in total, including only two consumers.
This may have limited the breadth of perspec-
tives, although the selected experts are highly
experienced in the PA field and the consumers
are affiliated with patient advocacy groups that
represent thousands of voices.

Another limitation to the key knowledge areas
identified by expert consensus is that they can
become outdated over time. However, the three
key areas identified in our study are unlikely to
change in the near future, especially as the recent
European Society of Cardiology Guidelines for
the management of hypertension has just recom-
mended that PA screening be considered in all
adults with hypertension.4!

Finally, it is important to note that our study has
focused on what medical students should learn
rather than what their knowledge gaps are and
how the gaps can be filled. The next stage of
research is to apply the key knowledge areas to
student assessments and evaluate the coverage of
these areas in popular learning resources.

Conclusion

Clinicians and patients with experience in PA
reached consensus on nine key knowledge areas
about PA through a modified Delphi process with
the top three focusing on the underappreciated
prevalence of PA, the high cardiovascular, meta-
bolic, and renal risk associated with PA, and the
importance of screening. These results provide a
useful tool for evaluating the adequacy of current
teaching about PA in medical schools and assess-
ing the students’ knowledge of PA.

The dynamic nature of medical advancements
poses significant challenges in ensuring that
healthcare providers are equipped with the most
current and accurate knowledge. The prevalence
of outdated information in widely used medical
resources and the observed gaps in educational
content underscore the need for continuous
updates to medical curricula. Despite evidence
showing that targeted education improves patient
outcomes, variability in curriculum development
and a lack of standardization contribute to incon-
sistent training across medical schools. Addressing
these issues through expert consensus and cur-
riculum reform is essential to enhance the accu-
racy of medical education and improve patient

care, particularly in areas like PA where underdi-
agnosis remains a concern. Once these students
transition to practicing clinicians it is hoped the
knowledge will translate to improved diagnosis of
PA thus reducing the burden of PA-associated
morbidity in patients with hypertension.
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