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Low-renin hypertension affects 1 in 4 people with hypertension, but the optimal management of this condition is not known. We
hypothesize that a large proportion of people with low-renin hypertension is mediated by excess mineralocorticoid receptor (MR)
activation and that targeted treatment with an MR antagonist (MRA) will be beneficial. This randomized, single-blinded, titration-to-
effect aims to investigate whether targeted treatment in low-renin hypertension with MRA is better compared to standard

antihypertensives in terms of blood pressure control and end-organ protection. Adults with hypertension, who are treatment naive

or are receiving up to two antihypertensive agents and have a low direct renin concentration <10 mU/L will be included.
Participants with severe hypertension, a secondary cause of hypertension, pregnant, breastfeeding, with moderate-severe
cardiovascular and chronic kidney disease, or on medications that confound interpretation of the plasma direct renin or
aldosterone concentrations will be excluded. Eligible participants will be randomized 1:1 to either MRA therapy (spironolactone) or
standard anti-hypertensive therapy (perindopril4+-/— amlodipine) for 48 weeks. Anti-hypertensives will be up-titrated every

12 weeks until target blood pressure is achieved. The primary objective will be to determine the total defined daily dose of
antihypertensives required to achieve the target blood pressure and change in mean clinic systolic blood pressure at week 48.
Current hypertension guidelines do not have specific recommendations for the choice of anti-hypertensive medications for people
with low-renin hypertension. The results of this trial could guide future hypertension guidelines.
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INTRODUCTION

Hypertension is a major cause of death worldwide. Despite
extensive research into optimal hypertension treatment, blood
pressure control remains inadequate with 2 in 3 hypertensive
patients not meeting blood pressure targets and often needing
multiple anti-hypertensive medications to achieve control [1].
Missing a secondary cause of hypertension and the lack of a
stratified approach for the treatment of hypertension have been
highlighted as key shortcomings by the 2016 Lancet Commission
on Hypertension [2].

Primary aldosteronism is now recognized as the most common
cause of secondary hypertension, accounting for 10% of all people
with hypertension [3]. Primary aldosteronism is characterized by
autonomous aldosterone production in the presence of renin
suppression. Under physiological conditions, the renin-
angiotensin-aldosterone system plays a pivotal role in the
maintenance of blood pressure through sodium and water

homeostasis in epithelial tissues. However, in primary aldosteron-
ism, aldosterone production is unregulated resulting in inap-
propriate activation of the mineralocorticoid receptor (MR) , which
results in excess resorption of sodium and water, hypertension,
and cardiovascular injury [4]. Diagnosis of primary aldosteronism
provides an opportunity for effective treatment with either
adrenalectomy or MR antagonists (MRA) such as spironolactone
and eplerenone. Targeted treatment in primary aldosteronism
with MRA improves blood pressure, and polypharmacy and
reduces the elevated risk of cardiovascular disease in this
population [5].

Importantly, primary aldosteronism is part of a renin-
independent hyperaldosteronism continuum. Recent studies
have reported the correlation between low renin, markers of
increased MR activity, and progressive development of incident
hypertension [6]. As such, people with a low direct renin
concentration and various levels of aldosterone concentration
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Table 1. Eligibility criteria.

Inclusion criteria
receiving up to two antihypertensive agents.

-Hypertension, defined as a mean seated blood pressure >140/90 mmHg and is treatment naive or any blood pressure if

-Low direct renin concentration <10 mU/L (measured on non-interfering medications)

-Can provide informed consent.

Exclusion criteria -Blood pressure >180/120 mmHg.

-On mineralocorticoid receptor antagonist treatment or medications confounding renin or aldosterone measurement e.g.,
glucocorticoids, oral estrogen, and sodium-glucose co-transporter 2 inhibitors.
-Pregnant, breastfeeding or women of childbearing potential not on reliable contraception.

-Hyperkalemic, potassium >5.0 mmol/L.

-History of uncontrolled diabetes with glycosylated hemoglobin >7.5%, chronic kidney disease with an estimated glomerular
filtration rate <50 mL/min/1.73 m?, heart failure class Il-IV, ischemic heart disease, transient ischemic attack, stroke, or atrial

fibrillation.

-History of liquorice abuse or other secondary causes of hypertension such as primary hyperparathyroidism, primary
aldosteronism, autonomous cortisol secretion, hyperthyroidism, phaeochromocytoma, renal artery stenosis or known

monogenic causes of low-renin hypertension.

-Known hypersensitivity to the trial medications.

that do not result in an aldosterone-to-renin ratio that meets the
‘positive’ screening threshold for primary aldosteronism are part
of the continuum. Traditionally referred to as low-renin hyperten-
sion or low-renin essential hypertension, this condition may be
present in up to 30% of people currently labelled as having
essential hypertension [7, 8]. A recent meta-analysis comparing
MRA to other antihypertensives has shown that MRA is more
effective in lowering systolic blood pressure compared to
commonly used first-line standard antihypertensives [9-11]. In
addition, observational data suggests that MRA use in low-renin
hypertension reduces end-organ dysfunction, for example, left
ventricular hypertrophy and albuminuria [12]. Despite evidence
supporting treatment that differs from standard practice, low-
renin hypertension as a condition distinct from essential
hypertension is overlooked due to renin and aldosterone
concentrations being neither routinely requested nor used to
guide initial therapy [10, 11]. The retrospective diagnosis of low-
renin hypertension is challenging as many commonly used
antihypertensives interfere with direct renin concentration
interpretation [5]. At present, an add-on antihypertensive
treatment strategy is recommended by guidelines, and MRA
treatment is reserved as a fourth-line agent for resistant
hypertension [10, 11]. We may therefore be missing an important
opportunity to intervene early to provide targeted treatment with
spironolactone, a widely used MRA that is readily available and
inexpensive.

Personalizing treatment to the underlying pathophysiology for
an individual is likely to improve blood pressure control with fewer
medications and reduce/prevent end-organ damage [13]. How-
ever, translation to clinical practice has been limited due to
concerns regarding the tolerability of MRA therapy and older
clinical trials showing conflicting results likely due to suboptimal
research methodology. Our study aims to address some of these
limitations by conducting a single-blinded randomized controlled
trial comparing targeted treatment with MRA versus commonly
used standard antihypertensives in adults with low-renin hyper-
tension [14]. We hypothesize that in a large proportion of patients
with low-renin hypertension, the underlying pathophysiology
involves MR activation and therefore targeted treatment with an
MRA will offer greater antihypertensive effects and end-organ
protection. This Randomized trial assessing the Efficacy and safety
of Mineralocorticoid receptor Antagonist therapy compared to
Standard antihypertensive Therapy in hypErtension with low
Renin (REMASTER) therefore seeks to evaluate the efficacy and
safety of MRA therapy in participants with low-renin hypertension
and to evaluate the clinical, biochemical, and molecular markers
that determine MRA responsiveness in people with low-renin
hypertension.

SPRINGER NATURE

METHODS AND ANALYSIS
Reporting of the methods follows the SPIRIT guidelines [15].

Trial design and study setting

The trial will be a randomized, single-blinded, active-controlled,
titration-to-effect, pragmatic study comparing MRA to standard
anti-hypertensive treatment for participants with low-renin
hypertension referred to the Endocrine Hypertension Clinic at
Monash Health, Victoria’s largest public health service. The clinic
receives referrals from both general practitioners and specialists.
Before performing any trial-specific procedures, a signed consent
form will be obtained from each participant. The investigator will
confirm that the participant comprehends the information
provided and answer any questions about the trial. When the
inclusion/exclusion criteria have been addressed and the eligibility
of the participant confirmed, the participant will then be
randomized 1:1 to one of the trial arms. All participants will
undergo a seated saline suppression test to exclude primary
aldosteronism. Renin concentration exists on a continuum. The
definition of low-renin hypertension is somewhat arbitrary and
has traditionally been defined as a plasma renin activity <1 ng/ml/
h which approximately equates to a direct renin concentration of
8-12 mU/L. Furthermore, in an eight-week monotherapy study by
Weinberger, participants with direct renin concentration <9.4 mU/
L had a better blood pressure response to eplerenone compared
to losartan: mean change in systolic blood pressure of
-17.2mmHg versus -54 mmHg [16]. We therefore selected a
threshold of <10 mU/L to define low-renin hypertension.

Trial population

Inclusion criteria. Adult ambulatory participants with hyperten-
sion, defined as a mean seated blood pressure >140/90 mmHg,
and are treatment-naive or with any blood pressure level on up to
two antihypertensive agents, have a low direct renin concentra-
tion <10 mU/L (measured on non-interfering medications), but
who do not have primary aldosteronism or monogenic forms of
low-renin hypertension, and can provide informed consent to
participate in the trial.

Exclusion criteria. See Table 1.

Trial procedure

Study participants meeting the inclusion and exclusion criteria will
be randomized 1:1 via REDCap to either MRA, spironolactone
(intervention), or standard care, perindopril4-/-amlodipine (con-
trol), using a block randomization method. The schedule has been
prepared by a biostatistician and uploaded to REDCap and is not
available to the clinic staff. Participants on antihypertensive
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Informed consent
Washout (2-4 weeks)

Randomization 1:1
|
Mineralocorticoid receptor antagonist Standard anti-hypertensives

Daily dosing
12 weekly titration and follow up for 48 weeks
1. Spironolactone 25 mg oral
. Increase spironolactone to 50 mg
. Increase spironolactone to 75 mg
. Increase spironolactone to 100 mg

Daily dosing
12 weekly titration and follow up for 48 weeks
. Perindopril 5 mg oral
. Add amlodipine 5 mg
. Increase perindopril to 10 mg
. Increase amlodipine to 10 mg

ENFANNY
BN

Fig. 1 Titration steps in the treatment algorithm.

treatment at baseline will undergo a washout period of 2-4 weeks
before screening and randomization. If there are clinical concerns,
prazosin, a short-acting antihypertensive can be continued until
48 h pre-randomization. The standard care group will receive
treatment as per local prescribing patterns and hypertension
guidelines [14]. Antihypertensive medications will be titrated as
required at 12-weekly intervals until target blood pressure of
<140/90 mmHg is achieved in both groups and renin is
unsuppressed ie, >15mU/L in the MRA group (Fig. 1). The
biochemical titration target for the MRA group is based on
evidence that treatment adequacy is associated with normalized
renin [17]. Participants will be reviewed every 6-12 weeks and
treated for a total of 48 weeks. Administration of medication will
be standardized to night-time dosing once daily for consistency.
Blood pressure measurements will be taken seated in triplicates
using an automated blood pressure machine (Omron) and the
average of 2nd and 3rd readings will be calculated. Automated
office blood pressure measurement has been shown to correlate
with out-of-clinic measures [18].

Pathology will be collected at Monash Health Pathology
laboratories. Both aldosterone and direct renin concentration will
be measured using chemiluminescent immunoassays (LIAISON,
DiaSorin). For the seated saline suppression test, aldosterone
concentration will be measured using mass spectrometry as well
due to its greater accuracy [19]. Primary aldosteronism will be
excluded if aldosterone concentration post saline infusion is
<162 pmol/L [20].

Compliance

Medication compliance will be assessed at each study visit using
medication diaries and pill counting when medications are
returned to the pharmacy.

Relevant concomitant therapies allowed and excluded
Women of childbearing age will need to be on effective
contraception given the potential for teratogenicity of the trial
medications during study participation and until 2 months after
the last dose of trial medications. Trial participants needing to use
medications that can interfere with the measurement of blood
pressure, renin, or aldosterone during the treatment and follow-up
phase of the trial will be excluded.

Safety considerations
All medications used in the trial have been entered into the
Australian Register of Therapeutic Goods. Spironolactone, peri-
ndopril, and amlodipine are approved by Therapeutic Guides
Australia for the treatment of hypertension. The following adverse
effects will be noted at each visit: gynecomastia, breast pain,
reduced libido, menstrual irregularity, cough, hyperkalemia, and
an increase of >30% in serum creatinine.

Adverse effects will be described in the patient’s medical record
as follows: a description of symptoms including duration, severity
(mild, moderate, or severe), seriousness (i.e., is it a serious adverse
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event?), any action taken, the outcome and likelihood of the
relationship to the trial treatment (unrelated, possible, probable,
definite) [21]. All serious adverse effects that occur from the time
the participant signs the consent form, up to and including the
last scheduled visit, will be reported within 24h to an
independent Data and Safety Monitoring Board, consisting of
four members including a biostatistician and doctors with
expertise in clinical trials. A trial progress update will be sent
quarterly to the Data and Safety Monitoring Board. Trial conduct,
protocol compliance, and safety are under their oversight.

Dose and medication modification

If a participant on spironolactone treatment develops trouble-
some gynecomastia, breast tenderness, or irregular menses, they
will be prescribed eplerenone in place of spironolactone at the
same dose but twice a day e.g., participants on spironolactone
25 mg daily will be switched to eplerenone 25 mg twice a day.
Eplerenone is a less potent but more selective MRA with minimal
effect on the progesterone and androgen receptors. If perindopril
5/10mg is not tolerated due to side effects such as cough,
participants will be prescribed irbesartan 150/300 mg, respec-
tively. Participants requiring a change in medication to eplerenone
or irbesartan will be unblinded but will remain in the study and
contribute to the final analysis. If a participant develops
hyperkalemia, defined as serum potassium > 5.5mmol/L on a
non-hemolyzed blood sample, or has a 30% increase in creatinine
due to perindopril/irbesartan or spironolactone/eplerenone, the
dose of the trial mediation will be reduced to the highest
tolerated dose.

Blinding

Participants will be blinded to the treatment by using encapsulat-
ing medications through a third party. The nurse and technician
performing clinic blood pressure, and transthoracic echocardio-
grams will also be blinded to reduce any potential bias in the
reporting of outcomes. Clinicians prescribing the antihyperten-
sives will not be blinded to treatment allocation as the titration
protocol is treatment-specific. Although a possible limitation, we
anticipate that any treatment bias will be minimal given that the
prescribed treatment will be driven by the study protocol and up-
titration of treatments will be based on clinic blood pressure
measurements performed by the nurse (blinded to treatment
allocation), and direct renin concentration values measured at the
hospital laboratory (for the MRA arm only).

Study objectives
The primary objective will be to assess the change in mean clinic
systolic blood pressure from baseline to week 48 and to determine
the total defined daily dose of antihypertensives required to
achieve the target blood pressure. The ‘defined daily dose’ is
described by the World Health Organization as the average
maintenance dose per day for a drug used for its main indication
in adults and is a measure of drug utilization [22]. The defined
daily dose of spironolactone is 75 mg/day, perindopril 5 mg/day,
and amlodipine 5 mg/day [22].

The secondary and exploratory objectives of this study are
summarized in Table 2.

Data collection and management

The medical history, examination findings, medication side effects,
compliance, and investigation results will be collected at each
study visit (Table 3) and entered via the secure web-based data
management system, REDCap. Data entry will be performed by
the investigators. Data logic and consistency checks are pro-
grammed into the data entry forms so that data entry errors can
be caught in real time, and queries are auto-generated. Data
generated will be held in strict confidence. No information
concerning the ftrial or the data will be released to any
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-change in mean seated clinic systolic blood pressure from baseline to week 48 compared with standard antihypertensive

-total defined daily dose of antihypertensives required to achieve target blood pressure with MRA compared to standard

Table 2. Study objectives.
Primary To evaluate the
treatment.
antihypertensive treatment.
Secondary

To evaluate the effect of MRA compared with standard antihypertensive treatment on the:

-change in mean seated clinic diastolic blood pressure from baseline to week 48 compared with standard antihypertensive

treatment.

-change in mean seated clinic systolic and diastolic blood pressure from baseline to week 24.
-change in systolic and diastolic blood pressure on ambulatory blood pressure monitoring from baseline to week 48.

-time to achieve the target blood pressure.

-the proportion of participants that achieved target blood pressure at week 48.
-change in the left ventricular mass index and global longitudinal strain on transthoracic echocardiogram from baseline to week

48.

-change in endothelial function measured by EndoPAT (Itamar Medical, Israel) from baseline to week 48.
-change in 24-h urinary microalbumin excretion from baseline to week 48.

-the proportion of participants that discontinued trial medication due to adverse effects.

-the proportion of participants who developed hyperkalemia.

-change in the quality of life assessed using the SF-36 Quality of Life Questionnaire from baseline to week 48.

Exploratory

To evaluate characteristics that predict response to MRA including age, ethnicity, sex, baseline PAC, DRC, ARR, urinary aldosterone,

urinary sodium, post-saline suppression test PAC (measured by LCMS and radioimmunoassay), monocyte-based transcriptomic

markers and plasma and urinary steroid profiles.

ARR aldosterone to renin ratio, LCMS liquid chromatography-tandem mass spectrometry, MRA mineralocorticoid receptor antagonist, PAC plasma aldosterone

concentration, DRC direct renin concentration.

unauthorized third party without the prior written approval of the
Hudson Institute of Medical Research.

Biological specimen collection and storage

Blood and urine biospecimens collected at baseline and the end
of the trial will be frozen and stored at Monash Pathology and may
be retrieved to measure new markers of low-renin hypertension
and any subtypes identified in this trial. All other biospecimens
will be discarded.

Sample size calculation and statistical analysis
The sample size estimation will be based on the two primary
objectives. In a study of hypertensive patients, Weinberger et al
showed that after 16 weeks of treatment, systolic blood pressure
among patients with low-renin hypertension (renin <9.4 mU/L)
was reduced by 17.2 mmHg in the eplerenone group compared
with 54 mmHg in the losartan group (no standard deviations
were reported) [16]. Assuming a similar drop in systolic blood
pressure between treatment groups with an equal standard
deviation of 10 mmHg for the change in blood pressure, a
minimum sample size of 24 patients per arm would be required.
For the second primary endpoint of the defined daily dose
required to achieve target blood pressure, a comprehensive
systematic review of the literature was conducted, but no
previous trials reported the expected defined daily dose for
either spironolactone or perindopril in low-renin hypertension.
Therefore, in the absence of such information, a large effect size
will be assumed (Cohen’s d = 0.8). For this effect size, a minimum
sample size of 50 patients per group is needed. The two sample
size estimations account for 90% power in the study, with a
Bonferroni family-wise error rate of 0.025 (two-sided) and a 20%
attrition. Bonferroni multiplicity was considered because the
outcomes from this study would be confirmative, and the defined
daily dose and blood pressure change are presumed to be closely
related outcome measures for blood pressure control. Hence the
target sample size for this study is 100 patients (50 randomized to
each arm of the study).

Participants will be recruited from the Endocrine Hypertension
Clinic at Monash Health. In addition to referrals from other
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specialists, the Endocrine Hypertension research group has
established a relationship with over 40 general practice clinics
and 200 practitioners who routinely refer patients to the clinic.

Analysis of the efficacy of each intervention will be performed
on an intention-to-treat basis. All randomized patients with a
baseline assessment and at least one post-baseline assessment
will be included in the statistical analysis. Safety analyses will
include all randomized patients who received at least one dose of
study medication. An additional per-protocol analysis will be
considered in the case of non-compliance and/or medication non-
adherence. All data will be analyzed as observed and no data
imputation is anticipated unless significant missing data is
observed.

A generalized linear model will be used to conduct a between-
group comparison for the systolic blood pressure, defined daily
dose of antihypertensives, left ventricular mass index, global
longitudinal strain, endothelial dysfunction, and 24-h urinary
microalbumin excretion. If some participants do not achieve target
blood pressure, the data will be treated and analyzed using
methods for right censored data and between groups comparison
will be done using Kaplan-Meier curves and the log-rank test. The
difference in the change in blood pressure between groups will be
estimated based on the interaction between the time and group
variables using a mixed-effects model. A Cox proportional hazards
model will be used to assess and compare the time to achieve
target blood pressure in the MRA and standard treatment groups.
The chi-squared test will be used for between-group comparison
of the proportion of participants who discontinued treatment due
to adverse effects or developed hyperkalemia during the
treatment period. Data will be analyzed using Stata Statistical
Package version 17 or later, R Statistical Package version 3 or later,
or SPSS Statistical Package version 28 or later. Adverse effects and
serious adverse effects will be tabulated and listed, by the
treatment group.

Treatment discontinuation

Participants who discontinue trial treatment will remain in the trial
and trial procedures and scheduled visits will be conducted where
possible.

Journal of Human Hypertension (2024) 38:663 - 668
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Table 3. Data collection schedule.

Enrolment

Informed consent

Week
-6 -2 0 6 12 24 36 48

DRCx2, PACx2, ARR x2, UEC, BhCG (if relevant), HBA1C, PTH, calcium, vitamin D, TSH, X

plasma metanephrines, 24-h urinary cortisol, and saline suppression test.
Randomization

Intervention

Active: MRA

Control: standard antihypertensives

Assessment

BMI, age, sex, ethnicity, smoking status, ethanol intake, OSA screening
Mean clinic blood pressure

PAC, DRC, ARR, UEC

Fasting glucose, fasting lipid profile, liver function tests

PTH, calcium, vitamin D

24-h urine sodium, potassium, calcium, aldosterone, and albumin
24-h urine steroid profile

FBE, CRP, BNP

Plasma steroid profile

Plasma and urine biobank sample

Monocyte gene expression profile

ABPM

TTE

Endothelial function

QOL (SF-36 questionnaire)

Compliance assessment

Adverse effect monitoring

X x (weight only)
X X X X X X X

X X X X X X X
X X X X

X X X X

X X X X X

X X X X

X X X X X

ABPM ambulatory blood pressure monitoring, ARR aldosterone to renin ratio, BhCG beta-human chorionic gonadotrophin, BMI body mass index, BNP brain
natriuretic peptide, CRP C-reactive protein, FBE full blood examination, GLS global longitudinal strain, HBATc glycosylated hemoglobin, LFT liver function tests,
LVMI left ventricular mass index, MRA mineralocorticoid receptor antagonists, OSA obstructive sleep apnea, PAC plasma aldosterone concentration, DRC direct
renin concentration, PTH parathyroid stimulating hormone, SST saline suppression test, TSH thyroid-stimulating hormone, TTE trans-thoracic echocardiogram.

Post-trial care

At the end of the trial, participants will be unblinded and offered
the option of either continuing their randomized treatment or
changing to either standard antihypertensives or MRA treatment.

Ethics, trial registration and status. This trial protocol version 10,
19/12/23 has been approved by the local institution Human
Research Ethics Committee, (RES-22-0000-044A) and has been
registered with the Australian New Zealand Clinical Trials Registry
(ACTRN12622000391774). Recruitment began in August 2022 and
will continue until the sample size is reached.

Any further change to the protocol that affects the trial design
or scientific intent will be submitted for approval to the Human
Research Ethics Committee as an amendment.

DISCUSSION
The research findings of this study will improve our understanding
of the pathophysiology and management of hypertension with
low renin and may inform future hypertension guidelines.
De-identified results will be published in peer-reviewed journals
and national and international conferences. Authorship will be
offered to those who meet the National Health and Medical
Research Council guidelines for authorship.

Journal of Human Hypertension (2024) 38:663 - 668

SUMMARY

What is known about the topic

® Low-renin hypertension is common.

® Data from a meta-analysis showed that mineralocorticoid
receptor antagonists were more effective in lowering blood
pressure when compared to angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers. Key limitations of
older studies include using high doses of mineralocorticoid
receptor antagonists, inadequate exclusion of primary aldos-
teronism, short treatment duration and a lack of end-
organ data.

What this study adds

® This randomized controlled trial will address previous study
limitations: primary aldosteronism will be excluded using
gold-standard mass spectrometry measurement of aldoster-
one, participants will be treated for 48 weeks and data on
markers of end-organ dysfunction will be collected.

® Recent evidence suggests that reversal of renin suppression is
associated with better cardiovascular health in people with
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primary aldosteronism. This study will explore if a similar
cardioprotective effect is seen in low-renin hypertension by
titrating spironolactone to both blood pressure and renin
concentration.
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