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Summary
Recent genome-wide analyses have found 50 loci associated with

variation in blood pressure but failed to advance understanding of the

molecular basis of hypertension. Whether hypertension is not after all due

to multiple common variants or is simply an order of magnitude more

complex than previously suspected remains unsettled – in part because

only a minority of subjects in the analyses had true hypertension. A better

starting point than normotensive subjects for explaining hypertension

may be the most common distinct cause of hypertension, primary

hyperaldosteronism (PHA). The findings that 40% of patients with an

aldosterone-producing adenoma (APA) of the adrenal have somatic gain-

of-function mutations in a single gene, KCNJ5, and that this gene is, less

frequently, mutated in inherited cases of PHA, potentially transform the

understanding and management of hypertension. Firstly, they illustrate

how hypertension could be due to a multiplicity of uncommon variants.

Mutations that present with abnormal electrolytes and anatomy are the

easiest to detect but are likely the tip of the iceberg. Secondly, we found a

genotype:phenotype pattern, with KCNJ5mutations inducing larger APAs

in the cortisol-secreting zona fasciculata in young women. Smaller APAs

without KCNJ5 mutations usually present in older men with resistant

hypertension, having been overlooked earlier because of their size. This

reflects their compact zona glomerulosa cells. Routine measurement of

plasma renin in hypertension and a new positron emission tomography/

computerized tomography allow prompt diagnosis and management of

PHA before resistant hypertension ensues. Wider recognition of distinct

phenotypes should permit earlier, specific treatment and reduce life-time

risk of complications.

Genetic analysis of complex
disorders

The advent of genome-wide association studies

(GWAS) has brought bitter-sweet results for
complex disorders like hypertension. On the one

hand, we can now finger – with the sort of statisti-

cal certainty previously reserved for forensic DNA

fingerprinting – dozens of sites in the genome that

are contributing to inherited variation in blood
pressure. On the other, the highest risk from any

site is 1 mmHg of blood pressure – in most cases

rather less; in no case can we be absolutely
certain which specific gene is responsible, far

less have any idea of where or how in the gene a

variant is influencing blood pressure; and the
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assumption that hypertension is no more than the
sum of its parts remains untested and unproven.1

In some diseases, even small relative risks may be

the clue that Pharma needs to identify a biochemi-
cal pathway worth targeting with novel drugs,

and it will be the response to such drugs that

helps eventually elucidate disease mechanisms.
In hypertension, the glut of existing successful

drugs reduces the chances of speculative develop-

ment, and a 1 mmHg relative risk offers an unpro-
mising signal for mechanistic studies to work

with.

There is now an interesting discussion as to
whether GWAS has employed insufficient data

(single nucleotide polymorphisms [SNPs] or sub-

jects), under-interpreted the data or used the
wrong data.2–4 Whichever turns out to be the

case, the potential positive aspect of this

outcome from the GWAS experience is the renais-
sance of clinical research and acumen. These will

be required in the search for distinct ‘extreme’

phenotypes in whom genetic analysis might
reveal rare variants explaining most or all of the

phenotype. GWAS was undertaken using the

million SNPs whose minor allele is present in 5%
or more of the population. These SNPs are old,

and being in so-called ‘linkage disequilibrium’
with other SNPs in the vicinity, can be used as

signposts to the presence of disease susceptibility

alleles. By contrast, with individuals differing
from each other by an average of three million

SNPs, with 200 novel SNPs discovered each time

a new exome (coding region) is sequenced, the
rare SNPs outnumber many-fold those used for

GWAS. Many are now documented by the ‘1000

genomes project’; but on our exome sequencing
we have found about 5% of SNPs to be novel,

with almost 2% changing amino acid coding.

While the majority of these SNPs are probably of
no functional consequence, the dispute among

geneticists is what portion of common disease is

due to rare variants – defined as those present in
<1% of the population.2–4 In hypertension, the

question is whether each family with hyperten-

sion is a different phenocopy, with its own
private mutation; or hypertension is a 1000-piece

jigsaw, with each patient a different permutation

among the many million created by interactions
between alleles of individually low relative risk.

This question will be recognized as a 21st

century re-statement of the famous Pickering

versus Platt debate of the 1950s, with Platt regard-
ing hypertension as a distinct condition, and Pick-

ering as one extreme of a continuous distribution.5

If blood pressure is set by the number of low-risk
susceptibility variants (or absence of protection

variants), then there can be no qualitative distinc-

tion between hypertension and normotension. But
if hypertension is commonly due to high-risk rare

variants with each family having a genetically

private phenocopy, then the use of tens of thou-
sands of normotensive subjects for GWAS may

have contributed to this being even less useful

than in other complex disorders.
Until now, the view has been that – unless there

was some heterozygote advantage, such as protec-

tion against common infections – powerfully
deleterious mutations would be rapidly selected

against, so that high relative-risk variants are

likely to be rare and relatively new in the popu-
lation. Some support for this is offered by the

growing evidence that a higher proportion of

patients with clearly monogenic syndromes have
de novo mutations than might be expected from

their accumulation over generations. If this is

true, then a corollary will be that organ-specific
disease due to somatic mutations are stochasti-

cally even more likely than inherited cases,
because the number of cell divisions during orga-

nogenesis and subsequent repair, is much larger

than the number of germ cell divisions. A recent
exciting discovery in the field of hypertension

illustrates this point, and shows how a mutation

can have everything to do with hypertension
and nothing with normal blood pressure

variation.

KCNJ5 mutation in the
adrenal – dawn of a new era

The commonest identifiable cause of hyperten-

sion, present in >10% of all patients, is primary
hyperaldosteronism (PHA), with approximately

half the patients having the curable form,

namely a unilateral aldosterone-producing adeno-
mas (APAs) of the adrenal. Since the original

description of PHA, by Conn in 1956, the bio-

chemical basis – and hence tests for initial diagno-
sis – have been clear, namely an elevated

aldosterone secretion despite a suppressed

plasma renin. Usually PHA is sporadic, but rare
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germline syndromes are known. One is caused by
a chimaera between the neighbouring genes –

CYP11B1 and CYP11B2 – which respectively

encode the final enzymes in the cortisol and aldos-
terone synthetic pathways.6 In 2008, a newMende-

lian syndrome was reported causing hypertension

in which the children of one family had the bio-
chemical features of primary PHA, and bilaterally

large adrenal glands.7 Then in 2011, Choi et al.8

used exomic sequencing to find that two out of
four APAs of the adrenal had somatic mutations

of a K+ channel, KCNJ5, that sequencing of 16

further APAs revealed another six with KCNJ5
mutations, that these mutations removed the

selectivity of the channel for K+ – allowing

Na+ entry and hence cell depolarization – and,
finally, that the probands of the 2008 report had

a germline mutation of KCNJ5 which also

caused depolarization. Whether the depolariz-
ation causes increased aldosterone secretion, cell

division or both, was unclear. But despite the incli-

nations of the accompanying editorial in Science
to mute the excitement of these discoveries, by

suggesting that Choi’s APAs were atypically large

compared with those removed from most patients
with PHA, the implications are writ large.9

At one level, the interest from Choi’s discovery
is in the implications for diagnosis and manage-

ment of the most common curable cause of

hypertension. But the wider, more speculative
implications are for the overall contributions of

somatic and germline mutations to hypertension,

and to complex disorders in general. PHA is of
particular interest as a distinct cause of hyperten-

sion because in some patients it arises from an

anatomically distinct abnormality that can be
removed.10 And its classical (if frequently absent)

feature of hypokalaemia facilitates diagnosis in a

patient group having routine electrolyte tests.
But, as with the rare monogenic syndromes

causing hypertension, it is unlikely that the only

syndrome with common somatic mutations is
one whose phenotype trips off the autoanalyser.

To date the mutations have been reported only in

APAs – but only APAs have been studied as it is
rare to remove adrenals without them. Yet at

least half of PHA is due to bilateral disease, some-

times with radiologically visible nodules but often
not. From Choi’s initial report, it seemed that

KCNJ5 mutations would be associated with

either adenoma formation (the APAs) or gross

hyperplasia (the Mendelian syndrome). Sub-
sequently, however, it has been reported that

germline mutation can cause PHA without radi-

ologically abnormal adrenals.11 Our own exome
sequencing suggests that mutations in APA are

multiple, but does not resolve how many arise

before APA development. So now for the
moment we have a paradigm where a long recog-

nized subset of hypertension, PHA, may be due to

common, single mutations and more rarely to
germline mutation in the same gene: the pro-

portion that might be expected from the stochastic

argument above. The lack of a distinct anatomical
abnormality in some patients with germline

KCNJ5 mutation further suggests that somatic

mutations might be commoner than APA
frequency.

Clinical implications

Since the germline mutations are rare, and somatic

mutations cannot currently be diagnosed without

the surgical specimen – a bit late for influencing
the decision whether to operate! – their discovery

might at first sight seem of great academic but

little practical import. This would be wrong.
PHA is estimated to be present in at least 10% of

patients with hypertension, and up to 25% of

those with resistant hypertension – usually older
patients with blood pressure above target despite

treatment with three or more drugs.12,13 Since

apparent resistant hypertension can include
patients who simply do not adhere to therapy,

even 25% may be an underestimate. Although rig-

orous evaluations are lacking for postoperative
outcomes after adrenalectomy for PHA, it is prob-

ably less common for the older patients presenting

with resistant hypertension to be cured than the
younger patient diagnosed at an earlier stage in

their hypertension. Until now, there has been no

consideration of whether these two ends of the
spectrum might be different diseases, and of the

relevance this would have to diagnosis and

management.
Shortly before Choi’s report, we had performed

a microarray analysis comparing eight APAs with

the adjacent ‘normal’ adrenal. Because of the clini-
cal heterogeneity among PHA patients, we chose a

range of APAs to span this spectrum. It became

apparent, from unsupervised cluster analysis of
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the transcriptomes, that we had indeed selected
among our eight two outlying patients at opposite

ends of the transcriptional spectrum. Histological

review of all the APAs, and grading by their
expression of the steroidogenic enzyme

CYP17A1, showed that the two extreme APAs

appeared to arise, respectively, from the zona fas-
ciculata (ZF) and zona glomerulosa (ZG) of the

adrenal cortex. This was confirmed by reviewing

all 46 pairs of APA and adjacent adrenal which
we had collected and frozen immediately after

adrenalectomy. While many of the APAs had the

classical hybrid picture of mixed ZG- and
ZF-type cells, there were a few which had all or

none of each cell type (Figure 1). There was a

highly significant correlation between the
CYP17A1 expression and percentage of ZF cells,

estimated by an adrenal pathologist blind to the

biochemical data; CYP17A1 encodes the enzyme
which converts aldosterone precursors to cortisol

precursors, and is normally considered absent

from ZG.14

So Choi’s paper suggested two immediate

questions. Most pressing was whether the high

rate of mutation was reproducible in larger collec-
tions of APAs, of a size more typical of those diag-

nosed in everyday practice. But even more

interesting to us was whether the APAs with
mutations are different from those without – the

‘wild-type’ APAs. The answer is as clear a ‘yes’

as one could hope from a complex piece of
biology. First, we found that in our unselected

series of 46 APAs, the prevalence of KCNJ5

mutation was even higher than in Choi’s initial
series of 22, at 20/46 (43%), with a further novel

mutation – I157DEL – in addition to the two

somatic, L168R and G151R and germline
T158A.15,16 Secondly, when we examined the

demographics of the patients, and characteristics
of the APAs, it was apparent that the mutant and

wild-type phenotypes differ by age, gender, size,

biochemistry and histology, and appear to arise
respectively from ZF and ZG. Mutant APAs were

three times larger, with >3-fold higher concen-

tration of CYP17A1 (ZF-enzyme). And most strik-
ingly, the proportion of ZG-like cells in the

wild-type APAs was almost three times higher

than in the mutant. In order to replicate the clear
inference from this data that the mutant and wild-

type APAs are a different disorder, we genotyped

a further 27 APAs from collaborators in Australia.
As illustrated in Figure 2, there are two overlap-

ping patterns. The mutant APAs are larger, and

present mainly in younger women; the wild-type
APAs are smaller, and present mainly in older

men. We did not have expression data from the

Australian APAs, but their clinical work-up
showed that the wild-type and mutant APAs dif-

fered in their aldosterone response to change of

posture, interpreted as presence or absence,
respectively, of angiotensin responsiveness.17–19

This is a feature of ZG cells, so consistent with

our histological and biochemical findings in the

Figure 1

Comparison of zona glomerulosa-like (upper panel) and zona

fasciculata-like (lower panel) aldosterone-producing adenomas.

These were subsequently found to lack or possess, respectively, a

somatic mutation in KCNJ5. In 46 aldosterone-producing

adenomas, the 20 with mutations had 15% of compact, zona

glomerulosa -like, cells, compared with 40% of cells in the 26 APAs

with no mutation (P= 0.001)
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46 core Cambridge APAs. The ZF nature of some
APAs explains why hybrid steroids – those

needing the enzyme products of both the

CYP11B1 and CYP11B2 for synthesis – might be
a marker for APA rather than bilateral adrenal

hyperplasia, though we would predict only for

the KCNJ5-mutant APAs.20

The clinical importance of these genotype:phe-

notype findings is this. The younger patients with

classical 1–2 cm APAs, more often women than
men, have mainly mutant APAs, seemingly of

ZF origin. The older patients, who are most

likely to present with drug-resistant hypertension,
have mainly wild-type APA, <1 cm in diameter,

arising in ZG. The implication is that we either

overlook or ignore the wild-type APAs because
of their smaller size. Yet the smaller size, we can

now see, is not a reflection of lower potency or

importance of the tumour. The opposite is the
case, with the small size reflecting the smaller

size of ZG – relative to ZF – cells.

It is possible that there is genetic or ethnic vari-
ation in the effect of the somatic KCNJ5 mutations

since neither the American or European series
found the size difference in the Anglo-Australian

collaboration.8,21 While the possibility cannot yet

be excluded that the ZF-appearance of mutant
APAs is due to a phenotypic change in a ZG-cell,

it now seems more likely that the depolarization

by KCNJ5 mutation of ZF cells induces CYP11B2
expression. In support of this is the distribution

of the related channel KCNJ3. Both these genes

need to be co-expressed in order to induce a K+
current. Whereas immunohistochemistry shows

KCNJ5 to be predominantly ZG, with some ZF

staining, the reverse is true of KCNJ3. So the
mutations in KCNJ5 are more likely to depolarize

ZF- than ZG-cells.

How clinical practice should
change

So what is to be done? If 10–25% of resistant
hypertension is the consequence of curable APAs

being missed, we need to be more alert to the

small adenomas. Figure 3 illustrates one of our
patients whose PHA came to light because of

our practice of screening all patients with a

plasma renin, and recognition in particular that a
renin mass in single figures in younger patients

requires explanation – and, usually, an adrenal

scan. This patient was normokalaemic except
when challenged with a thiazide diuretic.22 The

scan needs to have thin, 1–2 mm cuts in order to

have a chance of detecting 5 mm microadenomas.
The next challenge is to show that aldosterone

secretion is lateralized to one adrenal. Adrenal

vein sampling (AVS) does not always succeed
even if both adrenal veins are cannulated – in

this patient, there was less than the diagnostic

four-fold difference in aldosterone/cortisol ratio
between sides on two occasions. So we treated

him medically for four years until we could use

our 11C-metomidate positron emission tomogra-
phy computed tomography (PET CT).23 This has

been validated as a non-invasive alternative to

AVS, of particular value when AVS is technically
unsuccessful. However, further research is evalu-

ating our preliminary evidence that it detects

small APAs which escape detection by AVS or
even show as a distinct adenoma on CT/magnetic

resonance imaging (MRI). This potential is exem-

plified by the patient in question, since only on

Figure 2

Genotype:phenotype relation of aldosterone-producing adenomas.

The tumours with KCNJ5 mutations were larger and clustered in

younger women; the wild-type tumours were smaller and clustered

in older men. Age (β=−0.32, P = 0.004) and genotype (β =−0.42,
P< 0.001) were independent predictors of size (data from Azizan

et al.15)
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the PET CT was it clear that there was a distinct
adenoma, and that it was functional and should

be removed.

Implications for hypertensive
patients without APAs

Not infrequently the main adenoma is associated

with microscopic nodules which may stain irregu-
larly but densely with a specific anti-CYP11B2

antiserum. Alternatively, the ZG may simply

show a several-fold increase from the 2–3 layers
of cells in a Na+-replete normal subject. Neither

of these changes will create an abnormal CT or

MRI scan – or PET CT with the current tracer,
but maybe by using one of the new selective aldos-

terone synthase inhibitors as tracer. Somatic

mutation – of KCNJ5, or other genes which

exomic sequencing should reveal – is unlikely to
be limited to macroadenomas. Micronodular

hyperplasia is often assumed to be bilateral,

although unilateral cases are described.24,25 But
on reflection, cases are as likely as not to be unilat-

eral if due to mutational events which occur after

the first adrenal stem cell has divided left and
right.

Whether it is attractive to contemplate a large

increase in adrenal surgery is a moot point. As a
physician and pharmacologist, my delight at

seeing cure is tempered by a preference for a

tablet to the scalpel. The current incentive to
seek cure is driven by the inadequacies of

chronic mineralocorticoid receptor blockade. Spir-

onolactone, even at low doses, causes insidious
onset of gynaecomastia in men; it is no longer

licensed in the UK for the treatment of hyperten-

sion, because of an excess of thyroid cancers in

Figure 3

11C-metomidate positron emission tomography computed tomography of wild-type male with microa-

denoma. The initial magnetic resonance imaging, showing a possible adenoma, and operative specimen

are shown below
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rodents; and the long-term consequences of
the large increases in renin and aldosterone are

unknown.26 The alternative, eplerenone, is rela-

tively ineffective in PHA.27 The combination of
eplerenone with amiloride is one option, which

seems to achieve good blood pressure control in

most patients, but has not been formerly tested.
A better option may be the advent of selective

aldosterone synthase inhibitors.28–30 And the dis-

covery of common somatic mutations in the
adrenal of patients with PHA may also encourage

development of entirely novel classes targeting the

mutated gene product. Persuading either Pharma
or doctors that another class of antihypertensive

drugs is required for hypertension may be an

uphill struggle. But this is largely because of the
mistaken perception, from apples and pears

meta-analyses, that all hypertension is much the

same – amurky mixture of minute and unfathom-
able causes, which responds equally well to any of

the numerous available treatments.31–33 How

different if hypertension is a mixture of distinct
molecular disorders. The challenge is to find the

5% of patients who would benefit from receiving

an aldosterone synthase inhibitor before they
have developed resistant hypertension and the

target organ damage that results from the hyper-
tension and, possibly, hyperaldosteronism.29,34

Whether the diagnostic fingerprint will be a circu-

lating piece of the genome, a urinary proteome, or
some other omic novelty, it will surely be econ-

omic to apply our exploding knowledge of the

adrenal to the prevention of heart disease and
stroke in patients whose blood pressure is any-

thing but normal.

Conclusions

The discovery of a somatic mutation in APAs has

within a year had ramifications for our treatment

and understanding of hypertension. The under-
diagnosis of the commonest curable cause of

hypertension can now be addressed and reversed.

Whether such patients are exceptions or a para-
digm remains unanswered. However we should

no longer assume that hypertension is a mere con-

tinuation of the normal blood pressure distri-
bution, or that most patients’ disease is too

complex for an understanding of pathogenesis to

influence treatment.

References

1 Ehret GB, Munroe PB, Rice KM, et al. Genetic variants in

novel pathways influence blood pressure and

cardiovascular disease risk. Nature 2011;478:103–9
2 Gibson G. Hints of hidden heritability in GWAS. Nat Genet

2010;42:558–60
3 Yang J, Benyamin B, McEvoy BP, et al. Common SNPs

explain a large proportion of the heritability for human
height. Nat Genet 2010;42:565–9

4 Park JH, Wacholder S, Gail MH, et al. Estimation of effect

size distribution from genome-wide association studies
and implications for future discoveries. Nat Genet

2010;42:570–5
5 Zanchetti A. Platt versus Pickering: an episode in recent

medical history. By J. D. Swales, editor. An essay review.
Med Hist 1986;30:94–6

6 Dluhy RG, Lifton RP. Glucocorticoid-remediable

aldosteronism. J Clin Endocrinol Metab 1999;84:4341–4
7 Geller DS, Zhang J, Wisgerhof MV, Shackleton C,

Kashgarian M, Lifton RP. A novel form of human
mendelian hypertension featuring

nonglucocorticoid-remediable aldosteronism. J Clin
Endocrinol Metab 2008;93:3117–23

8 Choi M, Scholl UI, Yue P, et al. K+ channel mutations in

adrenal aldosterone-producing adenomas and hereditary
hypertension. Science 2011;331:768–72

9 Funder JW. The genetics of primary aldosteronism. Science
2011;331:685–6

10 Brown MJ. Secondary hypertension. In: Warrell DA, Cox
TM, Firth JD, eds. Oxford Textbook of Medicine. 5th edn.

Oxford: Oxford University Press, 2010:3057–70

11 Mulatero P, Tauber P, Zennaro MC, et al. KCNJ5
mutations in European families with nonglucocorticoid

remediable familial hyperaldosteronism. Hypertension

2012;59:235–40

12 Rossi GP. A comprehensive review of the clinical
aspects of primary aldosteronism. Nat Rev Endocrinol

2011;7:485–95

13 Calhoun DA, Nishizaka MK, Zaman MA, Thakkar RB,
Weissmann P. Hyperaldosteronism among black and white

subjects with resistant hypertension. Hypertension

2002;40:892–6

14 Nishimoto K, Nakagawa K, Li D, et al. Adrenocortical
zonation in humans under normal and pathological

conditions. J Clin Endocrinol Metab 2010;95:2296–305

15 Azizan EA, Lam B, Hoffman G, Kuc RE, Newhouse S,
Brown MJ. Half of an unselected series of

aldosterone-producing adenomas have somatic mutation
of the KCNJ5 channel and a zona fasciculata profile. J Hum

Hypertens 2011;25:627
16 Azizan EA, Murthy M, Stowasser M, et al. Somatic

mutations affecting the selectivity filter of KCNJ5 are
frequent in 2 large unselected collections of adrenal

aldosteronomas. Hypertension 2012;59:587–91

17 Tunny TJ, Gordon RD, Klemm SA, Cohn D. Histological
and biochemical distinctiveness of atypical

aldosterone-producing adenomas responsive to upright
posture and angiotensin. Clin Endocrinol (Oxf)

1991;34:363–9
18 Hamlet SM, Gordon RD, Gomez-Sanchez CE, Tunny TJ,

Klemm SA. Adrenal transitional zone steroids, 18-oxo and

18-hydroxycortisol, useful in the diagnosis of primary
aldosteronism, are ACTH-dependent. Clin Exp Pharmacol

Physiol 1988;15:317–22

J R Soc Med Cardiovasc Dis 2012;1:17. DOI 10.1258/cvd.2012.012020

Platt versus Pickering

7



19 Gordon RD, Gomez-Sanchez CE, Hamlet SM, Tunny TJ,
Klemm SA. Angiotensin-responsive

aldosterone-producing adenoma masquerades as

idiopathic hyperaldosteronism (IHA: adrenal hyperplasia)
or low-renin essential hypertension. J Hypertens Suppl

1987;5:S103–6
20 Mulatero P, Morra di Cella S, et al.

18-hydroxycorticosterone, 18-hydroxycortisol, and
18-oxocortisol in the diagnosis of primary aldosteronism

and its subtypes. J Clin Endocrinol Metab 2012;97:881–9

21 Boulkroun S, Beuschlein F, Rossi GP, et al. Prevalence,
clinical, and molecular correlates of KCNJ5 mutations in

primary aldosteronism. Hypertension 2012;59:592–8
22 Burton TJ, Salsbury J, Hood S, BrownMJ. Conns’ syndrome

unmasked by thiazide-induced hypokalaemia. Br J Hosp

Med (Lond) 2011;72:530–1

23 Burton TJ, Mackenzie IS, Balan K, et al. Evaluation of the

sensitivity and specificity of 11C-metomidate positron
emission tomography (PET)-CT for lateralizing aldosterone

secretion by Conn’s adenomas. J Clin Endocrinol Metab

2012;97:100–9

24 Myint KS, Watts M, Appleton DS, et al. Primary
hyperaldosteronism due to adrenal microadenoma: a

curable cause of refractory hypertension. J Renin

Angiotensin Aldosterone Syst 2008;9:103–6
25 Mansoor GA, Malchoff CD, Arici MH, Karimeddini MK,

Whalen GF. Unilateral adrenal hyperplasia causing
primary aldosteronism: limitations of I-131 norcholesterol

scanning. Am J Hypertens 2002;15:459–64
26 Spironolactone. International Agency for Research on

Cancer (IARC) Monograph 2001;79:317–38

27 Parthasarathy HK, Menard J, White WB, et al.
A doubleblind, randomized study comparing the

antihypertensive effect of eplerenone and

spironolactone in patients with hypertension and
evidence of primary aldosteronism. J Hypertens

2011;29:980–90
28 Mulder P, Mellin V, Favre J, et al. Aldosterone synthase

inhibition improves cardiovascular function and structure
in rats with heart failure: a comparison with

spironolactone. Eur Heart J 2008;29:2171–9

29 Fiebeler A, Nussberger J, Shagdarsuren E, et al.
Aldosterone synthase inhibitor ameliorates

angiotensin II induced organ damage. Circulation
2005;111:3087–94

30 Calhoun DA, White WB, Krum H, et al. Effects of a novel
aldosterone synthase inhibitor for treatment of primary

hypertension: results of a randomized, double-blind,

placebo- and active-controlled phase 2 trial. Circulation
2012;124:1945–55

31 Wald DS, Law M, Morris JK, Bestwick JP, Wald NJ.
Combination therapy versus monotherapy in reducing

blood pressure: meta-analysis on 11,000 participants from
42 trials. Am J Med 2009;122:290–300

32 Brown MJ, Cruickshank JK, Macdonald TM. Navigating

the shoals in hypertension: discovery and guidance. BMJ

2012;344:d8218

33 Sofat R, Casas JP, Grosso AM, et al. Could NICE guidance
on the choice of blood pressure lowering drugs be

simplified? BMJ 2012;344:d8078
34 Armstrong PW. Aldosterone antagonists: last man

standing? N Engl J Med 2011;364:79–80

# 2012 Royal Society of Medicine Press Ltd
This is an open-access article distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by-nc/2.0/), which permits non-commercial use, distribution and reproduction in
any medium, provided the original work is properly cited.

J R Soc Med Cardiovasc Dis 2012;1:17. DOI 10.1258/cvd.2012.012020

Journal of the Royal Society of Medicine Cardiovascular Disease

8

http://creativecommons.org/licenses/by-nc/2.0/
http://creativecommons.org/licenses/by-nc/2.0/

