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ineralocorticoid
ypertension and Hypokalemia

eenoo Khosla and Donn Hogan

Mineralocorticoid hypertension is hypertension associated with the presence of hypoka-
lemia, metabolic alkalosis, and suppression of plasma renin. Mineralocorticoid hyperten-
sion represents only 10% of patients with essential hypertension. However, its recognition
is important because it is a potentially reversible cause of hypertension. Primary hyperal-
dosteronism is the most common form of mineralocorticoid hypertension. It is current
clinical practice to use the plasma aldosterone-renin ratio and the absolute plasma aldo-
sterone level as screening tests. Confirmatory suppression tests and adrenal imaging are
performed in appropriate patients. Three monogenic forms of mineralocorticoid hyperten-
sion have been identified including Liddle’s syndrome, glucocorticoid-remediable hyper-
tension, and apparent mineralocorticoid excess. In a number of patients with mineralocor-
ticoid hypertension, hypokalemia can be a variable finding. This review highlights
mineralocorticoid biology and important features of primary hyperaldosteronism and mo-
nogenic hypertension.
Semin Nephrol 26:434-440 © 2006 Elsevier Inc. All rights reserved.
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ineralocorticoid hypertension is a potentially revers-
ible cause of hypertension that is characterized by

he triad of hypertension, metabolic alkalosis, and hypo-
alemia. It refers to hypertension that is caused by in-
reased retention of sodium by the nephron, expansion of
he extracellular fluid compartment, and suppression of
lasma renin. Of note, edema is not often present because
f the sodium-escape phenomenon and normokalemia
ay be present in some forms of mineralocorticoid hyper-

ension.1 The potential causes of mineralocorticoid hyper-
ension are presented in Table 1.

The true incidence of mineralocorticoid hypertension in
n unselected community-based population is unclear and
creening remains a widely debated topic. Certainly it is
lear that all hypertensive patients should have their elec-
rolyte levels checked and further testing should be per-
ormed if unprovoked hypokalemia is present. Screening
f patients with difficult-to-control hypertension, rapid
nset of disease, and possibly a strong family history of
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arly onset hypertension and cerebrovascular disease is
dvisable.

This review discusses the biology of aldosterone fol-
owed by a discussion of primary hyperaldosteronism, the

ost common form of mineralocorticoid hypertension. It
lso discusses 2 monogenic forms of this class of hyper-
ension: glucocorticoid-remediable hyperaldosteronism
GRA) and apparent mineralocorticoid excess (AME). Ad-
itional differential diagnoses also are highlighted, includ-

ng abnormalities seen in essential hypertension that have
een discovered from our understanding of monogenic
orms of hypertension.

ineralocorticoid
ecretion and Hormone Action

n understanding of mineralocorticoid hypertension re-
uires an understanding of aldosterone biosynthesis, regula-
ion, and action. The major adrenal hormones are synthe-
ized in different compartments of the adrenal cortex:
ldosterone in the zona glomerulosa and glucocorticoids in
he zona fasiciculata. Angiotensin II and increased potassium
evels primarily regulate aldosterone secretion. Its synthesis
equires 11-� hydroxylation followed by zona glomerulosa–
pecific 18 hydroxylation and 18 oxidation of deoxycortico-

terone.2-5 These latter 2 reactions are mediated by a single,
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Hypertension and Hypokalemia 435
ultifunctional, cytochrome P450 enzyme called aldosterone
ynthase, the activity of which normally is suppressed in the
ona fasciculata.6 The absence of aldosterone synthase in the
ona fasciculata prevents aldosterone secretion from being
egulated by ACTH.

Aldosterone interacts with the mineralocorticoid receptor
MR) to increase sodium transport across epithelial cells of
he distal nephron, colon, and salivary gland. The principal
ell, located in the cortical collecting tubule, is a key site of
otassium regulation and aldosterone activity. The aldoste-
one-MR complex interacts with the cell nucleus to increase
ynthesis of aldosterone-induced proteins, and these aldoste-
one-induced proteins work to open silent luminal Na�
hannels and insert new Na� channels into the lumen.7-10

ldosterone also increases the activity and recruitment of
asolateral Na�/-K�- adenosine triphosphatase pumps in
he principal cell. The resultant increase in Na� reabsorption
romotes K� secretion via channels in the apical membrane.
ldosterone also stimulates H� secretion via Na� transport

hrough its interaction with MRs in the intercalated cells of
he kidney cortex.11

Of importance, cortisol has a high affinity for the MR.
owever, target tissues possess enzymes such as 11-�-hy-
roxysteroid dehydrogenase that converts cortisol to corti-
one and other inactive metabolites and, as a result, only
ldosterone can activate the MR under normal condi-
ions.12,13

rimary Hyperaldosteronism
rimary hyperaldosteronism (PA) is the most common form
f mineralocorticoid hypertension and remains a challenging
iagnosis for most clinicians. The prevalence has varied from
arlier estimates of 0.5% to 2.0% to rates of 10% of hyper-
ensive patients with more widespread screening.14,15 The
revalence varies by the patient population and the referral

able 1 Differential Diagnosis of Mineralocorticoid Hyperten-
ion

iagnosis based on responsible mineralocorticoid
Aldosterone

Adrenal adenoma
Bilateral adrenal hyperplasia
Adrenal carcinoma
GRA

Cortisol via 11 �-hydroxysteroid dehydrogenase
deficiency/inhibition

AME
Licorice and carbenoxolone ingestion
Ectopic ACTH syndrome
?? Essential hypertension variant
?? Pre-eclampsia

Deoxycorticosterone
Congenital adrenal hyperplasia (11-� hydroxylase

deficiency and 17-� hydroxylase deficiency)
Glucocorticoid receptor mutations
Metyrapone, mifrestone ingestion
enter. There are 2 main causes of PA. First, adrenal adeno- b
as present in the adrenal cortex can present with autonomous
ecretion of aldosterone. The secretion can be in response to
ither angiotensin II or corticotrophin (ACTH). Bilateral adrenal
yperplasia is the second cause in which aldosterone secretion is
xaggerated to the response of angiotensin II.

creening
creening is a challenging topic. It generally is advocated that
atients with unexplained persistent hypokalemia or with
iuretic-induced hypokalemia deserve investigation. An im-
ortant point, however, is that not all patients with PA
resent with hypokalemia and some reports claim that
nly 30% of patients with PA present with hypokalemia.15

dditional clues may prompt screening in these patients. For
xample, patients with difficult-to-control hypertension re-
uiring 3 or more medications should be screened. Certainly,
atients identified with an incidental adrenal mass should be
valuated. Mosso L, et al16 advocated screening of all patients
ith stage 2 and 3 essential hypertension, arguing that the
revalence of PA increases with the severity of hypertension.
he prevalence of PA in patients with stage 2 and 3 has been
eported to be as high as 8% and 13%, respectively.16 This
creening strategy has been challenged secondary to the in-
reased cost of testing and the increased possibility of false-
ositive results. This reality must be balanced, however, with

dentifying patients with a potentially curable form of hyper-
ension or at least, in most patients, partial amelioration of
ypertension.
Despite a number of different mechanisms of screening

ncluding salt suppression and fludrocortisone-suppression
ests, these tests are technically difficult to execute in the
utpatient setting. This difficulty often deters clinicians from
mbarking on a search for PA in patients with low to inter-
ediate risk factors. As a result, the aldosterone renin ratio

ARR) has become the most widespread method of screening.
Japanese investigators first proposed the use of these mea-

urements as a screening test for primary aldosteronism in
981.17 Subsequent to the initial report on the use of an ARR
s a screening test for primary aldosteronism, other investi-
ators have followed up with additional reports.18-31 How-
ver, data on the sensitivity and specificity of the ARR as a
creening test for primary aldosteronism have been com-
licated by disagreement between investigators on the
onditions for screening, how to perform the test, which
edications influence the results, and the definition of an
RR cut-off value.
A pooled analysis of available data is contained in the ar-

icle by Montori and Young,32 which showed the difficulty in
ssessing the use of ARR. These investigators conducted a
ystematic review of the literature (from 1966 to 2001) to
stablish useful test characteristics (sensitivity, specificity,
nd likelihood ratios at different cut-off values). Only pro-
pective studies were included in the analysis and a total of 16
tudies totaling 3,136 participants were evaluated. The inves-
igators discovered that none of the studies evaluated both
he ARR and a reference standard independently (ie, a

linded comparison). In addition, only 2 studies evaluated
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436 N. Khosla and D. Hogan
atients who did not have a positive ratio, thus precluding an
stimate of false negatives. They also reported that only
6.7% of the subjects had both a ratio and a confirmatory test
erformed. Applying the most rigorous of scientific stan-
ards, the investigators concluded that there are no pub-

ished “valid estimates of the test characteristics of the ARR
hen used as a screening test for primary aldosteronism.”32

In addition to the use of a ratio to screen for primary
ldosteronism, several investigators have recommended the
se of a ratio in combination with an absolute level of aldo-
terone as a screening test for primary hyperaldosteronism.
ecause the ratio is so dependent on the plasma renin activity

evel, it is important to view the ratio in light of the absolute
A level. Weinberger and Fineberg33 studied 434 normoten-
ive and 263 hypertensive subjects as well as 62 primary
ldosterone patients (48 with known unilateral adrenal ade-
oma and 14 with known bilateral adrenal hyperplasia).
hey reported that the ARR provided complete separation
etween the patients with primary aldosteronism and the
ombined hypertensive and normotensive populations. In
ddition, they reported that the use of an ARR greater than 30
lus an absolute aldosterone level greater than 20 succeeded

n differentiating the 2 subtypes with a sensitivity of 90%, a
pecificity of 91%, a positive predictive value of 69%, and a
egative predictive value of 98%. Of note, all hypertensive
ubjects were withdrawn from antihypertensive therapy for
t least 2 weeks before the study. Other investigators have
ecommended the use of an ARR � 20 and an aldosterone
evel � 15, but do not report on the sensitivities or specific-
ties of these cut-off values.34

esting Conditions
ne of the major reasons believed to account for the wide

ariability of the cut-off values reported is the different con-
itions under which these tests were performed. Although
ost investigators recommend that simultaneous plasma re-
in and aldosterone levels be drawn at 8:00 AM, it is only
ecently that data were reported assessing the test perfor-
ance under different conditions. In 2005, Tiu et al35 con-

ucted a retrospective review of 45 subjects with validated
iagnoses of primary aldosteronism and 17 subjects with
ssential hypertension. A total of 62 subjects with 75 sets of
lasma renin, aldosterone, and ARR values from a postural
tudy, and 48 sets of values from a saline suppression test
ere analyzed. These investigators reported that ARR cut-off

evels were significantly affected by the conditions of the test,
nd depending on when the levels were drawn, the optimal
ut-off level varied from between 13.1 and 35.0 ng/dL per
g/mL. When an ARR cut-off level of 35 at 9 AM (recumbent)
as compared with a cut-off value of 13.1 at 1 PM (ambula-

ory), they found a sensitivity of 95.5% and a specificity of
00% (9:00 AM), as compared with a sensitivity of 96.5% and
specificity of 94.1% (13:00 PM). Of note, they found both a

ensitivity and a specificity of 100% using an ARR cut-off
alue of 18.5 performed postsaline infusion.

Although it generally is believed that the only 2 medica-

ions that will directly influence the ARR are spironolactone a
nd eplerenone, the evidence documenting the concurrent
se of other antihypertensive agents remains scant. In regards
o angiotensin-converting enzyme inhibitors, it generally is
elieved that that these agents increase the plasma renin ac-
ivity (PRA) and reduce the PA, therefore decreasing the ratio.
positive screen in this setting therefore is regarded as strong

vidence of primary aldosteronism and some investigators
ecommend their use during the test.36 Calcium channel
lockers also have been documented to increase the PRA and
ecrease the PA, affecting the accuracy of the ARR.37 The use
f antisympathetic agents and �-blockers are believed to sup-
ress renin and yield a falsely high ARR. Overall, most inves-
igators recommend withholding antihypertensive therapy to
he degree that it is possible for several weeks before the test.
-blockers impact the ratio minimally and are acceptable
gents to use in the diagnostic period.

Although there are no good data defining the optimal con-
itions and cut-off values of the ARR as a screen for primary
ldosteronism, it remains the first step in evaluating patients
ith hypertension and hypokalemia under the appropriate

linical circumstances. According to current data, the com-
ination of an ARR of 30 or more and an absolute aldosterone

evel of 20 or greater drawn simultaneously at 8 AM in the setting
f no antihypertensive medications and normokalemia in the
ppropriate patient constitute a positive screen for primary al-
osteronism.

onfirmatory Tests
nce an abnormal ARR is seen then the more cumbersome

onfirmatory tests should be performed. This includes show-
ng a lack of aldosterone suppression with either intravenous
r oral saline loading. If aldosterone suppression to salt load-
ng cannot be shown then a diagnosis of PA is highly likely.
n alternative, more reliable test is the fludrocortisone-sup-
ression test. With this test plasma aldosterone levels are
easured in the upright position at 10 AM after 4 days of 0.1
g every 6 hours of fludrocortisone acetate. A concomitant
igh-salt diet of 3 mmol/kg/d is required. The test is positive if
ldosterone levels are higher than 5 ng/dL and PRA levels are
ess than 1.0 ng/mL/h.15 Serum potassium levels also must be
eplete for these confirmatory tests to be accurate.

If biochemical confirmation is documented, high-resolu-
ion adrenal computed tomography and/or magnetic reso-
ance imaging should be performed. Adrenal computed to-
ography may be more sensitive in detecting smaller

denomas than magnetic resonance imaging.38-40 Overall, the
ensitivity of adrenal imaging is imperfect. Some investiga-
ors recommend proceeding to selective adrenal venous sam-
ling in patients with a high index of suspicion. Adrenal
enous sampling is the gold standard for diagnosis but is both
echnically challenging and operator dependent. This test is
lso wrought with difficulties. There are no standardized cut-
ff values that determine the success of identifying lateraliza-
ion of aldosterone production. Also, testing requires cathe-
erization of the very small adrenal veins without inadvertent
ilution of the adrenal hormone levels at the level of the

orta. Often patients may require multiple attempts to secure
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ccurate samples. Potentially, ACTH infusion may increase
he accuracy of the test.41 Unilateral disease has been found to
e associated with a marked (usually �4-fold) increase in
lasma aldosterone on the side of the tumor, whereas there is

ittle difference between the 2 sides in patients with bilateral
yperplasia. The simultaneous measurement of cortisol con-
entrations aid in confirming the adrenal vein has been can-
ulated adequately. The cortisol level in the adrenals should
e 2 times or more than that of the peripheral values.36 Table
summarizes biochemical screening and confirmatory strat-

gies for patients with suspected PA.
Ideally, the primary goal of identifying PA caused from an

denoma is to surgically excise an aldosterone-producing ad-
noma and effectively cure a patient of hypertension. Unfor-
unately, this is not always the case because hypertension
ften persists, although at improved levels, after adrenalec-
omy. The long-term surgical cure rate of patients with pri-
ary aldosteronism varies widely, and causes of persistent
ypertension are not completely established. Rates of surgical
ure vary from as low as 33% to as high as 73%. Several
eports have indicated that cure is more likely to be achieved
n younger patients with a shorter duration of hypertension,
ith a family history of hypertension in no more than 1
rst-degree relative, and preoperative use of 2 or fewer anti-
ypertensive agents.42,43 The current optimal surgical ap-
roach is laparoscopic adrenalectomy. Although published data
re limited, some centers have advocated percutaneous ablative
herapy, including percutaneous acetic acid injection and radio-
requency ablation for unilateral adrenal adenomas.44 Subtotal
drenalectomy generally has been disappointing in bilateral
drenal hyperplasia because only a minority of patients have
clinically significant hypotensive response.45

edical Management
edical treatment of PA includes the blockade of aldosterone

t the MR via spirinolactone or eplerenone. It is the preferred
pproach for the treatment of PA from bilateral adrenal hy-
erplasia. Spirinolactone is more cost effective but has many

able 2 Diagnostic Testing for Primary Hyperaldosteronism

Test

creening
Plasma renin activity

(ng/mL/h)
Optimal testin

antihyperten
interfering w
axis and nor

Plasma aldosterone (ng/dL)
ARR
onfirmatory
Intravenous salt loading Administration

saline over 4
Oral salt loading 1 g sodium ch

3 times daily
supplementa

Fludrocortisone-suppression
test

Fludrocortison
6 hours) wit
potassium s
nwanted antiandrogen and progesterone side effects. There t
re little data on the more selective MR antagonist,
plerenone, in the treatment of PA, and its use in PA has been
xtrapolated from experience with spirinolactone and its use
n the treatment of essential hypertension. Hyperkalemia is
n adverse event that must be monitored in patients on these
gents, especially if patients are on other hyperkalemia-inducing
edications and have chronic kidney disease.
There are a paucity of prospective studies comparing sur-

ical versus medical treatment of adrenal adenomas. Some
tudies have failed to show an adverse cardiovascular event
ssociated with MR antagonism instead of the surgical ap-
roach.46 Others studies have shown a lack of improvement

n left ventricular hypertrophy.47 These latter data are consis-
ent with recent literature that aldosterone excess is associ-
ted with vascular disease and inflammation as well as car-
iac fibrosis.14 Clinicians should proceed with surgical
xcision of functioning adenomas if medically feasible and
edically treat patients with high surgical risk or bilateral

drenal hyperplasia.

RA
RA was first described in 1966 and is an autosomal-
ominant form of low renin hypertension in which aldo-
terone excess is present under the influence of ACTH
ather than angiotensin II.48 The molecular basis for this
isorder was described by Lifton et al49 after their cloning
f 11-� hydroxylase, which catalyzes the last step of cor-
isol synthesis and aldosterone synthase needed for the final
tep of aldosterone synthesis. Two genes that reside in tan-
em on chromosome 8, CYP11B1 and CYP11B2, encode
hese enzymes. The 2 genes are 95% homologous but differ
n 5 prime sequences, allowing for the functional zonation
een in the adrenal cortex. Specifically, cortisol secretion is
egulated by ACTH and aldosterone secretion is mediated
rimarily by angiotensin II and hyperkalemia. GRA results
rom a chimeric gene that is formed from an unequal cross-
ver of sequences at meiosis.49,50 This hybrid possesses both

egy
Result Consistent

With PA

n off
edications
in- angiotensin

emic

<1.0

<20
>30

of isotonic
s

Plasma aldosterone
>10 ng/dL

tablets taken
potassium
or 3 days

24-hour urine aldosterone
excretion >14 g/24 h

ate (0.1 mg every
-salt diet and
entation

Plasma aldosterone
<5 ng/dL and plasma
renin <1.0 ng/mL/h
Strat

g whe
sive m
ith ren
mokal

of 2 L
hour

loride
and

tion f
e acet
h high
he promoter gene of the 11-� hydroxylase enzyme and the
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438 N. Khosla and D. Hogan
oding region of the aldosterone synthase gene. The result is
hat the aldosterone synthase gene and in turn aldosterone
ecretion is under the control of ACTH.

This disorder presents with early onset hypertension that
an be moderate to severe at presentation. The genotype and
henotype, however, can vary between and within families.
indreds have been described with normotension. Explana-

ions of the variation in blood pressure include self-selected
ietary salt restriction, concomitant inheritance of blood
ressure–lowering genes, and decreased penetrance of the
ene.51 Dluhy et al52 reported kindreds who had normal
lood pressure and increased urinary levels of the vasodilator
alekrein, which serves to protect against hypertension.52 To
ate, a perfect unchallenged mechanism to explain pheno-
ypic variations in blood pressure does not exist.

Another expected presentation in patients with GRA is
ypokalemia, although normokalemia seems to be the typi-
al presentation unless patients are placed on potassium-
paring diuretics. The reason is unclear but may be related to
he influence of aldosterone on the circadian rhythms of
CTH release. A blunted aldosterone response to dietary po-

assium in GRA subjects also may explain the minimized
otassium losses.52

An important clinical feature associated with GRA is early
nset hemorrhagic stroke and ruptured aneurysms, with an
ssociated high mortality rate of 60%. As a result, screening
as been recommended every 5 years after puberty with a
agnetic resonance imaging angiography.53

Diagnosis requires a high index of suspicion because the
resence of normal blood pressure and potassium can be
eceptive. Early onset of disease, a family history of early
nset hypertension and cerebral hemorrhage, refractory hy-
ertension, and hypokalemia with potassium-wasting di-
retics may prompt investigation. Plasma renin levels are usu-
lly less than 0.278 ng/L/s. Aldosterone and ARRs also will be
igh, but are not specific. A confirmatory diagnosis can be made
ith either a dexamethasone-suppression test, measurement of
rinary 18/hydroxy/oxy steroids, or direct genetic test-

ng.14,52 The suppression test is useful in showing the depen-
ence of aldosterone on ACTH and requires 0.5 mg of dexa-
ethasone every 6 hours for 2 days to suppress ACTH. Serum

ldosterone levels should be suppressed to undetectable lev-
ls (�4 ng/dL). Increased urinary levels of 18/hydroxy/oxy
teroids (2 times the upper limit of normal) reflect the in-
reased activity of aldosterone synthase in the zona fascicu-
ata. These tests, although highly suggestive, need confirma-
ion with genetic testing by Southern blot. This test is
vailable through the International Registry of GRA at www.
righamandwomens.org/gra.
Treatment of this disorder manipulates the dependence of

ldosterone secretion on ACTH. Low doses of glucocorti-
oids effectively suppress ACTH release via feedback sup-
ression. The typical dose for adults ranges from 0.125 to
.25 mg dexamethasone or 2.5 mg to 5 mg of prednisone.
areful monitoring for signs and symptoms of oversuppres-

ion must be monitored. Normotension is the primary goal of
reatment rather than normalization of biochemical parame-

ers because this may induce unwanted cushingoid features. m
ineralocorticoid receptor antagonists such as spironolactone
nd eplerenone have been used successfully, as have sodium
pithelial channel antagonists, such as amiloride.

ME
ME is an autosomal-recessive disorder that is marked by

uvenile hypertension, hypokalemic alkalosis, hyporenine-
ia, and hypoaldosteronism. The pathophysiology is caused

y lack of activity in the 11-� hydroxysteroid dehydrogenase
ype 2 enzyme (11�HSD2). This enzyme catalyzes the con-
ersion of cortisol to cortisone, rendering it unavailable to the
R.54 The ensuing inappropriate binding of cortisol to the
R results in sodium retention and volume expansion with

ubsequent suppression of aldosterone and renin. The hall-
ark of AME is an apparent high mineralocorticoid state

econdary to cortisol binding to the MR in the absence of
ldosterone.55 Worldwide, fewer than 100 cases have been
dentified and it is most common in consanguineous families.
he affected gene is located on chromosome 16q22 and more

han 33 different mutations have been defined. Presentation
f AME includes childhood low birth weight, short stature,
ypokalemia, and hypertension. Some patients suffer from
omplications related to hypokalemia including rhabdomy-
lysis and nephrogenic diabetes insipidus. Renal cysts, hy-
ercalciuria, nephrocalcinosis, and renal insufficiency also
ave been reported. End-organ damage related to hyperten-
ion is invariably seen in patients with AME, including hy-
ertensive retinopathy and left ventricular hypertrophy.54-57

iagnosis is made in several ways. The plasma renin and
ldosterone levels must be low and exclusion of 11-� hy-
roxylase and 17-� hydroxylase deficiencies and a deoxycor-
icosterone-producing tumor must be performed. Urinary
tudies can be performed and these may reflect high levels of
ortisol metabolites, 5 �-tetrahydrocortisol (THF) and 5
-THF, although tetrahydrocortisone (THE) levels may be

ow. The THF � 5 � THF/THE ratio in AME range from 6 to
reater than 70, as compared with a ratio of 1 in normal
ersons. A high urinary free cortisol to urinary free cortisone
atio will be diagnostic. DNA analysis is required to confirm the
iagnosis.54-57

Treatment involves blockade of the MR with high doses of
pirinolactone or eperlenone and potassium repletion. Sup-
ression of cortisol with dexamethasone (which has little
ffinity for the MR) has had variable success. Thiazide diuret-
cs can be used to treat hypercalcuria and in some cases can
everse nephrocalcinosis. Removal of the adrenal glands has
estored blood pressure in only 60% of affected patients.55

ne case report documented cure of AME with kidney trans-
lantation, which restores 11-�HSD2 activity.59

An acquired form of AME can be seen with licorice inges-
ion. Licorice is present as a sweetener in chewing gum and
obacco. It is also a confectionary sweet in Europe and is
resent in some herbal teas. A mild form of AME is induced
y licorice because glycyrrhizic acid and its hydrolytic prod-
ct, glycyrrhetinic acid, are potent competitive inhibitors of
1-� hydroxysteroid dehydrogenase. Licorice given to nor-

al volunteers results in an increase in the THF � 5 � THF/
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HE ratio, an increase in plasma cortisol half-life, and a de-
rease in cortisone values. Such changes also were
ocumented in patients who ingested licorice and presented
ith a mineralocorticoid excess�like state. Patients can
resent with hypertension and hypokalemic myopathy and
ardiac arrhythmias after licorice ingestion.55,60,61

Cushing’s syndrome also can present with signs and symp-
oms of mineralocorticoid excess, particularly in the sub-
roup caused by ectopic ACTH production. Ectopic ACTH
yndrome is associated with marked hypersecretion of corti-
ol and incomplete metabolism of cortisol as a result of an
verload in the metabolizing enzyme.62

AME is a rare disorder that many clinicians likely will not
ncounter. However, mild impairments in 11-�HSD2 activ-
ty have been identified in some patients with essential hy-
ertension.58 The exact mechanism and role of this impair-
ent is unclear and data have been varied. Heterozygote
utations of the gene have been described in hypertensive
atients who did not display classic features of AME and
imilar mutations also have been seen in patients with low
enin hypertension. Decreased activity of the enzyme, as
hown by high urinary cortisol to urinary cortisone ratios,
as been seen in patients with essential hypertension without
vidence of gene mutations. Recent studies also have shown
ene polymorphisms of the enzyme affecting sodium han-
ling, salt sensitivity, and responsiveness to diuretics in pa-
ients with essential hypertension. The precise role of this
ene in essential hypertension remains to be explored.63,64

onclusions
potentially treatable cause of secondary hypertension is
ineralocorticoid hypertension. Often these forms of hy-
ertension are clinically apparent by the presence of hy-
okalemia and metabolic alkalosis. However, in many
ases low potassium may not be present. Other clues to a
ineralocorticoid hypertension must be identified. These

nclude difficult-to-control hypertension, an incidental
drenal adenoma, and in monogenic forms a strong family
istory of early onset hypertension. Treatment is directed
oward decreasing the level of the responsible mineralo-
orticoid or blockade of the MR.
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