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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.
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Mineralocorticoid hypertension is a potentially revers-
ible cause of hypertension that is characterized by
the triad of hypertension, metabolic alkalosis, and hypo-
kalemia. Tt refers to hypertension that is caused by in-
creased retention of sodium by the nephron, expansion of
the extracellular fluid compartment, and suppression of
plasma renin. Of note, edema is not often present because
of the sodium-escape phenomenon and normokalemia
may be present in some forms of mineralocorticoid hyper-
tension.! The potential causes of mineralocorticoid hyper-
tension are presented in Table 1.

The true incidence of mineralocorticoid hypertension in
an unselected community-based population is unclear and
screening remains a widely debated topic. Certainly it is
clear that all hypertensive patients should have their elec-
trolyte levels checked and further testing should be per-
formed if unprovoked hypokalemia is present. Screening
of patients with difficult-to-control hypertension, rapid
onset of disease, and possibly a strong family history of
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early onset hypertension and cerebrovascular disease is
advisable.

This review discusses the biology of aldosterone fol-
lowed by a discussion of primary hyperaldosteronism, the
most common form of mineralocorticoid hypertension. It
also discusses 2 monogenic forms of this class of hyper-
tension: glucocorticoid-remediable hyperaldosteronism
(GRA) and apparent mineralocorticoid excess (AME). Ad-
ditional differential diagnoses also are highlighted, includ-
ing abnormalities seen in essential hypertension that have
been discovered from our understanding of monogenic
forms of hypertension.

Mineralocorticoid
Secretion and Hormone Action

An understanding of mineralocorticoid hypertension re-
quires an understanding of aldosterone biosynthesis, regula-
tion, and action. The major adrenal hormones are synthe-
sized in different compartments of the adrenal cortex:
aldosterone in the zona glomerulosa and glucocorticoids in
the zona fasiciculata. Angiotensin II and increased potassium
levels primarily regulate aldosterone secretion. Its synthesis
requires 11-B8 hydroxylation followed by zona glomerulosa—
specific 18 hydroxylation and 18 oxidation of deoxycortico-
sterone.?” These latter 2 reactions are mediated by a single,
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Table 1 Differential Diagnosis of Mineralocorticoid Hyperten-
sion

Diagnosis based on responsible mineralocorticoid
Aldosterone
Adrenal adenoma
Bilateral adrenal hyperplasia
Adrenal carcinoma
GRA
Cortisol via 11 pB-hydroxysteroid dehydrogenase
deficiency/inhibition
AME
Licorice and carbenoxolone ingestion
Ectopic ACTH syndrome
?? Essential hypertension variant
?? Pre-eclampsia
Deoxycorticosterone
Congenital adrenal hyperplasia (11-B hydroxylase
deficiency and 17-a hydroxylase deficiency)
Glucocorticoid receptor mutations
Metyrapone, mifrestone ingestion

multifunctional, cytochrome P450 enzyme called aldosterone
synthase, the activity of which normally is suppressed in the
zona fasciculata.® The absence of aldosterone synthase in the
zona fasciculata prevents aldosterone secretion from being
regulated by ACTH.

Aldosterone interacts with the mineralocorticoid receptor
(MR) to increase sodium transport across epithelial cells of
the distal nephron, colon, and salivary gland. The principal
cell, located in the cortical collecting tubule, is a key site of
potassium regulation and aldosterone activity. The aldoste-
rone-MR complex interacts with the cell nucleus to increase
synthesis of aldosterone-induced proteins, and these aldoste-
rone-induced proteins work to open silent luminal Na+
channels and insert new Na+ channels into the lumen.”!°
Aldosterone also increases the activity and recruitment of
basolateral Na+/-K+- adenosine triphosphatase pumps in
the principal cell. The resultant increase in Na+ reabsorption
promotes K+ secretion via channels in the apical membrane.
Aldosterone also stimulates H+ secretion via Na+ transport
through its interaction with MRs in the intercalated cells of
the kidney cortex.!!

Of importance, cortisol has a high affinity for the MR.
However, target tissues possess enzymes such as 11-B-hy-
droxysteroid dehydrogenase that converts cortisol to corti-
sone and other inactive metabolites and, as a result, only
aldosterone can activate the MR under normal condi-
tions.!>13

Primary Hyperaldosteronism

Primary hyperaldosteronism (PA) is the most common form
of mineralocorticoid hypertension and remains a challenging
diagnosis for most clinicians. The prevalence has varied from
earlier estimates of 0.5% to 2.0% to rates of 10% of hyper-
tensive patients with more widespread screening.!*!> The
prevalence varies by the patient population and the referral
center. There are 2 main causes of PA. First, adrenal adeno-

mas present in the adrenal cortex can present with autonomous
secretion of aldosterone. The secretion can be in response to
either angiotensin II or corticotrophin (ACTH). Bilateral adrenal
hyperplasia is the second cause in which aldosterone secretion is
exaggerated to the response of angiotensin II.

Screening

Screening is a challenging topic. It generally is advocated that
patients with unexplained persistent hypokalemia or with
diuretic-induced hypokalemia deserve investigation. An im-
portant point, however, is that not all patients with PA
present with hypokalemia and some reports claim that
only 30% of patients with PA present with hypokalemia.!®
Additional clues may prompt screening in these patients. For
example, patients with difficult-to-control hypertension re-
quiring 3 or more medications should be screened. Certainly,
patients identified with an incidental adrenal mass should be
evaluated. Mosso L, et al'® advocated screening of all patients
with stage 2 and 3 essential hypertension, arguing that the
prevalence of PA increases with the severity of hypertension.
The prevalence of PA in patients with stage 2 and 3 has been
reported to be as high as 8% and 13%, respectively.!® This
screening strategy has been challenged secondary to the in-
creased cost of testing and the increased possibility of false-
positive results. This reality must be balanced, however, with
identifying patients with a potentially curable form of hyper-
tension or at least, in most patients, partial amelioration of
hypertension.

Despite a number of different mechanisms of screening
including salt suppression and fludrocortisone-suppression
tests, these tests are technically difficult to execute in the
outpatient setting. This difficulty often deters clinicians from
embarking on a search for PA in patients with low to inter-
mediate 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-
surements as a screening test for primary aldosteronism in
1981.17 Subsequent to the initial report on the use of an ARR
as a screening test for primary aldosteronism, other investi-
gators have followed up with additional reports.!8-3! How-
ever, data on the sensitivity and specificity of the ARR as a
screening test for primary aldosteronism have been com-
plicated by disagreement between investigators on the
conditions for screening, how to perform the test, which
medications influence the results, and the definition of an
ARR cut-off value.

A pooled analysis of available data is contained in the ar-
ticle by Montori and Young,?*? which showed the difficulty in
assessing the use of ARR. These investigators conducted a
systematic review of the literature (from 1966 to 2001) to
establish useful test characteristics (sensitivity, specificity,
and likelihood ratios at different cut-off values). Only pro-
spective studies were included in the analysis and a total of 16
studies totaling 3,136 participants were evaluated. The inves-
tigators discovered that none of the studies evaluated both
the ARR and a reference standard independently (ie, a
blinded comparison). In addition, only 2 studies evaluated
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patients who did not have a positive ratio, thus precluding an
estimate of false negatives. They also reported that only
16.7% of the subjects had both a ratio and a confirmatory test
performed. Applying the most rigorous of scientific stan-
dards, the investigators concluded that there are no pub-
lished “valid estimates of the test characteristics of the ARR
when used as a screening test for primary aldosteronism.”?

In addition to the use of a ratio to screen for primary
aldosteronism, several investigators have recommended the
use of a ratio in combination with an absolute level of aldo-
sterone as a screening test for primary hyperaldosteronism.
Because the ratio is so dependent on the plasma renin activity
level, it is important to view the ratio in light of the absolute
PA level. Weinberger and Fineberg?® studied 434 normoten-
sive and 263 hypertensive subjects as well as 62 primary
aldosterone patients (48 with known unilateral adrenal ade-
noma and 14 with known bilateral adrenal hyperplasia).
They reported that the ARR provided complete separation
between the patients with primary aldosteronism and the
combined hypertensive and normotensive populations. In
addition, they reported that the use of an ARR greater than 30
plus an absolute aldosterone level greater than 20 succeeded
in differentiating the 2 subtypes with a sensitivity of 90%, a
specificity of 91%, a positive predictive value of 69%, and a
negative predictive value of 98%. Of note, all hypertensive
subjects were withdrawn from antihypertensive therapy for
at least 2 weeks before the study. Other investigators have
recommended the use of an ARR > 20 and an aldosterone
level > 15, but do not report on the sensitivities or specific-
ities of these cut-off values.>*

Testing Conditions

One of the major reasons believed to account for the wide
variability of the cut-off values reported is the different con-
ditions under which these tests were performed. Although
most investigators recommend that simultaneous plasma re-
nin and aldosterone levels be drawn at 8:00 awm, it is only
recently that data were reported assessing the test perfor-
mance under different conditions. In 2005, Tiu et al*> con-
ducted a retrospective review of 45 subjects with validated
diagnoses of primary aldosteronism and 17 subjects with
essential hypertension. A total of 62 subjects with 75 sets of
plasma renin, aldosterone, and ARR values from a postural
study, and 48 sets of values from a saline suppression test
were analyzed. These investigators reported that ARR cut-off
levels were significantly affected by the conditions of the test,
and depending on when the levels were drawn, the optimal
cut-off level varied from between 13.1 and 35.0 ng/dL per
ng/mL. When an ARR cut-off level of 35 at 9 am (recumbent)
was compared with a cut-off value of 13.1 at 1 PM (ambula-
tory), they found a sensitivity of 95.5% and a specificity of
100% (9:00 am), as compared with a sensitivity of 96.5% and
a specificity of 94.1% (13:00 pm). Of note, they found both a
sensitivity and a specificity of 100% using an ARR cut-off
value of 18.5 performed postsaline infusion.

Although it generally is believed that the only 2 medica-
tions that will directly influence the ARR are spironolactone

and eplerenone, the evidence documenting the concurrent
use of other antihypertensive agents remains scant. In regards
to angiotensin-converting enzyme inhibitors, it generally is
believed that that these agents increase the plasma renin ac-
tivity (PRA) and reduce the PA, therefore decreasing the ratio.
A positive screen in this setting therefore is regarded as strong
evidence of primary aldosteronism and some investigators
recommend their use during the test.*® Calcium channel
blockers also have been documented to increase the PRA and
decrease the PA, affecting the accuracy of the ARR.>” The use
of antisympathetic agents and 3-blockers are believed to sup-
press renin and yield a falsely high ARR. Overall, most inves-
tigators recommend withholding antihypertensive therapy to
the degree that it is possible for several weeks before the test.
a-blockers impact the ratio minimally and are acceptable
agents to use in the diagnostic period.

Although there are no good data defining the optimal con-
ditions and cut-off values of the ARR as a screen for primary
aldosteronism, it remains the first step in evaluating patients
with hypertension and hypokalemia under the appropriate
clinical circumstances. According to current data, the com-
bination of an ARR of 30 or more and an absolute aldosterone
level of 20 or greater drawn simultaneously at 8 am in the setting
of no antihypertensive medications and normokalemia in the
appropriate patient constitute a positive screen for primary al-
dosteronism.

Confirmatory Tests

Once an abnormal ARR is seen then the more cumbersome
confirmatory tests should be performed. This includes show-
ing a lack of aldosterone suppression with either intravenous
or oral saline loading. If aldosterone suppression to salt load-
ing cannot be shown then a diagnosis of PA is highly likely.
An alternative, more reliable test is the fludrocortisone-sup-
pression test. With this test plasma aldosterone levels are
measured in the upright position at 10 awm after 4 days of 0.1
mg every 6 hours of fludrocortisone acetate. A concomitant
high-salt diet of 3 mmol/kg/d is required. The test is positive if
aldosterone levels are higher than 5 ng/dL and PRA levels are
less than 1.0 ng/mL/h.'> Serum potassium levels also must be
replete for these confirmatory tests to be accurate.

If biochemical confirmation is documented, high-resolu-
tion adrenal computed tomography and/or magnetic reso-
nance imaging should be performed. Adrenal computed to-
mography may be more sensitive in detecting smaller
adenomas than magnetic resonance imaging.*8-*° Overall, the
sensitivity of adrenal imaging is imperfect. Some investiga-
tors recommend proceeding to selective adrenal venous sam-
pling in patients with a high index of suspicion. Adrenal
venous sampling is the gold standard for diagnosis but is both
technically challenging and operator dependent. This test is
also wrought with difficulties. There are no standardized cut-
off values that determine the success of identifying lateraliza-
tion of aldosterone production. Also, testing requires cathe-
terization of the very small adrenal veins without inadvertent
dilution of the adrenal hormone levels at the level of the
aorta. Often patients may require multiple attempts to secure
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Tahle 2 Diagnostic Testing for Primary Hyperaldosteronism

Result Consistent

Test Strategy With PA
Screening
Plasma renin activity Optimal testing when off <1.0
(ng/mL/h) antihypertensive medications
Plasma aldosterone (ng/dL) interfering with renin- angiotensin <20
ARR axis and normokalemic >30

Confirmatory
Intravenous salt loading

Oral salt loading

Administration of 2 L of isotonic
saline over 4 hours

1 g sodium chloride tablets taken
3 times daily and potassium

Plasma aldosterone
>10 ng/dL

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

supplementation for 3 days

Fludrocortisone-suppression

Fludrocortisone acetate (0.1 mg every
test 6 hours) with high-salt diet and
potassium supplementation

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

accurate samples. Potentially, ACTH infusion may increase
the accuracy of the test.*! Unilateral disease has been found to
be associated with a marked (usually >4-fold) increase in
plasma aldosterone on the side of the tumor, whereas there is
little difference between the 2 sides in patients with bilateral
hyperplasia. The simultaneous measurement of cortisol con-
centrations aid in confirming the adrenal vein has been can-
nulated adequately. The cortisol level in the adrenals should
be 2 times or more than that of the peripheral values.3¢ Table
2 summarizes biochemical screening and confirmatory strat-
egies for patients with suspected PA.

Ideally, the primary goal of identifying PA caused from an
adenoma is to surgically excise an aldosterone-producing ad-
enoma and effectively cure a patient of hypertension. Unfor-
tunately, this is not always the case because hypertension
often persists, although at improved levels, after adrenalec-
tomy. The long-term surgical cure rate of patients with pri-
mary aldosteronism varies widely, and causes of persistent
hypertension are not completely established. Rates of surgical
cure vary from as low as 33% to as high as 73%. Several
reports have indicated that cure is more likely to be achieved
in younger patients with a shorter duration of hypertension,
with a family history of hypertension in no more than 1
first-degree relative, and preoperative use of 2 or fewer anti-
hypertensive agents.*>* The current optimal surgical ap-
proach is laparoscopic adrenalectomy. Although published data
are limited, some centers have advocated percutaneous ablative
therapy, including percutaneous acetic acid injection and radio-
frequency ablation for unilateral adrenal adenomas.** Subtotal
adrenalectomy generally has been disappointing in bilateral
adrenal hyperplasia because only a minority of patients have
a clinically significant hypotensive response.*

Medical Management

Medical treatment of PA includes the blockade of aldosterone
at the MR via spirinolactone or eplerenone. It is the preferred
approach for the treatment of PA from bilateral adrenal hy-
perplasia. Spirinolactone is more cost effective but has many
unwanted antiandrogen and progesterone side effects. There

are little data on the more selective MR antagonist,
eplerenone, in the treatment of PA, and its use in PA has been
extrapolated from experience with spirinolactone and its use
in the treatment of essential hypertension. Hyperkalemia is
an adverse event that must be monitored in patients on these
agents, especially if patients are on other hyperkalemia-inducing
medications and have chronic kidney disease.

There are a paucity of prospective studies comparing sur-
gical versus medical treatment of adrenal adenomas. Some
studies have failed to show an adverse cardiovascular event
associated with MR antagonism instead of the surgical ap-
proach.*® Others studies have shown a lack of improvement
in left ventricular hypertrophy.*” These latter data are consis-
tent with recent literature that aldosterone excess is associ-
ated with vascular disease and inflammation as well as car-
diac fibrosis.'* Clinicians should proceed with surgical
excision of functioning adenomas if medically feasible and
medically treat patients with high surgical risk or bilateral
adrenal hyperplasia.

GRA

GRA was first described in 1966 and is an autosomal-
dominant form of low renin hypertension in which aldo-
sterone excess is present under the influence of ACTH
rather than angiotensin I1.*¥ The molecular basis for this
disorder was described by Lifton et al* after their cloning
of 11-B hydroxylase, which catalyzes the last step of cor-
tisol synthesis and aldosterone synthase needed for the final
step of aldosterone synthesis. Two genes that reside in tan-
dem on chromosome 8, CYP11B1 and CYP11B2, encode
these enzymes. The 2 genes are 95% homologous but differ
in 5 prime sequences, allowing for the functional zonation
seen in the adrenal cortex. Specifically, cortisol secretion is
regulated by ACTH and aldosterone secretion is mediated
primarily by angiotensin II and hyperkalemia. GRA results
from a chimeric gene that is formed from an unequal cross-
over of sequences at meiosis.*>>° This hybrid possesses both
the promoter gene of the 11-8 hydroxylase enzyme and the
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coding region of the aldosterone synthase gene. The result is
that the aldosterone synthase gene and in turn aldosterone
secretion is under the control of ACTH.

This disorder presents with early onset hypertension that
can be moderate to severe at presentation. The genotype and
phenotype, however, can vary between and within families.
Kindreds have been described with normotension. Explana-
tions of the variation in blood pressure include self-selected
dietary salt restriction, concomitant inheritance of blood
pressure—lowering genes, and decreased penetrance of the
gene.’! Dluhy et al>? reported kindreds who had normal
blood pressure and increased urinary levels of the vasodilator
kalekrein, which serves to protect against hypertension.> To
date, a perfect unchallenged mechanism to explain pheno-
typic variations in blood pressure does not exist.

Another expected presentation in patients with GRA is
hypokalemia, although normokalemia seems to be the typi-
cal presentation unless patients are placed on potassium-
sparing diuretics. The reason is unclear but may be related to
the influence of aldosterone on the circadian rhythms of
ACTH release. A blunted aldosterone response to dietary po-
tassium in GRA subjects also may explain the minimized
potassium losses.>?

An important clinical feature associated with GRA is early
onset hemorrhagic stroke and ruptured aneurysms, with an
associated high mortality rate of 60%. As a result, screening
has been recommended every 5 years after puberty with a
magnetic resonance imaging angiography.>3

Diagnosis requires a high index of suspicion because the
presence of normal blood pressure and potassium can be
deceptive. Early onset of disease, a family history of early
onset hypertension and cerebral hemorrhage, refractory hy-
pertension, and hypokalemia with potassium-wasting di-
uretics may prompt investigation. Plasma renin levels are usu-
ally less than 0.278 ng/L/s. Aldosterone and ARRs also will be
high, but are not specific. A confirmatory diagnosis can be made
with either a dexamethasone-suppression test, measurement of
urinary 18/hydroxy/oxy steroids, or direct genetic test-
ing.'*>2 The suppression test is useful in showing the depen-
dence of aldosterone on ACTH and requires 0.5 mg of dexa-
methasone every 6 hours for 2 days to suppress ACTH. Serum
aldosterone levels should be suppressed to undetectable lev-
els (<4 ng/dL). Increased urinary levels of 18/hydroxy/oxy
steroids (2 times the upper limit of normal) reflect the in-
creased activity of aldosterone synthase in the zona fascicu-
lata. These tests, although highly suggestive, need confirma-
tion with genetic testing by Southern blot. This test is
available through the International Registry of GRA at www.
brighamandwomens.org/gra.

Treatment of this disorder manipulates the dependence of
aldosterone secretion on ACTH. Low doses of glucocorti-
coids effectively suppress ACTH release via feedback sup-
pression. The typical dose for adults ranges from 0.125 to
0.25 mg dexamethasone or 2.5 mg to 5 mg of prednisone.
Careful monitoring for signs and symptoms of oversuppres-
sion must be monitored. Normotension is the primary goal of
treatment rather than normalization of biochemical parame-
ters because this may induce unwanted cushingoid features.

Mineralocorticoid receptor antagonists such as spironolactone
and eplerenone have been used successfully, as have sodium
epithelial channel antagonists, such as amiloride.

AME

AME is an autosomal-recessive disorder that is marked by
juvenile hypertension, hypokalemic alkalosis, hyporenine-
mia, and hypoaldosteronism. The pathophysiology is caused
by lack of activity in the 11-8 hydroxysteroid dehydrogenase
type 2 enzyme (11BHSD?2). This enzyme catalyzes the con-
version of cortisol to cortisone, rendering it unavailable to the
MR.>* The ensuing inappropriate binding of cortisol to the
MR results in sodium retention and volume expansion with
subsequent suppression of aldosterone and renin. The hall-
mark of AME is an apparent high mineralocorticoid state
secondary to cortisol binding to the MR in the absence of
aldosterone.”> Worldwide, fewer than 100 cases have been
identified and it is most common in consanguineous families.
The affected gene is located on chromosome 16¢22 and more
than 33 different mutations have been defined. Presentation
of AME includes childhood low birth weight, short stature,
hypokalemia, and hypertension. Some patients suffer from
complications related to hypokalemia including rhabdomy-
olysis and nephrogenic diabetes insipidus. Renal cysts, hy-
percalciuria, nephrocalcinosis, and renal insufficiency also
have been reported. End-organ damage related to hyperten-
sion is invariably seen in patients with AME, including hy-
pertensive retinopathy and left ventricular hypertrophy.>*-57
Diagnosis is made in several ways. The plasma renin and
aldosterone levels must be low and exclusion of 11-f hy-
droxylase and 17-a hydroxylase deficiencies and a deoxycor-
ticosterone-producing tumor must be performed. Urinary
studies can be performed and these may reflect high levels of
cortisol metabolites, 5 B-tetrahydrocortisol (THF) and 5
a-THF, although tetrahydrocortisone (THE) levels may be
low. The THF + 5 @ THF/THE ratio in AME range from 6 to
greater than 70, as compared with a ratio of 1 in normal
persons. A high urinary free cortisol to urinary free cortisone
ratio will be diagnostic. DNA analysis is required to confirm the
diagnosis.>*7

Treatment involves blockade of the MR with high doses of
spirinolactone or eperlenone and potassium repletion. Sup-
pression of cortisol with dexamethasone (which has little
affinity for the MR) has had variable success. Thiazide diuret-
ics can be used to treat hypercalcuria and in some cases can
reverse nephrocalcinosis. Removal of the adrenal glands has
restored blood pressure in only 60% of affected patients.”
One case report documented cure of AME with kidney trans-
plantation, which restores 11-BHSD2 activity.>

An acquired form of AME can be seen with licorice inges-
tion. Licorice is present as a sweetener in chewing gum and
tobacco. It is also a confectionary sweet in Europe and is
present in some herbal teas. A mild form of AME is induced
by licorice because glycyrrhizic acid and its hydrolytic prod-
uct, glycyrrhetinic acid, are potent competitive inhibitors of
11-B hydroxysteroid dehydrogenase. Licorice given to nor-
mal volunteers results in an increase in the THF + 5 o THE/
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THE ratio, an increase in plasma cortisol half-life, and a de-
crease in cortisone values. Such changes also were
documented in patients who ingested licorice and presented
with a mineralocorticoid excessélike state. Patients can
present with hypertension and hypokalemic myopathy and
cardiac arrhythmias after licorice ingestion.>>6061

Cushing’s syndrome also can present with signs and symp-
toms of mineralocorticoid excess, particularly in the sub-
group caused by ectopic ACTH production. Ectopic ACTH
syndrome is associated with marked hypersecretion of corti-
sol and incomplete metabolism of cortisol as a result of an
overload in the metabolizing enzyme.5?

AME is a rare disorder that many clinicians likely will not
encounter. However, mild impairments in 11-BHSD2 activ-
ity have been identified in some patients with essential hy-
pertension.”® The exact mechanism and role of this impair-
ment is unclear and data have been varied. Heterozygote
mutations of the gene have been described in hypertensive
patients who did not display classic features of AME and
similar mutations also have been seen in patients with low
renin hypertension. Decreased activity of the enzyme, as
shown by high urinary cortisol to urinary cortisone ratios,
has been seen in patients with essential hypertension without
evidence of gene mutations. Recent studies also have shown
gene polymorphisms of the enzyme affecting sodium han-
dling, salt sensitivity, and responsiveness to diuretics in pa-
tients with essential hypertension. The precise role of this
gene in essential hypertension remains to be explored.®>64

Conclusions

A potentially treatable cause of secondary hypertension is
mineralocorticoid hypertension. Often these forms of hy-
pertension are clinically apparent by the presence of hy-
pokalemia and metabolic alkalosis. However, in many
cases low potassium may not be present. Other clues to a
mineralocorticoid hypertension must be identified. These
include difficult-to-control hypertension, an incidental
adrenal adenoma, and in monogenic forms a strong family
history of early onset hypertension. Treatment is directed
toward decreasing the level of the responsible mineralo-
corticoid or blockade of the MR.
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