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ldosterone is classically regarded as

a major sodium- and water-retaining
hormone that counterbalances dehydration,
hypotension and hypovolemia. When pro-
duced in excess, it causes primary aldoster-
onism, the most common endocrine cause of
high blood pressure (HBP).! It may also have
a role in increasing BP in the general
population, as observed in the Framingham
Offspring Study, where increased plasma
aldosterone concentrations (PAC) within
physiological range, and even more so the
aldosterone:renin  ratio,  predicts  the
development of HBP in normotensive
individuals.>?

Of note, recent studies by Williams’s group
have indicated a relationship between aldos-
terone and adipose tissue deposition: a
higher 24-h wurinary aldosterone excretion
and PAC after angiotensin (Ang) II infusion
were found in overweight compared with
lean normotensive subjects, who were
exposed to a high sodium intake to remove
the potentially confounding effect of sodium
intake, a well-known determinant of aldos-
terone secretion. This seminal observation
suggested that the condition of overweight
features inappropriate aldosterone secretion
that could be related to increasing BP
possibly  because  of an  increased
adrenocortical sensitivity to Ang II.
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This contention was thereafter proven in a
substudy of the Primary Aldosteronism Pre-
valence in hYpertension (PAPY) Study:' by
investigating a relatively large cohort of
patients with primary (essential) HBP in
whom all secondary causes were carefully
excluded, we showed that PAC was directly
related to BP> More importantly, we
demonstrated for the first time a direct
relationship between PAC and body mass
index (BMI) that was independent of plasma
renin activity. This  relationship ~ was
particularly strong among the overweight-
obese patients, indicating that
deposition of adipose tissue and excess
aldosterone production are closely associated.

€xcess

THE BASIS OF THE RELATIONSHIP
BETWEEN ADIPOSE TISSUE AND THE
SECRETION OF ALDOSTERONE
Sufficient evidence is now available to con-
sider adipose tissue as a highly active endo-
crine organ that is involved in many
physiological and pathological processes.
Accordingly, several studies have highlighted
the possibility that adipose tissue-derived
factors can stimulate aldosterone secretion.
Along this line, oxidized endogenous fatty
acids and/or fat-derived factors (adipokines)
have been proposed to constitute major
stimuli for aldosterone secretion in over-
weight-obese subjects with HBP. Moreover,
the adipokine collagen-like TNF o-related
protein (CTRP)-1 was recently suggested to
directly stimulate aldosterone secretion from
human adrenocortical cells in vitro,® and
the same may also apply to CTRP-3,
another member of the family. Moreover,

the finding of adiponectin receptor type 1
and 2 expression in the normal human
adrenal cortex and in aldosterone-producing
adenomas also indicates a potential modu-
latory role for this adipokine.” Therefore,
in addition to some well-established
mechanisms, including activation of the
peroxisome proliferator-activated receptor,
leptin, insulin, insulin resistance, and
activation of the sympathetic nervous
system, the direct stimulation of aldosterone
secretion by adipokines (‘adipotensins’) can
also increase aldosterone secretion in
overweight-obese patients, in part through
sensitization of adrenocortical cells to Ang
IL48  ultimately resulting in HBP and
cardiovascular damage (Figure 1).

WHY IS THIS RELATIONSHIP
IMPORTANT?
What makes these findings so crucially
important is the dramatic increase in the
prevalence of overweight/obesity currently
ongoing worldwide. Additionally, in the pre-
sence of HBP (and often of dyslipidemias
and impaired glucose tolerance with type 2
diabetes mellitus), overweight/obesity carries
an excess risk of cardiovascular events.
To emphasize the dreadful effects of this
constellation of interrelated metabolic risk
factors, the American Heart Association/
National Heart, Lung, and Blood Institute®
and other institutions'® have coined the term
‘metabolic syndrome (MS), but intriguingly
enough, the common underlying pathogenic
denominator of MS remains unknown.

It is, however, worth remembering that
almost 50 years ago, Conn himself noticed
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Figure 1 The cartoon illustrates the relationship between the adipose tissue as a metabolically active
organ and aldosterone, and the key role of excess/inappropriate production of the hormone in the
setting of high sodium (Na™) intake in causing damage to the target organs of high blood pressure.
ACS: acute coronary syndrome; CHF: cardiac heart failure; CTRP: collagen-like TNFu-related protein;
LVH: left ventricular hypertrophy; TNFa: tumor necrosis factor o.

that more than 50% of a small number of
patients with primary aldosteronism showed
impaired glucose tolerance.!! Various reports
have since suggested that inappropriate
aldosterone secretion can be key for inducing
the metabolic alterations that are hallmarks of
MS (reviewed in Sowers et al.!2).

Clinically, the involvement of aldosterone
in MS is also evidenced by the following:
(i) compelling experimental and clinical evi-
dence demonstrating that aldosterone drives
damage to the target organs of HBP in the
presence of excess sodium intake;'? (i) both
aldosterone excess per se and MS are
associated with increased cardiovascular
morbidity and mortality.!*

DOES WEIGHT LOSS REDUCE
ALDOSTERONE AND CARDIOVASCULAR
RISK?

Establishing a causal link between excess
aldosterone, MS and an excess risk of cardi-
ovascular events is clearly a challenging
undertaking in that it would require carefully
designed long-term prospective cohort stu-
dies. However, some interesting clues have
been provided by the available intervention
studies aimed at correcting overweight/
obesity.

In this issue, Cooper et al!> report on
their investigation of the relationships
between weight loss, dietary sodium and
vascular health in a community sample
recruited for the Slow Adverse Vascular
Effects of excess weight study (SAVE). This
was a randomized-controlled trial in
overweight/obese young adult participants
(BMI>25 and<40kgm~2) in whom
weight loss was achieved with diet and
physical activity with or without dietary
sodium intake, all implemented with a
l-year intervention.!”> After a measurement
at baseline, body weight, PAC, 24-h sodium,
potassium excretion and several obesity-
related factors were measured again after 6,
12 and 24 months. Computed tomography
was also used to measure subcutaneous fat,
visceral fat and inter-muscular fat.

The intervention was effective in producing
a small, albeit statistically significant, weight
loss at 6 (—7%), 12 (—6%) and 24 months
(—4%) (all P<0.0001). The weight loss was
associated with decreases in C-reactive pro-
tein, leptin, insulin, homeostasis assessment of
insulin resistance (HOMA-IR), heart rate and
tonic cardiac sympathovagal balance, as well
as increases in adiponectin (all P<0.05) in
models adjusting for potential confounders
(including baseline age, sex, race, intervention

arm, time since baseline, and sodium and
potassium excretion).

In all groups, the PAC also decreased with
intervention, but not significantly. Of note,
weight loss and reductions in thigh inter-
muscular fat were associated with decreases
in only the PAC in the subgroup (n=98)
with MS.

Therefore, they concluded that favorable
changes in obesity-related factors were asso-
ciated with reductions in body weight in
young subjects who had no risk factors other
than excess weight. They also highlighted the
possibility of lowering aldosterone and
related risk factors with an intervention
aimed at lowering body weight. Aldosterone
reduction may therefore has an independent
role in improving the cardiovascular risk
profile during lifestyle modification, which
might be important given the aforemen-
tioned role of aldosterone as a cardiometa-
bolic risk factor. While of interest, the study
has several limitations that the authors hon-
estly acknowledged. Moreover, it raises some
questions: for example, why were the low-
ering of aldosterone and its beneficial effects
observed only in patients with MS? How do
we know that the improved risk profile is
from lowering aldosterone and not from just
weight loss and decreasing salt intake?

The interpretation of why the PAC fell
significantly and showed a relationship with
the decrease of body weight only in those
with MS is intriguing. The authors offered
several potential explanations for the under-
lying mechanisms that remain speculative
because the study was observational (descrip-
tive) and not mechanistic in nature. Likewise,
the obesity-related factors that were most
influenced by aldosterone were unclear.

Above all, it must be noted that the
intervention arms differed significantly for
sodium intake. This was reflected in the
significant differences in the changes in
sodium excretion and serum aldosterone
compared with baseline: in the low sodium/
lifestyle arm, sodium excretion decreased by
an average of 41.7mmol per 24h during the
intervention. By comparison, in the control
sodium/lifestyle arm, it decreased by only
12.4 mmol per 24 h. Concomitantly, the PAC
was higher, albeit with only borderline sig-
nificance, in the low sodium/lifestyle arm
compared with the control sodium/lifestyle
arm. Therefore, it is likely that the lowering
effect of the body weight loss in the low
sodium/lifestyle group on aldosterone pro-
duction was minimized by the concurrent
decrease in sodium intake, which has an
opposite effect on aldosterone. The study
design could have prevented the detection
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of a relationship between weight loss and the
decrease in the PAC when all groups were
examined. Therefore, as for many other post
hoc analyses of trials originally designed with
a different aim, the results should be taken
cautiously, as these types of studies are
typically exposed to selection biases and
serendipitous findings. Moreover, statistical
adjustments do not always allow for com-
pensating the untoward effects of a study
design that was not originally set out to
answer the question on the ground.

Finally, the 20% male and 15% African
American representation in the study
increased the sample size, and therefore
the power of the study. However, it may
have diluted the results given that the PAC
differs according to race and gender, and
moreover, varies throughout the menstrual
cycle. As the authors acknowledged, with-
out knowing the changes in any of the
components of the renin—angiotensin sys-
tem even with adjusted analyses, it is hard
to determine the extent to which weight
loss contributes to lowering aldosterone,
and in turn, its pathophysiological role.

CONCLUSIONS AND PERSPECTIVES

Notwithstanding the limitations of their
study, Cooper et al. should be commended
for clearly showing that a 1-year intervention
was effective not only in achieving a signifi-
cant, albeit small, decrease in body weight,
but more importantly, in blunting numerous
obesity-related cardiometabolic risk factors.
As weight loss was directly associated with
the reduction in aldosterone levels in only

patients with MS and not the overall cohort,
it would appear that the role of inappropriate
aldosterone secretion is peculiar to this group
of patients in whom it may increase cardio-
vascular risk. Whether the changes in aldos-
terone and obesity-related cardiovascular risk
factors can translate to a better long-term
prognosis is worthy of further prospective
interventional studies.
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