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Hyperparathyroidism, arterial hypertension and aortic
stiffness: a possible bidirectional link between the
adrenal cortex and the parathyroid glands that
causes vascular damage?
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Primary hyperparathyroidism (PPTH) is
generally thought to be a common endo-
crine disorder. However, it represents an
uncommon endocrine cause of arterial hyper-
tension, with a likely prevalence among
hypertensive patients of less than 0.01%—
an imprecise estimate because of the lack of
prospective studies.

However, between 56% and 80% of the
patients with PPTH have high blood pressure
(BP) and display hypertension-related target
organ damage. On the basis of large studies
from Scandinavia, a high rate of cardio-
vascular complications and mortality that
has been consistently observed in PPTH
patients compared with patients with essen-
tial hypertension without PPTH; this can be
related to an excess organ damage in PPTH
patients.!

Despite these findings, the mechanisms by
which PPTH is associated with hypertension
and increased cardiovascular risk remain
poorly understood and somewhat intriguing.
In fact, parathyroid hormone (PTH) exerts a
vasodilatory effect in different models>* and
induces an endothelium-dependent vasodila-
tory effect through increased nitric oxide
production,“‘ both of which are effects that
would be expected to decrease, rather than
increase, BP. However, PPTH has also
been associated with endothelial dysfunction,
which is usually due to reduced nitric oxide

Professor GP Rossi is at the DMCS—Clinica Medica 4,
Policlinico  Universitario, Via Giustiniani 2, 35126
Padova, ltaly.

E-mail: gianpaolorossi@unipd.it

bioactivity, and represents a hallmark of
high BP and many other conditions that are
associated with increased cardiovascular risk.
In contrast with this finding, increased levels
of markers that are downstream of nitric
oxide signaling, which were normalized after
parathyroidectomy, have also been documen-
ted in PPTH patients.® Therefore, it has been
proposed that increased nitric oxide bioactivity
is a compensatory mechanism that counteracts
the pressor effects of PTH-induced increases in
intracellular calcium.®

In this issue of the journal, Rosa et al’
report on their investigation of PPTH
patients based on measurements of pulse
wave velocity (PWV) before and after surgical
treatment of PPTH; PWV is an index of
aortic stiffness and hypertension-related tar-
get organ damage, which is recommended by
the current guidelines of the ESC/ESH as part
of the standard evaluation of hypertensive
patients because it conveys information
that is useful for risk stratification purposes.
Interestingly, they found that PWV was
higher in PPTH patients than in essential
hypertensive patients, which suggests that
excess PTH changes the mechanical proper-
ties of the arterial walls. However, this impor-
tant finding is not consistent with the results
of another recent study from Israel: compared
with control subjects who were matched for
age, gender and CV risk factors, neither the
patients with full-blown (hypercalcemic)
PPTH nor those with mild (normocalcemic)
PPTH showed increased arterial stiffness, as
assessed by several indices, including the
PWV2 Although these inconsistencies could
reflect either a selection bias, involving

differences in ethnicity, overall cardiovascular
risk profile, stage of PPTH disease in the
patients and/or different selection criteria
for the controls, it should be emphasized
that in the study by Rosa et al,” removal
of parathyroid adenoma and correction of
PPTH were followed by resolution of the
increased PWV and a decrease in BP. There-
fore, that excess PTH per se has a major
detrimental effect on the arterial wall, as
shown by increased BP and induced stiffening
of the aorta. The aortic stiffening obviously
implies increased afterload and contributes to
increasing both systolic and diastolic BP.
Notably, somewhat inconsistent with this
theory, the authors could not demonstrate
any significant relationship between the PWV
values and either serum PTH levels or any
other index of calcium metabolism, which led
them to conclude that the major factor
accounting for the postoperative decrease in
PWYV was the decrease in BP.

Although the results by Rosa et al. are
interesting for several reasons, they are,
unfortunately, merely observational. There-
fore, they do not provide insight into
the underlying mechanisms of PTH-induced
increases in BP and arterial wall stiffness. In
this context, it must be considered that the
increase in ionized serum calcium [Ca%*],
which is a hallmark of overt PPTH, can
lead to both increased vascular responsiveness
to many vasoconstrictor stimuli and to the
activation of signaling events such as TGFf1
stimulation, which lead to tissue fibrosis and
thus to stiffening of the arterial wall.

Moreover, in vitro data strongly support
a relationship between excess PTH and


http://dx.doi.org/10.1038/hr.2010.251
mailto:gianpaolorossi@unipd.it
http://www.nature.com/hr

the activation of, for example, the renin—
angiotensin—aldosterone system, one of the
major pressor systems. In 2001, on the basis
of investigations in human adrenocortical
zona glomerulosa cells, our group documen-
ted a concentration-dependent secretagogue
effect of two peptides on aldosterone: PTH
and PTH-related peptide, which is the main
mediator of paraneoplastic hypercalcemia.’
These findings suggested that chronic hyper-
parathyroidism and paraneoplastic hypercal-
cemia can be instrumental in causing and/or
maintaining a secretion of aldosterone that
is inappropriately high for BP and sodium
intake. The ensuing relative hyperaldosteron-
ism can increase BP and cause vascular inflam-
mation, remodeling and fibrosis (Figure 1).
This effect is relevant to a much broader
population than to patients with PPTH
because an inappropriately high secretion of
aldosterone is a feature of primary (essential)
hypertension associated with overweight-obe-
sity.!0 Thus, at least one important pressor
mechanism involving aldosterone secretion
could account for the occurrence of hyper-
tension and arterial stiffening in the PPTH
patients studied by Rosa et al.
Unfortunately, the authors failed to pro-
vide data on renin and aldosterone, which
precludes the possibility of testing the
hypothesis that a correlation exists between
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PTH and these hormones. Nonetheless, their
findings can have important and broad impli-
cations for the vast population of hyper-
tensive patients, particularly those who are
overweight or obese.

It is also likely that the functional link
between PTH and aldosterone is not confined
to PPTH; milder forms of hyperparathyroid-
ism, secondary to a deficiency of 25-OH
vitamin D and/or due to chronic renal insuf-
ficiency, are quite common among hyperten-
sive patients. Moreover, when infused into
normotensive rats, aldosterone caused an
increase in PTH, which was attributed
to the decrease in serum [Ca2*] due to the
hypercalciuria that accompanies the escape
phenomenon.!! These observations suggest
a bidirectional relationship between the
adrenocortical zona glomerulosa and the
parathyroid gland (Figure 1). Hence, second-
ary hyperparathyroidism can contribute to
the maintenance of a relative degree of hyper-
aldosteronism, and therefore to increased BP
under these common conditions. The hyper-
aldosteronism could consequently contribute
to increases in PTH, thus instituting
a feed-forward mechanism.

Given the role of excess aldosterone in
causing oxidative stress, this mechanism
might also contribute to the activation of
inflammatory and fibrogenetic changes.
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Figure 1 Given the secretagogue effect of parathyroid hormone (PTH) on aldosterone, the excess
secretion of PTH can cause absolute or relative hyperaldosteronism; the excess secretion may be either
due to primary hyperparathyroidism (PPTH) or secondary to 25-OH vitamin D deficiency or to its
impaired renal activation by 1o hydroxylase in patients with chronic renal insufficiency. The absolute or
relative hyperaldosteronism, in turn, can contribute to the maintenance of increased PTH secretion,
thus creating a feed-forward mechanism. As excess levels of both PTH and aldosterone have a
detrimental effect on the vascular wall, the interaction between these hormones can result in vascular
damage, which may explain the arterial stiffening described in the paper by Rosa et al. and the excess
rate of cardiovascular morbidity and mortality reported in PPTH patients.

Therefore, the functional link between PTH
and aldosterone might have an amplification
role in inducing the vascular changes that
are associated with cardiovascular events
(Figure 1).

In summary, the finding that PPTH is
associated with increased stiffness of large
elastic arteries, in both hypertensive and
normotensive patients, along with the obser-
vation that aortic PWV is normalized after
correction of the PPTH, strongly supports a
cause—effect relationship between excess PTH
and changes in the mechanical properties of
the walls of large elastic arteries. As this result
does not appear to be consistent with other
recent reports in the literature, further larger
prospective studies are necessary. If these
studies will eventually confirm the theory
that PPTH is associated with stiffening of
the large arteries, the underlying mechanisms
of these changes need to be carefully dis-
sected.

Moreover, it seems that we are only begin-
ning to appreciate the complex relationship
between two major hormonal systems—the
calcium-regulating hormones and the renin—
angiotensin—aldosterone system—that have
classically been thought to act independently
but, in reality, seem to closely interact. There-
fore, further research aimed at clarifying the
interaction between the hormones and vita-
mins that regulate calcium homeostasis and
the renin—angiotensin—aldosterone system is
necessary. This research is particularly rele-
vant given the increasing prevalence of vita-
min D deficiency and/or chronic renal failure,
two conditions that cause secondary hyper-
parathyroidism, in the aging population, and,
therefore, may be related to an increase in
systolic BP.
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