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More than 160 years have passed since the description of
primary adrenal insufficiency (PAI) by Thomas Addison in
1849 [1] and the only milestone in its management has been
the discovery of hydrocortisone. For nearly a century,
adrenal insufficiency (AI) was a lethal disease [2]. Hydro-
cortisone changed the landscape and transformed both PAI
and secondary AI (SAI) to a chronic condition [2, 3]. The
fortunate prolongation of survival soon led to the recogni-
tion of shortcomings related to hydrocortisone therapy; on
the one hand, inadequate replacement, especially during
periods of stress, results in life-threatening adrenal crises
and, on the other, over-replacement is associated with the
adverse effects of hypercortisolism [4, 5]. As a consequence
patients with AI experience poor quality of life, as well as
morbidity and mortality rates exceeding those of the general
population [4].
As a matter of fact, glucocorticoid replacement remains a
suboptimal therapy. Ideally, glucocorticoid administration
would mimic diurnal cortisol profiles of healthy people,
with higher levels in the morning that decrease toward late
evening and night, along with appropriate adjustments
during periods of stress. At the same time the total daily
dose should be kept to levels corresponding to normal daily
cortisol production. Simulating, however, the normal cir-
cadian cortisol rhythm with the conventional hydrocortisone
preparations is unattainable and even regimens with multi-
ple daily doses are associated with supra-physiological daily
peaks [6]. Moreover, data obtained from recent studies
showed that the traditional daily dose of 30 mg exceeds
considerably the normal rate of cortisol production
(approximately 10–20 mg/day) [4].

The deleterious effects of pharmacological doses of
glucocorticoids on bones are well established. The skeletal
impact, however, of doses given for glucocorticoid repla-
cement remains somehow controversial, although the bulk
of evidence supports an adverse effect [4, 5]. There is an
impressive lack of studies addressing fracture risk in AI and
most data comes from small-scale studies including het-
erogeneous populations with respect to diagnosis, age, and
glucocorticoid regimens [4]. Fracture risk has been reported
to be increased, although this association is questioned due
to the fact that it increases early after diagnosis and initia-
tion of treatment in PAI, and improves with GH substitution
in SAI [4]. Several subpopulations are preferentially affec-
ted, such as patients receiving higher doses of glucocorti-
coids for longer periods of time and those with SAI as
compared to PAI [4]. In SAI other hormone deficits, espe-
cially GH deficiency and hypogonadism, could also have an
adverse effect on bone density and fracture risk, while
hydrocortisone over-replacement improves with GH sub-
stitution [4, 5]. Fracture risk could be more important than
described to date, particularly regarding vertebral fractures,
which are known to be most frequent in glucocorticoid-
induced osteoporosis. Morphometric analysis with DEXA
demonstrated an increased prevalence of vertebral fractures,
three times more than in healthy matched controls, in
Addison’s patients under a classical of about 30 mg per day
dosage of hydrocortisone [7]. This was also the case, in a
healthy cohort of post-menopausal women with highest
levels of evening endogenous cortisol [8], suggesting that
even slight increases in glucocorticoid levels may increase
vertebral fracture risk. Thus, fracture risk is probably
underestimated as it is not systematically assessed. Loss of
bone mass not only is associated with significant morbidity,
but also its treatment is problematic; adherence is moderate
and there are concerns about side effects. Thus, prevention
is preferable and bone health should be considered among
the hard end-points when evaluating drawbacks of gluco-
corticoid replacement.
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Recently, a new dual-release hydrocortisone tablet was
developed aiming to achieve a more physiological cortisol
profile with an easy, once-daily dosing (Plenadren®, Vir-
opharma Inc., Exton, PA, USA). Its tolerance and safety
have already been tested. The overall daily cortisol levels
are about 20% lower with this formulation compared to
equivalent doses of conventional hydrocortisone and this, in
conjunction with its more physiological circadian pattern,
might explain its less adverse profile with regard to cardi-
ovascular risk factors, glucose metabolism, and HRQoL
compared to treatment with multiple daily hydrocortisone
[9, 10]. In this line, studies focusing on bone effects are of
primary importance; so far, data are scanty and in particular
patients with SAI were not thoroughly studied.

In this issue of the Journal, Frara et al. [11] report a
retrospective observational 24-month study evaluating the
dual-release hydrocortisone effects on BMD at lumbar
spine, femoral neck, and total hip in 14 patients with SAI
who were previously on conventional glucocorticoid
replacement regimens. In fact, this is the first study that
addresses this issue and only the second longitudinal one on
the effects of glucocorticoid substitution on bone health. A
characteristic of study population is that the majority had
BMD in the osteoporotic or osteopenic range, despite being
on the contemporary lower hydrocortisone dosing. Since
this is not a randomized trial, a bias toward selecting
patients with worse metabolic or bone profile to switch to
Plenadren® cannot be excluded. Over a period of
24 months, BMD increased significantly at lumbar spine
and femoral neck but total hip BMD did not change. The
median changes in BMD were +10.0% at lumbar spine and
+11.5% at femoral neck, percentages that are comparable to
those seen with anti-osteoporotic drugs or in patients
withdrawing glucocorticoid therapy. Of note, the other
longitudinal study on bone health under glucocorticoid
substitution, a prospective one, also showed significant
increases in BMD in 27 subjects with PAI, achieved by
relatively small reductions in the daily hydrocortisone
equivalent dose [12]. Plenadren® probably acts the same
way, by reducing the cortisol peaks and the overall daily
exposure to hydrocortisone, particularly at late evening and
night. The significant increase in bone mineral density was
attributed to reversal of the decreased bone resorption fol-
lowed by increased bone formation, but this remains a
hypothesis since bone markers were not studied.

The results of this study are promising, keeping in mind
that this is a retrospective cohort study in a relatively small
number of patients with SAI. Patients with SAI differ from
patients with PAI in that other pituitary hormone defi-
ciencies may also adversely affect skeletal health. The small
number of patients, however, did not permit subgroup
analysis on concomitant pituitary hormone deficiencies and
their management. The present study evaluated BMD as a

surrogate marker of fracture risk. However, the relationship
between BMD increase and fracture risk reduction is not
proportional. Therefore, the magnitude of Plenadren®’s
benefit on fracture risk remains to be ascertained.

To summarize, this study represents a step forward for
improved formulations to be tested, and hopefully imple-
mented in clinical practice. Plenadren® has a good potential
with an easy dosage regimen. So far, this formulation
demonstrated a promising metabolic, cardiovascular, health-
quality, and immunity-friendly profile compared to the
much cheaper traditional hydrocortisone. The present study,
showing a clear benefit on bones of patients with SAI, adds
further value to its advantageous profile. Until large-scale
prospective studies are available, Plenadren® will remain a
promising option awaiting more robust evidence for a cost-
effective role as part of our daily practice. In the meantime,
in the absence of biological markers to assess glucocorticoid
substitution, it is probably reasonable to propose to patients
the lowest glucocorticoid doses allowing good clinical tol-
erance without increasing the risk for adrenal crisis. The
question, however, still remains on the routine need for
systematic assessment of BMD as well of radiologic ver-
tebral fractures in this population.
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