N

N

Group 4: Replacement therapy for adrenal insufficiency
Frederic Castinetti, Laurence Guignat, Claire Bouvattier, Dinane

Samara-Boustani, Yves Reznik

» To cite this version:

Frederic Castinetti, Laurence Guignat, Claire Bouvattier, Dinane Samara-Boustani, Yves Reznik.
Group 4: Replacement therapy for adrenal insufficiency . Annales d’Endocrinologie, 2017, 78 (6),
pp.525-534. 10.1016/j.ando.2017.10.007 . hal-01724179

HAL Id: hal-01724179
https://amu.hal.science/hal-01724179
Submitted on 10 Apr 2018

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://amu.hal.science/hal-01724179
https://hal.archives-ouvertes.fr

Consensus

Group 4: Replacement therapy for adrenal insufficiency™

Groupe 4 : traitement substitutif de ['insuffisance surrénale

Frédéric Castinetti®*, Laurence Guignat®, Claire Bouvattier®, Dinane Samara-Boustani,
Yves Reznik®

2 UMR7286, CNRS, CRN2M, service d’endocrinologie, hopital La Conception, Aix Marseille université, AP-HM, 13005 Marseille, France
b Service d’endocrinologie et maladies métaboliques, hopital Cochin, CHU Paris Centre, 75014 Paris, France
¢ Service d’endocrinologie de I’enfant, GHU Paris Sud, hépital de Bicétre, 94270 Le Kremlin-Bicétre, France
d Service d’endocrinologie, gynécologie et diabétologie pédiatrique, hopital Necker, CHU de Paris, 75015 Paris, France
¢ Service d’endocrinologie diabeéte et maladies métaboliques, CHU de Caen, 14032 Caen, France
f Université de Caen Normandie, 14032 Caen cedex, France

Keywords: Consensus; Addison’s disease; Corticotropin deficiency; Adult; Children; Hydrocortisone; Fludrocortisone; DHEA

Mots clés : Consensus ; Maladie d’Addison ; Insuffisance corticotrope ; Adulte ; Enfant ; Hydrocortisone ; Fludrocortisone ; DHEA

1. Glucocorticoid replacement
1.1. Background

There are very few high quality studies on glucocorti-
coid replacement therapy in chronic adrenal insufficiency. This
explains why multiple doses and dosage regimens, including
time between doses and time of day of administration, have
been reported (for example 13 different regimens used in a study
of 50 patients with primary or secondary adrenal insufficiency,
reported by Simon et al.) [1].

1.2. Glucocorticoid molecules

1.2.1. Adult patients
An international cohort study on 1245 patients with either
primary (84%) or secondary (16%) adrenal insufficiency under-
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lined that in most cases, current practice favors the use of
hydrocortisone, which was chosen in 75% of cases (pred-
nisone/prednisolone 11%, cortisone acetate 6%, dexamethasone
4%). These figures were similar in both primary and secondary
adrenal insufficiency [2]. Hydrocortisone is a drug with a short
half-life of 95 minutes, bioavailability of 95%, a peak in plasma
concentration reached at around 30-60 minutes after administra-
tion and its lowest plasma level 5 to 7 hours after administration.
Hydrocortisone is eliminated in the form of free cortisol in the
urine. North American and European consensus documents sug-
gest the use of hydrocortisone or alternatively cortisone acetate.
There is no data presently to show if cortisone acetate, which
undergoes conversion to cortisol through the action of 11beta-
HSD-1 in the liver, is superior or inferior to hydrocortisone [3,4].
It should be noted that this enzyme is inhibited by the GH/IGF1
system, and could be theoretically less efficient in patients with
a deficit in GH replacement, although this was not reported in
a retrospective cohort study published by Ragnarsson et al. [5].
Cortisone acetate is more readily accessible in some European
countries, for example Italy [6]. Synthetic glucocorticoids, pred-
nisolone and dexamethasone, are sometimes used in twice daily
doses (5 mg prednisolone equivalent to 20 mg hydrocortisone)
or as a single dose (0.5 mg dexamethasone equivalent to 20 mg
hydrocortisone). Both of these molecules have a long half-life
and prolonged glucocorticoid activity, and do not follow the


http://dx.doi.org/10.1016/j.ando.2017.10.005
http://dx.doi.org/10.1016/j.ando.2017.10.008
http://dx.doi.org/10.1016/j.ando.2017.10.009
http://dx.doi.org/10.1016/j.ando.2017.10.009
http://dx.doi.org/10.1016/j.ando.2017.10.010
http://dx.doi.org/10.1016/j.ando.2017.10.006
http://dx.doi.org/10.1016/j.ando.2017.10.006
mailto:frederic.castinetti@ap-hm.fr

normal circadian cycle of cortisol levels, leading to possible
over-dosage side effects in the long-term. These drugs can be
used in rare cases, such as:

e while blocking adrenal enzymes to obtain a more efficient
inhibition of the corticotroph axis and adrenal androgens;

e in patients showing lower hydrocortisone activity due to more
rapid pharmacokinetics.

1.2.2. Pediatric patients

The majority of available data on treatment of adrenal
insufficiency relate to congenital adrenal hyperplasia. To date,
there have been no controlled randomised trials of treatments
for primary adrenal insufficiency, nor trials comparing differ-
ent formulations of glucocorticoids. Glucocorticoid treatment
has potential effects on both growth and puberty. In pediatric
patients, the bioavailability of hydrocortisone was evaluated
in 16 children with congenital adrenal hyperplasia and was
reported to be approximately 94%, with a peak plasma level
reached 1-2 hours after administration and the lowest plasma
level reached 7-9 hours after administration [7].

R4-1: In adults and children, we recommend
the use of hydrocortisone as first line treatment
of primary or secondary adrenal insufficiency.
The treatment is a lifetime treatment except in
special cases such as recovery from surgery for
hypercorticism, or after stopping of glucocorticoid
treatment.

Strong
++++.

recommendation, level of evidence

R4-2: In adult patients, first generation long-
acting glucocorticoids (prednisolone, dexametha-
sone) should not be used except in the case of
poor efficacy of hydrocortisone due to its phar-
macokinetics. In children, they should not be used
except on specialist advice.

Weak recommendation, level of evidence ++.

1.3. Dosage

1.3.1. Adult patients

The replacement dose recommended at the start of treat-
ment, initially suggested to be 9-11mg/m?/day [8], is
now considered too high, with current estimations in the
order of 5.7-7.4 mg/m?/day, leading to a theoretical dose of
10-25 mg/day [9—11]. The optimal dose should be as low as pos-
sible, but the way in which this dose is determined in each case
remains open for discussion. Mah et al. proposed using a dose
correlated to patient weight based on an open, non-comparative

study of 20 patients, later confirmed with 40 additional patients
[12]. They used a hydrocortisone tablet, divided into 4 to arrive at
the correct dosage, but the difficulty in breaking a 10 mg hydro-
cortisone tablet into 4 means that this approach is problematic.

What are the problems associated with high doses of hydro-
cortisone? Patients with adrenal insufficiency have an increased
mortality as a result of increased cardiovascular pathologies
and infections [13—15]. Zueger et al. showed in a retrospective
study of 105 patients with corticotroph deficiency that mortality
was positively correlated with the daily dose of hydrocortisone
and the dose by weight [16]. A supraphysiological dose of
hydrocortisone has both metabolic and cardiovascular effects.
Filipsson et al. showed, in a large retrospective cohort study of
2424 patients with secondary adrenal insufficiency, that a dose
of >20 mg/day of hydrocortisone was associated with an unfa-
vorable lipid profile, with an increase in LDL cholesterol and
triglycerides [17].

In terms of skeletal health, an older study on a small num-
ber of patients (n=12) reported that a reduction in the dose of
hydrocortisone from 30 to 20 mg/day did not result in a sig-
nificant difference in bone density even if a small number of
subjects (n=4) showed an increase in lumbar vertebral bone
density [18]. In the same study, a weak correlation was reported
between the reduction in hydrocortisone dose and a significant
increase in osteocalcin level. Conversely, a recent German study
on 57 patients showed a variation of 8—10 mg in the daily dose
of hydrocortisone over 2 years had a significant impact on bone
mineral density [19]. Behan et al. showed, in an open crossover
study looking at markers of bone turnover and three different
doses of hydrocortisone (20-10/10-10/10-5 mg/day), that the
weakest dose was associated with an increase in bone formation
[20].

In terms of quality of life, Ragnarsson et al. showed in a
retrospective cohort study of 2737 patients, that the quality of
life index was lowest in patients with corticotroph deficiency
treated with > 25 mg/day hydrocortisone and highest in patients
treated with 10 mg/day [5]. This confirms the quality of life
data reported in 2 prospective crossover studies on a total of
200 patients [21,22]. In contrast, Werumeus Buning et al. found
no alterations in cognitive function in patients treated with
15-20 vs. 30-40 mg daily hydrocortisone in a prospective ran-
domised crossover study [23]. Finally, Benson et al. evaluated
the impact on quality of life of 3 different regimens (hydro-
cortisone 10/0/5/0 vs. hydrocortisone 10/5/0/5 vs. prednisone
5mg in the morning) in a randomised, double-blind crossover
study on 12 patients. After 4 weeks of treatment, there was an
improvement in quality of life measures in patients using the
first treatment regimen, and more pronounced in the afternoon
[24]. In contrast, Alonso et al. found no significant difference
in quality of life measures when they compared two regimens
(20-0-20 mg/day vs. 10-5-5 mg/day) in a three-month prospec-
tive crossover study of 12 patients, though the hydrocortisone
dosage was elevated in both treated groups [25].

In terms of drug interactions, the use of hydrocorti-
sone concomitantly with inducers of CYP3A4 requires an
increased dose of glucocorticoids. These interactions are
mainly with rifampicin, ketoconazole, some barbiturates or



anti-epileptics (phenytoin, carbamazepine). Conversely, some
molecules inhibit CYP3A4, for example ritonavir, fluoxetine,
diltiazem and cimetidine. Grapefruit juice and licorice have also
been reported to increase the level of bioavailable cortisol.
Mitotane is a powerful inducer of CYP3A4, and it also
increases CBG. The dose of hydrocortisone thus needs to be
doubled or tripled in the case of long-term use of mitotane. Estro-
gens also increase CGB [26], but do not necessitate an increase
in dose of hydrocortisone. Finally, GH treatment can necessi-
tate an increase in hydrocortisone dose, although exenatide can
cause reduced intestinal absorption of hydrocortisone [27].

1.3.2. Pediatric patients

The physiological secretion of cortisol in basal conditions has
been determined in children and adolescents without significant
modification of puberty to be 5—6 mg/m?/day, leading to a higher
theoretical hydrocortisone dose of 9-12mg/day [28] in pri-
mary adrenal insufficiency and less in corticotroph insufficiency
(bioavailability being reduced by intra-gastric degradation and
passage through the liver) [29]. A higher dose of hydrocortisone
is often necessary to reduce hyperandorgenic state in congenital
adrenal hyperplasia. A supraphysiological dose of hydrocorti-
sone can have an effect on stature; Bonfig et al. reported, in
125 children with primary adrenal insufficiency due to con-
genital adrenal hyperplasia, that a dose of >20 mg/m?/day was
associated with a reduction in pubertal maximum height [30].

R4-3: In the adult patient, we recommend
the lowest possible replacement dose of hydro-
cortisone that is tolerated to treat adrenal
insufficiency, keeping in mind that a dose of
15-25mg/day is used as replacement in pri-
mary adrenal insufficiency (Addison’s disease).
[We recommend a lower dose (10-20 mg/day)
to substitute for corticotroph deficiency]. In chil-
dren, for primary adrenal insufficiency due to
CAH, we recommend a dose of hydrocortisone
of 10-18 mg/m?/day, higher in the neonatal period
(20-40 mg/m2/day during the first month) and in
other cases of primary adrenal insufficiency a
dose of 8-15 mg/m?/day. We recommend a lower
dose (8-10 mg/m?/day) in the case of corticotroph
deficiency with the highest dose in babies prior to
weaning.

Strong recommendation, level of evidence +++.

1.4. Timing of administration

1.4.1. Adult patients

There is no current oral treatment that reproduces the cir-
cadian rhythm of cortisol; that is a peak in the morning on
waking and a lowest concentration at midnight. This circadian
rhythm is of theoretical importance since cortisol induces the

activation of a number of clock genes in target tissues (in a sec-
ond messenger role) [31]. Hydrocortisone must be delivered in
2 or 3 doses per day, the first and highest dose on waking and
the last (in the case of a 3 dose regimen) 4 to 6 hours before
going to bed. An international cohort study of 1245 patients
with primary adrenal insufficiency (84%) or secondary adrenal
insufficiency (16%) underlined that the majority of patients were
on a 2 or 3 dose regimen (42% and 32%) while other regimens
were less common (one dose, 10%, other regimens, 17%) [2].
Neither of the two most common therapeutic regimens were
shown to be better, but the number of comparative studies is
quite small [21,32,33]. Bleicken et al. reported no difference
in quality of life measures in a study of 334 patients with pri-
mary or secondary adrenal insufficiency taking either two or
three dose regimens of hydrocortisone [21]. This study, however,
was based on responses to a number of voluntary question-
naires. Kluger et al. did not identify the dosing regimen for
hydrocortisone as a factor that influenced quality of life, in a
study of Finnish patients with adrenal insufficiency, though a
comparison of dosing schedule was a secondary aim for the
study [33].

1.4.1.1. Continuous subcutaneous infusion. In 2007, a pilot
study was published, describing the use of subcutaneous deliv-
ery of hydrocortisone using a portable pump (similar to that
used in type I diabetes treatment), which was able to restore
glucocorticoid circadian rhythm [34]. In spite of this, the recent
data on efficacy in terms of quality of life for patients receiv-
ing this treatment are contradictory. Gagliardi et al. published
a randomised crossover study on 10 patients comparing oral
treatment with hydrocortisone and continuous subcutaneous
infusion via a pump. The pharmacokinetic data showed a peak
of cortisol in the morning when using the subcutaneous deliv-
ery that was not obtained with oral administration. Despite this,
there was no change in subjective quality of life measures for
these patients and at the end of the short-term study (4 weeks)
only 50% of the patients wished to continue with subcuta-
neous treatment. It should also be noted that 17 of the selected
patients refused the hydrocortisone implant treatment [35]. Con-
versely, a randomised open crossover study on 33 patients over
3 months, comparing the same treatment modalities found a
clear improvement in quality of life measures (AddiQoL scale)
favoring the subcutaneous treatment; though the level of proof
was weaker given the open nature of the study [36]. No data
on comorbidities during prolonged subcutaneous delivery of
treatment are currently available, which makes it difficult to
judge the overall benefit of restoring the circadian rhythm in
patients.

1.4.1.2. New molecules. A modified-release hydrocortisone
(Plenadren®) has recently been authorised for use in Europe
for patients with adrenal insufficiency. This formulation gives
a release profile that is more physiological across the day,
with two components, one that is rapidly released and
the other resulting in prolonged release over 12 hours. It
does not, however, mimic the peak of cortisol secretion on



waking. A pilot randomized prospective crossover study showed
that the long release formulation resulted in a physiological
peak of cortisol 50 mins after administration and a concentra-
tion of > 200 nmol/L over 6 hours, thus mimicking physiological
plasma cortisol levels [37]. In an open prospective study in a
single center, on 50 patients treated with hydrocortisone, 30
patients showed a benefit with replacement by Plenadren” after
a mean duration of 6 months, with a significant reduction in
BMI and HbAlc, compared to patients treated with classical
hydrocortisone. The Plenadren” treated patients also showed
no change in quality of life measures while the patients on
classical hydrocortisone treatment showed a reduction in qual-
ity of life [38]. These results confirm those of a prospective
randomized pilot study published in 2012, on 64 patients who
benefitted from a crossover from hydrocortisone to Plenadren” .
This study validated, for the first time, the release profile of the
molecule, and in secondary criteria, a significant difference in
terms of weight loss, blood pressure and HbA 1c after 12 weeks
of Plenadren’ treatment compared to classic hydrocortisone
administration [39].

Another modified-release hydrocortisone (Chronocort®) is
currently being evaluated for the indication ‘adrenal enzy-
matic block’. One administration in the evening at 10 pm
resulted in a physiological increase in cortisol during the
night. A pharmacokinetic proof of concept study was pub-
lished in 2007, based on 6 healthy volunteers in whom the
endogenous cortisol secretion was blocked by administra-
tion of dexamethasone. This study showed the potential for
producing, with this drug, a physiological increase in noctur-
nal concentration and a peak of cortisol in the morning on
waking [40].

1.4.2. Pediatric patients

The dose of hydrocortisone is divided into 2 or 3 admin-
istrations per day, the first and highest dose on waking and
the last dose taken before bed. In congenital adrenal hyperpla-
sia, neither of these therapeutic protocols compensates for the
hyperandrogenic state late at night [41].

In 2011, restoration of the circadian rhythm through subcu-
taneous delivery of hydrocortisone via a pump was reported in
an adolescent patient with congenital adrenal hyperplasia [42].
The use of subcutaneous hydrocortisone delivered by pump was
then reported in a study of three adolescents with congenital
adrenal hyperplasia and rapid clearance of cortisol. Continu-
ous administration of cortisol, following a normal physiological
circadian rthythm, normalized concentrations of 170H proges-
terone and androstenedione. Bolus delivery of hydrocortisone
allowed episodes of stress or fever to be covered. Technical prob-
lems with the pump were rare and manifested as headaches and
nausea in the patients. The duration of treatment with the pump
was not reported but an improvement in absenteeism, quality
of life and sporting activity was noted by the authors [43]. No
data is available on long-term benefit of treatment in adolescent
patients.

R4-4: In adults and children, we suggest that
the dose of hydrocortisone is divided into 2 or
3 administrations per day, with the highest dose
in the morning. A regimen of 3 doses is recom-
mended in babies and young children.

Weak recommendation, level of evidence ++.

R4-5: In adults, we do not recommend the use
of prolonged release hydrocortisone or hydro-
cortisone delivered by subcutaneous pump. In
children, we do not recommend glucocorticoids
other than hydrocortisone, nor hydrocortisone in
suspension.

Weak recommendation: expert opinion.

1.5. Treatment surveillance

1.5.1. Adult patients

Clinical surveillance of treatment consists of examination
for signs of overdose (weight gain, skin fragility, hypertension)
or under-dosage (fatigue, nausea, myalgia, hypotension), alter-
ation in daily activities and modifications to sleep quality. The
evaluation of quality of life measures with the AddiQoL scale,
allows the impact of replacement treatment to be evaluated in
patients with Addison’s disease [44]. Other studies have exam-
ined diverse biological markers with a view to individualizing
replacement therapy. These include:

e plasma cortisol: there is a large variation in concentration
for a given individual and between individuals, making it
difficult to use the same reference values for all patients. Fur-
thermore, there are also gender- and age-related differences.
Arlt et al. compared curves of plasma cortisol (3 samples
taken across the day) in 46 patients with primary or secondary
adrenal insufficiency, to determine if the level of cortisone
acetate should be considered optimal or not and reported that
despite plasma levels being considered optimal in 37 patients,
5 patients presented clinical signs of over-dosage and 4 of
under-dosage. The authors therefore did not show a benefit
of plasma measurements over observation of clinical signs
[45]. Peacey et al. measured plasma cortisol, in a prospective
observational study on 32 patients with primary or secondary
adrenal insufficiency under treatment, which had the follow-
ing objectives: (1) a peak in cortisol between 9 am and 12
pm < 650 nmol/L. and between 6 pm and 9 pm <250 nmol/L;
(2) a mean plasma cortisol measured at 6 time-points across
the day of between 150 and 300 nmol/L; (3) a level of 24 hr
free urinary cortisol in the normal range [18]. However, new
assay kits have made these threshold levels difficult to deter-
mine, the levels given above are indicative and need to be
balanced with the threshold levels of each kit that is used
[46,47]. Some authors have proposed measuring peak plasma



cortisol, the cycle of plasma levels over 24 hrs or to use the
area under the curve [48]. Mah et al. recommend using the
plasma cortisol level 4 hrs after the morning administration,
allowing an estimation of over-dosage or under-dosage using
standard values based on control subjects and with dose cor-
related to body weight [12]. Simon et al. proposed the proof
of concept pharmacokinetic model, using 500 patients, to
individualise hydrocortisone treatment and based on target
plasma cortisol levels at 8 am, 4 pm and midnight [1]. Data
on improvements in metabolic parameters and quality of life
in these patients were not included in the published study. A
study by Rousseau et al. showed a good correlation between
plasma cortisol measured at 10 am and the area under curve
measured for cortisol between 8 am and 7 pm in 27 patients
with Addison’s disease treated with hydrocortisone taken in
3 doses per day. These authors showed that cortisol level
at 10 am was a good predictor of the diurnal physiologi-
cal profile of plasma cortisol, using healthy volunteers as a
reference [49];

24 hour urinary free cortisol: UFC is affected by the saturation
of CBG (a strong increase in UFC is seen in this case, even
if plasma cortisol is low) and is thus not useful for adjusting
the dose of hydrocortisone;

salivary cortisol is a cheap, feasible and reproducible test.
Ceccato et al. evaluated its use in adaptation of cortisone
acetate treatment in 28 patients with corticotroph deficiency
compared to 36 healthy controls. The assay of salivary cor-
tisol 90 minutes after each dose was used to determine
area under curve, which in comparison with control sub-
ject values could show over-dosage or under-dosage. It
should be noted that patients with an area under curve
higher than the control 97.5th percentile showed no obvious
signs of overdose [50]. Conversely, Thomson et al. showed
great variability in salivary cortisol in a crossover study
of 27 patients being treated with hydrocortisone (oral or
IV), and did not show a good correlation between plasma
and saliva levels, making it difficult to employ in current
practice [51];

cortisol in hair: hair growth (1 cm per month) and the cor-
relation between cortisol level in the hair and exposure to
glucocorticoids could allow detection of overdose or under-
dosage in patients with adrenal insufficiency. A pilot study
showed no significant difference between patients and female
control subjects, but a difference was observed between male
subjects [52];

plasma ACTH: plasma ACTH does not assist in evaluating
glucocorticoid replacement therapy with classic rapid release
hydrocortisone since ACTH is always high in the morning
on waking and then decreases rapidly after administration of
hydrocortisone in primary adrenal insufficiency [53]. In the
study by Rousseau et al., the amplitude of the fall in ACTH
after the morning administration of hydrocortisone correlated
less well with area under the curve for cortisol than cortisol
measured at the morning peak of 10 am [49].

1.5.2. Pediatric patients

Clinical surveillance of treatment is used (growth, puberty)
and observation of signs of overdose (weight gain, hypertension)
or signs of under-dosage (fatigue, change in daily activity). In
congenital adrenal hyperplasia, assay for 170H progesterone,
androstenedione and testosterone in the morning can assist in
evaluating therapy [54]. The assay of 170H progesterone and
androstenedione in hair is currently being evaluated in congen-
ital adrenal hyperplasia [55].

R4-6: In adults, we recommend surveillance of
treatment based on clinical signs of overdose or
under-dosage. We do not recommend routine use
of biochemical markers for adjustment of replace-
ment therapy. In children, we recommend clinical
surveillance (growth, puberty) and observation of
clinical signs of overdose and under-dosage. We
do not recommend routine use of biochemical
markers for adjustment of replacement therapy,
except in the case of congenital adrenal hyper-
plasia, where we recommend regular assay of
biochemical markers [see National Guidelines for
Diagnosis and Treatment of congenital adrenal
hyperplasia, (PNDS) 2011].

Strong recommendation, level of evidence +++.

1.6. Management during pregnancy

Plasma cortisol levels rise during pregnancy due to an
increase in CBG. Free cortisol also rises during the 3rd trimester
due to placental secretion of CRH and an increase in the response
to ACTH [56]. There are currently no data that suggest a neces-
sity to increase or decrease the dose of hydrocortisone during
pregnancy, particularly in the 3rd trimester. Around delivery, it
has been suggested that the dose of hydrocortisone should be
doubled or should be administered by injection of 100-200 mg
each 24 hrs. A normal dosage regimen can then be reinstated 48
hr after delivery. Lactation is not a contra-indication even though
there is a possibility of a small level of transfer of hydrocortisone
from maternal milk [57].

R4-7: We suggest that around time of delivery,
the dose of hydrocortisone should be increased
and administered by IV drip in cases of digestive
intolerance.

Weak recommendation, level of evidence ++.




2. Mineralocorticoid replacement

Mineralocorticoid replacement must be considered in Addi-
son’s disease, though it is not useful in the case of corticotroph
insufficiency, since ACTH is only a minor regulator of
aldosterone secretion. There are currently no studies with a
strong level of evidence on the subject of mineralocorticoid
replacement.

2.1. In adults

2.1.1. Justification

The majority of patients with Addison’s disease require
steroid replacement treatment with some mineralocorticoid
component due to the risk of loss of sodium in urine, vol-
ume depletion from the vasculature and hyperkalemia. Rare
patients are well controlled by hydrocortisone alone, which
has a mineralocorticoid action (20 mg hydrocortisone =50 j.g
fluorohydrocortisone) [58]. The cause is not unequivocal;
incomplete mineralocorticoid deficiency, supraphysiological
dose of hydrocortisone, weak activity of 11 hydroxy steroid
dehydrogenase 2 which converts cortisol to cortisone. In
contrast, other glucocorticoids have only a weak miner-
alocorticoid action, for example prednisolone; or no MC
action, for example dexamethasone. The use of these latter
two compounds thus requires addition of mineralocorticoid
replacement [59].

2.1.2. Mineralocorticoid adjustment

Fludrocortisone (9-alpha-fluorohydrocortisone, ﬂucortac®)
is a synthetic compound with a strong mineralocorticoid activ-
ity, administered by oral route with a single daily dose. The
mean daily dose is 100 pg/day (50-200 in adults). Mineralocor-
ticoid replacement may need to be increased in hot or humid
climates that lead to excessive sweating. Concomitantly, daily
salt intake must be ample in Addison’s patients and increased
in the case of intense physical activity. Adaptation of mineralo-
corticoid replacement needs to be personalised and the patient
needs to be educated on how to adjust replacement therapy as
required.

2.1.3. Parameters for surveillance

Replacement with mineralocorticoids requires clinicobio-
chemical surveillance of patients. Decreased blood pressure,
orthostatic hypotension, excessive sodium consumption (salt
craving) or episodes of nausea can be signs of under-dosage.
Blood ion profiles can show hyponatremia and/or hyper-
kalemia. Conversely, hypertension, edema and hypokalemia
justify a reduction rather than an interruption in mineralocor-
ticoid replacement, in conjunction with a reevaluation of dietary
ion intakes [60—-62].

Measurement of plasma renin constitutes the most precise
marker of sodium balance and effective plasma volume [63],
where there is an inverse relationship between plasma renin
activity and plasma volume [59,64]. Measurement of renin activ-
ity or direct assay of plasma renin can be performed at any

time, independent of the time of fludrocortisone administration
[64]. The assay for renin needs to be performed from the ini-
tiation of mineralocorticoid replacement, during the period of
dose titration until the dose is satisfactorily adjusted and then
annually. In the case of mineralocorticoid overdose, sodium and
fluid retention has a negative feedback on renin secretion. Strict
normalization of renin should be avoided since this leads to a
risk of edema and hypokalemia [64]. Plasma renin should there-
fore be maintained at a high level or slightly above normal levels
[58,59].

2.1.4. Essential hypertension, cardiac insufficiency,
pregnancy

In patients with Addison’s disease who are also hypertensive
independent of a level of mineralocorticoid replacement that is
too high, the dose of fludrocortisone should be reduced before
the introduction of an anti-hypertensive. The first line drug of
choice in this case is an angiotensin converting enzyme (ACE)
inhibitor or an angiotensin-2 receptor antagonist and the second
line drug a calcium antagonist. Diuretics, particularly antago-
nists of the mineralocorticoid receptor, are contraindicated [61].
In the case of associated cardiac insufficiency, a reduction or
cessation of fludrocortisone and addition of a loop diuretic is
suggested.

During pregnancy, plasma renin assay cannot be used due to
the physiological elevation of renin of placental origin. In the last
trimester, the dose of fludrocortisone may be increased in view
of the anti-mineralocorticoid activity of circulating progesterone
[65,66].

2.1.5. Drug interactions

The use of drugs including diuretics, acetazolamide,
carbenoxolone, non-steroidal  anti-inflammatories  and
drospirenone, with fludrocortisone makes it necessary to
adjust the mineralocorticoid replacement. Inhibitors of
cytochrome P450 accelerate the catabolism of fludrocortisone;
conversely inhibitors of cytochrome P450 such as phenytoin and
phenobarbital reduce catabolism. Licorice and grapefruit juice
both potentiate the mineralocorticoid action of hydrocortisone
and thus should be avoided [67].

2.2. Pediatric patients

Fludrocortisone is administered orally and in one dose
(adolescent) or two doses at a dose of 50-100 mg/day. Oral
supplementation with sodium is needed in babies up to 1-2
years of age (1-2g NaCl/day in 3—4 administrations) due to
the immaturity of the kidneys at this age (resistance to min-
eralocorticoids) and the low levels of salt in maternal milk
and in baby formula. Clinicobiochemical surveillance of min-
eralocorticoid replacement in pediatric patients is required,
similar to that in adult patients with particular attention paid to
growth curve in young children. Regular measurement of blood
pressure is necessary as hypertension is reported in 12-50%
of children with congenital adrenal hyperplasia treated with
fludrocortisone [68].



R4-8: In adults, we recommend mineralocor-
ticoid replacement using fludrocortisone and a
mean dose of 100 ug/day (individually adjusted)
and a free intake of dietary sodium in patients
with primary adrenal insufficiency with miner-
alocorticoid deficiency. Patients with corticotroph
insufficiency should not be treated with replace-
ment drugs with a mineralocorticoid component.

Strong recommendation, level of evidence +++.

In children, we recommend mineralocorticoid
replacement using fludrocortisone at a dose of
50-100 p.g/day. One oral administration of sodium
(1-2 g/day) is necessary up to 1-2 yrs of age in
children with primary adrenal insufficiency with
mineralocorticoid deficiency. Children with corti-
cotroph insufficiency should not be treated with
mineralocorticoid replacement.

Strong recommendation, level of evidence ++.

R4-9: In adults, we recommend that surveillance
and adjustment of mineralocorticoid replacement
be based on clinical and biochemical signs of
under-dosage (increased salt appetite, hypoten-
sion, nausea, hyponatremia, hyperkalemia, ele-
vated renin) or of overdose (hypertension, edema,
hypokalemia, undetectable or lower than normal
renin).

Strong recommendation, level of evidence +++.

In children, we recommend surveillance and
adjustment of mineralocorticoid replacement
based, as in adult patients, on clinical and bio-
chemical signs of under-dosage and equally on
particular surveillance of growth curves in young
children. We recommend maintenance of plasma
renin at values from normal to higher than normal
levels.

Strong recommendation, level of evidence ++.

3. Androgen replacement
3.1. Adult patients

3.1.1. Androgen deficiency in adrenal insufficiency

In women, the adrenal cortex is the major source of andro-
gens including dehydroepiandrostenedione (DHEA), its sulfated
form S-DHEA as well as androstenedione. The adrenal andro-
gens are thus responsible for androgenic physiological effects,
including their androgenic actions after conversion into their
active compounds and also their neurosteroid properties, notably
their regulatory effects on mood.

Numerous patients with Addison’s disease report deteriora-
tion in their general state of health despite glucocorticoid and
mineralocorticoid replacement. Patients with either primary or
secondary adrenal insufficiency are reported to perceive achange
in their state of health [22,69].

3.1.2. Replacement with DHEA

Female patients with Addison’s disease have a lower level
of plasma DHEA which can be corrected by DHEA replace-
ment. In parallel, their scores for depression and anxiety, sense
of well-being and perception of sexual function and libido are
improved by replacement therapy [70]. Prolonged use of DHEA
in both males and females has favorable effects on quality of life,
femoral bone density and lean body mass [71]. DHEA modifies
the lipid profile, reducing LDL cholesterol, triglycerides and
also HDL cholesterol as well as the particle size of HDL, though
the impact of these changes on cardiovascular risk is unknown
[72]. Adrenal insufficiency of central origin affects the level of
circulating androgens and DHEA replacement in women with
pituitary insufficiency improves libido and sexual function [73].
Meta-analysis of the effects of DHEA in women found a mod-
est benefit in quality of life and depression [74]. The principle
unwanted effects of DHEA replacement are androgenic includ-
ing hirsutism, seborrheic skin, acne and an androgenic sweat
odor [74]. The effect of DHEA on deterioration of quality of
life in patients with hypopituitarism is small but the impact of a
deficit in only ACTH on the quality of life of these patients is not
known [75]. There are no solid data concerning the beneficial
effects of androgen replacement in male subjects with adrenal
insufficiency.

3.1.3. Prescription, surveillance

The formulations of DHEA that are found on the mar-
ket contain variable quantities of DHEA and are not always
well controlled. The quality of commercial formulations should
therefore be assured or alternatively, formulations should be
prepared by a compounding pharmacy.

In practice, androgenic treatment by DHEA can be pro-
posed for female patients presenting with symptoms of androgen
deficit or low plasma DHEA level. One to 3 months after
commencing treatment with DHEA replacement (25 mg in the
morning), efficacy should be evaluated by assay of plasma
DHEA 24 hrs after the last administration. Efficacy is evalu-
ated by improvement in symptoms of androgen deficit and a
plasma level of DHEA that is in the median range for nor-
mal subjects. In the absence of clinical efficacy after adjusting
the dose of DHEA (50mg/day), the replacement treatment
should be stopped after 3 to 6 months. In case of adverse
effects, the dose can be reduced by half or the treatment
stopped.

3.2. Pediatric patients

The use of androgen supplementation has not been evaluated.



R4-10: We suggest that androgen replacement
be envisaged in women with primary or sec-
ondary adrenal insufficiency who are suffering
from an alteration in quality of life, problems with
mood and a loss of libido despite optimal gluco-
corticoid and mineralocorticoid replacement.

Weak recommendation, level of evidence ++.

R4-11: The initial dose of DHEA for andro-
gen replacement should be 25-50 mg/day over
a period of 3 to 6 months, with adjustment of
the dose as a function of (i) circulating levels of
plasma DHEA during replacement treatment and
(ii) the effects on symptoms identified prior to
treatment. In the absence of a beneficial effect or
in the case of adverse effects of androgen treat-
ment, replacement therapy should be ceased.

Weak recommendation, level of evidence ++.
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