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. Glucocorticoid replacement

.1. Background

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

.2. Glucocorticoid molecules
.2.1. Adult patients
An international cohort study on 1245 patients with either

rimary (84%) or secondary (16%) adrenal insufficiency under-

DOIs of original articles: http://dx.doi.org/10.1016/j.ando.2017.10.005,
ttp://dx.doi.org/10.1016/j.ando.2017.10.008, http://dx.doi.org/10.1016/j.ando.
017.10.009, http://dx.doi.org/10.1016/j.ando.2017.10.010, http://dx.doi.org/
0.1016/j.ando.2017.10.006
� SFE/SFEDP adrenal insufficiency consensus.
∗ Corresponding author.

E-mail address: frederic.castinetti@ap-hm.fr (F. Castinetti).
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ined that in most cases, current practice favors the use of
ydrocortisone, which was chosen in 75% of cases (pred-
isone/prednisolone 11%, cortisone acetate 6%, dexamethasone
%). These figures were similar in both primary and secondary
drenal insufficiency [2]. Hydrocortisone is a drug with a short
alf-life of 95 minutes, bioavailability of 95%, a peak in plasma
oncentration reached at around 30–60 minutes after administra-
ion and its lowest plasma level 5 to 7 hours after administration.
ydrocortisone is eliminated in the form of free cortisol in the
rine. North American and European consensus documents sug-
est the use of hydrocortisone or alternatively cortisone acetate.
here is no data presently to show if cortisone acetate, which
ndergoes conversion to cortisol through the action of 11beta-
SD-1 in the liver, is superior or inferior to hydrocortisone [3,4].

t should be noted that this enzyme is inhibited by the GH/IGF1
ystem, and could be theoretically less efficient in patients with
deficit in GH replacement, although this was not reported in
retrospective cohort study published by Ragnarsson et al. [5].
ortisone acetate is more readily accessible in some European
ountries, for example Italy [6]. Synthetic glucocorticoids, pred-
isolone and dexamethasone, are sometimes used in twice daily
oses (5 mg prednisolone equivalent to 20 mg hydrocortisone)

r as a single dose (0.5 mg dexamethasone equivalent to 20 mg
ydrocortisone). Both of these molecules have a long half-life
nd 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
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ormal circadian cycle of cortisol levels, leading to possible
ver-dosage side effects in the long-term. These drugs can be
sed in rare cases, such as:

while blocking adrenal enzymes to obtain a more efficient
inhibition of the corticotroph axis and adrenal androgens;
in patients showing lower hydrocortisone activity due to more
rapid pharmacokinetics.

.2.2. Pediatric patients
The majority of available data on treatment of adrenal

nsufficiency relate to congenital adrenal hyperplasia. To date,
here have been no controlled randomised trials of treatments
or primary adrenal insufficiency, nor trials comparing differ-
nt formulations of glucocorticoids. Glucocorticoid treatment
as potential effects on both growth and puberty. In pediatric
atients, the bioavailability of hydrocortisone was evaluated
n 16 children with congenital adrenal hyperplasia and was
eported to be approximately 94%, with a peak plasma level
eached 1–2 hours after administration and the lowest plasma
evel 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 ++.

.3. Dosage

.3.1. Adult patients
The replacement dose recommended at the start of treat-

ent, initially suggested to be 9–11 mg/m2/day [8], is
ow considered too high, with current estimations in the
rder of 5.7–7.4 mg/m2/day, leading to a theoretical dose of

0–25 mg/day [9–11]. The optimal dose should be as low as pos-
ible, but the way in which this dose is determined in each case
emains open for discussion. Mah et al. proposed using a dose
orrelated to patient weight based on an open, non-comparative
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tudy of 20 patients, later confirmed with 40 additional patients
12]. They used a hydrocortisone tablet, divided into 4 to arrive at
he correct dosage, but the difficulty in breaking a 10 mg hydro-
ortisone tablet into 4 means that this approach is problematic.

What are the problems associated with high doses of hydro-
ortisone? Patients with adrenal insufficiency have an increased
ortality as a result of increased cardiovascular pathologies

nd infections [13–15]. Zueger et al. showed in a retrospective
tudy of 105 patients with corticotroph deficiency that mortality
as positively correlated with the daily dose of hydrocortisone

nd the dose by weight [16]. A supraphysiological dose of
ydrocortisone has both metabolic and cardiovascular effects.
ilipsson et al. showed, in a large retrospective cohort study of
424 patients with secondary adrenal insufficiency, that a dose
f > 20 mg/day of hydrocortisone was associated with an unfa-
orable lipid profile, with an increase in LDL cholesterol and
riglycerides [17].

In terms of skeletal health, an older study on a small num-
er of patients (n = 12) reported that a reduction in the dose of
ydrocortisone from 30 to 20 mg/day did not result in a sig-
ificant difference in bone density even if a small number of
ubjects (n = 4) showed an increase in lumbar vertebral bone
ensity [18]. In the same study, a weak correlation was reported
etween the reduction in hydrocortisone dose and a significant
ncrease in osteocalcin level. Conversely, a recent German study
n 57 patients showed a variation of 8–10 mg in the daily dose
f hydrocortisone over 2 years had a significant impact on bone
ineral density [19]. Behan et al. showed, in an open crossover

tudy looking at markers of bone turnover and three different
oses of hydrocortisone (20–10/10–10/10–5 mg/day), that the
eakest dose was associated with an increase in bone formation

20].
In terms of quality of life, Ragnarsson et al. showed in a

etrospective cohort study of 2737 patients, that the quality of
ife index was lowest in patients with corticotroph deficiency
reated with > 25 mg/day hydrocortisone and highest in patients
reated with 10 mg/day [5]. This confirms the quality of life
ata reported in 2 prospective crossover studies on a total of
00 patients [21,22]. In contrast, Werumeus Buning et al. found
o alterations in cognitive function in patients treated with
5–20 vs. 30–40 mg daily hydrocortisone in a prospective ran-
omised crossover study [23]. Finally, Benson et al. evaluated
he impact on quality of life of 3 different regimens (hydro-
ortisone 10/0/5/0 vs. hydrocortisone 10/5/0/5 vs. prednisone
mg in the morning) in a randomised, double-blind crossover

tudy on 12 patients. After 4 weeks of treatment, there was an
mprovement in quality of life measures in patients using the
rst treatment regimen, and more pronounced in the afternoon
24]. In contrast, Alonso et al. found no significant difference
n 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-
ive crossover study of 12 patients, though the hydrocortisone
osage was elevated in both treated groups [25].
In terms of drug interactions, the use of hydrocorti-
one concomitantly with inducers of CYP3A4 requires an
ncreased dose of glucocorticoids. These interactions are

ainly with rifampicin, ketoconazole, some barbiturates or
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nti-epileptics (phenytoin, carbamazepine). Conversely, some
olecules inhibit CYP3A4, for example ritonavir, fluoxetine,

iltiazem and cimetidine. Grapefruit juice and licorice have also
een reported to increase the level of bioavailable cortisol.

Mitotane is a powerful inducer of CYP3A4, and it also
ncreases CBG. The dose of hydrocortisone thus needs to be
oubled or tripled in the case of long-term use of mitotane. Estro-
ens also increase CGB [26], but do not necessitate an increase
n dose of hydrocortisone. Finally, GH treatment can necessi-
ate an increase in hydrocortisone dose, although exenatide can
ause reduced intestinal absorption of hydrocortisone [27].

.3.2. Pediatric patients
The physiological secretion of cortisol in basal conditions has

een determined in children and adolescents without significant
odification of puberty to be 5–6 mg/m2/day, leading to a higher

heoretical hydrocortisone dose of 9–12 mg/day [28] in pri-
ary adrenal insufficiency and less in corticotroph insufficiency

bioavailability being reduced by intra-gastric degradation and
assage through the liver) [29]. A higher dose of hydrocortisone
s often necessary to reduce hyperandorgenic state in congenital
drenal hyperplasia. A supraphysiological dose of hydrocorti-
one can have an effect on stature; Bonfig et al. reported, in
25 children with primary adrenal insufficiency due to con-
enital adrenal hyperplasia, that a dose of > 20 mg/m2/day was
ssociated 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
15–25 mg/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/m2/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/m2/day. We recommend a lower
dose (8–10 mg/m2/day) in the case of corticotroph
deficiency with the highest dose in babies prior to
weaning.

Strong recommendation, level of evidence +++.

.4. Timing of administration

.4.1. Adult patients

There is no current oral treatment that reproduces the cir-

adian rhythm of cortisol; that is a peak in the morning on
aking and a lowest concentration at midnight. This circadian

hythm is of theoretical importance since cortisol induces the
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ctivation of a number of clock genes in target tissues (in a sec-
nd messenger role) [31]. Hydrocortisone must be delivered in
or 3 doses per day, the first and highest dose on waking and

he last (in the case of a 3 dose regimen) 4 to 6 hours before
oing to bed. An international cohort study of 1245 patients
ith primary adrenal insufficiency (84%) or secondary adrenal

nsufficiency (16%) underlined that the majority of patients were
n a 2 or 3 dose regimen (42% and 32%) while other regimens
ere less common (one dose, 10%, other regimens, 17%) [2].
either of the two most common therapeutic regimens were

hown to be better, but the number of comparative studies is
uite small [21,32,33]. Bleicken et al. reported no difference
n quality of life measures in a study of 334 patients with pri-

ary or secondary adrenal insufficiency taking either two or
hree dose regimens of hydrocortisone [21]. This study, however,
as based on responses to a number of voluntary question-
aires. Kluger et al. did not identify the dosing regimen for
ydrocortisone as a factor that influenced quality of life, in a
tudy of Finnish patients with adrenal insufficiency, though a
omparison of dosing schedule was a secondary aim for the
tudy [33].

.4.1.1. Continuous subcutaneous infusion. In 2007, a pilot
tudy was published, describing the use of subcutaneous deliv-
ry of hydrocortisone using a portable pump (similar to that
sed in type I diabetes treatment), which was able to restore
lucocorticoid circadian rhythm [34]. In spite of this, the recent
ata on efficacy in terms of quality of life for patients receiv-
ng this treatment are contradictory. Gagliardi et al. published

randomised crossover study on 10 patients comparing oral
reatment with hydrocortisone and continuous subcutaneous
nfusion via a pump. The pharmacokinetic data showed a peak
f cortisol in the morning when using the subcutaneous deliv-
ry that was not obtained with oral administration. Despite this,
here was no change in subjective quality of life measures for
hese patients and at the end of the short-term study (4 weeks)
nly 50% of the patients wished to continue with subcuta-
eous treatment. It should also be noted that 17 of the selected
atients refused the hydrocortisone implant treatment [35]. Con-
ersely, a randomised open crossover study on 33 patients over
months, comparing the same treatment modalities found a

lear improvement in quality of life measures (AddiQoL scale)
avoring the subcutaneous treatment; though the level of proof
as weaker given the open nature of the study [36]. No data
n comorbidities during prolonged subcutaneous delivery of
reatment are currently available, which makes it difficult to
udge the overall benefit of restoring the circadian rhythm in
atients.

.4.1.2. New molecules. A modified-release hydrocortisone
Plenadren

®
) has recently been authorised for use in Europe

or patients with adrenal insufficiency. This formulation gives

release profile that is more physiological across the day,
ith two components, one that is rapidly released and

he other resulting in prolonged release over 12 hours. It
oes not, however, mimic the peak of cortisol secretion on
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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.
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aking. A pilot randomized prospective crossover study showed
hat the long release formulation resulted in a physiological
eak of cortisol 50 mins after administration and a concentra-
ion of > 200 nmol/L over 6 hours, thus mimicking physiological
lasma cortisol levels [37]. In an open prospective study in a
ingle center, on 50 patients treated with hydrocortisone, 30
atients showed a benefit with replacement by Plenadren

®
after

mean duration of 6 months, with a significant reduction in
MI and HbA1c, compared to patients treated with classical
ydrocortisone. The Plenadren

®
treated patients also showed

o change in quality of life measures while the patients on
lassical hydrocortisone treatment showed a reduction in qual-
ty of life [38]. These results confirm those of a prospective
andomized pilot study published in 2012, on 64 patients who
enefitted from a crossover from hydrocortisone to Plenadren

®
.

his study validated, for the first time, the release profile of the
olecule, and in secondary criteria, a significant difference in

erms of weight loss, blood pressure and HbA1c after 12 weeks
f Plenadren

®
treatment compared to classic hydrocortisone

dministration [39].
Another modified-release hydrocortisone (Chronocort

®
) is

urrently being evaluated for the indication ‘adrenal enzy-
atic block’. One administration in the evening at 10 pm

esulted in a physiological increase in cortisol during the
ight. A pharmacokinetic proof of concept study was pub-
ished in 2007, based on 6 healthy volunteers in whom the
ndogenous cortisol secretion was blocked by administra-
ion of dexamethasone. This study showed the potential for
roducing, with this drug, a physiological increase in noctur-
al concentration and a peak of cortisol in the morning on
aking [40].

.4.2. Pediatric patients
The dose of hydrocortisone is divided into 2 or 3 admin-

strations per day, the first and highest dose on waking and
he last dose taken before bed. In congenital adrenal hyperpla-
ia, neither of these therapeutic protocols compensates for the
yperandrogenic state late at night [41].

In 2011, restoration of the circadian rhythm through subcu-
aneous delivery of hydrocortisone via a pump was reported in
n adolescent patient with congenital adrenal hyperplasia [42].
he use of subcutaneous hydrocortisone delivered by pump was

hen reported in a study of three adolescents with congenital
drenal hyperplasia and rapid clearance of cortisol. Continu-
us administration of cortisol, following a normal physiological
ircadian rhythm, normalized concentrations of 17OH proges-
erone and androstenedione. Bolus delivery of hydrocortisone
llowed episodes of stress or fever to be covered. Technical prob-
ems with the pump were rare and manifested as headaches and
ausea in the patients. The duration of treatment with the pump
as not reported but an improvement in absenteeism, quality

f life and sporting activity was noted by the authors [43]. No
ata is available on long-term benefit of treatment in adolescent
atients.
Weak recommendation: expert opinion.

.5. Treatment surveillance

.5.1. Adult patients
Clinical surveillance of treatment consists of examination

or signs of overdose (weight gain, skin fragility, hypertension)
r under-dosage (fatigue, nausea, myalgia, hypotension), alter-
tion in daily activities and modifications to sleep quality. The
valuation of quality of life measures with the AddiQoL scale,
llows the impact of replacement treatment to be evaluated in
atients with Addison’s disease [44]. Other studies have exam-
ned diverse biological markers with a view to individualizing
eplacement therapy. These include:

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
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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].
.5.2. Pediatric patients
Clinical surveillance of treatment is used (growth, puberty)

nd observation of signs of overdose (weight gain, hypertension)
r signs of under-dosage (fatigue, change in daily activity). In
ongenital adrenal hyperplasia, assay for 17OH progesterone,
ndrostenedione and testosterone in the morning can assist in
valuating therapy [54]. The assay of 17OH progesterone and
ndrostenedione in hair is currently being evaluated in congen-
tal 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 +++.

.6. Management during pregnancy

Plasma cortisol levels rise during pregnancy due to an
ncrease in CBG. Free cortisol also rises during the 3rd trimester
ue to placental secretion of CRH and an increase in the response
o ACTH [56]. There are currently no data that suggest a neces-
ity to increase or decrease the dose of hydrocortisone during
regnancy, particularly in the 3rd trimester. Around delivery, it
as been suggested that the dose of hydrocortisone should be
oubled or should be administered by injection of 100–200 mg
ach 24 hrs. A normal dosage regimen can then be reinstated 48
r after delivery. Lactation is not a contra-indication even though
here is a possibility of a small level of transfer of hydrocortisone
rom 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 ++.
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. Mineralocorticoid replacement

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

.1. In adults

.1.1. Justification
The majority of patients with Addison’s disease require

teroid replacement treatment with some mineralocorticoid
omponent due to the risk of loss of sodium in urine, vol-
me depletion from the vasculature and hyperkalemia. Rare
atients are well controlled by hydrocortisone alone, which
as a mineralocorticoid action (20 mg hydrocortisone = 50 �g
uorohydrocortisone) [58]. The cause is not unequivocal;

ncomplete mineralocorticoid deficiency, supraphysiological
ose of hydrocortisone, weak activity of 11� hydroxy steroid
ehydrogenase 2 which converts cortisol to cortisone. In
ontrast, other glucocorticoids have only a weak miner-
locorticoid action, for example prednisolone; or no MC
ction, for example dexamethasone. The use of these latter
wo compounds thus requires addition of mineralocorticoid
eplacement [59].

.1.2. Mineralocorticoid adjustment
Fludrocortisone (9-alpha-fluorohydrocortisone, flucortac

®
)

s a synthetic compound with a strong mineralocorticoid activ-
ty, administered by oral route with a single daily dose. The

ean daily dose is 100 �g/day (50–200 in adults). Mineralocor-
icoid replacement may need to be increased in hot or humid
limates that lead to excessive sweating. Concomitantly, daily
alt intake must be ample in Addison’s patients and increased
n the case of intense physical activity. Adaptation of mineralo-
orticoid replacement needs to be personalised and the patient
eeds to be educated on how to adjust replacement therapy as
equired.

.1.3. Parameters for surveillance
Replacement with mineralocorticoids requires clinicobio-

hemical surveillance of patients. Decreased blood pressure,
rthostatic hypotension, excessive sodium consumption (salt
raving) or episodes of nausea can be signs of under-dosage.
lood ion profiles can show hyponatremia and/or hyper-
alemia. Conversely, hypertension, edema and hypokalemia
ustify a reduction rather than an interruption in mineralocor-
icoid replacement, in conjunction with a reevaluation of dietary
on intakes [60–62].

Measurement of plasma renin constitutes the most precise

arker of sodium balance and effective plasma volume [63],
here there is an inverse relationship between plasma renin

ctivity and plasma volume [59,64]. Measurement of renin activ-
ty or direct assay of plasma renin can be performed at any

p
o
fl

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

.1.4. Essential hypertension, cardiac insufficiency,
regnancy

In patients with Addison’s disease who are also hypertensive
ndependent of a level of mineralocorticoid replacement that is
oo high, the dose of fludrocortisone should be reduced before
he introduction of an anti-hypertensive. The first line drug of
hoice in this case is an angiotensin converting enzyme (ACE)
nhibitor or an angiotensin-2 receptor antagonist and the second
ine drug a calcium antagonist. Diuretics, particularly antago-
ists of the mineralocorticoid receptor, are contraindicated [61].
n the case of associated cardiac insufficiency, a reduction or
essation of fludrocortisone and addition of a loop diuretic is
uggested.

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

.1.5. Drug interactions
The use of drugs including diuretics, acetazolamide,

arbenoxolone, non-steroidal anti-inflammatories and
rospirenone, with fludrocortisone makes it necessary to
djust the mineralocorticoid replacement. Inhibitors of
ytochrome P450 accelerate the catabolism of fludrocortisone;
onversely inhibitors of cytochrome P450 such as phenytoin and
henobarbital reduce catabolism. Licorice and grapefruit juice
oth potentiate the mineralocorticoid action of hydrocortisone
nd thus should be avoided [67].

.2. Pediatric patients

Fludrocortisone is administered orally and in one dose
adolescent) or two doses at a dose of 50–100 mg/day. Oral
upplementation with sodium is needed in babies up to 1–2
ears of age (1–2 g NaCl/day in 3–4 administrations) due to
he immaturity of the kidneys at this age (resistance to min-
ralocorticoids) and the low levels of salt in maternal milk
nd in baby formula. Clinicobiochemical surveillance of min-
ralocorticoid replacement in pediatric patients is required,
imilar to that in adult patients with particular attention paid to
rowth curve in young children. Regular measurement of blood

ressure is necessary as hypertension is reported in 12–50%
f children with congenital adrenal hyperplasia treated with
udrocortisone [68].



R4-8: In adults, we recommend mineralocor-
ticoid replacement using fludrocortisone and a
mean dose of 100 �g/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 �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.

3

3

3

g
f
g
i
a
t

t
m
s
i

3

o
m
o
i
i
f
t
a
t
[
c
p
M
e
u
i
o
l
d
k
e
i

3

k
w
t
p

p
d
c
m
D
a
p
m
t
s
e
s

Strong recommendation, level of evidence ++.

. Androgen replacement

.1. Adult patients

.1.1. Androgen deficiency in adrenal insufficiency
In women, the adrenal cortex is the major source of andro-

ens including dehydroepiandrostenedione (DHEA), its sulfated
orm S-DHEA as well as androstenedione. The adrenal andro-
ens are thus responsible for androgenic physiological effects,

ncluding their androgenic actions after conversion into their
ctive compounds and also their neurosteroid properties, notably
heir regulatory effects on mood.

3

Numerous patients with Addison’s disease report deteriora-
ion in their general state of health despite glucocorticoid and

ineralocorticoid replacement. Patients with either primary or
econdary adrenal insufficiency are reported to perceive a change
n their state of health [22,69].

.1.2. Replacement with DHEA
Female patients with Addison’s disease have a lower level

f plasma DHEA which can be corrected by DHEA replace-
ent. In parallel, their scores for depression and anxiety, sense

f well-being and perception of sexual function and libido are
mproved by replacement therapy [70]. Prolonged use of DHEA
n both males and females has favorable effects on quality of life,
emoral bone density and lean body mass [71]. DHEA modifies
he lipid profile, reducing LDL cholesterol, triglycerides and
lso HDL cholesterol as well as the particle size of HDL, though
he impact of these changes on cardiovascular risk is unknown
72]. Adrenal insufficiency of central origin affects the level of
irculating androgens and DHEA replacement in women with
ituitary insufficiency improves libido and sexual function [73].
eta-analysis of the effects of DHEA in women found a mod-

st benefit in quality of life and depression [74]. The principle
nwanted effects of DHEA replacement are androgenic includ-
ng hirsutism, seborrheic skin, acne and an androgenic sweat
dor [74]. The effect of DHEA on deterioration of quality of
ife in patients with hypopituitarism is small but the impact of a
eficit in only ACTH on the quality of life of these patients is not
nown [75]. There are no solid data concerning the beneficial
ffects of androgen replacement in male subjects with adrenal
nsufficiency.

.1.3. Prescription, surveillance
The formulations of DHEA that are found on the mar-

et contain variable quantities of DHEA and are not always
ell controlled. The quality of commercial formulations should

herefore be assured or alternatively, formulations should be
repared by a compounding pharmacy.

In practice, androgenic treatment by DHEA can be pro-
osed for female patients presenting with symptoms of androgen
eficit or low plasma DHEA level. One to 3 months after
ommencing treatment with DHEA replacement (25 mg in the
orning), efficacy should be evaluated by assay of plasma
HEA 24 hrs after the last administration. Efficacy is evalu-

ted by improvement in symptoms of androgen deficit and a
lasma level of DHEA that is in the median range for nor-
al subjects. In the absence of clinical efficacy after adjusting

he dose of DHEA (50 mg/day), the replacement treatment
hould be stopped after 3 to 6 months. In case of adverse
ffects, the dose can be reduced by half or the treatment
topped.
.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.
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Weak recommendation, level of evidence ++.
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