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A B S T R A C T

The French Society of Pediatric Neurology and the FILNEMUS network created a working group on corticosteroid
therapy in children with Duchenne muscular dystrophy in order to analyze the literature review and current
French practices. The aim of this work was to produce guidelines regarding treatment initiation, pre-therapeutic
interventions, choice between available compounds, and treatment monitoring (dosage, duration, and discon-
tinuation). The treatment side effects and their management are also detailed: osteoporosis, endocrinological
anomaly (growth delay, weight gain, pubertal delay), cataract, arterial hypertension, behavioral disorders,
management of immunosuppression and vaccines, and management of gastrointestinal and metabolic
complications.

Background and objectives of the guidelines

The management of Duchenne muscular dystrophy (DMD) requires a
multidisciplinary approach to address the needs of patients affected by
this severe progressive neuromuscular disease. Whereas genetic thera-
pies are under investigation in clinical studies, DMD treatment is still
mainly symptomatic and includes rehabilitation, orthopedic devices and
surgery, ventilatory support, cardiological follow-up, and preventive
treatment of cardiomyopathy. Physiotherapy and treatment with corti-
costeroids remain the mainstays of DMD care [1]. Long-term glucocor-
ticoid therapy has been shown to prolong the ability to walk, increase
the median age at loss of mobility milestones by 2.1–4.4 years [2],
reduce the requirement for scoliosis-related spinal surgery, improve
cardiorespiratory capacity [3], delay the need for noninvasive ventila-
tion [4], and increase the life expectancy [2,3] and the quality of life of
patients [4].

In France, children with neuromuscular diseases are monitored in
reference centers that organize care (three coordinating reference cen-
ters, 26 constituent centers, and 38 centers of competence) for almost
2000 adult and pediatric patients with DMD. In these centers, children
are cared for during day hospitalizations and benefit from multidisci-
plinary consultations (neurological, physical medicine and rehabilita-
tion, respiratory, cardiological, and orthopedic), which facilitates the
communication between specialists. These referent centers are coordi-
nated by the Neuromuscular Commission of the French Society of Pe-
diatric Neurology (Société Française de Neurologie Pédiatrique, NC-SFNP)
and the French Network of Neuromuscular Diseases (FILNEMUS
network). NC-SFNP–FILNEMUS was mandated to create disease-specific
registries and set up multidisciplinary consultation meetings dealing
with diagnoses, follow-up of clinical trials, and innovative treatments.

Within the NC-SFNP–FILNEMUS, a Corticosteroids and DMD Work-
ing Group was created in June 2020 in order to evaluate French prac-
tices regarding corticosteroid management in children with DMD.

To this end, in November 2020 a questionnaire was addressed to
prescribing physicians of French reference centers. Although interna-
tional care recommendations are proposed [1,3–7], the questionnaire
highlighted that practices are not homogeneous between neuromuscular
centers in France. While there was a high degree of agreement on pre-
scribing corticosteroids to patients with DMD, treatment management
and follow-up in the case of side effects remained heterogeneous.

The aim of the present project was to provide guidelines based on a
literature review to assist practitioners involved in DMD patient man-
agement, particularly practitioners from reference centers, for cortico-
steroid prescription and follow-up of children with DMD (choice of
compound, dosage, and management of side effects), as well as to assist
in their discussions with patients and their families.

Methods

Within the NC-SFNP–FILNEMUS, the Corticosteroids and DMD
Working Group was created in June 2020 and is composed of 10 pedi-
atricians experienced in DMD patient care from six reference centers. In
order to propose detailed guidelines, small subgroups worked on the
following main topics: corticosteroid treatment initiation, follow-up
examinations, dosage adaptation, discontinuation protocol, and
screening and management of side effects.

Each subgroup carried out a literature review to produce a sub-
specialized report. If guidelines were available for a topic, a summary of
these guidelines was mainly used to produce the subspecialized report. If
they were not available, a proposed guideline was produced based on
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published evidence, and in the case of a lack of published evidence,
consensus-based opinion of best practice of care was used to produce the
subspecialized report.

All reports were then combined into a single document that was
addressed to all the members of the work group for proofreading and
validation. The finalized text was submitted to the NC-SFNP–FILNEMUS
in July 2021. The non-consensual points were discussed until a
consensus was reached. All members of the neuromuscular commission
were invited by electronic mail to comment on, accept, or reject this
final version of the manuscript. These French guidelines were translated
into English in 2022.

Part 1: guidelines for the long-term use of corticosteroid therapy
in the context of pediatric DMD

International guidelines had been published regarding the long-term
use of corticosteroid therapy in the context of pediatric DMD. Hence, we
propose a summary of these guidelines on the various aspects of man-
aging patients on corticosteroid therapy.(Table 1)

Benefits of corticosteroid treatment

Corticosteroids are recommended for the chronic treatment of pe-
diatric DMD patients (international consensus). Two compounds are
used: prednisone/prednisolone (0.75 mg/kg/day) and deflazacort (0.9
mg/kg/day) [1].

A Cochrane review [6] reported the benefits of short-term (2 years)
corticosteroid treatment on strength and muscle function in
placebo-controlled studies, notwithstanding the moderate methodolog-
ical quality of these studies. These data have been confirmed in a 2016
review by Gloss et al. [3], which reported an improvement in survival
and muscle strength, a delay in the loss of walking (ranging from 1.4 to
2.5 years) and in the development of cardiomyopathy and scoliosis, and
an improvement in respiratory function.

These observations have been confirmed by a long-term follow-up
duration study showing that the median age of loss of ambulation was 10
years in patients treated for less than 1 year and 13.4 years in those
treated for more than 1 year. Moreover, patients treated for more than 1
year displayed loss of upper extremity functionality (by 2.8–8 years) and
prolonged survival compared with patients treated for less than 1 year
[2]. Barber et al. also reported a delay in the occurrence of heart disease
[8], and Pane et al. an improvement in the long-term progression of the
disease, by delaying the loss of upper limb function [9].

Treatment initiation

Few studies have correlated the age of corticosteroid treatment

initiation with the clinical course. As loss of walking occurs in 30% of
patients before the age of 10 years and in 90% before the age of 15 years,
an early initiation of treatment (before substantial physical decline) has
been recommended. The mean age for loss of walking is 9.5 years if the
treatment has been administered for less than 3 years, and 12.3 years if it
has been administered for more than 3 years [1,10,11].

There is no clear international consensus regarding the optimal
moment for treatment initiation, and this decision is based on age, motor
function progression, and side-effect-related risk factors [1]. Some
studies show that an early initiation (<5 years) of corticosteroid treat-
ment seems to be associated with early cardiomyopathy, lower forced
vital capacity values, and a higher risk for adverse events such as frac-
tures [12].

The criteria leading to treatment initiation include a confirmed DMD
diagnosis, the ability for patients and their family to follow the in-
structions and the monitoring specific to the prescription of corticoste-
roids, and the family non-opposition to the treatment.

International recommendations suggest initiating treatment before
substantial physical decline, and a plateau often occurs between 4 and 6
years of age: There is no medical evidence supporting corticosteroid
treatment initiation before the age of 4 years.

If possible, two functional motor evaluations should be performed
before the introduction of corticosteroids in order to determine the
clinical progression profile. In the case of late diagnosis and stability or
in the case of deterioration already observed by the patient’s family, it is
recommended to initiate the treatment without further delay.

It should be noted that treatment initiation is possible at any age,
even after the loss of walking or during adulthood. Some adults may
benefit from treatment as it may have a positive effect on respiratory
function or swallowing, but they must be vigilant of the risk of side ef-
fects, which requires increased monitoring [7].

Pretherapeutic interventions

Before treatment initiation and throughout the follow-up, functional
motor assessments are performed, such as the Motor Function Measure
(MFM 20 or 32) [13,14] or the 6-min walk test [15] to determine the
clinical progression profile (improvement, stability, deterioration)
(Fig. 1).

The pretherapeutic analyses should consist of a clinical examination;
the determination of blood pressure, weight, height, dietary calcium
intake (the GRIO questionnaire at http://www.grio.org/espace-gp/cal
cul-apport-calcique-quotidien.php can be used); and measurement of
complete blood count, blood calcium, glucose and phosphorus levels,
fasting blood glucose, blood proteins, vitamin 25 OH D3 levels, and
calcium/creatinine urinary ratio. Additionally, vaccinations must be
updated. Also, an ophthalmological examination should determine the

Table 1
Key points for prescription and efficacy of long-term corticosteroid therapy in patients with DMD.

• Prednisone/prednisolone 0.75 mg/kg/day or deflazacort 0.9 mg/kg/day
• Administered in the morning with breakfast
• Adapted to tolerance and efficacy
• Benefit–risk balance of each compound: deflazacort is more difficult to obtain in France, leads to a smaller final height, and is associated with a higher risk of cataract but creates less weight gain
• Initiation in the motor plateau phase between 4 and 6 years
• Information for families regarding side effects, dietary rules, instructions to never stop the treatment abruptly and not to give nonsteroidal anti-inflammatory drugs
• Treatment prescription after family agreement, examination, laboratory and ophthalmological check-ups, bone densitometry, and vaccinations
• Introduced preferably at the therapeutic target dose (gradual introduction in the case of behavioral problems)
• Maintenance of a daily dose appropriate for weight (maximum 30–40 mg prednisone/day)
• Minimum effective dose: 0.33 mg/kg/day for prednisone/prednisolone
• Assessment of efficacy: interviews and functional tests (MFM and 6MWT at least)
• Assessment of tolerance: regular clinical monitoring (weight, height, BMI, BP, puberty), laboratory monitoring (vitamin D levels, kalemia, glycosuria/glycemia), radiological monitoring (full-

spine X-ray in profile, at least every 2 years), and annual ophthalmological examination
• Daily dose is superior in terms of efficacy but alternative dose shows less delay in height growth
• Discontinuation of corticosteroid therapy can be indicated in the case of major side effects; decrease in dose should be progressive to prevent acute adrenal insufficiency

DMD: Duchenne muscular dystrophy; MFM: motor function measure; BMI: body mass index; 6MWT: 6-min walk test; BP: blood pressure.
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eye pressure and search for the presence of cataract. Osteodensitometry
should be performed. Finally, patients and their family should receive
specific education regarding health and dietary rules, especially if risk
factors are identified (particularly overweight), as well as regarding the
side effects and their monitoring (a written information note should be
provided). The general practitioner should be informed.

Choice between available compounds

Two compounds can be used as treatment in the context of DMD:
prednisone/prednisolone and deflazacort. These are glucocorticoids and
belong to the class of steroidal anti-inflammatory drugs. Prednisolone is
a prodrug of prednisone. Deflazacort (a prodrug of prednisolone) is
rapidly converted into an active compound, 21-deacetyl-deflazacort.
These compounds have been derived from the natural hormone hydro-
cortisone (i.e., cortisol) in order to retain the glucocorticoid properties
(particularly the anti-inflammatory, antiallergic, and immunosuppres-
sive properties) while minimizing the mineralocorticoid properties
(antidiuretic, antinatriuretic, and kaliuretic). The synthetic cortisol de-
rivatives are distinguished by their anti-inflammatory properties, their
duration of action, and their mineralocorticoid residual action. Predni-
sone and prednisolone have an intermediate duration of action, a
mineralocorticoid effect equivalent to 80% of the cortisol effect, and a
fourfold anti-inflammatory potency compared with cortisol. The anti-
inflammatory potency of deflazacort is somewhat inferior: 6 mg of
deflazacort is equivalent to 5 mg of prednisone or prednisolone
(equivalent to 20 mg of hydrocortisone).

Deflazacort has been reported to delay gait loss more effectively than
prednisone [16–18]. However, according to the American Academy of
Neurology, it is not possible to validate the overall superiority of one
compound over the other [3]. A recent controlled trial confirmed the
equivalent benefit of both compounds after 3 years on motor skill, res-
piratory parameters, and parental satisfaction and reported that daily
doses are better than alternative doses [19]. Moreover, the weight gain
associated with treatment and the final height were both smaller with
deflazacort [3,18,20]. Finally, deflazacort appears to be associated with
a higher risk of cataract [2]. Since 2021, a nominative temporary
authorization of use (Autorisation Temporaire d’Utilisation, ATU) can be
requested for the delivery of deflazacort in France.

Dosage, adjustments, and discontinuation

The recommended therapeutic target dose for prednisone/prednis-
olone is 0.75 mg/kg/day (maximal dose: 30–40 mg/day) and 0.9 mg/
kg/day for deflazacort (no reported maximal dose). These compounds
should preferably be introduced at the therapeutic target dose, but a
gradual introduction can be discussed in the case of behavioral prob-
lems. Parents are instructed to give the treatment in the morning during
breakfast, to avoid the afternoons, and not to discontinue treatment
abruptly. Finally, parents are also instructed not to give nonsteroidal
anti-inflammatory drugs (NSAIDs, such as ibuprofen and aspirin)
without medical advice.

No long-term benefit can be expected if the treatment duration is less
than 12 months. Therefore, treatment should be continued based on the
evaluation of its effectiveness and clinical tolerance.

Regarding dosage adjustment, there is no published evidence sup-
porting a systematic reduction in the corticosteroid treatment after 12
months at the optimal dose. No study has reported any advantage of
alternating corticosteroid doses in terms of efficacy or safety [21–23].
The dose (in mg/kg/day) should therefore be maintained over time and
adapted to the weight if tolerated (without exceeding the maximal
dose). Occurrence of side effects, or a poor treatment tolerance balanced
with the benefits, can prompt dosage adjustments, which can entail not
increasing the dose according to the patient weight gain, alternating
administration every other day (or other intermittent therapy), or
gradually decreasing the dose. The minimal dose reported as effective is

Fig. 1. Monitoring motor skills with the Motor Function Measure (MFM):
Example of evolution curves over time for four patients treated with predni-
sone.
Evolution curves over time of MFM total score (A), MFM-D1 subscore (standing
position and transfers) (B), MFM-D2 subscore (axial and proximal motor skills)
(C), and MFM-D3 subscore (distal motor skills) (D) of the four patients are
displayed on MFM percentiles curves of non-treated DMD patients.
Individual percentile curves of MFM scores can be obtained from https://dkfbas
el.shinyapps.io/mfmpercentiles/ [66]. Red squares represent age at introduc-
tion of corticosteroids for each patient. y = Years.
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0.33 mg/kg/day for prednisone/prednisolone, but it is not determined
for deflazacort [5]. The adaptation of corticosteroid treatment dosage
after loss of walking has not been documented; however, treatment re-
mains relevant due to effects on upper limb and respiratory functions.

The indications for the discontinuation of corticosteroid treatment
are essentially related to the presence of major side effects. Discontin-
uation should involve a gradual decrease in dose and hydrocortisone
replacement therapy until recovery of endogenous corticosteroid syn-
thesis [24], according to local protocols, and should take into consid-
eration endocrinological recommendations to prevent acute adrenal
insufficiency.

Part 2: side effect monitoring

Corticosteroid treatment side effects are frequent (weight gain,
growth retardation, behavioral problems, osteoporotic fractures, cata-
racts, delayed puberty, cushingoid appearance, etc.) but generally
moderate. Medical management must consider the induced immuno-
suppression. Each side effect entails a specific course of action in terms
of screening, follow-up, prevention, impact on the prescription of cor-
ticosteroids, and prescription of adjuvant treatments.

In the absence of available international guidelines on these subjects,
proposed guidelines were produced regarding these concerns.(Table 2)

Osteopenia

Osteoporosis is a common complication of long-term corticosteroid
treatment, a risk that is increased by hypomobility and reduced weight-
bearing activities after loss of ambulation in DMD patients.
Osteoporosis-induced bone fragility can lead to long bone fractures,
sometimes asymptomatic vertebral fractures, and bone pain. The pre-
vention of osteoporosis and the screening of these complications are
therefore essential for the management of patients with DMD under

corticosteroid treatment.
The following guidelines regarding the diagnosis, monitoring, and

prevention strategy for osteoporosis are based on two key publications
on the topic [25,26] and on the French recommendations relative to the
management of children at risk of bone fragility [27].

Guideline
Osteoporosis screening should be performed as soon as corticosteroid

treatment is initiated, and should comprise the following: (a) a thor-
acolumbar spine side profile X-ray performed every 2 years. The fre-
quency of this examination can be increased in the case of back pain or a
decrease of − 0.5 SD in bone mineral density (BMD) Z score over a period
>12 months; (b) a dual-energy X-ray absorptiometry (DEXA) scan per-
formed every year for the determination of the BMD of the lumbar spine,
distal femur, hip, and whole body. The total BMD score can be converted
into age- and sex-specific Z-scores. Since BMD can be underestimated in
patients with DMD, it is useful to use the apparent BMD.

The prevention and control of osteoporosis risk factors should cover
the following: (a) promoting mobility; (b) ensuring a satisfactory
nutritional state, i.e., avoiding both undernutrition and overweight; (c)
controlling calcium intake annually and introducing a calcium supple-
mentation (diet or medical supplementation) only in the case of insuf-
ficient daily nutritional intake in order to avoid hypercalciuria [28]; and
(d) controlling the vitamin D intake annually by determining the 25-OH
vitamin D3 levels late during winter (if possible). The target 25-OH
vitamin D3 concentration is 30 ng/mL (75 nmol/L); if necessary,
vitamin D supplementation can be performed for initial concentrations
of 20–30 ng/mL, supplementation of 1000 IU/day for 1 year should be
considered; for initial concentrations of <20 ng/mL, supplementation of
2000 IU/day for 1 year should be considered; and for initial concen-
trations of <10 ng/mL, supplementation of 4000 IU/day for 1 year
should be considered. In the case of supplementation, 25-OH vitamin D3
levels should be determined 3 months after supplementation initiation.

Table 2
Key points for the evaluation of tolerance and management of side effects of long-term corticosteroid therapy in patients with DMD.

Risk of osteopenia • Vitamin D supplementation: adapted to blood levels
• Calcium supplementation: adapted to dietary intake
• Systematic search for the presence of vertebral settlements on spine X-ray in profile and clinical fracture
• Symptomatic osteoporosis on bone densitometry (including for painful grade 1 vertebral compression) requires treatment with

bisphosphonates
Risk of obesity • Aim to keep BMI within normal limits, especially during adolescence, to maintain longer autonomy of transfers and prevent metabolic

syndrome
• Increasing BMI may require a decrease in dosage

Risk of delay in height growth • Management is dependent on the patient’s tolerance: seek specialist advice if the height growth curve differs by more than 2 SD to discuss
treatment with GH in the case of GH deficiency

Risk of delayed puberty • After 3–5 years on corticosteroids, puberty is often delayed
• If puberty has not started by 14 years, an endocrinological consultation should be proposed to discuss testosterone treatment initiation, taking

into consideration the clinical situation and according to the wishes and concerns of the boy
Risk of cataract • It occurs after 4–6 years of treatment

• Surgical treatment is an exception (more frequent for deflazacort)
• An annual ophthalmological examination is performed for early detection of cataract and measurement of intraocular pressure
• A closer examination every 6 months is performed if cataract is detected
• The corticosteroids are continued at the same dosage unless aggravation and/or contradictory ophthalmological opinions

Risk of hyper-
tension

• DMD patients on corticosteroids develop hypertension in 22%–47% of cases; the interpretation of the measured values is made according to the
standards established for height or age considering aggravating factors for cardiac pathology

• Blood pressure is measured at each consultation and, if necessary, by a 24-h Holter blood pressure recording
• In the case of confirmed hypertension, proposal to reinforce low-sodium diet and, if necessary, begin early or adjust treatment with a

conversion enzyme inhibitor and/or beta-blocker at the maximum tolerated doses; then, if necessary, reduction of the corticosteroid therapy
Risk of increased behavioral
disturbance

• A search for symptoms of neurodevelopmental disorders and behavioral disturbances should be performed
• Questionnaires and assessments can be proposed
• If necessary, corticosteroids can be started at lower doses and the dosage can be adjusted to the side effects, depending on the impact on family

life and schooling. Adjuvant treatments may also be prescribed
Infectious risk (from
immunosuppressive effect)

• Varicella serology and vaccination if necessary, before initiating the treatment
• Live attenuated vaccines should be updated before starting corticosteroids and prohibited afterwards. An evaluation of the risk of latent

infections should be performed
Digestive and metabolic risks • Symptoms of GERD are treated with a proton pump inhibitor

• Monitoring of diabetes (especially in the case of obesity) and of hypokalemia (no systematic supplementation)

DMD: Duchenne muscular dystrophy; BMI: body mass index; GH: growth hormone; GERD: gastroesophageal reflux disease.
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For fractures and bisphosphonate treatment, the Genant semi-
quantitative method allows for the classification of vertebral fractures
according to the decrease in size (ratio): grade 0 corresponds to no
fracture, grade 1 corresponds to moderate fractures (>20%–25%), and
grade 3 corresponds to severe fractures (>40%) [29].

Treatments such as bisphosphonates have been shown to be associ-
ated with a decrease in morbidity and mortality. Although the frequency
of fractures is high in the context of DMD, no study has evaluated the
value of administrating bisphosphonates as a preventive treatment
(before the occurrence of the first fracture). The current approach con-
sists of a secondary prevention strategy following the diagnosis of
fractures, including vertebral fractures, which have limited potential for
spontaneous healing. Bisphosphonate treatment is indicated for pedi-
atric patients presenting with risk factors for bone fragility with at least
one clinically significant fracture (i.e., long bone or vertebral fracture).

Treatment is recommended for grade 1 vertebral fractures if they are
associated with symptoms (back pain); otherwise, it is recommended to
perform radiography 6 months later in order to assess the radiological
progression of the vertebral fracture.

Birnkrant et al. have published an algorithm for the monitoring,
diagnosis, and treatment of osteoporosis in DMD patients [26].

Growth

Some of the most frequent complications affecting DMD patients
under long-term corticosteroid treatment are growth and pubertal
abnormalities.

Long-term corticosteroid treatment induces a delay in height and
pubertal growth related to the suppression of growth hormone (GH)
production and/or to the resistance to GH or IGF-1 and has direct effects
on bone.

Bianchi et al. reported that the height growth rate was significantly
slowed down after 12–18 months of deflazacort use, and that the height
was reduced by at least 20–25 cm on average compared with the age-
matched general population at the age of 13–15 years [30]. This dif-
ference in height is less important for patients under prednisone
treatment.

Both treatments alter growth parameters; however, patients under
deflazacort treatment have been reported to experience a reduced
growth in height, weight, and body mass index (BMI) compared with
patients under prednisone/prednisolone over the first 48 weeks of
treatment [17].

Guideline
Height should be measured every 6 months. Specialist advice should

be sought if the height curve differs by more than 2 SD and/or height <
− 2 SD. GH treatment should be administered in the case of GH defi-
ciency (insufficient data regarding the indication of GH treatment in
cases of absence of proven deficit). Physicians should be aware of the
rare cases in which there is an ectopic posterior pituitary associated with
DMD but for which the growth delay often occurs earlier, even before
the initiation of corticosteroid treatment. In France, current practices
involve a switch to an alternate prescription (every other day) in order to
reduce the growth delay. Stimpson et al. [31] demonstrated that defla-
zacort daily and prednisolone daily subgroups showed more stunting
compared with the corresponding intermittent regimen subgroups.
Reduction in dose is not recommended because of the impact on motor
function, but it should be adapted to each situation, particularly ac-
cording to the difficulty for children to accept the delay in height
growth.

Weight

DMD patients are naturally at risk of overweight/obesity due to the
progressive motor function decline. This risk is increased by chronic
corticosteroid treatments, as they tend to increase appetite, to have
direct effects on blood sugar levels, and to stimulate the lipolysis and
accumulation of fat in unusual tissues, leading to facio-troncular obesity.
In addition, peripheral insulin resistance may follow weight gain [3].

Maintaining a BMI within the normal range is an important goal,
especially during adolescence, in order to maintain transfer indepen-
dence for longer and to prevent the occurrence of metabolic syndrome.

Guidelines
Weight should be measured every 6 months. The administration of

long-term corticosteroid treatment requires a nutritional adaptation:
boys who have not lost their ambulation ability require 80% of the
calorie intake of a healthy child, and non-walking boys require about
70% of the calorie intake of a healthy age-matched child. Consultation
with a dietician should be considered at least once a year. In the case of
excessive weight gain (curve lane deviation), not adapting the dosage to
weight could first be considered followed by a dose reduction if neces-
sary. Blood glucose, insulin, and HBA1C should be monitored, especially
during adolescence and in the presence of other signs of metabolic
syndrome.

Puberty

The onset of puberty in boys is manifested by an increase in the
testicular volume and occurs at the bone age of 13 years (corresponding
to the appearance of the thumb sesamoid). Delayed puberty is defined as
the absence of pubertal development after 14 years of age or by the
absence of complete development 4 years after its onset. In DMD pa-
tients treated for more than 3–5 years with corticosteroids, puberty is
often delayed (whereas untreated DMD patients undergo normal
puberty).

There is no comparative study available regarding the effects of
deflazacort vs. prednisone/prednisolone on puberty.

Guidelines
The Tanner stage should be evaluated at each consultation from the

age of 9 years, and early referral to an endocrinologist should be
considered if there is doubt regarding the occurrence of pubertal
development.

If puberty has not started by the age of 14, a testosterone supple-
mentation should be discussed. Such supplementation has beneficial
effects on bone mass but side effects are also possible, such as acne, oily
skin, mood changes, increase in BMI, increase in libido, and a possible
reduction in final height due to advancement of bone age and epiphyseal
fusion. Hence, the decision to initiate testosterone supplementation
should be made while taking into consideration the clinical situation as
well as the patient’s wishes and concerns.

Cataract

The study by Rice et al. [32] including 596 male pediatric patients
with DMD, the vast majority of whom (514/596) were under deflazacort
or prednisolone treatment, found a significantly elevated risk of cataract
(22.4%) for patients under corticosteroid treatment [32,33]. This risk
was twice as high with deflazacort compared with prednisolone. Cata-
ract occurs on average after 4–6 years of treatment and requires surgical
treatment only in very few cases.
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Guidelines
An annual ophthalmologic examination should be performed for the

early detection of cataract and for the measurement of intraocular
pressure. In the case of cataract, a close follow-up (every 6 months)
should be established, especially for patients treated with deflazacort,
which is associated with a higher risk of cataract surgery.

The corticosteroid treatment should be continued at the same dose,
except in cases of aggravation or contradictory ophthalmological advice.
The reduction or discontinuation of the treatment should be discussed
while taking into account the risk–benefit ratio of corticosteroids.

Arterial hypertension

Arterial hypertension (HTN) is a classic complication of long-term
corticosteroid treatment, but the published data concerning this
complication in the specific context of DMD are divided and sometimes
contradictory. The exact frequency of occurrence of HTN in DMD pa-
tients treated with corticosteroids is thus poorly known and probably
underestimated due to the absence of specific investigation or due to the
sole consideration of isolated blood pressure measurements.

Several cohort studies or meta-analyses investigating the use of
corticosteroids in the context of DMD do not mention the evaluation of
HTN [22]. Other studies do not show an increased risk of HTN related to
corticosteroid therapy in DMD [34–37]. This complication was, never-
theless, found to be associated with corticosteroid therapy in the context
of DMD in 22% of cases in the study by Ricotti et al. [38] and in 47% of
cases in the study by Braat et al. [39], in which blood pressure was
measured continuously. The discrepancies observed between these
different studies are probably related to the use of different
angiotensin-converting-enzyme inhibitors (ACE inhibitors) and other
treatments with an antihypertensive effect, in addition to different blood
pressure measurement protocols.

The most reliable way to record blood pressure is to perform 24-h
ambulatory recordings (Holter blood pressure) or, alternatively, by
taking measurements at home. The interpretation of the measured
values should take into account the standards established for height or
age [40,41]. Using these prolonged daytime and overnight measure-
ments, abnormalities in the blood pressure profile have been demon-
strated in two thirds of DMD patients treated with corticosteroids,
including children in the 6- to 11-year age range [39,42].

No statistically significant difference in the occurrence of HTN has
been found depending on the type of corticosteroid used (prednisone or
deflazacort) [3]. The occurrence of HTN is significantly greater in the
case of continuous corticosteroid therapy (22%) than in the case of
intermittent corticosteroid therapy (5%) [38], but this difference has not
been found in all studies [23].

It should, nevertheless, be emphasized that the link between HTN
and corticosteroid treatment is not unequivocal in this context. Some
authors have indeed reported that HTN can also be observed in DMD
children and adolescents who are not under corticosteroid treatment,
which is possibly related to fibrous changes in the arterial wall and to
abnormalities of the vascular endothelium. Consistently, greater arterial
wall stiffness has been observed in this context [43]. During the late
stages of DMD, impaired renal function may also contribute to the
occurrence of HTN [44]. Conversely, some DMD patients, especially
non-ambulatory patients, have an abnormally low blood pressure that is
often well tolerated on a daily basis but that may require special vigi-
lance in the setting of general anesthesia [45]. This low blood pressure
may also constitute a limit to the dose increase of cardiac treatments,
mainly for patients with significant systolic dysfunction [43,46].

The presence of HTN, whether or not related to corticosteroid ther-
apy, could be an aggravating factor for the cardiac pathology in the
context of DMD and constitutes a therapeutic target in itself [47]. The

use of ACE inhibitors or beta-blockers to prevent cardiomyopathy in
DMD patients is associated with better blood pressure control, which
significantly contributes to their clinical benefit in terms of decreased
mortality [48].

Guidelines
The regular measurement of blood pressure should be performed at

each consultation during the entire follow-up [1], even more so in the
case of corticosteroid treatment.

If there are abnormal values or doubts, a 24-h Holter blood pressure
recording can confirm the existence of HTN. In the case of confirmed
HTN, a more stringent low-sodium diet (that does not impact the
nutritional balance) may be proposed first, possibly followed by an
adjustment or early initiation of a treatment containing the conversion
enzyme inhibitor and/or beta-blocker, at the maximum tolerated doses.
A decrease in the corticosteroid treatment dose may be discussed as a
last resort.

Behavioral disorders

The side effects of corticosteroids include behavioral changes. The
side effect profile of prednisone frequently reports euphoria, insomnia,
excitement, etc., as well as risks of decompensation in cases of treatment
discontinuation. The impact of treatment on behavior is not always
confirmed in DMD but the studies do not all use the same scales to
evaluate behavior [6]. Behavioral problems have been reported in 3%–
6% of DMD patients under long-term corticosteroid treatment [2],
without any difference between compounds (prednisone vs. deflazacort)
or between the dosage regimens [23]. More hyperactivity and insomnia
cases have been reported in DMD patients under daily vs. intermittent
regimens, but there was no difference in terms of symptoms of aggres-
siveness and emotional lability [38]. Another study found no link be-
tween emotional, behavioral, and neurodevelopmental profiles and
steroid treatment or age [49]. Using the PARS III questionnaire adapted
for DMD cases, there was no difference between corticosteroid-treated
and untreated patients in any of the six subdomains (peer relation-
ships, dependence, hostility, withdrawal, productivity, anx-
iety/depression) [50]. In our experience, disabling behavioral problems
are rarely (<5%) the cause of treatment discontinuation. Accordingly,
the rate of treatment discontinuation related to behavioral problems was
2% in a study published by Darmahkasih et al. [51] and 0% in a study
published by Escolar et al. [23].

Before introducing corticosteroids, the neurodevelopmental profile
of the DMD patient should be taken into account, as associated disorders
are common in the natural history of the disease: intellectual disability
(17%–27% [52], 36% in France [53]), learning disorders (26%) in
which the verbal domain is more affected than the non-verbal domain
and which include the specific disorder of written language [52],
impairment of working memory [54] or executive functions with inhi-
bition and planning deficit, attention-deficit/hyperactivity (32%),
autism spectrum disorders (15%), anxiety disorders (27%) [1,49], motor
or vocal tics (2.4%), emotional and behavioral regulation disorders
(38%), obsessive–compulsive disorders (25%), and depressive symp-
toms (15.9%) [51]. These disorders are not degenerative and can be
influenced by life events, treatments, and rehabilitation, but some
symptoms may be exacerbated by corticosteroids.

Sleep may be impaired early in DMD children as part of their asso-
ciated anxiety or autistic disorders, and difficulties in falling asleep may
be increased by treatments (corticosteroids, methylphenidate).

Guidelines
We recommend evaluating the patient’s neurodevelopmental,

behavioral, and emotional profile, preferably before the initiation of
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corticosteroid treatment, using assessments and questionnaires adapted
to the suspected disorders, and possibly seek for a complementary
opinion from a psychologist or child psychiatrist (WISC recommended
from the age of 6 years).

The presence of externalized behavioral disorders, anxiety disorders,
or autistic spectrum disorders does not constitute a contraindication to
corticosteroid treatment but should encourage caution: The introduction
of corticosteroids should be performed progressively and the family
should evaluate the benefit–risk ratio (including the impact on schooling
and family life) at each therapeutic stage and return to previous stages if
necessary. In all cases, a screening for behavioral problems after the
initiation of treatment should be carried out, by at least interviewing the
parents.

In the case of attention-deficit disorder with or without hyperactiv-
ity, there is no contraindication to methylphenidate under cardiological
supervision [55]. The indication should be assessed according to the
usual criteria of impact on several areas of life (questionnaires and
attentional assessment before and after treatment). Other psychotropic
drugs may also be prescribed if necessary.

Difficulties in falling asleep justify, in addition to reviewing the rules
of sleep hygiene, a modulation of the schedule for treatment adminis-
tration (in the morning only). Melatonin is a classic adjuvant treatment.
The combination of nocturnal agitation, hyperhidrosis, and daytime
sleepiness should prompt the investigation for sleep apnea syndrome.

Vaccination and immunodepression

According to the National Protocols for Diagnosis and Care (Proto-
coles Nationaux de Diagnostic et de Soins, PNDS) [56], all DMD patients
should receive a pneumococcal vaccine and an annual influenza vac-
cine. The vaccination schedule recommended by the French National
Authority for Health (Haute Autorité de Santé, HAS) should also be fol-
lowed, considering the immunosuppressive effect of long-term cortico-
steroid treatment.

Corticosteroid-induced immunosuppression is considered only
beyond 2 mg/kg/day in children (or 20 mg/day in children over 10 kg
after 15 days) for prednisone or beyond 10 mg/day in adults [57].

Guidelines
The use of live attenuated vaccines is more likely to cause compli-

cations and is not recommended under corticosteroid treatment. It is
therefore advisable to propose, at least 2 weeks before the initiation of
corticosteroid therapy, an update of the measles, mumps, and rubella
(MMR) vaccination, yellow fever vaccine if necessary (in the case of
stays in endemic areas), and varicella vaccination if the serology is
negative.

For patients not immunized against varicella and not vaccinated, the
administration of specific immunoglobulins should be discussed in the
event of contagion, or the administration of aciclovir in the event of
varicella symptoms under corticosteroids.

Progressive signs of infection may be masked by the corticosteroid
treatment: Families should be warned to seek medical attention more
readily if infectious symptoms occur. Given the risk of reactivation of
latent infections, an interview should be held investigating trips to an
anguillulosis-endemic area, primary infections, or contacts with a per-
son with tuberculosis before the initiation of corticosteroids.

Gastrointestinal and metabolic complications

Children with DMD often suffer from overweight after the loss of
walking, whereas adult patients tend to be malnourished [2,9,58–60].
The risks associated with corticosteroid therapy include obesity, glucose

intolerance, and type 2 diabetes [61,62], the worsening of the gastro-
esophageal reflux disease as well as risk of gastritis and ulcer [9,63,64],
and less severely swallowing problems and constipation [65].

Guidelines
The BMI should be determined at each follow-up visit, referring to

the curves specific to DMD children. Also, the assessment of glucose
metabolism is recommended for overweight patients whose obesity is
resistant to dietary control: assessment of insulin and HbA1C levels and
an oral glucose tolerance test. In the case of difficult-to-control obesity
or overweight, a change of steroid medication is to be considered.

Symptoms of gastroesophageal reflux disease should be systemati-
cally investigated; the initiation of treatment with a proton pump in-
hibitor is recommended. Occult blood in stool should also be
investigated in the case of anemia. Symptomatic treatment of con-
stipation should be proposed. Finally, laboratory monitoring of hypo-
kalemia should be performed and potassium supplementation proposed
if necessary.

Conclusion

At a time when pediatricians are restricting the use of corticosteroids
in most chronic diseases, their benefit for children with DMD, i.e., the
gain of years of mobility, justifies their use. Furthermore, while waiting
for a treatment with fewer side effects on bone mineralization and
growth in particular, therapy for DMD should aim to finely manage
corticosteroids and their side effects by maintaining tolerable optimal
doses.
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