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ABSTRACT
Introduction/Aim: Optimizing Management of Endocrine Complications in Duchenne Muscular Dystrophy (OPTIMIZE
DMD) is an international consortium of clinicians created to advance endocrine and bone clinical care in DMD. The aim
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of this study was to better understand current views and practices regarding investigation and management of growth and
puberty concerns in individuals with DMD, relative to the 2018 Care Considerations and to inform updated guidance around
endocrine care.

Methods: A survey was created and sent to 47 OPTIMIZE DMD Consortium members and allied clinicians between September
and November 2024. Areas surveyed included evaluation of growth, puberty, and arrested puberty/hypogonadism, and related
management including use of vamorolone, growth hormone and testosterone.

Results: Survey responses were received from 37 clinicians (79%). Most individuals were referred to endocrinology for growth
and puberty concerns, with referral patterns contingent upon the endocrinology/multidisciplinary clinic model. Management
discussions for growth concerns involved continued monitoring (95% of clinicians), glucocorticoid adjustment (54%) including
vamorolone (35%), and growth hormone (41%). For pubertal delay, 88% of endocrinologists offered testosterone for pubertal in-
duction, most commonly intramuscular 4-weekly testosterone injections. Most endocrinologists (92%) offered testosterone sup-
plementation for arrested puberty/hypogonadism, some (24%) on a case-by-case basis. Delivery routes were more varied, with
subcutaneous injections prescribed by 52%.

Discussion: Compared with the 2018 Care Considerations, monitoring practices for growth and puberty remain largely consist-
ent, while variability persists in management approaches. These findings provide important insights to inform future guidance

and identify priorities for further education and research in endocrine management for individuals with DMD.

1 | Introduction

Glucocorticoids are considered standard of care to slow disease
progression in Duchenne muscular dystrophy (DMD). However,
their use is associated with substantial endocrine side effects,
including growth failure and pubertal delay [1].

Optimizing Management of Bone Health and Endocrine
Complications in DMD (OPTIMIZE DMD) is an international
consortium, founded in 2023 to advance the standard of care
through education, advocacy, and research in endocrine and
bone clinical care in DMD [2]. It comprises endocrinologists,
neurologists, rehabilitation medicine clinicians, clinical psy-
chologists, and patient advocates from the USA, Canada and
the UK.

The objective of the study was to identify areas of consensus
and variance amongst clinicians internationally and relative
to the 2018 DMD Care Considerations [3, 4] (evidence- and
expert opinion-based guidance for DMD clinical care). The
overarching goals were to determine current practices and in-
form future clinical guidance and research priorities in these
domains.

2 | Methods

A survey (supplemental document) was created and data ana-
lyzed by the OPTIMIZE DMD Growth and Puberty Working
Group using Jisc v3, an online platform [5]. It was reviewed
by The John Hopkins Medicine Institutional Review Board
and determined exempt under US regulations. The survey
was distributed electronically to the Consortium's members
and allied Italian clinicians with DMD expertise between
September and November 2024. The Italian clinicians were
surveyed as they were participants of the Optimize DMD
Rome 2025 meeting that was jointly organized by US and
Italian patient advocacy organizations. Areas surveyed in-
cluded monitoring, referrals, investigation and management
of growth and puberty concerns in younger individuals and

arrested puberty/hypogonadism in older teenagers and young
adults. Management strategies discussed included the use of
vamorolone, growth hormone and testosterone. For referrals
and monitoring, all responses were analyzed, whereas for
endocrine-focused investigations and management following
endocrinology referral, endocrinologists' responses only were
analyzed.

3 | Results
3.1 | Demographics

Survey responses were received from 37/47 clinicians (79%) with
expertise in managing DMD (Table 1). All non-responders were
sent three reminder emails.

3.2 | Growth

Eight respondents (22%) reported that an endocrinologist rou-
tinely saw all patients in their multidisciplinary clinic and thus
no specific referral for investigation of growth concerns was
needed. Twenty-seven of the remaining 29 respondents reported
referral to endocrinology for growth concerns (from patient,
family, or physician).

All clinicians monitored growth using standing height mea-
surements in ambulant individuals, usually every 6-12months.
Thirty-two of 37 (86%) routinely measured surrogates of height
in non-ambulant individuals but only 12/37 (32%) also did this
in ambulant individuals. These surrogate methods were highly
variable (Figure 1A,B).

Bone age x-rays constituted part of the growth assessment by
23/25 (92%) endocrinologists. On referral, 23/25 (92%) endocri-
nologists initiated standard biochemical testing to investigate
growth (including renal and thyroid function, growth hormone
(GH) indices, erythrocyte sedimentation rate, celiac screen and
complete blood count). Growth hormone provocation testing
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TABLE1 | Demographics of survey respondents.

Survey
response

Characteristic rate, n (%)
Overall 37/47 (79)
OPTIMIZE DMD members 28/35 (80)
Italian clinicians 9/12(75)
Country of practice

USA 17 (46)

Canada 9(24)

Ttaly 924

UK 209
Clinical specialty

Pediatric endocrinologist 25 (68)

Neurologist/neuromuscular specialist 10 (27)

Pediatrician (DMD expertise) 1(3)

Clinical psychologist (DMD expertise) 1(3)
DMD patient caseload

<10 patients 3(8)

51-200 patients 22 (60)

> 200 patients 5(14)
Age groups cared for

Children with DMD 36 (97)

Adults only 1(3)

Continue care to ages 19-22years 25 (68)
Continue care beyond 22years 16 (43)

Multidisciplinary DMD clinic (v separate endocrine clinic)

USA 10 (63)
Canada 2(22)
Italy 3(33)
UK 1(50)

Abbreviation: DMD: Duchenne muscular dystrophy.

was considered by 56% of endocrinologists on a case-by-case
basis (if suspicion of GH deficiency and/or if considering GH
treatment), 28% performed it routinely for impaired growth, and
16% did not offer it.

Regarding management discussions, 95% of clinicians dis-
cussed monitoring without intervention, 54% discussed ad-
justing the current glucocorticoid regimen, 35% discussed
changing to vamorolone, and 41% discussed GH (Figure 1C).
Use of GH was stratified by country from two-thirds of US
and Italian endocrinologists reporting its use, to minimal use
by Canadian and UK endocrinologists, and was usually on a
case-by-case basis (86%). Reasons for treatment with GH are
highlighted in Figure 1D.

3.3 | Delayed Puberty

All centres referred to endocrinology for delayed puberty, with
10/37 (27%) already seeing the endocrinologist within the mul-
tidisciplinary DMD clinic and the remaining 27 having patients
referred specifically for concerns regarding pubertal progres-
sion. The age at referral varied from <12 (19%), 12-14 (73%), and
> 14years (8%); 35/37 clinicians referred by 14 years of age. Most
respondents (91%) said only endocrinology performed pubertal
staging by clinical examination and thus age of first pubertal
examination correlated with age at referral.

Clinical tests by endocrinology to assess delayed puberty in-
cluded serum testosterone (22/25, 88%), gonadotropins—lutein-
izing hormone and follicle stimulating hormone (20/25, 80%),
Sertoli cell markers—inhibin B and anti-Mullerian hormone
(4/25, 16%), and bone age x-ray (16/25, 64%). The most common
age for first testosterone measurement was 12years (9/25, 41%)
but was not performed by 3 (14%) endocrinologists until 14 years
of age.

All but one endocrinologist reported routinely engaging in
shared decision-making discussions regarding options of
continued monitoring versus testosterone therapy. One re-
spondent, a psychologist, articulated the importance of indi-
vidualized care: “It is important to consider both temperament
and emotional impact of each choice [..] relative to the IQ
and neurodevelopmental characteristics of each individual
patient.”

Sixty-eight % (17/25) of endocrinologists routinely offered
testosterone treatment for pubertal induction, whilst 5 (20%)
offered it on an individual basis, and 3 (12%) did not rou-
tinely offer it. Bone health was cited as a reason to consider
treatment in addition to delayed puberty. The age at which
testosterone supplementation was offered was variable but
typically occurred at 14 years and was based on a combination
of provider recommendation and patient or parent concern
(Figure 2A). Intramuscular 4-weekly injections were the most
common route of testosterone replacement for pubertal induc-
tion (Figure 2B).

3.4 | Arrested Puberty/Hypogonadism

Testosterone (23/25, 92%) and gonadotrophin levels (18/25,
72%) were routinely measured by the surveyed endocrinolo-
gists in older teenagers/young adults who had spontaneous
puberty onset or been previously treated with testosterone
to induce puberty. Only 4 (16%) endocrinologists routinely
measured Sertoli cell markers. Testosterone supplementation
was offered by 23/25 endocrinologists (92%) for arrested pu-
berty/hypogonadism, with 6 (24%) doing so on a case-by-case
basis. Reasons for offering testosterone supplementation to
this older population included patient request or concern, low
serum testosterone concentrations and/or provider recom-
mendation (Figure 2C).

Routes of testosterone administration offered were more var-
ied for older individuals with arrested puberty/hypogonad-
ism (Figure 2D). Route varied by country, with subcutaneous
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From DXA 8
Segmental recumbent length 8
Knee height-0
Tibial length 17
Arm span (wing, segmental, anterior or posterior) 33

Ulnar length

0 20 40

Percentage of respondents

From DXA 9
Segmental recumbent length 9
Knee height-i3
Tibial length 9
Arm span (wing, segmental, anterior or posterior) 41

Ulnar length 59

Percentage of respondents

Discuss option of GH 41

Offer vamorolone as alternative 35

Change steroid regimen/dose reduction 54

Continue monitoring 95

0 20 40 60 80 100
Percentage of respondents
Other4 &
Caregiver concern 38
Patient's distress regarding height 77
Born small with failure to catch up 62

Abnormal GH stimulation test 85

0 20 40 60 80 100
Percentage of endocrinologists

FIGURE1 | (1A)Methods for measurement of non-standing height in ambulant individuals performed by 12/37 clinicians; (1B) Methods for mea-

surement of non-standing height in non-ambulant individuals performed by 32/37 clinicians; (1C) Options discussed with patient when there are

growth concerns; (1D) Reasons for treatment with growth hormone (GH), responses from endocrinologists only.

A
Other: 2
Provider recommendation 80
Parent/caregiver concern 52
Patient request/concern 76
0 20 40 60 80 100
Percentage of endocrinologists

B Other

Percentage of endocrinologists

Other-+

Provider recommendation

Testosterone level low

Patient request/concern

0 20 40 60 80 100
Percentage of endocrinologists

D Other
Oral preparation-°

Topical- gel

Topical-patch-°

Subcutaneous

IM-long acting injection

IM < 4 weekly injection

Percentage of endocrinologists

FIGURE 2 | (2A) Reasons for offering testosterone supplementation for pubertal induction in younger adolescents; (2B) Routes of testosterone
supplementation used for pubertal induction in younger adolescents; IM: Intramuscular; (2C) Reasons for offering testosterone supplementation for
arrested puberty or hypogonadism in older teenagers/young adults; (2D) Route of testosterone supplementation in older teenagers/young adults; IM:
Intramuscular.
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injections widely used in the US and Canada (13/17, 76%) but
not in the UK or Italy. Longer-acting (3-monthly) intramuscular
testosterone injections were only used in the UK. Topical gel use
was predominant in Italy.

4 | Discussion

Compared with the 2018 Care Considerations, monitoring prac-
tices for growth and puberty remained largely consistent, while
variability persisted in management approaches. Recurring
themes in this cross-sectional survey included proactive inves-
tigation and management, particularly of delayed puberty, and
individualized patient-centred care involving shared, interdisci-
plinary decision-making.

There was variability in the approach to counseling and man-
agement of growth concerns. For example, use of GH varied by
country, which may be due to differences in accessibility/licensing
indications, insurance coverage, as well as lack of long-term con-
trolled studies on safety and efficacy of GH in this population [6-8].
In accordance with the 2018 Care Considerations [3, 4], surveyed
endocrinologists did not prescribe GH therapy as routine standard
care, but on a case-by-case basis, underscoring the understandable
concern from patients and families about impaired growth.

The use of vamorolone, a new dissociative glucocorticoid, may
become more widespread due to its growth-sparing effects seen
over 3years in clinical studies [9-11] and deserves consideration
in future guidance. Discussions regarding its use for growth fail-
ure were already taking place by some of those surveyed, but
further data are required.

There was consensus around pubertal induction by age 14 years, as
recommended by the 2018 Care Considerations [3], with variance
in the age of initial assessment that could inform updated guid-
ance. Beyond the practice of pubertal induction, surveillance of
androgen production and testosterone supplementation in young
adults with DMD is not mentioned in the 2018 Care Considerations
[3]. This survey demonstrates that this is now common practice
amongst experts in the field, and there is increasing evidence
around the systemic benefits of testosterone, emphasizing an area
for inclusion and further exploration in future guidance [8, 12-16].

A limitation of this survey was the relatively small number
of clinicians (mainly from North America) surveyed, which
could affect generalizability [17-20] and skew results. We also
acknowledge that expert practice may not be representative of
wider practice in the areas surveyed and may depend on knowl-
edge and resources available in different centres.

5 | Conclusions

There are areas of consensus in the management of growth and
puberty/hypogonadism in individuals with DMD, which should
inform updated guidance around endocrine care. Variability in
management strategies highlight areas for research, including
the long-term impact of GH therapy, the optimal (possibly ear-
lier) timing for pubertal induction given the likelihood of pu-
bertal delay in those receiving glucocorticoids, and surveillance

and management of post-pubertal hypogonadism. A wider inter-
national survey of more clinicians involved in care and not just
‘experts in the field” would help to further delineate consensus
and variation in practice and inform optimal care.
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