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IMPORTANCE Based on studies with relatively small sample size, fragility fractures are
commonly reported in glucocorticoid (GC)-treated boys with Duchenne muscular dystrophy
(DMD).
OBJECTIVE To determine the fracture burden and growth impairment in a large
contemporary cohort of boys with DMD in the United Kingdom and in relation to GC regimen.
DESIGN, SETTING, AND PARTICIPANTS A retrospective review of fracture morbidity and
growth from 832 boys with DMD in the UK NorthStar database (2006-2015), which
systematically captures information from 23 participating centers. A total of 564 boys had
more than 1 visit. No numbers of boys who refused were collected, but informal data from 2
centers in London and from Scotland show that refusal is very low. Data were analyzed
between October 2006 and October 2015.
MAIN OUTCOMES AND MEASURES Fracture incidence rate per 10 000 person-years was
determined. Cox regression analysis was used to identify factors associated with first
fracture.
RESULTS Median age at baseline was 6.9 years (interquartile range, 4.9-7.2 years). At
baseline, new fractures were reported in 7 of 564 participants (1.2%). During a median
follow-up of 4 years (interquartile range, 2.0-6.0 years), incident fractures were reported in
156 of 564 participants (27.7%), corresponding to an overall fracture incidence rate of 682
per 10 000 person-years (95% CI, 579-798). The highest fracture incidence rate was
observed in those treated with daily deflazacort at 1367 per 10 000 person-years (95% CI,
796-2188). After adjusting for age at last visit, mean hydrocortisone equivalent dose, mobility
status, and bisphosphonate use prior to first fracture, boys treated with daily deflazacort had
a 16.0-fold increased risk for first fracture (95% CI, 1.4-180.8; P = .03). Using adjusted
regression models, change in height standard deviation scores was −1.6 SD lower (95% CI,
−3.0 to −0.1; P = .03) in those treated with daily deflazacort compared with GC-naive boys,
whereas there were no statistical differences in the other GC regimen.
CONCLUSIONS AND RELEVANCE In this large group of boys with DMD with longitudinal data,
we document a high fracture burden. Boys treated with daily deflazacort had the highest
fracture incidence rate and the greatest degree of linear growth failure. Clinical trials of
primary bone protective therapies and strategies to improve growth in boys with DMD are
urgently needed, but stratification based on GC regimen may be necessary.
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D

uchenne muscular dystrophy (DMD) is a life-limiting
condition associated with progressive muscle wasting and weakness, whereby skeletal muscle fibers are
replaced by fat and connective tissue. To date, there is no curative therapy; however, glucocorticoids (GC) are the only disease-modifying therapeutic agent shown to improve shortterm muscle strength.1 There is an increasing trend for the
continuation of GC beyond the loss of ambulation for the preservation of upper limb, cardiorespiratory function, and reduction in risk of scoliosis.2
As life expectancy continues to improve, understanding
the long-term adverse effects of GC in this population is increasingly important.3 Glucocorticoids are often commenced
at the plateauing phase of motor function, usually between ages
4 and 6 years given in the form of either prednisolone or deflazacort at 0.75 mg/kg/d and 0.9 mg/kg/d, respectively, in daily
or intermittent fashion.4 In the United States, prednisone, the
prodrug of prednisolone but with the same anti-inflammatory potency, is used instead of prednisolone.5 The optimum
GC regimen for disease outcome in DMD is currently unknown. Moreover, there are insufficient data available from
randomized clinical trials to determine the influence of GC regimen on fracture risk or linear growth.1 Previous studies have
shown that linear growth impairment may be worse in boys
treated with deflazacort, while weight gain was greater in those
on prednisolone.6,7 To date, reports of fractures in DMD have
been limited to relatively small cohorts, and the association
of GC regimen with fracture have not been previously evaluated in detail.8-10 A 2018 retrospective review of 50 boys with
DMD reported higher frequency of vertebral fracture (VF) and
greater linear growth impairment in those treated with daily
GC compared with those receiving intermittent regimen, although details of GC and the regimen were not reported.11
The primary aim of this study was to evaluate fracture incidence and linear growth impairment from a national cohort
of boys with DMD in the United Kingdom. In addition, we
aimed to explore the influence of different GC regimens on fracture and growth.

Methods

Question What is the fracture incidence rate and growth in boys
with Duchenne muscular dystrophy?
Findings In this analysis of 832 boys with Duchenne muscular
dystrophy (2006 to 2015) in the UK NorthStar database, fracture
incidence rate was at least 4 times higher than in healthy boys.
Boys treated with daily deflazacort had the highest fracture
incidence rate, at 1367 per 10 000 person-years, and the greatest
degree of linear growth failure.
Meaning Given the high fracture burden and a marked level of
linear growth impairment, clinical trials of bone-protective
therapies and strategies to improve linear growth are urgently
needed.

New fracture occurrence, back pain, height, and body mass
index (BMI; calculated as weight in kilograms divided by height
in meters squared) standard deviation scores (SDS) were reported at each clinic review.14,15 Fractures were recorded as VF
or long bone/other fracture (non-VF). Data on VF, non-VF, and
back pain were recorded in 3497 (89%), 3607 (92%), and 3527
(90%) assessments, respectively. Height and weight were recorded in 3259 (83%) and 3624 (92%) assessments, respectively. Further details on the NorthStar database, methods on
analysis of fracture, and growth data according to age groups
and GC regimen are available in the eMethods in the Supplement.

Statistical Analysis
Statistical analysis was conducted using IBM SPSS Statistics
Software version 22 (SPSS Inc). Results were presented as mean
(standard deviation) or median (interquartile range [IQR]). Differences between paired nonparametric data were analyzed
using Wilcoxon rank sum test, and differences in categorical
variables were analyzed using χ2 test. Comparison in mean daily
hydrocortisone equivalent dose between GC regimen groups
was determined by Welch analysis of variance and post hoc
analysis with Tukey test. The significance level of P less than
.05 was used to denote statistical significance, and P values
were 2-sided.

Study Design and Participants

First Fracture Occurrence
Kaplan-Meier analysis was performed to provide the probability of the first fracture according to age and duration of GC exposure (number at risk = 520) (Figure 1). Participants without
fracture were censored at last visit (n = 410), and total GC exposure before the end of observation for these participants was
included. Breslow test was used to compare the probability of
developing first non-VF and VF and differences between GC
duration with the first fracture between the GC regimen. Multivariate Cox regression proportional hazard analysis was performed to investigate the influence of risk factors to time to
first fracture (Figure 1). Fracture risk between different groups
was expressed by 95% confidence interval of hazard ratio (HR).

We included 832 participants (3925 assessment records) with
DMD from 2006 to 2015. Written informed consent was obtained from each family for anonymized data to be used for
future research purposes.

Fracture Incidence Rate
The total person-years (PY) were assessed by the sum of all the
number of years from the date of the first and last assess-

The UK NorthStar database systematically captures information on boys with DMD from 23 participating centers via biannual clinical assessments. The use of this database has been
described in detail previously.12,13 The diagnosis of DMD is confirmed by DNA diagnostic technique and/or confirmatory
muscle biopsy. Ethics approval was sought from the Sheffield
Medical Research and Ethics Committee, and the committee
was of the opinion that formal ethical approval for the NorthStar database was not needed. Participants gave consent to enter the database.

702

Key Points

JAMA Neurology June 2019 Volume 76, Number 6 (Reprinted)

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University College London User on 02/25/2020

jamaneurology.com

Fractures and Linear Growth in Boys With Duchenne Muscular Dystrophy With and Without Glucocorticoid Treatment

Original Investigation Research

Figure 1. CONSORT Diagram
832 Total number of participants
3925 Assessment records

638 Participants with more than 1 assessment record

Analysis of fracture occurrence and
back pain per age range (A-E)
113 Group A: <5 y
384 Group B: 5 to 7.9 y
421 Group C: 8 to 10.9 y
299 Group D: 11 to 13.9 y
160 Group E: ≥14 y

564 Participants with complete GC details

Kaplan-Meier analysis
520 Total included
152 Daily prednisolone
131 Intermittent prednisolone
41 Daily deflazacort
13 Intermittent deflazacort
183 Mix regimen
44 Excluding GC naive

Cox regression hazard ratio
381 Total included
152 Daily prednisolone
131 Intermittent prednisolone
41 Daily deflazacort
13 Intermittent deflazacort
44 GC naive
183 Excluding mix regimen

Fracture incident rate
564 Total included
152 Daily prednisolone
131 Intermittent prednisolone
41 Daily deflazacort
13 Intermittent deflazacort
183 Mix regimen
44 GC naive

Analysis of longitudinal growth
322 Total included
134 Daily prednisolone
117 Intermittent prednisolone
36 Daily deflazacort
12 Intermittent deflazacort
22 GC naive
183 Excluding mix regimen

Flow diagram of participant inclusion in fracture and growth analysis. Data from
832 participants were used to assess new fracture occurrence and growth
according to age groups. A total of 564 participants had more than 1 visit and
complete clinical data. These participants were used for analysis of fracture

incidence and longitudinal growth. Numbers included in each analysis described
in detail. Participants included in the longitudinal growth analysis had complete
data for height and weight in addition to clinical data. GC indicates
glucocorticoid.

ment. Fracture rate is associated with the number of fractures during the cumulative observation time. Fracture rate
was reported as fracture incidence per 10 000 PY (Figure 1).
Byar method was used to compute fracture incidence per
10 000 PY with 95% CI.16,17

were nonambulant, whereas at last visit, this was observed in
154 of 638 (24.1%) (P < .001).

Longitudinal Growth
Wilcoxon test was used to compare height SDS (HtSDS) and BMI
SDS at baseline and last follow-up (Figure 1). The association
of GC regimen with change in HtSDS and BMISDS was evaluated using multiple linear regression after adjusting for baseline HtSDS or baseline BMI SDS, baseline age, and duration of
follow-up. Each GC regimen was compared against the GCnaive group as reference category. Multiple linear regression
was performed to evaluate the association of hydrocortisone
equivalent with change in HtSDS and BMISDS, adjusting for
baseline HtSDS or baseline BMISDS, baseline age, and duration of follow-up.

Results
Clinical Characteristics
There were 832 participants at baseline, and 638 participants
had more than 1 assessment record (Figure 1). Median age at
baseline was 6.9 years (IQR, 4.9-7.2) and at last visit was 10.9
years (IQR, 8.1-13.8), with a median duration of follow-up of
4.0 years (IQR, 2.0-6.0). At baseline, 638 of 832 (76.7%) were
receiving GC, whereas at last visit, this was observed in 527 of
638 (82.6%) (P < .001). At baseline, 13 of 832 (1.6%) were receiving bisphosphonate, whereas at last visit, this was observed in 47 of 638 (7.4%) (P < .001). At baseline, 7 of 832 (0.8%)
jamaneurology.com

Bone Morbidity in DMD
Fracture Occurrence
Of the 832 participants, a total of 178 fractures (non-VF and VF)
were reported in 148 participants (17.7%). A total of 118 nonVFs were reported in 112 of 832 participants (13.5%). Of the 112
participants with non-VF fractures, multiple non-VFs were reported in 5 participants (5%), ranging from 2 to 3 episodes. A
total of 60 episodes of new VFs were reported in 52 of 832 participants (6%). Of the 832 participants, 96 (12%) had non-VF
only. Of the 832 participants, 36 (4%) had VF only. Of the 832
participants, 16 (2%) had both VF and non-VF.
The proportion of participants with new non-VF and VF
appeared to increase from group A to E, with 31 of 160 new fractures (19%) reported in group E (≥14 years) (eFigure 1A in the
Supplement). Back pain was not reported in participants in
group A (<5 years). However, it was increasingly common in
the other groups, with the highest proportion in group E (≥14
years), reported in 35 of 160 (22%) (eFigure 1B in the Supplement). New VFs were reported most commonly in group E (≥14
years) in 14 of 160 (9%). New VF without reported back pain
at the clinic visits were observed in all 5 age groups (eFigure 1C in the Supplement).
First Fracture Probability
On Kaplan-Meier analysis, the probability of first fracture
(non-VF and VF) was 50% by 11.0 years (95% CI, 10.6-11.4). The
probability of sustaining a non-VF was 50% by 10.9 years (95%
CI, 10.3-11.6), whereas the probability of sustaining a VF was
50% by 12.0 years (95% CI, 10.5-13.5). The probability of first
(Reprinted) JAMA Neurology June 2019 Volume 76, Number 6
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Figure 2. Probability of First Fracture in Relation to Duration of Glucocorticoid (GC) Exposure
A All GC-treated boys
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fracture (VF and non-VF) was 50% by 7.4 years (95% CI, 6.18.7) of GC exposure (Figure 2A). The difference between the
probabilities of first fracture (VF and non-VF) was statistically significant between the different GC regimens (P =.03)
(Figure 2B). Mean GC exposure to fracture was shortest in the
daily deflazacort group at 5.9 years (95% CI, 4.5 to 7.3).
Correlates of First Fracture: Multivariate Analysis
Glucocorticoid regimen and ambulant status were both independently associated with an increase in HR for first fracture
(non-VF and VF). Hazard ratio was increased by 16.0-fold (95%
CI, 1.4-180.8, P = .03) in participants receiving daily deflazacort after adjusting for age at last assessment, mean hydrocortisone equivalent dose (in milligrams per meters squared
per day), mobility status, and bisphosphonate use prior to first
fracture (Figure 3). Hazard ratio was not increased in participants receiving the other GC regimen after adjusting for simi704

A, Probability of first fracture in all
GC-treated boys (n = 520) in relation
to duration of GC exposure using
Kaplan-Meier analysis. Those who did
not sustain fracture by last visit were
included and marked as censored
cases (vertical lines on Kaplan-Meier
curve). B, Probability of first fracture
in different GC regimen in relation to
duration of GC exposure using
Kaplan-Meier analysis. Those who did
not sustain fracture were included
and marked as censored cases
(vertical lines on Kaplain-Meier
curves).

lar covariates. Hazard for first fracture was increased by 3.7fold (95% CI, 1.5-9.2; P = .005) in ambulant participants, after
adjusting for age at last assessment, GC regimen, mean hydrocortisone equivalent dose, and bisphosphonate use. Bisphosphonate use prior to first fracture was not associated with significant reduction in HR, 0.5 (95% CI, 0.2-1.5; P = .23) after
adjusting for age at last assessment, GC regimen, mean hydrocortisone equivalent dose, and mobility status. Similar results were obtained in adjustment models including mean hydrocortisone equivalent does (in milligrams per kilograms per
day) or cumulative hydrocortisone equivalent dose (in milligrams per kilograms) (eFigure 2A and B in the Supplement).
Fracture Incident Rate
Of the 638 participants with more than 1 assessment record,
564 had complete GC regimen and dose data (Figure 1 and
Table 1). Mean (SD) daily hydrocortisone equivalent dose for
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Growth in DMD
Height SDS According to Age Groups
Median HtSDS in groups A to E were −1.1 (IQR, −1.6 to −0.2),
−1.2 (IQR, −1.9 to −0.5), −1.3 (IQR, −2.2 to −0.5), −1.5 (IQR, −2.5
to −0.4), and −1.8 (IQR, −3.3 to −0.8), respectively. The proportions of participants with HtSDS less than −2.0 in groups
A to E were 16 of 83 (19%), 72 of 346 (21%), 114 of 354 (32%), 71
of 184 (43%), and 41 of 86 (48%), respectively.
Height SDS With Follow-up
Height SDS at last visit was significantly lower than HtSDS at
baseline in the daily deflazacort and daily prednisolone groups
(Figure 1 and Table 1). After adjusting for baseline HtSDS, baseline age, and duration of follow-up, change in HtSDS (HtSDS
last visit minus HtSDS baseline) was significantly lower only
in the daily deflazacort group compared with GC-naive participants (95% CI, −1.20 to −0.17; P = .01) (eTable in the Supplement). Hydrocortisone equivalent dose (in milligrams per kilogram per day) was associated with change in HtSDS (95% CI,
−0.38 to −0.01; P = .04) after adjusting for baseline HtSDS, baseline age, and duration of follow-up (model R2 = 0.12).
Body Mass Index SDS According to Age Groups
Median BMI SDS in groups A to E were 1.0 (IQR, 0.3-1.7), 1.2
(IQR, 0.2-1.9), 1.9 (IQR, 0.9-2.6), 2.0 (IQR, 1.1-2.5), and 1.8 (IQR,
0.8-2.5), respectively. The proportion of participants with BMI
SDS greater than 2.5 in groups A to E were 5 of 82 (6%), 44 of
342 (13%), 100 of 346 (29%), 47 of 182 (26%), and 21 of 80 (26%),
respectively.
Body Mass Index SDS With Follow-up
Body mass index SDS at last visit was significantly higher than
BMI SDS at baseline in the daily prednisolone and pulsed predjamaneurology.com

Figure 3. Multivariate Cox Regression Analysis of Cumulative Hazard
According to Glucocorticoid (GC) Regimen
3

Cumulative Hazard

surface area during the observation period (in milligrams per
meters squared per day) in daily deflazacort, daily prednisolone, intermittent deflazacort, and intermittent prednisolone regimen were 46.5 (12.8) mg/m2/d , 57.5 (19.4) mg/m2/d,
20.6 (5.4) mg/m2/d, and 30.6 (10.7) mg/m2/d , respectively.
Mean (SD) prescribed drug dose in daily deflazacort, daily prednisolone, intermittent deflazacort, and intermittent prednisolone regimen during the observation period, taking into account days of drug exposure, were 0.6 (0.2) mg/kg/d, 0.5 (0.1)
mg/kg/d, 0.3 (0.1) mg/kg/d, and 0.3 (0.1) mg/kg/d, respectively.
At baseline, new fractures were reported in 7 of 564 participants (1%), all of which were non-VFs. Over a total observation time of 2288 PY, incident fractures occurred in 156 of
564 (28%) (Table 2). Incident non-VFs were reported in 107 of
564 participants (19%), whereas incident VFs were reported
in 49 of 564 participants (9%). Overall, fracture incidence rate
for DMD was 682 per 10 000 PY (95% CI, 579-798) (Table 2).
Non-VF incidence rate was 468 per 10 000 PY (95% CI, 383565), and VF incident rate was 214 per 10 000 PY (95% CI, 159283). Fracture incidence rate for GC-naive cases was 254 per
10 000 PY (95% CI, 30-887). Fracture incidence rate was highest in the daily deflazacort group at 1366.6 per 10 000 PY (95%
CI, 796.1-2188.0) (Table 2).
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Hazard ratio of sustaining the first fracture was analyzed using multivariate Cox
regression adjusting for age at last assessment, average hydrocortisone
equivalent (milligrams per meters squared per day), mobility status, and
bisphosphonate use prior to the first fracture.

nisolone group (Figure 1; eTable in the Supplement). After adjusting for baseline BMI SDS, baseline age, and duration of follow-up, change in BMI SDS (BMI SDS last visit minus BMI SDS
baseline) was significantly higher only in the daily prednisolone group compared with GC-naive participants (95% CI, 0.141.15; P = .01) (eTable in the Supplement). Hydrocortisone
equivalent dose (in milligrams per kilograms per day) was not
associated with change in BMI SDS (95% CI, −0.12 to 0.26;
P = .46) after adjusting for baseline BMI SDS, baseline age, and
duration of follow-up (model R2 = 0.08).

Discussion
To our knowledge, this is the first study to comprehensively
evaluate fracture burden and linear growth impairment in a
large group of participants with DMD. The use of the NorthStar database allowed a thorough examination of the association of these findings with GC regimen. While the retrospective analysis poses limitations, such as lack of systematic
monitoring of important covariates such as puberty, the data
are sufficiently powerful to draw important conclusions. Our
results demonstrated that boys treated with daily deflazacort
had the shortest time to first fracture, highest fracture incidence rate, and most profound linear growth failure. Weight
gain was greatest in those treated with daily prednisolone, consistent with findings from previous randomized trials.18,19
The overall fracture incidence rate of 682 per 10 000 PY
in this cohort is 4 times higher than healthy UK boys.20 Fracture incidence is normally age dependent and peaks at age 14
to 15 years at 325 per 10 000 PY.20 The lower limits of the 95%
CI of fracture incidence in the current cohort, mostly in early
to midchildhood, is approximately 1.8 times higher than the
peak fracture incidence of healthy boys. Given that there was
no systematic screening of VF, it is likely that the overall observed frequency is an underestimation of the fracture burden in DMD. Despite this, the incidence rate for VF of 214 per
10 000 PY is already 535 times higher than the incidence rate
(Reprinted) JAMA Neurology June 2019 Volume 76, Number 6
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Table 1. Group Characteristics and Growth According to GC Regimen
Median (IQR)
Daily Deflazacort (n = 41)

Intermittent Deflazacort
(n = 13)

Daily Prednisolone
(n = 152)

Intermittent
Prednisolone (n = 131)

Characteristic

Baseline

Last Visit

Baseline

Last Visit

Baseline

Baseline

Age, y

7.4 (5.8 to
10.5)

10.1 (9.0
to 14.0)

6.8 (5.4 to
9.0)

11.4 (9.2 to 7.0 (5.3 to
13.4)
8.3)

10.0 (7.8 to 5.6 (6.7 to
13.0)
10.7)

10.7
(9.3 to
13.2)

4.0 (2.2 to
5.7)

2.8 (1.5 to
4.6)

5.1 (2.6
to 5.4)

Duration of
follow-up, y
Nonambulant,
No./total No.
(%)

2.5 (1.6
to 5.2)

Last Visit

GC Naive (n = 44)

Last Visit Baseline
5.3 (4.0 to
6.5)

Last Visit
6.8 (4.9
to 8.0)
1.7 (0.9
to 2.1)

1/41 (2)

10/41
(24)

0/152 (0)

38/152
(25)

1/131 (1)

21/131
(16)

0/13 (0)

6/13
(46)

0/44 (0)

1/44 (2)

−1.4 (−2.9 to
−0.6)

−2.6
(−3.2 to
−1.6)a

−1.0 (−1.9 to
−0.4)

−1.4 (−2.3
to 0.4)a

−1.2 (−1.9 to
−0.5)

−1.3 (−2.2
to 0.2)

−0.9 (−1.3 to
−0.4)

−1.3
(−1.7 to
−0.5)

−0.8 (−1.7 to
−0.4)

−0.9
(−1.6 to
−0.3)

SDS
Height

Change in
height
Body mass
indexb

−0.4 (−1.1
to 0.3)

−0.6
(−1.5 to
−0.1)
1.8 (1.2 to
2.9)

2.3 (0.8
to 3.2)

1.2 (0.4 to
1.7)

0.1 (−0.4
to 0.5)

Change in
body mass
index

1.9 (1.0 to
2.6)a

0.0 (−0.5 to
0.3)
1.1 (0.3 to
1.8)

0.6 (0.0 to
1.3)

1.7 (0.9 to
2.0)

0.3 (−0.2 to
1.0)
b

Abbreviations: GC, glucocorticoid; IQR, interquartile range;
SDS, standard deviation score.
a

1.7 (0.6 to
2.3)a

−0.1
(−0.4 to
0.4)

−0.4
(−0.8 to
−0.1)
1.6 (1.0
to 2.3)
0.1
(−0.1 to
0.3)

1.1 (0.3 to
1.5)

1.0 (−0.5
to 1.5)
0.0 (−0.3
to 0.3)

Calculated as weight in kilograms divided by height in meters squared.

P < .001 (last visit vs baseline).

Table 2. Fracture Incident Rate According to Glucocorticoid Regimen

GC Regimen

Bisphosphonate Therapy
Over the Observation
Period

Daily deflazacort

Oral and IV

26/41 (63)

VF and non-VF

1367 (796-2188)

Oral

18/26 (69)

VF

322 (88-823)

IV

8/26 (31)

Non-VF

1045 (556-1787)

Oral and IV

2/13 (15)

VF and non-VF

577 (119-1686)

Oral

2/2 (100)

VF

192 (5-1072)

IV

0

Non-VF

385 (47-1389)

Oral and IV

31/152 (20)

VF and non-VF

748 (550-995)

Oral

21/31 (68)

VF

223 (122-374)

IV

10/31 (32)

Non-VF

525 (362-738)

Oral and IV

13/131 (16)

VF and non-VF

512 (32-776)

Oral

7/13 (54)

VF

186 (80-367)

IV

6/13 (46)

Non-VF

326 (178-547)

Oral and IV

40/183 (22)

VF and non-VF

669 (516-852)

Oral

28/40 (70)

VF

226 (142-343)

IV

12/40 (30)

Non-VF

442 (320-596)

Oral and IV

0

VF and non-VF

254 (30-887)

Oral

0

VF

0

IV

0

Non-VF

254 (30-887)

Intermittent deflazacort

Daily prednisolone

Intermittent prednisolone

Mixed regimen

GC naive

No./ Total No.
Incidence per 10 000
(%)
Type of Fractures Person-Years (95% CI)

of VF in growing boys.19 In this cohort of 832 boys, only 18%
had sustained a fracture. In other previous published studies
in DMD, fracture frequency has been reported to vary between 21% and 75%.8-10 These studies included older boys, with
more than half nonambulant in comparison with just more than
20% at last visit in our study, which we believe may be an explanation of our finding of increased HR for fractures in ambulant boys in our study.
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Abbreviations: GC, glucocorticoid; IV,
intravenous; non-VF, nonvertebral
fracture; VF, vertebral fracture.

While VF without reported back pain was observed, it is
likely that these were participants who presented clinically with
painful VF and received treatment prior to attendance at their
clinic visit because none of the centers incorporated routine
lateral spine imaging to screen for VF during the study period. We acknowledge that it is possible that some may have
been identified from imaging for monitoring of scoliosis, although antero-posterior spine radiographs (instead of lateral
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spine radiographs) are generally performed for scoliosis. The
discordance between reported back pain and VF may be explained by undiagnosed VF. However, there are many other reasons for back pain in DMD including musculoskeletal fatigue,
contractures, and mechanical issues relating to positioning and
posture.21 In other models of GC-associated osteoporosis, such
as childhood leukemia, the likelihood of VF was increased by
almost 5-fold in those with back pain.22
The starting dose of deflazacort in DMD is recommended
at a 1.2 to 1 ratio compared with prednisolone for equipotent
anti-inflammatory effect.4 The equipotency of different GCs
for anti-inflammatory effects may not apply to the other observed effects of GC.5 Deflazacort is associated with less cushingoid appearance, appetite increase, behavioral changes, and
gastric symptoms.18,23 Experimental studies suggest that deflazacort may have bone-sparing effects via its effects on bone
formation in comparison with dexamethasone or cortisol.24-26
Deflazacort and dexamethasone have similar effects on stimulating osteoclast formation.26 Evidence of the relative bone
sparing in children is based on reports in nephrotic syndrome
and rheumatologic conditions where nonsignificant differences in densitometry results were reported.27-29 Owing to its
improved tolerability, deflazacort is often maintained at higher
doses.7 However, in our present cohort, the mean daily prescribed dose of daily deflazacort and prednisolone was 0.6
mg/kg and 0.5 mg/kg, respectively, which was only approximately 70% of the recommended daily dose of deflazacort (0.9
mg/kg) and prednisolone (0.75 mg/kg). This is a finding similar to an earlier report from the NorthStar database.12 We believe that our findings are unlikely to be owing solely to the
fact that weight gain in those receiving prednisolone limited
dose increase, given that participants in both groups only
achieved about 70% of the recommended dose for weight during the observation period, and that hydrocortisone equivalence (in milligrams per meters squared per day and milligrams per kilograms per day) were similar in both groups.
Non-VF may occur more frequently in a group with greater
number of falls. To our knowledge, there is no systematic
method to assess risk of falls in DMD and is likely to be associated with the underlying muscle function. While the effect
of GC regimen in DMD is currently unclear, preliminary evidence suggests that those treated with daily deflazacort may
have better muscle outcomes, including 6-minute walk test,
4-stair climb, and time to loss of ambulation, compared with
those treated with prednisolone or prednisone.7,30 Therefore, falls or poorer muscle function in those treated with daily
deflazacort are unlikely to explain the increased risk of fracture observed in our study.
A greater degree of growth failure observed in those treated
with deflazacort has been previously reported.6,7 Our finding
of a significant independent association between hydrocortisone equivalent dose and change in HtSDS provides support
for a dose effect on linear growth impairment. Similarly, our
observation of a greater increase in BMI in those treated with
daily prednisolone is consistent with previous reports.18,19 In
a previous randomized clinical trial, 12 weeks’ treatment with
daily deflazacort (0.9 mg/kg/d) led to a mean weight gain of
1.7 kg in boys with DMD, whereas daily prednisolone (0.75 mg/
jamaneurology.com
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kg/d) was associated with a mean gain of 3.2 kg.19 Given that
linear growth is poorer in those treated with daily deflazacort, our results provide robust evidence that weight gain is
indeed greater in those treated with daily prednisolone. The
underlying reason for the increased propensity for weight gain
in those treated with daily prednisolone may be associated with
GC class differences in their effects of adipogenesis, given that
we did not observe an association between hydrocortisone
equivalent dose and change in BMI SDS.31
Bisphosphonate use appeared to be highest in the daily deflazacort group, with the highest fracture incidence, and we
believe this is likely to be owing to introduction of therapy following fracture occurrence. The role of bisphosphonates as prophylactic therapy in childhood GC-associated osteoporosis, including boys with DMD, remains unclear.32,33 Our analysis did
not demonstrate a significant protective effect of bisphosphonate therapy on risk for first fracture in DMD. The underlying
bone defect in chronic conditions treated with GC, such as
DMD, may involve a reduction in both bone formation and
resorption.34,35 Therefore, it is possible that the use of bisphosphonates alone may not be appropriate in such conditions with a low bone turnover state, and combining treatment with bone protective therapy that promotes bone
formation requires future exploration.36

Limitations
Our study has several limitations. First, this is an observational study based on information collected as part of a national registry. While data on fracture and growth were recorded in about 90% of the visits, the accuracy of such
information is unclear. Vertebral fractures are likely to be
missed, especially in older participants and those with longer
GC exposure, because routine screening spine imaging was not
part of clinical practice during the period of study. Height measurements in boys with DMD, especially nonambulatory boys,
may be challenging. In addition, scoliosis and limb contractures may be common in non-ambulatory boys. However, most
of the boys in this study were still ambulatory. Detailed prospective studies of linear growth and bone morbidity in boys
with DMD are needed, including a larger number of nonambulant participants. Finally, we were unable to evaluate the association of other therapies that may improve growth and skeletal development, such as vitamin D treatment and
testosterone therapy.

Conclusions
In summary, in a group of relatively young and mostly ambulant boys with DMD, the overall fracture incidence based on
reported fractures was at least 4 times higher, and VF incidence was more than 500 times higher than in healthy boys.
We showed for the first time, to our knowledge, that boys receiving daily deflazacort had the greatest likelihood of fracture and confirmed the previously reported increased risk of
linear growth impairment. Our analysis failed to identify an
association of bisphosphonate with reduction of fracture occurrence in the relatively small number of participants treated
(Reprinted) JAMA Neurology June 2019 Volume 76, Number 6
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prior to first fracture. However, given the high fracture burden and a marked level of linear growth impairment, clinical
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