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FLA 5
BACKGROUND: Corticosteroids (CSs) have prolonged survival and respiratory function in boys
with Duchenne muscular dystrophy (DMD) when compared with CSs-naïve boys.

RESEARCH QUESTION: The differential impact of frequently used CSs and their regimens on
long-term (> 5 years) cardiorespiratory progression in children with DMD is unknown.

STUDY DESIGN AND METHODS: This was a retrospective longitudinal study including children
with DMD followed at Dubowitz Neuromuscular Centre, Great Ormond Street Hospital
London, England, from May 2000 to June 2017. Patients enrolled in any interventional
clinical trials were excluded. We collected patients’ anthropometrics and respiratory (FVC,
FVC % predicted and absolute FVC, and noninvasive ventilation requirement [NIV]) and
cardiac (left ventricular shortening function [LVFS%]) function. CSs-naïve patients had
never received CSs. Patients who were treated with CSs took either deflazacort or prednis-
olone, daily or intermittently (10 days on/10 days off) for > 1 month. Average longitudinal
models were fitted for yearly respiratory (FVC % predicted) and cardiac (LVFS%) progres-
sion. A time-to-event analysis to FVC % predicted < 50%, NIV start, and cardiomyopathy
(LVFS < 28%) was performed in CS-treated (daily and intermittent) vs CS-naïve patients.

RESULTS: There were 270 patients, with a mean age at baseline of 6.2 � 2.3 years. The median
follow-up time was 5.6 � 3.5 years. At baseline, 263 patients were ambulant. Sixty-six patients
were treated with CSs daily, 182 patients underwent CSs intermittent > 60% treatment, and 22
were CS-naïve patients. Yearly FVC % predicted declined similarly from 9 years (5.9% and
6.9% per year, respectively; P ¼ .27) in the CSs-daily and CSs-intermittent groups. The CSs-daily
group declined from a higher FVC % predicted than the CSs-intermittent group (P < .05), and
both reached FVC % predicted< 50% and NIV requirement at a similar age,> 2 years later than
the CSs-treated group. LVFS% declined by 0.53% per year in the CSs-treated group irrespective of
the CSs regimen, significantly slower (P < .01) than the CSs-naïve group progressing by
1.17% per year. The age at cardiomyopathy was 16.6 years in the CSs-treated group (P < .05)
irrespective of regimen and 13.9 years in the CSs-naïve group.

INTERPRETATION: CSs irrespective of the regimen significantly improved respiratory function
and delayed NIV requirement and cardiomyopathy. CHEST 2020; -(-):---
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Cardiorespiratory complications have a major impact
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on survival of patients with Duchenne muscular
dystrophy (DMD). Along with anticipatory
cardiorespiratory care,1,2 long-term corticosteroids
(CSs)3 have prolonged patients’ survival4,5 and
delayed cardiomyopathy.6-8 Although the rate of
progression of cardiomyopathy in CSs-naïve patients
is known, the extent of protection provided by CSs is
debated, and the difference of the two regimens is
unknown.

The role of steroids on DMD respiratory function is
also an unresolved issue. Previous studies have reported
a similar respiratory decline in CSs-treated and
CSs-naïve patients,9-11 and in patients treated with
different steroid treatments12; others have shown that
boys with DMD treated with CSs aged 7 to 18 years
maintained higher FVC % predicted than age-matched
CSs-naïve boys13,14 and reached FVC < 50% predicted
and absolute FVC < 1 L later.15
Q11

ABBREVIATIONS: CS = corticosteroid; DMD = Duchenne muscular
dystrophy; HR = hazard ratio; IQR = interquartile range; LVFS% = left
ventricular fractional shortening; LoA = loss of ambulation; NIV =
noninvasive ventilation
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CSs regimens most commonly used are daily and
intermittent (most patients 10 days on/10 days off; in the
past also 10 days on/20 days off). The intermittent
regimen was proposed to limit the severity of chronic
CSs-related side effects.

We hypothesized that the two mostly used CSs,
deflazacort and prednisolone, administered
intermittently or daily, would differentially affect the
cardiorespiratory progression (FVC % predicted and
left ventricular shortening fraction [LVFS%]) and the
age to meaningful cardiorespiratory end point
(FVC < 1 L, NIV requirement, and LVFS% < 28%)
in a large UK pediatric cohort of DMD. We
additionally hypothesized that the cardiorespiratory
progression and the age at cardiorespiratory end
point would be different in CSs-treated and CSs-
naïve patients.

Methods
Study Design

This was a retrospective study of pediatric patients with DMD (< 18
years of age) followed at the Dubowitz Neuromuscular Centre, Great
Ormond Street Hospital, London, England, from May 2000 to June
2017. We included patients whose parents consented to the
NorthStar database. UK national Ethics Committee and Institutional
Review Board approved the NorthStar UK Network for data
collection and the conduct of research studies within the network.

Patients enrolled in any interventional clinical trials were excluded.
Patients in the Heart Protection Trial16,17 were further excluded
from the cardiac analyses (e-Fig 1).

Patients Characteristics and Genotyping Information

All information was collected from medical records. The first visit
recorded for each patient at the enrollment of the study was defined
as baseline. Clinical visits were carried out every 6 months from 5
years of age onward. Lung function was performed at every visit,
whereas echocardiogram was performed yearly. Height was assessed
standing for ambulant patients, or calculated from arm span in
nonambulant patients. Ambulatory status was recorded at each visit.
Loss of ambulation (LoA) was the inability to walk independently
for 10 m. Scoliosis was defined as a Cobb angle > 20�1 from spine
radiograph. Age at time of scoliosis surgery was collected. None of
the patients enrolled were on ventilator support (noninvasive
ventilation [NIV]) at baseline until the time to the primary
respiratory end point. No patients were on any cardiac medication at
the baseline visit. Dystrophin (DMD) gene mutations were analyzed
by multiplex ligation-dependent probe amplification, polymerase
chain reaction, or direct sequencing. We stratified patients based on
their lack of dystrophin isoforms. Dp427, produced in skeletal and
cardiac muscle, is affected by all mutations. The shorter isoforms are
produced by promoters spread along the DMD gene. Patients
carrying mutations in exons 1 to 79, 30 to 79, 45 to 79, 56 to 79,
and 63 to 79, respectively, lack Dp427, Dp260, Dp140, Dp116, and
Dp71. Dp116 is expressed in cardiac muscle and peripheral
nerve,18-20 and Dp71 is expressed in lung, skeletal, and cardiac
muscle besides the brain and kidney.21-24 Cardiorespiratory
[ -#- CHE ST - 2 0 2 0 ]
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progression was analyzed in patients lacking Dp71 and Dp11619 and in
patients amenable to exon 44, 45, 51, or 53 skipping.25-27

CSs Regimens

CSs-naïve patients had never received CSs therapy. CSs-treated
patients took either daily or intermittent CSs (10 days on/10 days
off) for > 1 month. CSs consisted of prednisolone 0.9 mg/kg or
deflazacort 0.75 mg/kg. The CSs dose was collected throughout the
study period for all visits. There was a slight difference in the
management of CSs throughout the study. CSs dose was adjusted for
weight and tapered down when patients reduced their ability to walk
up to a minimum dose of prednisolone 0.3 mg/kg and deflazacort
0.4 mg/kg. The boys who had mixed steroids or regimens were
defined as switchers. For these patients, we explored two CSs and
regimens definitions to compare daily vs intermittent. As per
previous work by Ricotti et al,28 we have defined, for each patient,
either patients’ treatment at study baseline or the majority CSs
regimen they were treated with. We have considered for each patient
the total duration of the observation and considered the regimen he/
she was treated with for $ 60% observation time. Results were
similar, and we have presented the most clinically relevant majority
treatment, defined as CS-daily and CS-intermittent. Patients’
treatment was labeled as deflazacort or prednisolone based on the
majority CS. Patients whose CSs information was missing were
called not known. They were excluded from the CSs regimens
comparison. For patients who stopped CSs during the study, only
data prior to stopping were included.

Respiratory Status Outcomes

Spirometry was performed in a seated position according to European
Respiratory Society/American Thoracic Society guidelines.29 Absolute
FVC in liters was collected, and FVC % predicted was calculated
according to reference data.30

We considered age when FVC % predicted < 50% as the main
respiratory end point,1 and age to absolute FVC < 1 L and
requirement of NIV as secondary end points. Absolute FVC < 1 L is
known to predict nocturnal hypoventilation.31,32

The yearly progression of FVC % predicted and FVC and the time to
clinically meaningful respiratory end points were compared between
CSs regimens and between the CSs-treated and CSs-naïve groups.

Cardiac Status Outcomes

The LVFS% was used for cardiac progression analysis. LVFS% was
defined as the change in diameter of the left ventricle between the
contracted and relaxed states.33 LVFS% was used as more easily
available and less prone to interscorer variability than the Simpson
chestjournal.org
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left ventricular ejection fraction in patients with DMD with a poor
echogenic window.34

We considered as the onset of cardiomyopathy as the main cardiac end
point, defined as LVFS Q< 28%. This threshold has been previously
considered as clinically meaningful in several studies focused on
cardiac function in DMD and other muscular dystrophies.7,34

The yearly progression of LVFS% and the time to cardiomyopathy
were compared between CSs regimens and between CSs-treated and
CSs-naïve groups.

We recorded the use and the age at the start of ACE-inhibitors and
beta-blockers. They were started by the cardiology team based on
patients’ cardiac function and clinical symptoms (e-Appendix 1).

Statistical Analysis

Characteristics of the sample are presented as mean � SD or median
(range or interquartile range [IQR]) for skewed data and frequency
(%) for categorical data.

For LVFS% and FVC % predicted, we describe the longitudinal
trajectories and estimate the mean annual change using mixed effects
regression models, accounting for the longitudinal data and age at
baseline. Models were fitted including patient as a random effect and
CSs regimen (intermittent or daily) and treatment (deflazacort or
prednisolone) as fixed effects, using an unstructured correlation
matrix. For FVC % predicted, we considered the decline after the
age of 9 years onward because respiratory capacity continues to
increase until up to this age. We compared rates of decline between
CSs regimens in a separate set of models according to patients’
amenability to exon 44, 45, 51, and 53 skipping, using appropriate
interaction terms. Results are presented as mean annual change, or
difference in mean annual change between subgroups, with 95% CIs.

Using Kaplan-Meier analysis, we estimated the median age at which
clinically meaningful end point occurred: LoA, scoliosis, NIV,
cardiomyopathy (LVFS < 28%), FVC % predicted < 50%, and FVC <

1 L. We used Cox regression analysis to investigate whether the average
age at which these events occurred varied according to majority CSs
and regimen through the inclusion of an interaction term, and hazards
ratios (HRs) with 95% CIs are presented. We compared the estimated
age at respiratory and cardiomyopathy end point by Dp71 and Dp116
isoform deficiency. The proportional hazards assumption was checked
for all Cox models, by inspection of log-log plots and formal testing of
Schoenfeld residuals. We present estimated median time to event only
where this assumption was unclear.

All analyses were conducted in Stata v15 (StataCorp) with significance
level of P < .05.
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Results

Study Population

There were a total of 270 patients, with a mean of
eight visits per patient. The mean age at the baseline
visit was 6.2 � 2.3 years; the mean follow-up time
was 5.6 � 3.5 years. Seventy-seven boys (29%)
transitioned to adult care, and 36 (13%) were lost to
follow-up. Seven boys (2%) died (cardiomyopathy:
n ¼ 1, after general anesthesia: n ¼ 1, no
information: n ¼ 5), with a mean age of 16.5 � 3.8
years. At the time of death, three patients had stopped
CSs and four were still CSs treated (CSs daily: n ¼ 2,
CSs intermittent: n ¼ 2) (Table 1).

At the baseline visit, 263 boys (97%) were ambulant,
with a mean age of 6.0 � 2.1 years. Seven patients
(3%) were nonambulant, with a mean age of 11.5 �
2.9 years. At the last assessment, 140 patients (52%)
were ambulant. The median age at LoA was 12.1 years
(IQR, 4.5) in the whole population, 12.5 years
(IQR,5.7) in the CSs-daily group, 12.0 years (IQR, 4)
3
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TABLE 1 ] Q27Clinical and Genetic Features of the Study Population (N ¼ 270) and Cardiac Cohort (n ¼ 229)

Feature

Total Population Cardiac Cohorta

No. or No. (%) Mean Age � SD (y) No. or No. (%) Mean Age � SD (y)

Age at diagnosis 255 4.5 � 2.3 216 4.4 � 2.4

Age at first visit 270 6.2 � 2.3 229 6.2 � 2.3

Age at last visit 270 12.1 � 4.0 229 11.9 � 4.2

Age at starting CSs 248 6.2 � 1.7 208 6.3 � 1.8

CSs regimen ($ 60% treatment)

Daily 66 (25) 5.8 � 1.4 52 (23) 5.8 � 1.5

Intermittentb 182 (67) 6.4 � 1.8 156 (68) 6.4 � 1.8

Naïve 22 (8) . 21 (9) .

Deflazacort ($ 60% treatment) 36 (12.3) . 43 (17.1) .

Prednisolone ($ 60% treatment) 204 (69.6) . 166 (65.9) .

CSs regimen and compound (n ¼ 240)

Daily deflazacort 14 (4.8) . 14 (5.6) .

Intermittent deflazacort 22 (7.5) . 29 (11.5) .

Daily prednisolone 50 (17.1) . 38 (15.1) .

Intermittent prednisolone 154 (52.6) . 127 (50.4) .

Stopped steroids 38 (13) . 33 (13) .

Daily 5 . 2 .

Intermittent 32 . 30 .

Not known 1 . 1 .

Steroid switchers

Daily to intermittent 0 (0) . . .

Intermittent to daily 39 (12.5) 8.9 � 2.2 . .

Amenable to exon skipping

Exon 44 20 (7.4) . 16 (7.0) .

Exon 45 23 (8.5) . 21 (9.2) .

Exon 51 29 (10.7) . 24 (10.5) .

Exon 53 21 (7.8) . 20 (8.7) .

Mutations leading to lack of Dys isoforms

Dp427 270 (100) . 229 (100) .

Dp116 28 (10) . 27 (18) .

Dp71 18 (7) . 18 (8) .

CS ¼ corticosteroid.
aCardiac cohort: patients in the Heart Protection Trial were excluded from the overall population for cardiac progression analyses.
bIntermittent regimen: 10 days on/10 days off CSs.
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in the CSs-intermittent group, and 10.5 years (IQR,
2.1) in the CSs-naïve group. The CSs-naïve group lost
ambulation at a similar age of the CSs-daily (P ¼ .09)
and CSs-intermittent (P ¼ .34) groups. Fifty-seven
patients (21%) had scoliosis. Five had scoliosis already
at baseline, and 52 developed scoliosis throughout the
study. The median age of scoliosis was 17.1 years in
the whole population, 17.1 years in the CSs-treated
group, and 13.9 years in the CSs-naïve group (P ¼
.18) (e-Fig 2, Table 2).
4 Original Research
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CSs Duration and Regimens

Sixty-six of 270 patients (24%) were in the CSs-daily
group, 182 (67%) were in the CSs-intermittent group,
and 22 (8%) were in the CSs-naïve group. In the cardiac
cohort, 52 of 229 patients (23%) were in the CSs-daily
group, 156 (68%) were in the CSs-intermittent group,
and 21 (9%) were in the CSs-naïve group.

Thirty-seven boys (14%) stopped CSs (median age,
10.1 years; IQR, 5), including five in the CSs-daily
[ -#- CHE ST - 2 0 2 0 ]
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TABLE 2 ] Ambulatory Status and Scoliosis of the Study Population (N ¼ 270)

Variable No. (%) Mean Age � SD (y)

Ambulatory status

Ambulant at baseline 263 (97.4) 6.0 � 2.1

Not ambulant at baseline 7 (2.6) 11.5 � 2.9

Variable No./Total No. (%) Median Age at LoA (IQR) (y)

Not ambulant at last follow-up 128/268 (47.8) 12.1 (10.0-14.5)

Daily 28/65 (43.1) 12.5 (10.0-15.7)

Intermittent 88/181 (48.6) 12.0 (10.0-14.0)

Naïve 12/22 (54.6) 10.5 (9.1-11.2)

Scoliosis at baseline 4/269 (1.5) 13.1 (1.0)

Variable No./Total No. (%) Median (IQR)

Scoliosis 57 (21.1) Q2817.1 (13.7a)

Daily 7/66 (10.6) .

Intermittent 44/182 (24.2) 15.5 (13.5a)

Naïve 6/21 (28.6) 13.9 (12.7a)

Scoliosis surgery 16/269 (5.9) .

Daily 1/66 (1.5) .

Intermittent 15/182 (8.2) .

Naïve 0/21 (0) .

Median age Q29to events was estimated by Cox regression. Corticosteroid treatment: regimen used for $ 60% total corticosteroids treatment duration. IQR ¼
interquartile range; LoA ¼ loss of ambulation.
aNot possible to estimate.
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group and their reasons were unavailable and 32 in
the CSs-intermittent group. One stopped because of
behavioral issues, one because of weight gain, and one
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Figure 1 – A-B, Slopes of annual respiratory and cardiac progression accordi
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progression expressed as FVC % predicted according to CSs regimen after the
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1.17% per year (95% CI, �1.55 to �0.79). Patients on any CSs progressed by
(P < .01). There was no difference in daily and intermittently treated patien
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because of BP increase; information was missing for
the remainder. In the cardiac cohort, 33 patients
stopped CSs.
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Two-hundred and four of 270 patients (75%) were on
prednisolone; 36 (13%) were on deflazacort for $
60% of treatment. Twenty-five patients switched
compounds, all from prednisolone to deflazacort.

Respiratory Status

Progression of FVC % Predicted and FVC: FVC
% predicted slowly increased with age and then started
declining linearly from 9 years of age. In the whole
population, the yearly decline was by 6.1% per year
(95% CI, 5.6-6.6). The CSs-daily group had the fastest
FVC % predicted decline of 6.9% per year (95% CI, �7.7
to �6.0). These patients progressed by an extra 1% per
year compared with the majority intermittent-CSs
group. There was no difference between regimens (P ¼
.27) (Fig 1A).

Data on absolute FVC progression according to CSs
treatment are shown in e-Appendix 1. In the whole
population, the mean age at peak FVC % predicted
before declining was 9.7 � 3.4 years. It was similar
between regimens and in the CSs-treated group vs the
CSs-naïve group. Conversely, the peak FVC % predicted
value before the decline was significantly higher in the
CSs-daily group (90.8%) than the CSs-intermittent
group (83.9%, P < .01). The FVC % predicted, being
affected by patients’ height, was significantly higher in
the CSs-daily group than the CSs-intermittent group,
unlike absolute FVC. Because the CSs-daily group
experienced a more severe height restriction (up to
1.8 cm per year35) compared with the CSs-intermittent
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Figure 2 – A-B, Time to respiratory failure defined as FVC % predicted < 5
% predicted < 50% according to regimen. Median age at FVC % predicted < 5
P< .01) and CSs-intermittent (16.3 y, P ¼ .001) patients. Age at FVC % predi
to reach FVC % predicted < 50% according to CSs compound. The median a
treated with deflazacort compared with prednisolone (15.4 vs 16.8 y, respect
expansion of abbreviation.
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group,28 their FVC % predicted may be artifactually
higher.

The CSs-naïve group had a FVC % predicted decline of
4.7% per year (95% CI, 2.8-6.6), not different than the
CSs-treated group (P ¼ .15), but the CSs-treated group
peaked up to a significantly higher FVC % predicted
than the CSs-naïve group (68.9%, P < .01).

Age at Respiratory End Points: Fifty-two patients fell to
FVC % predicted < 50%. Twelve were in the CSs-daily
group, 34 were in the CSs-intermittent group, and six
were in the CSs-naïve group. The median age at FVC
% predicted < 50% was similar (P ¼ .86) between
regimens (16.1 years in the CSs-daily group and 16.3
years in the CSs-intermittent group). The median age at
FVC % predicted < 50% was significantly lower (P ¼
.04) in those treated with deflazacort than those treated
with prednisolone (15.4 vs 16.8 years, respectively; HR,
2.3; 95% CI, 1.03-5.31) (e-Fig 3A, Fig 2).

Absolute FVC fell < 1 L in 11 patients (4%): two of 66
(3%) were the CSs-daily group, six of 182 (3%) were in
the CSs-intermittent group, and three of 22 (14%) were
the CSs-naïve group. In the CSs-daily and CSs-
intermittent groups, FVC fell < 1 L after 18 years of age.

Twenty of 270 patients (7%) required NIV. Five of 66
were in the CSs-daily group, 12 of 182 were in the CSs-
intermittent group, and three of 22 were in the CSs-
naïve group. Less than 25% of patients on any CSs
regimen required NIV by 18 years of age (Fig 3).
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Figure 3 – A-B, Time to respiratory clinically meaningful end points, absolute FVC < 1 L, and NIV requirement according to CSs regimen. A, Time to
reach absolute FVC < 1 L. Eleven of 270 patients (4%) had absolute FVC < 1 L. Two of 66 patients (3%) were in the CSs-daily group, six of 182
patients (3%) were in the CSs-intermittent group, and three of 22 patients (14%) were in the CSs-naïve group. CSs-naïve patients reached absolute
FVC < 1 L at a median age of 17 y, earlier than those in the CSs-daily (P ¼ .04) and CSs-intermittent (P ¼ .01) groups who fell < 1 L after 18 y. B,
Time to NIV requirement. Twenty of 270 patients (7%) required NIV. Five of 66 patients (8%) were in the CSs-daily group, 12 of 182 (7%) were in the
CSs-intermittent group, and three of 22 (14%) were in the CSs-naïve group. CSs-naïve boys required NIV at a median age of 15.7 y, whereas < 25% of
patients on any CSs regimen required NIV at 18 y of age. NIV ¼ noninvasive ventilation. See Figure 1 legend for expansion of other abbreviation.
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The CSs-naïve group reached FVC % predicted <

50% at a median age of 13.2 years and FVC < 1 L at a
median age of 17 years, significantly earlier (P < .01 and
P < .05, respectively) than the CSs-treated group. The
CSs-naïve group required NIV at a median age of 15.7
years, earlier than the CSs-treated group.

Cardiac Status

Progression of LVFS%: Two-hundred and twenty-nine
patients were included. The yearly decline of LVFS% was
0.67% per year (95% CI, 0.55-0.79; P < .001) in the
whole population adjusted for age at baseline. Cardiac
function decline was not different between CSs regimens
(P ¼ .59) (Fig 1B).

LVFS% yearly decline was 1.17% per year (95% CI, 0.79-
1.55) in the CSs-naïve group and 0.53% per year
(95% CI, 0.40-0.67) in the CSs-treated group (P < .01).

Age at Cardiomyopathy: Sixty patients (22%) had
cardiomyopathy (LVFS% < 28%), six had it already at
baseline and 54 developed it during the study. Ten were
in the CSs-daily group, 41 were in the CSs-intermittent
group, and nine were in the CSs-naïve group. The
median age at cardiomyopathy was 16.6 years in the
CSs-treated group, and this was similar between
regimens (P ¼ .45). The median age at cardiomyopathy
for patients on prednisolone was 16.6 years. Less than
25% patients on deflazacort had cardiomyopathy by 18
years of age (HR, 0.74; 95% CI, 0.27-2.08). Age was not
different (P ¼ .57) according to CSs treatment (e-Fig 3B,
chestjournal.org
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Fig 4). The CSs-naïve group developed cardiomyopathy
at 13.9 years of age (HR, 2.2; 95% CI, 1.1-4.6), earlier
(P < .05) than the CSs-treated group (see e-Appendix 1
for further details on cardiac medications).

Genotype/Phenotype Correlation

Children amenable to exon 44 skipping had a slower
respiratory decline (4.5% per year) than patients not
amenable to skipping of exon 44 (P < .05). Respiratory
decline was not different in patients amenable to skip 45,
51, and 53 compared with the remaining patients. There
was no difference in decline of cardiac function
according to amenability to skip of any exon.

Eighteen (7%) and 28 (10%) patients had mutations
causing Dp71 and Dp116 shorter dystrophin isoform
deficiency. FVC % predicted < 50%, absolute FVC < 1
L, age at NIV, and cardiomyopathy were similar in
patients lacking Dp71 and Dp116 isoforms compared
with the patients expressing them.

Discussion
CSs are the current standard mutation-independent
treatment for DMD. The impact of CSs regimen and
compounds on long-term cardiorespiratory function is
unknown.

In a previous study, the comparison between deflazacort
and prednisolone on respiratory function in 60 patients
with DMD (5-24 years of age) found no differences in
yearly progression of FVC % predicted according to
7
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Figure 4 – A-B, Time to cardiomyopathy defined as left ventricular shortening fraction < 28% according to CSs regimen and compound. A, Age at
onset of cardiomyopathy according to regimen. Median age was 13.9 y in CSs-naïve boys and 16.6 y in CSs-treated boys (P < .05). There were no
differences in age at cardiomyopathy between CSs regimens (P ¼ .45). B, Age at onset of cardiomyopathy according to CSs compound. The median age
at FVC % predicted < 50% was not different according to CSs treatment (P ¼ .57). The median age at cardiomyopathy for patients on prednisolone
was 16.6 y. Less than 25% patients on deflazacort had cardiomyopathy by 18 y of age (hazard ratio, 0.74; 95% CI, 0.27-2.08). Patients who started
ACE Q31-inhibitors (four of 82) and beta-blockers (three of 37) prior to the onset of cardiomyopathy were included. See Figure 1 legend for expansion of
abbreviation.
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treatment.12 Other studies have instead focused on the
impact of CSs on delaying respiratory deficiency compared
with no treatment, providing controversial results. The
respiratory decline in DMD seems in fact affected by
variables only partially addressed by CSs, as age,
ambulation, and additional comorbidities (poor
swallowing and ineffective cough) affecting intrinsically the
lung. In the placebo arm of the DELOS trial, nonambulant
CSs-naïve patients with DMD (n ¼ 33; mean age, 15
years) had a similar FVC % predicted decline > 8% over 1
year as those on previous CSs.9,36 In 91 nonambulant men
with DMD (mean age, 16.8 years), respiratory function
declined at a similar rate in CSs-treated and CSs-naïve
patients.10 In younger patients with DMD, instead, CSs
positively acted on lung function by reaching higher peak
FVC % predicted than CSs-naïve patients before the onset
of respiratory decline. In 397 patients with DMD 7 to> 20
years of age, the FVC % predicted remained significantly
higher in boys treated with CSs than CSs-naïve patients at
all ages. We can postulate that CS’s positive effect on
diaphragmatic function led to greater lung function.37

Although in the age range of 7 to 10 years, FVC
% predicted declined slower in the CSs-treated group than
the CSs-naïve group (0.69% vs 5.9%, respectively); FVC
% predicted yearly progression was similar in boys 10 to 18
years of age (5.44% vs 6.06%, respectively).15 All these
results suggest that CSs delay the onset of respiratory
decline and the achievement of respiratory milestones
(FVC < 1 L) but do not slow down its progression once
decline has started.4,15
8 Original Research
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Because the standards of care for DMD have changed in
the last years and virtually no CSs-naïve patients exist
anymore, the main aim of our work was to identify the
impact of different CSs regimens and compounds on
yearly FVC % predicted progression. In the population,
patients with CS-daily-treated DMD reached a peak
FVC % predicted 10% higher than the CS-intermittent
group and 22% higher than the CSs-naïve group
predicted before the decline (e-Fig 4). CSs-daily and
CSs-intermittent groups led to a similar extent of delay
in FVC % predicted < 50% and in NIV requirement of,
respectively, 3 and > 2 years compared with the CSs-
naïve group. In addition, our results show that patients
on deflazacort reached FVC % predicted < 50% over 1
year earlier than those on prednisolone (15.4 vs 16.8
years, respectively). Previous reports on ambulation and
timed motor outcomes, carried out over a shorter period
and/or on younger patients, found a more preserved
function in DMD treated with deflazacort.38-40 Our data
suggest that deflazacort is effective on respiratory
function in the short/medium term but that its long-
term efficacy might be inferior compared with
prednisolone in the late stages, probably as a result of the
more severe growth restriction induced by this drug.

The existing studies on cardiac function in DMD have
demonstrated the beneficial role of daily CSs over no
treatment. A cross-sectional study demonstrated
significantly higher LVFS% in CSs-treated (n ¼ 48)
vs age-matched CSs-naïve boys with DMD (n ¼ 63).8
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July 2020 � 5:56 am � EO: CHEST-19-2891



Q17

18

881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935

936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
Daily CSs significantly reduced LVFS% decline over 5
years in CSs-treated (n ¼ 14) vs CSs-naïve (n ¼ 23) boys
with DMD.7 CSs duration delayed cardiomyopathy in
DMD by 4% per year (n ¼ 462).6 Finally, daily CSs
treatment was associated with fewer heart failure-related
deaths (0% vs 22%) and a slower LVFS% decline
(�0.32% vs �0.65%) in 63 CSs-treated vs 23 CSs-naïve
patients with DMD.5 CSs duration was associated with
lower age-related fibrosis at cardiac MRI.41 In 174 boys
with DMD, cardiomyopathy was associated with age and
clinical stage, but not with CSs treatment.42 Our long-
term data on a wide DMD population confirm the
cardioprotective effect of CSs,43 adding that CSs,
particularly daily, delayed the onset of cardiomyopathy
through slowing down cardiac decline. To our
knowledge, our findings showed for the first time that
the cardioprotective effect was longer-lasting in CSs-
daily vs CSs-intermittent patients and that, in contrast
with respiratory data, patients on deflazacort developed
cardiomyopathy later than those on prednisolone (> 18
vs 16.6 years). CSs-naïve boys with DMD developed
cardiomyopathy significantly younger than CSs-treated
boys (13.9 vs 16.6 years, respectively).

These results support the administration of CSs after
LoA in DMD. However, the side effects caused by the
prolonged use of CSs reported by other studies within
the UK NorthStar Network should not be
underestimated. Daily CSs had stronger effects than
intermittent CSs on ambulation, but negatively affected
behavior, growth, and BMI.28 Similarly, CSs-daily
patients with DMD (deflazacort) had a significantly
higher bone fractures rate than CSs-intermittent
patients. Of note, vertebral fractures further affect
height.44

Long-term cardiorespiratory trajectories according to
amenability to exon skipping have implications for
ongoing trials and will help the design of future
studies. Patients amenable to exon 44 skip have better
walking distance and slower decline than others,26 and
lose ambulation later.25,27 We demonstrate for the first
time that these patients also have a slower respiratory
function decline (P < .05). There were no significant
differences in time to cardiomyopathy or respiratory
failure in boys lacking Dp71 (6%) or Dp116 (9%)
compared with those expressing them. We had
hypothesized that a Dp71 deficiency could have a
protective role in dystrophic heart, and previous
studies have suggested a protective role of Dp116
deficiency. The overexpression of AAV-mediated
Dp71 worsened mdx mouse phenotype by competing
chestjournal.org
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with utrophin in its binding to dystrophin-associated
protein complex.45 The previously reported protective
role of Dp116 deficiency on heart function in 181
boys with DMD was not supported by our results on
a wider cohort.19

In the population, 10.6% of CSs-daily patients,
24.2% of CSs-intermittent patients, and 27.3% of CSs-
naïve patients developed scoliosis. The small numbers
of events did not allow a time-to-event analysis. The
percentage of scoliosis in the CSs-naïve patients is
lower than previously reported46 because of our more
stringent definition. Most CSs-naïve patients were
enrolled in the first 5 years of the study. A more
proactive indication to spinal surgery and the
availability of new techniques in recent years may
explain why in the cohort none of the CSs-naïve
patients underwent surgery by 18 years of age.

Our long-term real-world data are novel and were
collected over > 5 years in a single center within the
NorthStar UK database. The only ongoing randomized
trial, the FOR-DMD Q,47 will address the question of
which regimen is more effective. Patients were enrolled
at 4 to 7 years of age. They could still be too young to
reach cardiorespiratory end point.

The main limitations of this study are its retrospective
and monocentric design. The imbalance in the cohort
sample size, with lower numbers of CSs-naïve boys,
might have affected our results. We have included
assessments only conducted in a single tertiary site by
the same highly skilled operators to limit the risk of bias,
which is however inevitable. The collection of long-term
data over 17 years was potentially affected by changes in
the standard of care in DMD. In the most recent 7 years
of study, CSs were stopped after LoA in 14% vs 42% in
the previous 7 years. When we ran sensitivity analyses
adjusting for date of visit in the mixed models, this had
minimal, nonsignificant impact on estimated coefficients
of interest; therefore, we presented results for models
without this factor. The use of the CSs regimen
administered over most of the study to minimize the
weight of switchers has previously proven effective.28

The use of arm span used as surrogate of height after
LoA could have affected the FVC % predicted at the
time point of switch. However, the results on FVC
absolute matched with those of FVC % predicted. The
use of cardiac medications could have potentially
influenced the cardiac progression, but > 90% of
patients started cardiac medication after the diagnosis of
cardiomyopathy.
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Interpretation
Our data confirm the long-term beneficial effect of
corticosteroids on respiratory and cardiac function in 270
patients with DMD, irrespective of regimen. CSs-daily-
treated DMD reached a significantly higher FVC
% predicted than CSs-intermittent-treated DMD before
decline, but a similar yearly FVC % predicted decline.
There was no difference in the age at clinically
meaningful respiratory thresholds (FVC % predicted <
10 Original Research
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50% and NIV requirement) according to CSs regimen.
The CSs-daily and CSs-intermittent groups had a similar
rate of cardiac decline that resulted in a delayed onset of
cardiomyopathy (2.7 years) compared with the CSs-naïve
group.

Further work is needed to evaluate the differential role of
CSs in older nonambulant patients, particularly in view of
the evidence for their positive effects on cardiac function.
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