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ABSTRACT

Introduction: It is uncertain whether using cardiac drugs prophylactically in combinations for DMD is better than ACE-inhibitor
alone. Our previous study showed no differences in left ventricular function between perindopril-bisoprolol and matched placebo
after 36 months.

Methods: This study aimed to determine whether heart measures diverged after 60-month total follow-up. All participants
had commenced open-label perindopril and bisoprolol when the original study ended. All were reconsented for access to heart
measures, undertaken as part of their clinical care. The primary outcome was the change in echo-measured ventricular ejection
fraction from baseline according to original randomization.

Results: Of 75 participants reported originally, 65 (aged 16 +2.5years) were re-recruited and had data for analysis. Adjusted
primary outcomes included 44 participants (original arms: ‘active’ 21; ‘placebo’ 23), 48 for secondary outcomes, and 65 for ‘head-
count’ analysis of those with ventricular dysfunction. Absolute LVEF% values reduced in both groups (‘active 62.5% + 5.6% to
53.8% +4.0%; ‘placebo’ 60.6% = 4.9% to 50.4% + 8.5%). Despite trends favoring earlier introduction of therapy, change from base-
line was similar between groups (adjusted mean difference: -7.7 (95% CI -16.4 t01.0%)). However, more in the ‘placebo’ arm had
died, had reduced LVEF%, and were taking additional heart medications.

Francesco Muntoni and Michela Guglieri are joint senior authors and contributed equally to the manuscript.

Andrew Bryant, Thomas Chadwick, Undertook and responsible for all statistical analyses.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the

original work is properly cited and is not used for commercial purposes.

© 2025 The Author(s). European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology.

European Journal of Neurology, 2025; 32:¢70097 10of 10
https://doi.org/10.1111/ene.70097


https://doi.org/10.1111/ene.70097
https://doi.org/10.1111/ene.70097
mailto:
https://orcid.org/0000-0001-7857-9073
mailto:john.bourke@nhs.net
http://creativecommons.org/licenses/by-nc/4.0/

Conclusion: While some patients may have benefited from ‘early’ (active) as opposed to ‘delayed’ (placebo) initiation of per-

indopril and bisoprolol, group-mean ventricular function did not differ between study arms after 60 months. Small numbers,

absence of a control group, insensitivity of echo-ejection fraction, and additional drug use probably prevented divergence

between groups.

1 | Introduction

Duchenne muscular dystrophy (DMD) is an X-linked, genet-
ically inherited muscle wasting disorder and variously has
other multi-system manifestations [1]. The clinical phenotype
is caused by the absence of the protein dystrophin on muscle
cell membranes, which makes myocytes uniquely vulnerable to
damage with chronic secondary inflammation. This overcomes
the capacity of repair mechanisms, leading to progressive loss
of myocytes and fibro-fatty replacement of muscle tissues [2, 3].
The clinical phenotype of DMD is characterised by progres-
sive skeletal, respiratory, and cardiac muscle weakness, with
median life expectancy in the UK only 28.1years, despite best
multi-disciplinary care [4-6]. A dilated form of cardiomyopa-
thy (DCM) is an inevitable complication of DMD, but unless it
is sought, it remains asymptomatic until almost all heart func-
tion has been lost and heart failure symptoms emerge [7-9].
Although cardiac myocytes are abnormal from an early stage
of DMD, the age at which left ventricular (LV) dysfunction be-
comes apparent on echo imaging is highly variable and occurs
significantly later in those receiving corticosteroid therapy
[5,6,9-12]. When cardiac magnetic resonance imaging (c(MRI)
is used in heart surveillance, myocardial fibrosis can be seen in
a typical posterolateral basal, epicardial distribution even be-
fore LV-systolic dysfunction is detectable [13, 14].

Based mainly on the findings of one randomised placebo-controlled
trial [15] but supported by various retrospective cohort series and
meta-analyses [9, 16-20], DMD Care Standards recommend start-
ing angiotensin-converting enzyme inhibitor (ACEi) medication
empirically no later than the age of 10years [7]. However, because
evidence for routine use of an ACEi in young boys with DMD pro-
phylactically was considered weak, in 2011 our group embarked
on the double-blind, randomised, placebo-controlled DMD Heart
Protection trial to test whether starting the combination of per-
indopril and bisoprolol (BB) in boys with DMD, aged 5-13years,
with normal LV-systolic function on echocardiographic (echo)
assessment delayed the onset of LV-dysfunction or slowed its rate
of progression when compared to placebo [21]. After 36 months,
there was no group difference in the change in LV-gjection fraction
(LVEF%) from baseline between active and placebo-treated par-
ticipants [22]. However, at the end of the study, many participants
had not reached the age at which LV-dysfunction is detectable on
echo-assessment [5, 11]. The aim of this follow-up study was to de-
termine whether differences in change from baseline LV-ejection
fraction (LVEF%) could be detected between the groups after cu-
mulative follow-up of 60 months.

2 | Methods

This was a separately registered [ISRCTN: 43827539], retro-
spective data collection study of heart outcomes in subjects who

completed the previous, randomised, double-blind, placebo-
controlled Duchenne Muscular Dystrophy Heart-Protection
Study [EudraCT: 2007-005932-10; 2011-18], described and re-
ported previously [20, 21]. In compliance with the study protocol
and with recommendations of the International Care Standards,
all patients were prescribed open-label ACEi and beta-blocker
(BB) medication as they exited the original study, regardless of
LV-function measurements. Patients with DMD are also rec-
ommended annual cardiac assessment as part of their multi-
disciplinary care [1, 7]. For this follow-up study, data were
obtained retrospectively from the cardiac assessments patients
had undergone as part of their routine care from the time they
exited the original study (i.e., their last assessment visit). No ad-
ditional testing or hospital visits were required, and there was
no restriction preventing cardiologists from adding other car-
dioactive medications, either prophylactically or for ventricular
dysfunction, at their clinical discretion during the period from
which results were obtained.

2.1 | Inclusion and Exclusion Criteria

To be included in the study, patients had to have completed
3years in the original DMD Heart-Protection Study or have
already reached a study endpoint within that time. Patients/
parents or guardians, depending on age, had to formally con-
sent to allow researchers access retrospectively to the results
of all heart assessments and limited other data, amassed in
the period March 2018 to November 2023, from clinical re-
cords at paediatric or adult cardiology clinics at specialist or
district hospital sites. Patients were excluded if they had not
completed 3years in the original DMD Heart Protection Study,
if they could not be contacted by the research team, or if they
declined consent.

2.2 | Primary and Secondary Outcome Measures

The primary study endpoint was change in LVEF% from origi-
nal study enrolment (‘baseline’) after an average of 60 months of
follow-up, according to initial treatment randomisation (active
vs. placebo). Secondary endpoints were change in LV-fractional
shortening (LVFS%), LV end-diastolic (LVEDd) and end-systolic
(LVESd) dimensions and/or volumes and tissue-Doppler
measures.

Since there was no longer a placebo group in this follow-up
study, the primary comparison was to determine whether
‘early’ (prophylactic; referred to as ‘active’) introduction of the
perindopril-bisoprolol combination preserved LVEF% better
than ‘delayed’ initiation (referred to as ‘placebo’) of the same
medications some 3 to Syears later. The null hypothesis was that
the ACEi-BB combination would not slow the rate of decline in
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LV function between those randomised to ‘early’ as compared
to ‘delayed’ initiation of the same therapy over a total follow-up
of 60 months.

2.3 | Measures of Exposure

A document of the variables to be sought retrospectively from
each cardiac assessment was agreed upon by principal investi-
gators (PIs) in advance. Echo-measures and limited other data
was collected by researchers reviewing patients case records on
each of the four study sites. In the case of those whose cardiac
care had transferred to another hospital (eg: paediatric to adult
clinic), researchers from the study site requested more recent re-
sults from where tests had been performed.

2.4 | Study Population, Obtaining Consent
and Recruitment

Original contact details for all participants in the original study
were known to research teams on each of the four participating
UK NHS hospital sites. This information was used to reestablish
contact with patients/families. The study was explained with
the aid of a Patient Information Sheet, and patients/parents or
guardians were reconsented to allow researchers access to clin-
ical records and to extract results of all heart tests performed as
part of their routine clinical care. Ethics approval allowed inclu-
sion of data on those who had died, without seeking reconsent
from families.

2.5 | Statistical Analysis

A statistical analysis plan was formulated ahead of locking
the data for analysis. Delivery of care restrictions during the
COVID pandemic prevented heart assessments altogether in
the period 2020-’21 and, thereafter, assessments occurred at
varying intervals rather than strictly annually. Therefore, to
maximize the amount of data available for inclusion in the
final analysis, group measures of heart function were com-
pared at only one time point, using a 60-72-month follow-up
‘window’ (i.e., ‘60months’). Descriptive summary statistics
are presented for baseline characteristics and longitudinal
outcomes up to a minimum 60 months as reported. For the
outcome comparisons after a mean 60-month follow-up, the
heart assessment nearest to that time point (+ 12 months) was
used. For the primary outcome, differences at 60-72 months
from the original baseline between ‘active’ (‘early’ therapy ini-
tiation) and ‘placebo’ (‘delayed’ therapy initiation) groups were
estimated using analysis of covariance (ANCOVA). ANCOVA
was repeated to estimate differences between treatment
groups for secondary endpoints of LV fractional shortening,
LV dimensions, and tissue Doppler measures of segmental LV
function. When data allowed, pre-specified sub-group com-
parisons of LVEF% were performed: (i) steroid-using versus
steroid-naive patients; (ii) change in LVEF% by age at the time
of end-analysis (iii) ‘headcount’ comparison of patient num-
bers at various severities of LV dysfunction; (iv) lowest LVEF%

at any time point and (v) use of additional heart medications
by the time of end analysis. All analyses used groups defined
by intentiontotreat.

2.6 | Sample Size

The sample size was dictated by the original number recruited
[n=85], who had completed the three-year follow-up [n=74]
and the number who could be recontacted and consented to
participate.

2.7 | Ethical Approval

The study received ethical approval from London—Brent
Research Authority [ID 269110; 09825], was funded by Duchenne
UK, a registered DMD charity in the United Kingdom, and
Newcastle upon Tyne Hospitals NHS Foundation Trust was the
study sponsor.

2.8 | Data Handling

Participants were identified only by their original study en-
rolment identifiers to ensure data security/confidentiality. All
data was pseudo-anonymised and uploaded to a dedicated, se-
cure, online research portal (RedCap: Research Electronic Data
Capture, Vanderbilt University, USA), making it available to the
research team centrally for analysis. Data will be stored and ar-
chived securely according to good clinical practice.

3 | Results

Sixty-five of the 74 participants who completed the 36-month
follow-up of the DMD Heart Protection Study were recontacted
and consented to participate in this longer-term follow-up study.
The reduced number is explained by the inability to reestablish
contact with families (n = 5), by those who had either died (n=1)
or who had already reached a study endpoint (n=4) during the
original study (Figure 1) [22]. Eight more patients died before
reaching the minimum ‘60-month’ follow-up—two randomized
originally to active and seven to placebo therapy. Three deaths
in the ‘placebo’- but none in the ‘active’-treatment group were ei-
ther definitely (n=1) or probably (n =2) cardiac in nature. Their
mean LVEF% was 37% as compared to 60% in those who died
from non-cardiac causes.

Analyses at 60months included comparisons for changes in
LVEF% - the primary endpoint, in 44 participants (original ac-
tive arm 21; placebo arm 23) and for up to 48 participants for
other secondary outcome measures (i.e., LVFS%; LV-chamber
dimensions). Data were available for all 65 patients (including
20 participants from the primary phase of the trial) to compare
the number of participants in each study arm with reduced
LVEF% at various thresholds of abnormality and for 78 origi-
nally recruited participants for a ‘lowest LVEF% at any time-
point’ comparison.
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Randomised

Reported at 36-mths

‘Placebo’ Treatment

Long-term follow-up
N=33

‘Active’ Treatment
N =32

¥

¥

60-72-month analysis ‘Placebo’ Treatment

‘Active’ Treatment

N=23 N=21
FIGURE1 | Participant flow through original and follow-up phases of the study.
TABLE1 | Participant age distribution at initial randomisation and at time of final analysis.
‘Active’ (‘early’) treatment ‘Placebo’ (‘delayed’) treatment
Categorical variables n n=32 n n=33
Age (years) at randomisation
0 — 0 —
6 0 — 1 3.03%
7 8 25% 6 18.18%
8 6 18.75% 6 18.18%
9 7 21.88% 5 15.15%
10 6 18.75% 7 21.21%
11 2 6.25% 2 6.96%
12 3 9.38% 3 9.09%
13 0 — 3 9.09%
Continuous variables n Mean+SD Median (IQR) Range n Mean+SD Median (IQR) Range
Age (years) at 32 9.4 +1.7 9.5 (8.0-10.6) 7.0-12.5 33 9.8 +2.1 9.7 (8.4-10.7) 6.1-13.8
randomisation
Age (years) at 60-72- 32 15.5+2.0 15.3(13.9-16.6) 12.8-20.3 33 16.4 +2.9 15.8 (14.3-18.7)  12.0-22.5

month analysis

Abbreviations: ‘Active’ (‘early’) treatment = those randomised to perindopril/bisoprolol initially, N=number of participants, ‘Placebo’ (‘delayed’) treatment =those
randomised to placebo initially and taking open labelled perindopril/bisoprolol from end of original study, QR =inter-quartile range, SD =standard deviation.

Table 1 summarises the age distribution of participants at orig-
inal randomisation and after 60-month follow-up. Group mean
ages at the point of final analysis in ‘active’ (‘early’ therapy)
and ‘placebo’ (‘delayed’ therapy) groups were not significantly

different (15.5+£2.0 and 16.4+2.9years respectively). Table 2
shows the spread in follow-up durations at the time of analysis,
and Table 3 lists all cardioactive medications being taken by pa-
tients at the time of last assessment.
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TABLE 2 | Durations of participant follow-up with cardiac data for
inclusion in final analysis.

‘Active’ ‘Placebo’
(‘early’) (‘delayed’)
treatment treatment Total

Follow-up
(years) N % N % N %
5 5 15.62 3 9.09 8 12.31
5.5 6 18.75 7 21.21 13 20
6 10 31.25 13 39.39 23 35.38
6.5 3 9.38 3 9.09 6 9.23
7 5 15.62 0 0 5 7.69
7.5 2 6.25 2 6.06 4 6.15
8 0 0 1 3.03 1 1.54
9.5 0 0 1 3.03 1 1.54
10.5 0 0 2 6.06 2 3.08
11 1 3.12 0 0 1 1.54
12 0 0 1 3.03 1 1.54
Total 32 33 65

Abbreviations: ‘Active’ (‘early’) treatment = those randomised to perindopril/
bisoprolol initially, N=number of participants, ‘Placebo’ (‘delayed’)
treatment = those randomised to placebo initially and taking open labelled
perindopril/bisoprolol from end of original study.

3.1 | Heart Rates and Blood Pressures as
Indicators of the Adequacy of Therapy Dosing

Consistent with differences in therapy randomisation during the
first 36 months of the original study, heart rates (HR) and sys-
tolic and diastolic blood pressures (BP) were lower in those ran-
domised to active as compared to placebo therapy (HR active:
84.4+16.7 versus placebo: 95.8 +13.2 beats/min and systolic BP
active: 104.6 +£12.0 versus placebo: 114.4 + 11.0 mmHg; diastolic
BP active: 62.3+10.1 versus placebo: 69.3 + 10.0mmHg). During
the follow-up phase, the lowest recorded mean heart rates and
systolic blood pressure were not significantly different between
the groups (HR active: 75+ 11 versus placebo: 78 + 17 beats/min
and systolic BP active: 106 & 13 versus placebo: 114+ 10 mmHg).
Diastolic blood pressure was higher in the placebo group (active:
62+ 8 versus placebo: 70+ 9mmHg; p=0.006).

3.2 | Change in LVEF% From Original
Randomisation

Group mean LVEF% had decreased in both study arms, but the
change from recruitment to final analysis at ‘60-months’ was
not significantly different between active (‘early’) and placebo
(‘delayed’) treatment groups (Table 4).

3.3 | Comparison in Secondary Cardiac Outcome
Measures

No significant differences were found either in any of the sec-
ondary endpoints: LVFS%, LV-end diastolic (LVEDD) or LV-end

systolic dimensions (LVESD) between active (‘early’) and pla-
cebo (‘delayed’) treatment groups (Table 5). Tissue-Doppler mea-
sures were only available from a limited number of assessments,
so a comparison of posterolateral/postero-basal LV-segmental
dysfunction between groups was not possible (i.e., lateral to sep-
tal LV-wall S’ measurements).

3.4 | Other ‘Headcount’ Comparisons of LVEF%
Between Groups

On the basis that starting active treatment in those previously
randomised to placebo might correct a greater prior deteriora-
tion in LV function, an additional analysis compared groups
according to each patient's lowest recorded LVEF% at any time-
point. Table 6 shows ‘headcount’ comparisons of participants
included in the ‘60-month’ analysis whose LVEF% had dropped
below various abnormal thresholds. There were consistently
more in the placebo group at all levels of abnormality. Although
there was a trend in favour of the group starting therapy ear-
lier (i.e., ‘active’ group) having better preserved LVEF%, the
difference was not clinically significant [‘Active> n=40; LVEF
47.9%+10.4%: ‘Placebo: n=38; LVEF 45.5%+9.9%; t=1.04;
p=0.15].

3.5 | Pre-Specified Subgroup Analyses
3.5.1 | Corticosteroid Status

Of 44 participants with LVEF% measures at 60-72months, only
nine (21%) were corticosteroid naive, 34 (79%) were on long-term
steroid therapy, and the corticosteroid status was uncertain in
one. No difference in final LVEF% according to corticosteroid
status was found (LVEF% steroid takers: 55.4% =+ 8.1% versus ste-
roid naive 54% +13.3%; p=NS).

3.5.2 | Age

Of 44 patients with LVEF% measures at 60-72months, 26 (59%)
were older and 18 (41%) younger than 15years of age, and four
were aged less than 13years. Although both the difference in
final LVEF% and change of LVEF% from baseline were greater
between ‘active’ and ‘placebo’ groups in those aged 15years
and above, neither difference appeared clinically meaningful
[(age>15years: 52.9%+10.4%; age <15years: 57.5%+7%) and
(change in LVEF% >15years: —7.5%+—11.8% and <15years:
—3.8% + —8.1%)].

3.5.3 | Addition of Other Cardioactive Medications

During the study, all patients were taking an ACE-inhibitor and
beta-blocker drug combination, and some had a mineralocorti-
coid antagonist (MRA) added at the discretion of clinical teams
(Table 3). More of those in the “placebo’ group had eplerenone or
spironolactone added to their cardiac regimen, and in one other
case, sacubitril-valsartan had been substituted for an ACEi
prior to the 60-month assessment [‘Active’ 9 (28.1%): ‘Placebo’
12 (36.4%)]. An MRA was being taken by more of those whose

50f 10



TABLE 3 | Initial therapy randomization and heart medications at final analysis.

‘Active’ (‘early’) treatment n (%)

‘Placebo’ (‘delayed’) treatment n (%)

Phase 12

Perindopril and bisoprolol steroids? 4234 (80.9%)

Phase 2°
Perindopril and bisoprolol 32
Steroidsd 28 (87.5%)
Testosterone 15 (46.9%)
Ataluren/exon-skippingd 2
Idebenone/givinostat? 1
Additional heart medications®
Eplerenone/spironolactone 9 (28.1%)
Dapagliflozin/furosemide 2
Sacubitril-valsartan 0
Carvedilol, ivabradine, digoxin 1

Matched placebo steroids? 43 31 (72.1%)
33
23 (69.7%)
11 (33%)
0
1

11 (33%)
4
1(3%)
2

Abbreviations: N= participant numbers, p =significance test value.

2Double-blind randomised phase, identical over-encapsulated active and placebo capsules.

bOpen-labelled perindopril and bisoprolol.
“Not mutually exclusive.
dTaking maintenance glucocorticoid steroids for DMD.

TABLE 4 | Group comparison of primary outcome measure at 60-72 months (change in LVEF %).

‘Active’ treatment

Difference up to

‘Placebo’ treatment long-term follow-up®

Adj. diff in means®

LVEF% n Mean? (SD) Range n Mean? (SD) Range (I-C) (95% CI1)

Baseline (of those with longterm 32 62.53 (5.62) 52-76 29 60.59 (4.87) 51-73 n/a

follow-up)

Long-term follow-up time pointd 21 57.24(7.21) 39-71 23 52.52(10.61) 23-76 Adj. diff in means®
—7.69 (—16.40 to 1.01)

Sensitivity analysis with: long- 21 53.81 (4.40) 39-56 23 50.43 (8.15) 23-56 Adj. diff in means®

term followup time pointd¢

—5.64 (~13.56 t0 2.26)

2Univariate analysis reporting change in mean and SD from baseline without adjustment.
YMultivariate analysis reporting difference in means between groups at long-term follow-up timepoint from baseline with adjustment for baseline value and baseline
covariates including age (continuous), body surface area (continuous) and genetic mutation type (deletion vs. non-deletion). The unadjusted mean difference was —3.77

(~10.53 to 2.98).

“Multivariate analysis reporting the difference in means between groups at long-term follow-up timepoint from baseline with adjustment for baseline value and
baseline covariates including age (continuous), body surface area (continuous) and genetic mutation type (deletion vs. non-deletion). The unadjusted mean difference

was —2.19 (—7.85 to 3.48).
dLong-term follow-up ranged from 60 to 144 months (see Table 6 for breakdown).

¢Using LVEF values that were capped at an upper range of 56 to account for any values classified as > 55%.

lowest LVEF was below 45% in the ‘placebo’ than in the ‘active’
treatment group (‘Active’ 3; ‘Placebo’ 5).

4 | Discussion

The main finding of this longer-term, follow-up phase of the
DMD Heart-Protection Study is that, when started prophylacti-
cally in young boys (Active: 9.4+ 1.7 & Placebo: 9.8 + 2.1 years)
with normal echo measures of LV function at baseline, the

combination of perindopril and bisoprolol did not change the
subsequent decline in group mean LVEF% over 60-month fol-
low-up when compared to starting the same two medications
3 to 5years later. The groups did not differ significantly either
in any of the secondary end points—LVFS%, LVED- and LVES
dimensions. There were insufficient LV tissue Doppler measure-
ments for a valid analysis of segmental LV function.

Although the negative overall results appear to run counter to
current Standards of Care recommendations, small numbers, no
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TABLE 5 | Secondary cardiac outcome measures at 60-months.

‘Placebo’ (‘delayed’)

‘Active’ (‘early’) treatment treatment Difference

Outcome (at Adj. diff in mean®

60-months) Range n Mean? (SD) n Mean? (SD) (I-C) (95% CI)

LVESD (cm) 1.9-3.3 31 2.55(0.3) 33 2.59 (0.3) n/a

Baseline

At 60-months® 1.7-5.43 24 2.98 (0.5) 23 2.90 (0.9) Adj. diff in means®
0.18 (—0.38 t0 0.75)

LVEDD (cm) 3-4.8 31 3.92(0.4) 33 3.97(0.3) n/a

Baseline

At 60-months® 2.7-6.09 24 4.28 (0.4) 24 4.23(0.8) Adj. diff in means®
0.02 (—0.51 to 0.56)

LVFS% Baseline 30-48 32 35.13 (3.4) 33 34.85 (4.3) n/a

At 60-months® 11-68 20 36.5(10.7) 21 34.65(14.4) Adj. diff in means®

—4.11 (—12.83 to 4.61)

2Univariate analysis in mean and SD change at long-term follow-up time point from baseline without adjustment.

bMultivariate analysis reporting the difference in means between groups at long-term follow-up timepoint from baseline with adjustment for baseline value and
baseline covariates including age (continuous), body surface area (continuous), and genetic mutation type. The unadjusted mean difference was —0.15 (—0.56 to 0.25),
—0.17 (-0.52 to 0.18) and — 1.27 (=10.05 to 7.51) for LVESD, LVEDD, and LVFS, respectively.

‘Long-term follow-up ranged from 60 to 144 months.

TABLE 6 | ‘Headcount’ of patients with abnormal LVEF% at
‘60-months’ and group comparison of lowest recorded LVEF% at any
timepoint.

‘Placebo’
LVEF% at ‘Active’ (‘early’) (‘delayed’)
‘60-months’ treatment treatment
< 55% (n=60) 28 32
<50% (n=43) 20 23
<45% (n=31) 15 16
Lowest LVEF% 47.9% +10.4% 45.5% +9.9%
at any timepoint*
(n=178)

Abbreviations: ‘60-month’ = patients with heart measures in the 60-72-month
data-window, ‘Active’ (‘early’ therapy)=those randomised to perindopril and
bisoprolol originally, LVEF% =left ventricular ejection fraction, N=participant
number, ‘Placebo’ (‘delayed’ therapy) =those taking placebo during original
study and open-labelled perindopril and bisoprolol during follow-up study.

longer having a placebo group, and the introduction of additional
cardioactive medications will have contributed to minimizing
differences between the groups. Interestingly, however, the find-
ings are consistent with both previous placebo-controlled stud-
ies of heart medications for DM D, which were also small studies
and not powered for mortality [7, 15, 23]. Those same factors ex-
plain why neither the French perindopril-versus-placebo study
[15], in steroid-naive patients, nor the German study [23], com-
paring the combination of enalapril and metoprolol with placebo
in which 68% were also taking steroids, demonstrated group
differences in primary study endpoints either [15, 23]. However,
both showed beneficial trends for some participants who took
active therapy either at a younger age or for longer. Evidence for
similar trends is apparent also from subgroup analyses of this

study's data, in which 77% of participants were also receiving
corticosteroids for DMD. Although differences in the various
analyses of LV-function (Table 6) are not statistically significant,
group mean LVEF% was higher both at the 60-month mark and
for the lowest recorded LVEF% at any time point during the
study for those in the ‘active’ (‘early’) treatment group. More
in the ‘placebo’ (delayed treatment) group had LVEFs below
each of three thresholds—Iless than 55%, 50%, and 45%. Cardiac
deaths occurred only in the placebo group, and more patients
died from all causes in the ‘placebo’ (‘delayed’) treatment group.
Similarly, in the French perindopril study, three participants, all
with LVEF less than 45%, died [15]. These trends are concordant
with the findings of this study and support the routine introduc-
tion of the perindopril-bisoprolol combination prophylactically
for its long-term outcome benefits.

4.1 | Significance of Various Confounding Factors
on the Overall Group Results

Some confounding factors would have been expected to pre-
vent greater divergence in heart function between ‘active’ and
‘placebo’ treated participants. Because there was no longer a
placebo-treated group, the benefits for the ‘placebo’ group of re-
ceiving open-labelled perindopril/bisoprolol probably reduced
differences in endpoints, which might have emerged if a true
placebo comparison had been ethically possible.

Most patients were receiving steroids for muscle strengthening
in DMD and that also delays the onset of cardiomyopathy by
an average of 2years compared to those who are steroid naive
[5, 24-27]. Previously our group reported that the age of detec-
tion of LV-dysfunction by echo was 15.1 +4.2years—but older
in those on maintenance steroid therapy (16.8 + 4.2 versus 14.5
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+4.1years; p=0.04) [11]. The age of participants at the ‘60-
month’ assessment was 15.5 £2.0 and 16.4 + 2.9 years for ‘active’
and ‘placebo’ groups respectively, and 15 (33%) were still below
13years of age. Although all participants would be expected
to develop LV-dysfunction at some point, many still had either
preserved or minimally reduced function at the ‘60-month’ as-
sessment. The implication is that they had yet to develop the de-
gree of echo-detectable LV-dysfunction expected at some point
of follow-up in all patients with DMD and which could allow
divergence between the groups [5, 25]. Furthermore, since some
in the ‘placebo’ arm were less than age 13 when they started
open-label therapy, their rate of decline in LV-function would be
expected to follow that of those randomised originally to active
therapy according to the original study inclusion criteria [21, 22].

This was a small study and, if the scale of added benefit from
heart medications in patients receiving steroids is small, a much
larger study or even longer follow-up would have been needed
to confirm differences in outcome. Indeed, the benefits for the
heart of steroids and the perindopril-bisoprolol combination
may be qualitatively different and so, only emerge in the form
of endpoints such as symptomatic heart failure or mortality,
much later in the course of DMD [26-31]. More participants
in the ‘placebo’ arm received additional cardiac medications,
mineralocorticoid antagonists and/or sacubitril-valsartan and
ivabradine, which would be expected to have slowed their de-
cline in heart function [20, 32-34]. Furthermore, the difference
in time between those receiving ‘early’ (initial active group) and
‘delayed’ (initial placebo group) was only about 3years, which
could have resulted in more equivalent treatment benefits from
cardioactive medications than intended.

4.2 | Study Limitations

The main limitations of the study were, firstly, its small size and
secondly, the relative insensitivity of echo compared to cardiac
magnetic resonance (CMR) imaging in detecting changes in
myocardial tissue composition and subtle early changes in car-
diac function and remodelling in adolescent patients with DMD
[13, 14, 35-37]. However, when the study was first conceived,
CMR imaging was not widely available in UK hospitals and
some of the more sensitive measures available now had not been
validated for use as study end points.

5 | Conclusions

The main conclusion of this longer-term follow-up study of the
original DMD-heart protection cohort is that, when started pro-
phylactically in young boys with normal LV function and who
were also receiving steroids, the combination of perindopril &
bisoprolol did not change the subsequent decline in LVEF% over
60 months of follow-up compared to starting the same medi-
cations 3 to Syears later. However, various trends favoring the
introduction of prophylactic therapy were evident in sub-group
analyses, supporting current DMD standards of care recommen-
dations to introduce heart medications prophylactically. The
perindopril-bisoprolol combination was well tolerated through-
out, with no withdrawals because of intolerance or adverse ef-
fects. The study also highlights a range of considerations and

confounders relevant to the design and conduct of future cardiac
studies in the complex milieux of DMD.
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