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Abstract.
Background: The latest practice guidelines from the American College of Cardiology/American Heart Association recommend the prescription of an ACE-i for patients presenting with non-ischemic cardiomyopathy when left ventricular ejection
fraction (LVEF) falls below 40%.
Objective: To determine if the initiation of treatment with an angiotensin-converting enzyme inhibitor (ACE-i) earlier than
recommended by practice guidelines issued by professional societies improves the long-term cardiac outcomes of patients
presenting with Becker muscular dystrophy (MD) cardiomyopathy.
Methods: From a multicenter registry of Becker MD, we selected retrospectively patients presenting between January 1990
and April 2019 with a LVEF ≥40 and ≤49%. We used a propensity score analysis to compare the risk of a) hospitalization
for management of heart failure (HF), and b) a decrease in LVEF to <35% in patients who received an ACE-i when LVEF
fell below 40% (conventional treatment), versus below 50% (early treatment).
Results: From the 183 patients entered in our registry, we identified 85 whose LVEF was between 40 and 49%, 51 of whom
received early and 34 received conventional ACE-i treatment. Among patients with early versus conventional treatments, 2
(3.9%) versus 4 (11.8%) were hospitalized for management of HF [hazard ratio (HR) 0.151; 95% confidence interval (CI)
0.028 to 0.822; p = 0.029], and 9 (17.6%) versus 10 (29.4%) had a decrease in LVEF below 35% (HR 0.290; 95% CI 0.121
to 0.694; p = 0.005).
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Conclusions: The long-term cardiac outcome of patients presenting with Becker MD was significantly better when treatment
with ACE-i was introduced after a decrease in LVEF below 50%, instead of below 40% as recommended in the current
practice guidelines issued by professional societies.
Keywords: Becker muscular dystrophy, non-ischemic cardiomyopathy, inherited myopathy, angiotensin-converting enzyme
inhibitor, heart failure
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[18] or below 50%, with the assumption of obtaining
a beneficial effect similar to that observed in Duchenne MD.
The objective of this study was to determine which
of these two strategies is most successful in improving the cardiac prognosis of patients presenting with
Becker MD.
METHODS
The Becker Heart Registry

INTRODUCTION
Dystrophinopathies are X-linked inherited disorders caused by mutations in the DMD gene,
associated with altered expression of dystrophin in
skeletal and cardiac muscles and progressive muscle
wasting and weakness. Out-of-frame DMD mutations generally result in an absence of dystrophin
expression and with loss of ambulation in early teens
known as Duchenne muscular dystrophy (MD), while
in-frame mutations are associated with residual dystrophin expression and milder muscle involvement
known as Becker MD [1–5].
The prevalence of dilated cardiomyopathy in
patients presenting with dystrophinopathies reaches
75% in Duchenne MD and is between 17 and 74% in
Becker MD [2, 6]. The prevention of endstage heart
failure (HF), one of the most common causes of death
in these patients, is central in their management [2, 4,
7–9]. In children presenting with Duchenne MD and
a preserved left ventricular (LV) systolic function,
treatment with an angiotensin-converting enzyme
inhibitor (ACE-i) introduced by the age of 10 years
prevents the development of dilated cardiomyopathy
and improves the vital prognosis [10–17]. These therapeutic benefits have not been verified in patients
suffering from Becker MD, who are treated with
an ACE-i when the LV ejection fraction (EF) falls
either below 40%, based on the recommendations of
the American College of Cardiology/American Heart
Association professional societies to prevent the
development of HF in non-ischemic cardiomyopathy

The Becker Heart Registry was designed and organized by the cardiology department of Cochin
hospital and the neurology units of the Myology
Institute of Pitié-Salpêtrière and Garches hospitals,
and registered with ClinicalTrials.gov (Identifier:
NCT02020954). We retrospectively included in this
Registry patients 1) ≥18 years of age, 2) with
pathogenic variants in the DMD gene without loss of
ambulation before the age of 13 years, corresponding to a Duchenne MD phenotype, and 3) referred to
our units between January 1990 and April 2019 for
management of their disease.
Routine patient follow-ups included yearly ambulatory visits with a cardiologist from one of our
medical centers and, for patients complaining of palpitations or lightheadedness, or presenting with LV
systolic dysfunction, an echocardiogram and 24-h
ambulatory electrocardiogram. The prescription of
cardioactive treatments, including ACE-i, was left to
the judgment of their general cardiologist.
We retrospectively entered in a dedicated database
the results of all neurological and cardiac investigations contained in the patients’ medical records.
The vital status of patients who were not followed
by one of our institutions, or whose circumstances
and cause of death were not known at the end of
the observation period, was ascertained by contacting
their primary physician. This study was approved by
our local Ethics Committee (CPP Ile de France VI),
which, for this retrospective study waived the formal
patient consents.
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Patient selection
From the overall population included in the Becker
Heart Registry, we excluded patients presenting with
1) a concomitant disorder that might influence the
cardiac involvement by the disease, 2) LVEF < 40%
at first referral, 3) LVEF ≥50% at first visit to our
cardiology unit and during follow up, or 4) treatment
with an ACE-i or angiotensin receptor blocker initiated while LVEF was ≥50% for prevention of HF or
systemic hypertension.
We included all other patients presenting at first
referral or during follow-up with a LVEF between 40
and 49% and divided them between 1) early ACE-i
treatment group, if initiated while LVEF was between
40 and 49%, and 2) conventional ACE-i treatment
group, if initiated in presence of a LVEF < 40% diagnosed during follow-up.
Study endpoints
The primary endpoint of the study was hospitalization for management of HF. One specificity of
our reference centers is that all patient hospitalized
for heart failure are referred to a unique cardiology department in Cochin Hospital, reducing the
variability regarding criteria for admissions for HF.
An adjudication committee, composed of two of the
authors (LM, KW) unaware of the patients’ characteristics and treatment strategy, reviewed the data
and assigned the hospitalizations as prompted by HF,
based on prespecified criteria [19]. The secondary
study endpoint was a decrease in LVEF to < 35%.
Statistical analyses
Continuous variables are presented as means ±
standard deviations or medians (interquartile range),
as appropriate. Categorical variables are presented as
counts and percentages.
Since this observational study was not randomized,
several unbalanced baseline risk factors may have
biased the comparisons between early and conventional ACE-i treatment groups. A propensity-based
approach was used to limit these biases [20]. The
propensity score is the probability of patient assignment to a particular treatment group based on a set
of observed covariates. This probability was modeled, using a multiple variables logistic regression,
in which the treatment regimen was the dependent
and a set of baseline characteristics was the independent variable. Covariates, identified as potential
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confounders based on prior publications, included
LVEF, age at inclusion in the study, beta-adrenergic
blockade, left ventricle dilatation, prominent Q or R
waves and QRS duration on the electrocardiogram,
systolic blood pressure and loss of ambulation. The
individual propensity score derived from this model
was then used in an inverse probability of treatment
weighting (IPTW) where weighting is defined as the
inverse of the probability of receiving the treatment
actually received [20, 21].
The success of the propensity score was ascertained by the balance of baseline characteristics after
IPTW. The balance of each variable between the 2
groups was evaluated by the standardized difference
(i.e. the absolute difference in sample means divided
by an estimate of the pooled standard deviation of the
variable expressed as a percentage) and the ratio of
the variances of the covariates residuals after IPTW.
Balancing was considered successful when all absolute standardized mean differences (aSMD) for the
covariates identified as potential confounders were
<0.25 and the ratio of the variances was between 0.5
and 2.0 [22].
Time–to-event curves were constructed using the
Kaplan-Meier product limit estimator, and Cox proportional hazards models were used to compare the
event hazards between the early ACE-i- and the
conventional ACE-i-treated groups, both taking into
account the IPTW. The baseline was defined as the
time of first diagnosis of LVEF between 40% and
49%. The observation period ended when <15%
of patients were observable. The proportionality of
hazard assumption was evaluated by fitting the interaction between a variable of interest and the linear
follow-up time. The hazard ratios (HR) are expressed
with their 95% confidence intervals (CI). All tests
were two-sided at the 0.05 significance level.
The statistical analyses were performed using the
Statistical Analysis Software 9.4 (SAS Institute Inc.,
Cary, North Carolina).

RESULTS
Patient selection
The flow of patients selected for the present study
is shown in Fig. 1. Among the 183 patients included in
the Becker Heart Registry, we excluded 2 presenting
with ischemic heart disease, 4 who had undergone
cardiac transplantation prior to first referral, and 2
whose data were missing. Of the 175 remaining
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Fig. 1. Extraction of the study sample. ACE-i = angiotensin-converting enzyme inhibitor; LVEF = left ventricular ejection fraction.

patients, we excluded 21 with LVEF <40% at first
referral, 68 with LVEF ≥50% at first referral and
throughout follow-up, and 1 treated prophylactically
with an ACE-i while LVEF was ≥50%. We ultimately included 85 patients with LVEF between 40
and 49%, of whom 51 received early and 34 conventional treatment with an ACE-i, respectively at
baseline and in presence of a LVEF < 40% diagnosed during follow-up. In all patients from the early
treatment group, ACE inhibitors were initiated at
first diagnosis of LVEF below 50%. As no patients
stopped the ACE-I treatment during follow-up, treatment duration corresponds to the follow-up duration
in the study. The median number of visits per year
of follow-up was 0.58 [0.36–0.95] in patients treated
early, versus 0.61 [0.46–0.86] in the conventionally
treated group (p = 0.665). The inclusion periods in the
early and conventional treatment groups were similar (p = 0.129), with, respectively, 15 and 6 patients
included between years 1990 and 2000, 24 and 13
patients between years 2000 and 2010, and 12 and 15
patients between years 2010 and 2020.
Baseline characteristics
The baseline characteristics before and after IPTW
are shown in Table 1. After IPTW, the baseline

characteristics of patients treated with ACE-i early
versus conventionally were similar, including mean
age (30.8 ± 11.9 vs. 31.1 ± 14.3 years; aSMD =
0.02), QRS duration (95.6 ± 12.0 vs. 95.5 ± 13.0 ms;
aSMD = 0.01) and other electrocardiographic measurements, use of beta-adrenergic blockers (13.3 vs.
11.3 %; aSMD = 0.06) and mean LVEF (47.7 ± 3.1
vs. 47.4 ± 2.9 %; aSMD = 0.11). All absolute standardized differences for potentially confounding
variables were < 25% and the variance ratios between
0.5 and 2.0, confirming that the propensity score was
correctly calculated.
Hospitalization for management of heart failure
Over median follow-ups of 12.9 [6.1–6.0] and 7.6
[5.0–13.3] years, 2 of 51 patients (3.9%) treated early
and 4 of 34 (11.8%) treated conventionally with
ACE-i had hospitalization for management of HF,
with median times-to-events of 7.0 [3.9–10.2] and
7.6 years [4.4–12.9], respectively (Table 2; Fig. 2).
Among these 6 patients, 2 died of endstage HF and
2 underwent heart transplantation. By Cox model
analysis after IPTW, early ACE-i treatment was
associated with a significantly lower risk of hospitalization for HF (HR 0.151; 95% CI 0.028 to 0.822,
p = 0.029; Table 3).
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Table 1
Baseline patient characteristics before and after inverse probability of treatment weighting
Characteristics

Before IPT weighting
ACE-i

Age at registry inclusion, y
Loss of ambulation
Diabetes
Systemic hypertension
Blood pressure, mmHg
Systolic
Diastolic
Heart rate, bpm
Electrocardiogram
Intervals, ms
PR
QR
Abnormal Q or R waves
Echocardiogram
Left ventricular
Ejection fraction, %
Dilatation
Beta-adrenergic blockers

After IPT weighting
aSMD

Early
(n = 51)

Conventional
(n = 34)

30 ± 12
9 (18)
4 (7.8)
10 (20)

34 ± 14
9 (27)
2 (5.9)
5 (15)

122 ± 17
70 ± 14
73 ± 14

ACE-i

aSMD

Early
(n = 51)

Conventional
(n = 34)

0.29
0.21
0.08
0.13

31 ± 12
10 (20)
4.3 (8.7)
10 (21)

31 ± 14
8 (24)
1.3 (3.7)
5 (15)

0.02
0.09
0.21
0.14

121 ± 16
72 ± 12
74 ± 15

0.10
0.16
0.10

122 ± 16
71 ± 14
74 ± 13

123 ± 16
72 ± 13
74 ± 14.0

0.02
0.12
0.03

136.1 ± 15.0
95 ± 12
48 (94)

141 ± 20
99 ± 15
32 (94)

0.28
0.26
0.00

137 ± 15
96 ± 12
46 (94)

142 ± 19
96 ± 13
33 (94)

0.25
0.01
0.02

48 ± 3
14 (28)
9 (18)

48 ± 3
5 (15)
2 (6)

0.08
0.32
0.37

48 ± 3.1
12 (24)
7 (13)

47 ± 3
10 (27)
4 (11)

0.11
0.09
0.06

Values are means ± SD or numbers (%) of observations. ACE-i = angiotensin-converting enzyme inhibitor;
aSMD = absolute standardized mean difference; IPT=inverse probability of treatment; LV = left ventricular.
Table 2
Cardiovascular events during follow-up
ACE-i treatment

Hospitalization for management
of heart failure
Number of events
Median time to events, y
Clinical presentation
Endstage heart failure
Death due to heart failure
Cardiac transplantation
Decrease in left ventricular
ejection fraction to < 35%
Number of events
Median time to events, y

Early
(n = 51)

Conventional
(n = 34)

2 (4)
7 [4–10]

4 (12)
8 [4–13]

1 (2)
1 (2)
0

3 (9)
1 (3)
2 (6)

9 (18)
7 [4–10]

10 (29)
4 [3–7]

Values are numbers (%) of observations or median [interquartile
range]. ACE-i = angiotensin-converting enzyme inhibitor.

Decrease in left ventricular ejection fraction
below 35%
LVEF decreased to < 35%, in 9 of 51 patients
treated early (17.6%) and in 10 of 34 (29.4%)
patients treated conventionally with ACE-i, over
median follow-ups of 8.6 [4.3–14.9] and 5.4 years
[4.0–8.5], respectively. The median times-to-events
were 7.0 [4.0–9.7] and 4.2 years [3.4–6.9], respectively (Table 2; Fig. 2). By Cox model analysis after
IPTW, early treatment with ACE-i was associated

with a significantly lower risk of decrease in LVEF
below 35% (HR 0.290; 95% CI 0.121 to 0.694;
p = 0.005; Table 3). The yearly absolute change in
LVEF was –0.23 ± 1.73 in the early treatment group
versus –0.60 ± 1.97 in the conventional treatment
group (p = 0.791).
DISCUSSION
Our study shows that, compared with treatment of
HF guided by professional guidelines [18], the introduction of an ACE-i when LVEF falls below 50%
improves the long-term prognosis of patients suffering from Becker MD.
These findings are concordant with those of prior
studies of Duchenne MD, the most severe dystrophinopathy [12–14], particularly with those of a
randomized study, in which the prophylactic use of
perindopril in patients with preserved LVEF, between
the ages of 8 and 13 years, prevented the development
of dilated cardiomyopathy at 5 years of follow-up
[16]. Furthermore, after the prolongation of the trial
follow-up to 10 years, the survival rate was 93% in
the perindopril in contrast with 66% in the placebo
group, corresponding to an odds ratio of 0.15 [17].
The magnitude of benefit conferred by ACE-i in our
study is similar to that observed in that randomized
study, and adds support to their reputed high efficacy in the prevention of myocardial dysfunction in
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Fig. 2. Hospitalization for management of heart failure and decrease in left ventricular ejection fraction to <35% during follow-up.
IPTW = inverse probability of treatment weighting; ACE-i = angiotensin-converting enzyme inhibitor.

Table 3
Effects of early versus conventional prescription of angiotensinconverting enzyme inhibitors in the Cox model after inverse
probability of treatment weighting

Hospitalization for
management of heart failure
Decrease in left ventricular
ejection fraction to < 35%

Hazard ratio
[95% confidence interval]

p

0.151 [0.028–0.822]

0.029

0.290 [0.121–0.694]

0.005

dystrophinopathies, especially when introduced early
in the course of the disease, with their preventive
benefit becoming manifest after 5 to 10 years of
follow-up.
The results of our study strongly support the systematic use of ACE-i in patients presenting with
Becker MD as soon as the LVEF falls below 50.
While, as found in Duchenne MD, there is currently no evidence that patients with Becker MD
whose LVEF is ≥50% should be prescribed ACE-i,
their potential benefit should nevertheless be further
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examined on the basis of different criteria, and the
criteria of eligibility for this treatment may need to
be revisited in the future. The presence of myocardial fibrosis might be an important observation, since
it has been correlated with disease progression in
patients presenting with Duchenne or Becker MD,
particularly in presence of a preserved LVEF [23–25].
The combination of disease characteristics, such as
fibrosis burden, blood biomarkers, myocardial strain
and LVEF may refine the selection of candidates
for cardioprotective treatments. It also remains to be
determined whether other treatments of HF, for example mineralocorticoid receptor antagonists, perhaps
combined with ACE-i, are beneficial in Becker as
has been shown in Duchenne MD [26–28].
From a broader perspective, our study contributes
to the question regarding the merit of prescribing
treatments of HF in non-ischemic cardiomyopathy
earlier than recommended by the professional guidelines. An increasing proportion of patients with
myocardial disease and preserved LV systolic function are detected during screenings of families with
inherited cardiomyopathies or of patients with systemic or neuromuscular disorders [29]. It remains
unclear whether ACE-i and other treatments of HF are
effective in presence of a normal or mildly impaired
LVEF, before thresholds are set and validated in
studies of the general population. Our observations
suggest that the potential prognostic benefit, safety
and cost-effectiveness of prophylactic strategies need
to be studied in high-risk disorders.

CONCLUSIONS
In patients with Becker MD, treatment with ACE-i
introduced when LVEF fell below 50%, instead of
40% as recommended by the guidelines of professional societies, was associated with better cardiac
outcomes.
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