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Abstract

Objectives: As the Duchenne Muscular Dystrophy (DMD) is
a progressive neuromuscular disorder frequently associated
with cardiac dysfunction, this study aimed to evaluate the
influence of beta-blocker therapy on cardiac autonomic
modulation in adolescents with DMDby analyzing heart rate
variability (HRV) indices in patients with and without beta-
blockers.
Methods: A cross-sectional study was conducted with 90
participants divided into three groups: (1) participants with
DMD receiving beta-blocker therapy (DMDB, n=30), (2) par-
ticipants with DMD without beta-blocker therapy (GMDM,
n=30), and (3) age- and sex-matched typically developing
participants (GDT, n=30). HRV was assessed using validated

beat-to-beat heart rate monitoring (RS800CX, Polar) under
controlled conditions. Linear and non-linear HRV indices
(including Detrended Fluctuation Analysis and Symbolic
Dynamics) were analysed using Kubios HRV software.
Results: DMD patients exhibited autonomic impairment,
characterized by decreased HRV, increased sympathetic
dominance, and reduced parasympatheticmodulation. Beta-
blocker therapy was associated with significantly higher
Mean Beat-to-beat interval (RR) and lower Mean Heart Rate
(HR) compared to the non-beta-blocker DMD group, with
values approaching those observed in typically developing
participants. Non-linear indices suggested that DMDpatients
receiving beta-blockers demonstrated increased HRV
complexity and fractal properties compared to those not
receiving beta-blockers, although differences remained be-
tween the DMD and control groups.
Conclusions: Autonomic dysfunction in DMD is character-
ized by reduced HRV and altered sympathovagal balance.
In our results, beta-blocker therapy was associated with
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improved HRV and enhanced autonomic control. These
findings highlight the potential cardioprotective role of beta-
blockers in DMD management and emphasize the need for
further research into optimizing autonomic function in
DMD.

Keywords: Muscular Dystrophy; Duchenne; heart rate;
autonomic nervous system; adrenergic beta-antagonists

Introduction

Duchenne Muscular Dystrophy (DMD) is the most common
recessive neuromuscular disease, and its incidence is
1:3,000–6,000 boy births [1]. It is produced by a mutation in
the gene encoding the dystrophin enzyme, located on the
short arm of the X chromosome [2], in the Xp21 region [3].
The clinical picture in the early stages is characterized by the
presence of myopathic lifting (Gowers sign) and digitigrade
gait, with hip swing. The involvement of the scapular girdle
occurs between six and seven years of age [1].

As the disease progresses, most patients experience
diverse signs and symptoms, including joint contractures
and scoliosis aggravated by lumbar lordosis [1, 4]. In general,
patients with DMD lose their gait and use a wheelchair at
approximately 15 years of age [1]. In addition tomotor issues,
DMD also promotes changes in the heart, which has been
identified as the main cause of death [4, 5].

Neuromuscular diseases are often associated with
cardiac dysfunction, as the degeneration and atrophy pre-
sent in skeletal muscles also occur in the cardiac muscle [5,
6]. Loss of normal dystrophin function in the heart pro-
duces four-chamber dilation and reduced left ventricular
function that develop after the onset ofmuscle weakness, in
which case atrial and ventricular arrhythmias occur and
can be fatal [4]. Currently, for correction of arrhythmias
resulting from cardiomyopathy, drugs such as beta-
blockers have been widely used to help improve myocar-
dial function [7].

However, unlike musculoskeletal, pulmonary compli-
cations [8] and pain [9] from DMD, which are classic and
already established in the literature, research studying the
effects of the autonomic nervous system on the heart in DMD
is still emerging.

Some studies analyzed cardiac autonomic modulation
in humans with DMD, through analysis of heart rate
variability (HRV), and observed changes characterized by
predominance of sympathetic modulation and a reduction
in parasympathetic modulation. Inoue et al. [10] found
reduced HRV in people with DMD, especially in the
SDNN index.

Changes in autonomic modulation, reflected by a
reduction in SDANN, SDNN, and PNN50 indices of HRV, have
been identified as an indicator of a worse prognosis in car-
diovascular diseases [6, 11] and related to the appearance of
arrhythmias [12] and sudden death [11]. Besides that, the
studies found to date on HRV in DMD have evaluated only
linear indices, as can be seen in the time domain, such as
RMSSD, SDNN, SDNNi, SDANN, pNN50, and in the frequency
domain, such as LF, HF, and LF/HF ratio. SDNN and HF were
the indices that showed a reduction inmost studies [6, 10, 13],
suggesting increased sympathetic activity and/or reduced
parasympathetic tone in people with DMD. Nevertheless,
none of the reviewed studies incorporated non-linear
analysis.

Considering the reasons mentioned above, beta-
blockers are widely used in individuals with DMD, primar-
ily to manage tachycardia resulting from cardiomyopathy
and to support myocardial function [7]. However, despite
their routine use, there is a lack of detailed understanding
regarding how beta-blockers influence cardiac autonomic
modulation in this population, particularly through
advanced methods of HRV analysis.

Linear analyses use simpler mathematical techniques,
such as statistical, geometric, and spectral methods, to
represent the modulation of sympathetic and para-
sympathetic components of the autonomic nervous system
[14]. In contrast, nonlinear methods – based on chaos the-
ory – have gained increasing attention, as nonlinear
behavior predominates in human systems due to their
complex and dynamic nature, which cannot be adequately
described by linear methods [15]. Thus, this approach pro-
vides additional clinical value.

Our focus on adolescents was based on both biological
and clinical considerations. Adolescence represents a crit-
ical period for the progression of DMD, during which the
decline in motor and cardiac function typically accelerates.
Furthermore, this age range often marks the initial
implementation of beta-blocker therapy as part of car-
dioprotective interventions [16].

Thus, the present study aims to evaluate the influence
of beta-blocker therapy on the autonomic modulation
of people with DMD, comparing the HRV indices between
participants with DMD receiving and not receiving beta-
blockers, as well as a group of typically developed adoles-
cents. By applying heart rate variability analysis – including
advanced nonlinear metrics commonly used in exercise
physiology – we aim to translate tools traditionally applied
in athletic and rehabilitative settings to a clinical, function-
ally impaired population. This translational approach
supports the broader field of exercise biomedicine
by identifying autonomic biomarkers and therapeutic
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strategies that may enhance cardiovascular health and
quality of life in adolescents with neuromuscular disorders
such as DMD. The summary of this article is presented in
Figure 1.

Materials and methods

The research project is approved by the Research Ethics
Committee of the Federal University of São Paulo, under
protocol CAAE 09942913.4.0000.5505.

Participants

A cross-sectional study was carried out, in which 90 partic-
ipants aged between 11 and 18 years were evaluated, divided
into three groups: (1) 30 people with a medical diagnosis of
DMDundergoing treatmentwith beta-blocker (DMDB); (2) 30
people diagnosed with DMD who were not currently using
beta-blockers and had never used them previously (GDMD)
and (3) 30 peoplewith typical development (TD), matched for
age and sex to DMD groups. The recruitment of the DMD

Figure 1: Graphical representation of this study. Key points: (1) The preservation of autonomic complexity in beta-blocker-treated patients may have
implications for exercise prescription and physical therapy programs, as better autonomic regulation could indicate improved exercise tolerance and
cardiovascular stability during physical activities. (2) Beta-blocker therapy was evaluated in 90 adolescents with DMD (ages 11–18), comparing cardiac
autonomic function between treated and untreated patients vs. healthy controls using comprehensive heart rate variability analysis. (3) Beta-blocker
therapy was associatedwith improved autonomic regulation and cardioprotective effects, suggesting HRVmonitoring could serve as a clinical biomarker
for treatment response and cardiovascular risk assessment in DMD patients, although longitudinal studies are crucial to establish causal relationships
and optimize therapeutic strategies for cardiac autonomic dysfunction in DMD. Figure created with BioRender.
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groups was carried out at the Brazilian Association of
Muscular Dystrophy (ABDIM) and at the Neuromuscular
Diseases Outpatient Clinic of the Federal University of São
Paulo (UNIFESP). The protocol was applied during the
assessment carried out in the follow-up outpatient visits.

Inclusion and exclusion criteria

The inclusion criteria for DMD groups required participants
to have: (1) a confirmed diagnosis of Duchenne muscular
dystrophy established through molecular methods and/or
skeletal muscle protein expression analysis; (2) age between
11 and 19 years; (3) absence of cardiac arrhythmias and
atrioventricular block; (4) no congenital anomalies including
congenital heart disease or pulmonary malformations; and
(5) no current use of antidiabetic medications. The inclusion
criteria of the participants in the healthy control group we
consider adolescents aged between 11 and 19 years, matched
by age and sex to the DMD participants. They were required
to have no history of neuromuscular, cardiovascular, pul-
monary, or metabolic disorders, including diabetes mellitus
assessed by an anamnese done by the experimenter. All
participants had to be free from cardiac arrhythmias and
congenital anomalies, and not taking any medications
known to influence autonomic or cardiovascular function.
Written informed consent was obtained from all partici-
pants’ parents or legal guardians. As exclusion criteria, we
consider errors in the analysis of HRV above 5 %.

Study design and data acquisition

For data collection, a form was used and filled out from the
patient’s medical record to obtain information about medi-
cations and age. For the assessment of patients’ motor
function, the Vignos scale was applied [17]; and to classify
and assess the functionality of each patient, the Egen Klas-
sification (EK) [18, 19] and Motor Function Measure (MFM)
[20] scales were used.

The control of ambient temperature (temperature be-
tween 21 °C and 23 °C), humidity (humidity between 40 and
60 %) and the preparation of the equipment used were car-
ried out before the arrival of the participants at the place
destined for the tests. A minimum number of people was
allowed to circulate around the room during the collections
in order to reduce the anxiety of these participants.

The participants were oriented not to practice high
physical effort, drink coffee or eat before themeasurements.
The capture strap was placed on the volunteers’ chest and,
in their wrist, the heart rate receiver (RS800CX, Polar),

previously validated equipment for beat-to-beat heart rate
capture and the use of their data for HRV analysis [21]. After
placement of the strap and monitor, the participants were
placed in dorsal decubitus and remained at rest breathing
spontaneously for 25 min.

For data collection of HRV data in the dorsal decubitus
position, the 15-min period with the greatest signal stability
was selected. To verify signal stability was evaluated by
calculating the percentage difference in the mean and
standard deviation between consecutive segments of the
time series, allowing to identify the most homogeneous
portion for analysis [22].

The HRV acquisition protocol used was selected based
on prior validation studies that demonstrated improved
reliability and stability of nonlinear indices with longer
recordings. While short-term recordings (5 min) are com-
mon for time and frequency domain metrics, nonlinear
analyses – such as Detrended Fluctuation Analysis (DFA) and
Symbolic Dynamics (SD) – require longer (25 min), artifact-
free RR series for robust interpretation [23]. Additionally, the
supine posture was chosen for its ability to minimize sym-
pathetic activation and promote parasympathetic tone,
thereby optimizing the detection of autonomic changes in a
clinical population with limited mobility [24].

R-R interval data were collected using heart rate
monitors (Polar), which apply a proprietary filtering pro-
cess – specifically, the standard moderate filter with a 6-beat
protection zone [22]. However, as this filtering may not fully
remove ectopic beats, artifacts, or noise, visual inspection
and manual correction were performed using Microsoft
Excel to ensure data quality. In thismanual process, artifacts
and ectopic beats were eliminated without replacement [22].
Only series with more than 95 % sinus beats and containing
1,000 consecutive RR intervals were included in the analysis
[19]. Kubios HRV software was also used for additional
filtering – applying a medium threshold, as recommended
for younger populations – and to calculate HRV indices [19].

HRV analysis was conducted using linear methods (time
and frequency domains) and non-linear methods (chaos
domain).

Heart rate variability

The linear indices of time and frequency domain were
calculated using the Kubios software (v. 2.2, Kuopio,
Finland). Time-domain analysis was performed by RMSSD
which is Square root of the mean of squared differences
between successive beat intervals (RR), PNN50 that corre-
spond to the percentage of adjacent RR intervals that differ
by more than 50 ms, SDNN that corresponds to the standard
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deviation of all normal RR intervals, and also Mean RR and
Mean HR [25–29].

In the frequency domain, the analysis included the
spectral components of low frequency (LF: 0.04–0.15 Hz) and
high frequency (HF: 0.15–0.40 Hz), measured in both milli-
seconds squared (ms2) and normalized units (nu). The
spectral assessment was conducted using the Fast Fourier
Transform algorithm [25].

Non-linear methods were employed for HRV analysis,
including Detrended Fluctuation Analysis (DFA) and Sym-
bolic Dynamics (SD).

DFA quantifies the presence or absence of fractal cor-
relation properties in RR intervals and has been validated
using time series data. It calculates the root mean square
fluctuation of the integrated and detrended time series,
allowing for the detection of intrinsic self-similarity within
non-stationary signals [30]. TheDFAplot is not strictly linear;
rather, it consists of two distinct regions separated by a
transition point. These represent two scaling exponents: a
short-term fractal exponent (α1), typically reflecting fluctu-
ations over 4–11 beats (or sometimes 4–13), and a long-term
exponent (α2) for fluctuations beyond 11 beats [31].

The SD Analysis estimates the complexity of sympathetic
and parasympathetic modulation on cardiac autonomic con-
trol and is well-suited for analyzing short RR interval se-
quences. The RR intervals are grouped into symbolic patterns
based on their sequential variation, classified into four cate-
gories [32]: 0V%: No variation (e.g., 4–4–4), 1V%: One variation
(e.g., 4–4–2), 2LV%: Two like variations in the same direction
(e.g., 1–2–4), 2UV%: Two unlike variations forming a peak or
valley (e.g., 2–4–2). In addition, Shannon Entropy (SE) quan-
tifies the complexity of these symbolic patterns [33, 34].

Data analysis

The dependent variables (RRMean, HRMean, SDNN, RMSSD,
pNN50, LF, HF, LF/HF, alfa 1, alfa 2, alfa 1/alfa 2, Sham
Entropy, 0V%, 1V%, 2LV% and 2ULV%) were submitted to a 3
(groups: DMDB, GDMD, TD group) factorMultiple Analysis of
Variance (MANOVA). The Least Significant Difference (LSD)
was used as a post-hoc test. The partial eta-squared (η2p) was
reported to measure the effect size and interpreted as small
(effect size>0.01), medium (effect size>0.06), or large (effect
size>0.14) [35].

For the comparison between the groups of the charac-
terization variables (Table 1), such as age, body mass, body
height and BMI, one-way ANOVA was used. Student’s t-test
was used to compare the scales. Values of p<0.050 were
considered significant. The software usedwas SPSS (Statistical
Product and Service Solutions), 20.0 (Chicago, Illinois, USA).

Results

Participants characteristics

Initially 78 patients with DMD were recruited according to
the inclusion criteria and 18were excluded from the analysis
for presenting an error above 5 % on Kubios software. The
characterization of the sample is shown in Tables 1 and 2, in
which the participants are matched by age between groups.

Table : Characterization of the participants of the sample according to
age, anthropometric variables and heart rate in the three groups
(mean ± standard deviation), as well as motor function scales
(mean ± standard deviation), cardiac medicines and use of corticoid in
relative and absolute numbers in the DMD groups.

Variable DMD with
betablocker

DMD with no
betablocker

Typical
development

n   

Age, years . ± . . ± . . ± .
Height, m . ± . . ± . . ± .∗#

Weight, kg . ± . . ± . . ± .
BMI
(kg m−)

. ± . . ± . . ± .∗

Motor scales DMD with betablocker DMD with no betablocker

EK . ± .a . ± .b

MFM-D . ± . . ± .
MFM-D . ± . . ± .
MFM-D . ± . . ± .
MFM-total . ± . . ± .

Medicines n (%) n (%)

Betablocker
Carvedilol  

Metropolol  

None  

Total  

Ace inhibitors
Enalapril  

Captopril  

None  

Total  

Corticoids
Deflazacort  

Prednisolona  

None  

Total  

No medicines  

DMD, DuchenneMuscular Dystrophy; BMI, Bodymass Index; kg, kilograms;
kg m−, kilogram per meter; EK, Egen Klassifikation scale; MFM, motor
function measurement scale, D–D, first to third domain of MFM, scale; n,
number of patients. ∗p<. typical developed group vs. DMD, group with
betablocker; #p<. typical developed group vs. DMD, group with no
betablocker; a wandering participants and  wheelchair users; b
wandering participants and  wheelchair users; ACE, inhibitors,
angiotensin converting enzyme inhibitor.
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The weight was not statistically significant, however the
height and BMI showed significant differences (TD group is
taller than the participants of the two DMD groups, and TD
group presented BMI significantly lower than those in the
DMDB). There were no significant differences in motor
scales.

Heart rate variability indices

Time and frequency domains

Considering the time domain indices, only the Mean RR was
significantly higher in the TD group, in relation to the two
DMD groups (Table 3). In the frequency domain, no signifi-
cant differences were detected in any of the HRV indices
between the three groups evaluated (Table 3).

Detrended fluctuations analysis (DFA) and symbolic
dynamics (DS)

Considering DFA results, there was a significant difference
between the TD group and GDMD, with the α2 ratio being
higher (closer to 1) in the TD group when compared to the
GDMD, while the α1/α2 ratio was higher in the GDMD. No
differences were found in relation to the DMDB (Table 3).

For DS, all indices showed differences from the TD group
to DMD, except for 1V%. SE values were significantly higher
in the TD group when compared to the DMDB, but there was
no difference when compared to the GDMD, the same was
found in the 2LV% index.

The 0V% index was lower in the TD group both in
relation to the DMDB and the GDMD, while in the 2UV%
index the TD group presented higher values when compared
to the two DMD groups. There were no significant differ-
ences between the DMD groups with and without beta-
blockers.

Discussion

Our hypothesis was partially supported, as our main find-
ings indicate that adolescents with DMD exhibit impaired
cardiac autonomic modulation, reflected by reduced HRV
and decreased complexity in nonlinear dynamics. Notably,
beta-blocker therapy was associated with partial improve-
ments in HRV parameters, with values in the DMDB group
more closely approximating those observed in typically
developing peers, which did not occur in the GDMD group.
However, differences between the DMD groups (with and
without beta-blockers) were not statistically significant.
These findings suggest a potential modulatory effect of beta-
blockers on autonomic function, though causal relationships
cannot be established from this cross-sectional analysis.

Comparison between DMDB and GDMD

The comparison between DMD patients with and without
beta-blockers (DMDB vs. GDMD) revealed significant differ-
ences inMeanRR andmeanHRvalues, with theDMDB group
showing higherMean RR and lowermeanHR. Thesefindings
are consistent with the known pharmacological effects of
beta-adrenergic blockade, which typically results in heart
rate slowing and longer RR intervals. This observed differ-
ence in autonomic parameters, although not leading to full
normalization, aligns with previous studies demonstrating
the effects of heart rate reduction [36].

Individuals with DMD experience marked dysfunction
in cardiac autonomic regulation, characterized by reduced
parasympathetic activity and heightened sympathetic
dominance, which tends to worsen with advancing age and
disease progression [32, 37]. In a review of patients with
heart failure, Borovac et al. [33] highlighted that sympathetic
nervous system overactivity, commonly seen in certain
pathological conditions, is associated with impaired baro-
receptor and chemoreceptor reflexes, increased neuronal
and circulating catecholamine levels, diminished para-
sympathetic tone, and elevated sympathetic output to the
heart, kidneys, and skeletal muscles. When these sym-
pathoexcitatory effects persist over time, they contribute to
the development and exacerbation of heart failure by

Table : Distribution of participants with DMD on the Vignos scale.

Vignos scale n (%)

 Detectable change in posture or gait; climbs stairs without the
aid of a handrail.

 ()

 Walks, but climbs stairs only with the help of the handrail.  ()
 Walks, but climbs eight steps with assistance for more than

 s.
 ()

 Walks, but doesn’t climb stairs.  ()
 Walks without external assistance, but does not climb stairs or

get out of a chair.
 ()

 Walks only with external assist (use of orthoses).  ()
 In a wheelchair. Sits upright, can touch the chair and is able to

perform activities of daily living in bed or chair.


()
 In a wheelchair. Sit upright, unable to perform activities in bed

or chair without assistance.


()
 In a wheelchair. Sit upright only with support. Can only

perform minimal activities of daily living.
 ()

 In bed, cannot perform activities of daily living without
assistance.

 ()

n: number of patients in each item on the scale.
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promoting cardiomyocyte apoptosis, maladaptive remodel-
ing of the myocardium and vasculature, the occurrence of
arrhythmias, and ultimately, a poorer prognosis [38].

Based on these mechanisms, we propose that beta-
blocker therapy in patients with DMD may be associated
with more favourable cardiovascular outcomes by

Table : Values of mean, standard error and confidence interval of Time Domain indices, Frequency Domain indices and non-linear indices (of the DFA
and Symbolic Dynamic) of Heart Rate Variability on the three groups.

Indices Group (): DMD Group (): DMDB Group (): Control Effect for groups
(ANOVA)

POST-HOC – least significance difference
(LSD)

M ± SE M ± SE M ± SE F; p-Value; ηp (DMD) × (DMDB) (DMD) × (C) (DMDB) × (C)
[CI] [CI] [CI] (DF=, )

Mean RR, ms . ± . . ± . . ± . .; <.; . . <. .
[.–.] [.–.] [.–.]

Mean HR,
bpm

. ± . . ± . . ± . .; <.; . . <. .
[.–.] [.–.] [.–.]

SDNN, ms . ± . . ± . . ± . .; .; . – . –

[.–.] [.–.] [.–.]
RMSSD, ms . ± . . ± . . ± . .; .; . – . .∗

[.–.] [.–.] [.–.]
pNN, % . ± . . ± . . ± . .; .; . – . –

[.–.] [.–.] [.–.]
LF ms . ± . . ± . ,. ± . – – .∗ –

[.–,.] [.–,.] [.–,.]
LF n.u. . ± . . ± . . ± . .; .; . – . .∗

[.–.] [.–.] [.–.]
HF ms . ± . . ± . . ± . .; .∗; . – .

[.–.] [.–.] [.–,.]
HF n.u. . ± . . ± . . ± . .; .; . – . .∗

[.–.] [.–.] [.–.]
LF/HF . ± . . ± . . ± . – – – –

[.–.] [.–.] [.–.]
A . ± . . ± . . ± . – – – –

[.–.] [.–.] [.–.]
A . ± . . ± . . ± . .; .; .∗ – . –

[.–.] [.–.] [.–.]
A/A . ± . . ± . . ± . .; .; . – . .

[.–.] [.–.] [.–.]
SHAN ENTR . ± . . ± . . ± . – – .∗ –

[.–.] [.–.] [.–.]
V% . ± . . ± . . ± . .; .; . – . –

[.–.] [.–.] [.–.]
V% . ± . . ± . . ± . – – – –

[.–.] [.–.] [.–.]
LV% , ± . . ± . . ± . .; .; . – . .

[.–.] [.–.] [.–.]
ULV% . ± . . ± . . ± . .; .; . – . .∗

[.–.] [.–.] [.–.]

∗Marginally significant results. M ± SE [CI], mean ± standard error [confidence interval]; TD, time domain; DMD, DMD, group with no betablocker; DMDB,
DMD, group with betablocker; ANOVA, analysis of variance; RR, intervals, intervals between heart beats; HR, heart rate; bpm, beats per minute; SDNN,
standard deviation of normal to normal RR, interval; RMSSD, the square root of the mean squared differences of successive normal to normal intervals;
pNN, the proportion derived by dividing the number of interval differences of successive NN, intervals greater than ms by the total number of NN,
intervals; FD, frequency domain; LF, low-frequency component, ranging between . and . Hz; HF, High-frequency component, ranging from . to
. Hz; LF/HF, a ratio that reflects the absolute and relative changes between the sympathetic and parasympathetic components; nu, normalized units. α,
Short term component; α, Long term component; α/α, Ratio between short- and long-term component; Shan Entr, degree of complexity of the
distribution of samples of a signal; V%, percentual of no variations; V%, percentual of one variation; LV%, percentual of two equal variations; UV%,
percentual of two different variations.
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potentially mitigating autonomic dysfunction and its
associated risks.

Although no statistically significant differences were
observed in other HRV indices between the DMD groups, the
DMDB group consistently demonstrated values that aligned
more closely with those of typically developing adolescents
compared to the GDMD group, which showed significant
differences from the TD reference group (Table 3).While this
cross-sectional observation cannot establish causation, it
suggests that beta-blocker therapy may be associated with
attenuated autonomic dysfunction in DMD, warranting
further investigation through longitudinal studies.

Comparison with typically developing
controls

When examining both DMD groups relative to TD partici-
pants as a reference for normal autonomic function, distinct
patterns emerged. Participants with DMD, regardless of
beta-blocker use, showed lower HRV and reduced
complexity in nonlinear dynamics compared to healthy
controls, consistent with previous literature on autonomic
impairment in neuromuscular diseases.

Importantly, using the TD group as a reference point for
normal physiological values revealed that the DMDB group
exhibited HRV patterns that more closely approximated
normal ranges compared to the GDMD group. In the linear
analysis, the DMDB group demonstrated parasympathetic-
related indices – such as RMSSD, pNN50, HF, and LF/HF ra-
tio – as well as global HRV measures like SDNN and LF, with
values that did not differ significantly from those observed
in the TD reference group. This observation is clinically
relevant given the established association between higher
HRV and better cardiovascular prognosis.

Regarding non-linear analysis, DFA results indicated a
loss of fractal properties (α2) in the long-term range for the
GDMD group when compared to TD controls, whereas the
DMDB group showed α2 values that did not differ signifi-
cantly from the TD reference group. Since a reduction in α2 is
associated with increased cardiac risk [32], the observation
that DMDB values remained within the normal range sug-
gests a potential protective association with beta-blocker
therapy, though longitudinal studies are needed to confirm
this relationship.

Shannon entropy values were higher (although not
significantly) in the DMDB group, indicating greater
complexity and variability of heart rate patterns. Given that
higher entropy is associated with healthier autonomic
regulation [34], this pattern suggests a possible beneficial
association with beta-blocker therapy.

Symbolic dynamics analysis revealed lower sympathetic
modulation (0V%) in the DMDB group, with values compa-
rable to those observed in the TD reference group. However,
the parasympathetic-related indices (2LV% and 2ULV%)
differed significantly among all three groups, with the
highest values recorded in the TD group and the lowest in the
GDMD group.

Previous studies have shown that the symbolic dy-
namics indices 0V% and 2LV% may reflect shifts in the dy-
namic balance between sympathetic and vagal modulation
in response to stress in healthy individuals [39, 40]. There-
fore, thismethodmay serve as a promising non-invasive tool
for evaluating cardiac beta-adrenergic regulation, given its
sensitivity to heart rate fluctuations mediated by the sym-
pathetic nervous system [39–42].

Nevertheless, the interpretation of these results re-
quires caution due to the cross-sectional nature of our study.
While the DMDB group consistently showed HRV indices
that approximated normal values more closely than the
GDMD group, direct comparisons between DMD groups
did not reach statistical significance. The pattern
observed – where DMDB values frequently fell between
GDMDand TD values – provides valuable clinical context but
cannot establish causal relationships. We acknowledge that
future studies with larger sample sizes and longitudinal
designs are essential to better elucidate the true impact of
beta-blockers on autonomic modulation in adolescents
with DMD.

Clinical relevance

The clinical significance of these findings extends beyond
statistical comparisons to practical implications for patient
care. Our results suggest that beta-blocker therapy in ado-
lescents with DMD may be associated with autonomic
parameters that more closely approximate normal physio-
logical ranges, potentially indicating improved cardiac
autonomic regulation.

Specific Clinical Implications:
(1) Treatment Monitoring: The observed patterns suggest

that HRV analysis, particularly nonlinear indices like
DFA α2 and symbolic dynamics, could serve as non-
invasive biomarkers for monitoring autonomic function
in DMD patients receiving beta-blocker therapy. This
could help clinicians assess treatment response beyond
traditional echocardiographic parameters.

(2) Risk Stratification: Given that reduced HRV and altered
fractal dynamics are associated with increased cardio-
vascular risk, the observation that beta-blocker-treated
patients showed values closer to normal ranges may
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indicate lower cardiovascular risk profiles. This infor-
mation could inform clinical decision-making regarding
the timing and intensity of cardiovascular interventions.

(3) Therapeutic Decision-Making: While our cross-sectional
design cannot establish causation, the consistent pattern
of improved autonomic parameters in the beta-blocker
group provides preliminary evidence supporting cur-
rent clinical practice guidelines that recommend beta-
blocker therapy for DMD patients with cardiac
involvement.

(4) Exercise and Rehabilitation Programs: The preservation
of autonomic complexity in beta-blocker-treated pa-
tients may have implications for exercise prescription
and physical therapy programs, as better autonomic
regulation could indicate improved exercise tolerance
and cardiovascular stability during physical activities.

This aligns with recent research by Oliveira et al. [43] and
Dias et al. [32], showing that different pharmacological
therapies, including corticosteroids, exert varying levels of
cardiac protection. The application of nonlinear HRV anal-
ysis tools, traditionally used in exercise physiology, high-
lights the translational potential of these methods for
monitoring disease progression and therapeutic responses
in clinical populations with reduced mobility.

Future research directions

Longitudinal studies evaluating HRV changes before and
after the initiation of beta-blocker therapy are crucial to
establish causal relationships and optimize therapeutic
strategies for cardiac autonomic dysfunction in DMD. Such
studies would strengthen the evidence base for clinical
decision-making and potentially establish HRV monitoring
as a standard component of cardiovascular care in DMD
patients.

Limitations

This study has several limitations. First, participants were
taking additional medications such as ACE inhibitors and
corticosteroids, which may have influenced HRV. Second,
detailed information on beta-blocker dosage and duration
was unavailable, limiting dose-response analysis. Third,
while pubertal status can affect HRV, we minimized vari-
ability by selecting an age-matched sample (11–18 years) but
did not directly assess Tanner stages. Fourth, although our
artifact correction threshold (≤5 %) aligns with standard
HRV guidelines, stricter thresholds (<3 %) could further

improve signal quality. Fifth, although none of the partici-
pants were engaged in structured exercise programs, DMD
participants routinely attended physiotherapy sessions (1–
3 times/week), which could subtly affect autonomic out-
comes despite no significant differences in motor function
between groups. Finally, the cross-sectional design limits
causal inference, and future longitudinal studies assessing
HRV before and after beta-blocker initiation are needed to
better understand therapeutic effects.

Conclusions

This study demonstrates that adolescents with Duchenne
Muscular Dystrophy exhibit significant impairment in car-
diac autonomic modulation, reflected by reduced heart rate
variability and decreased nonlinear complexity. Although
no statistically significant differences were found between
DMD groups treated or not with beta-blockers, the group
receiving beta-blocker therapy showed HRV patterns more
similar to those of typically developing peers, suggesting a
potential modulatory and protective effect on the autonomic
nervous system.
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