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Abstract

Background: Duchenne muscular dystrophy is an X-chromosome-linked genetic disorder (locus Xp21). Involvement of
the cardiovascular system is characterized by fibrous degeneration/replacement of myocytes with consequent ventricular
hypertrophy and arterial hypertension.

Obijective: To assess, by using 24-hour ambulatory blood pressure monitoring, the behavior of blood pressure variables
in children and adolescents with a confirmed diagnosis of Duchenne muscular dystrophy.

Methods: Prospective observational cohort study, which selected 46 patients followed up on an outpatient basis, divided
according to age groups. Blood pressure was classified according to the age percentile. The monitoring interpretation includes
systolic and diastolic blood pressure means, systolic and diastolic blood pressure loads, and nocturnal dipping. The blood
pressure means were calculated for the 24-hour, wakefulness and sleep periods. Nocturnal dipping was defined as a drop in
blood pressure means during sleep greater than 10%. The significance level adopted was p < 0.05.

Results: Nocturnal dipping for systolic blood pressure was present in 29.9% of the participants. Approximately 53% of
them had attenuated nocturnal dipping, and 15%, reverse nocturnal dipping. The age groups of 9-11 years and 6-8 years
had the greatest percentage of attenuation, 19.1% and 14.9%, respectively. Regarding diastolic blood pressure, nocturnal
dipping was identified in 53.2% of the children, being extreme in 27.7% of those in the age group of 6-11 years.

Conclusions: The early diagnosis of blood pressure changes can allow the appropriate and specific therapy, aimed at increasing
the life expectancy of patients with Duchenne muscular dystrophy. (Arq Bras Cardiol. 2018; 110(6):551-557)
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Introduction

Duchenne muscular dystrophy (DMD) is an X-chromosome-
linked genetic disorder that affects approximately 1 in every
3500 live-born boys."

Itis clinically characterized by progressive and irreversible
muscle weakness consequent to dystrophin deficiency or
absence. It is the most frequent neuromuscular disease in
human beings, and, although predominating in the male sex,
it is occasionally reported in females due to inactivation or
abnormalities of the X chromosome. That anomaly is present
in the short arm of the X chromosome (locus Xp21). Its global
prevalence can reach 63 cases per one million individuals.
Duchenne muscular dystrophy has a high spontaneous
mutation velocity, and approximately one third of the cases
are estimated to be due to new mutations.? The first clinical
signs manifest at an early age as frequent falls, difficulty
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climbing stairs, running and getting up from a lying or sitting
position, and mainly calf hypertrophy. The muscle impairment
is symmetric, initiates in the pelvic girdle muscles (hip and
legs) and reaches the upper limbs.

In addition, cardiomyopathy is frequent in DMD.
While some studies have estimated its incidence in 25% at
the age of 6 years, and 59% at the age of 10 years, others
have reported its beginning at the age of 14 and 15 years.>®
Cardiac involvement occurs in 90% of the patients, being
the cause of death in 50% of them. However, its clinical
identification can be hindered by severe muscle weakness
and thoracic deformities. Cardiac histological changes
include hypertrophy of myocytes and myocardial fibrosis,
with replacement with connective and fatty tissues.”
Dystrophin deficiency or absence in cardiomyocytes
hinders the function of membrane ion channels, notably in
sarcolemma, which is activated by stretching, responding to
mechanical stress. When cardiomyocytes, with or without
dystrophin deficiency, are stretched during ventricular filling,
the ion channels do not open properly, increasing calcium
influx. Excessive intracellular calcium activates a group of
calcium-induced proteases, the calpains, which degrade
troponin | and hinder contraction.®'°

The importance of the cardiomyopathy in children
with DMD has grown in past decades, mainly due to the
increase in survival, consequent to advances in ventilatory
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and orthopedic supports.” In the absence of ventilatory
intervention, death usually occurs by the end of the second
or beginning of the third decade. Diastolic dysfunction can
be present even before systolic dysfunction is detected.
The use of drugs that act on the renin-angiotensin-aldosterone
axis, such as angiotensin-converting-enzyme inhibitors or
angiotensin-receptor blockers, should be considered, aiming
at reducing afterload before symptom onset."

Ambulatory Blood Pressure Monitoring (ABPM) allows
indirect and intermittent blood pressure (BP) recording for
24 hours, during wakefulness and sleep. In adults, ABPM is a
well-established diagnostic and follow-up method, considered
“gold standard” in BP assessment." In 2008, the American
Heart Association (AHA) published recommendations for
the use of ABPM in the pediatric population, which were
reviewed in 2014."" Many recommendations of ABPM use
for adults can be applied to children. Because of the difficulty
of conducting randomized clinical trials in the pediatric
population, the recommendations used are based on expert
opinions. However, it is worth considering some aspects, such
as equipment selection, which should be light (weight between
168 and 457 grams), with appropriate cuff size.'®

The use of corticosteroid, known to increase BP, has been
widely studied. Left and/or right ventricular hypertrophy
can cause arterial hypertension (AH) and/or pulmonary
hypertension or mitral and/or tricuspid regurgitation,
sometimes culminating in ventricular failure.’”'® A study by
Braat et al. has assessed the renal function of 20 individuals
with DMD and undergoing ABPM, 9 of whom had
elevated BP (over the 95th percentile), 8 of whom were
on corticosteroids, and 13 had no nocturnal dipping (ND),
10 of whom were on corticosteroids."

Knowing BP behavior in such patients is fundamental,
mainly because it enables early treatment, contributing
to improve the quality of life, aiming at reducing the high
morbidity rates of those patients. Thus, our study aimed at
assessing the behavior of BP variables, by using 24-hour ABPM,
in children and adolescents diagnosed with DMD, followed
up at a university-affiliated outpatient clinic specialized in
muscular dystrophies.

Methods

This is a descriptive study comprising all 46 boys with a
confirmed diagnosis of DMD followed up on an outpatient
basis. Because DMD is a rare disease, we chose to assess all
children and adolescents followed up on a university-affiliated
outpatient clinic. The boys were divided into five age groups,
considering the distribution of normal BP levels for age,
according to the previously reported AHA suggestion.'*'®
The research project was approved by the local Ethics
Committee, the information was provided by the parents or
guardians, and written informed consent was provided by all
participants. Prior to ABPM, the patients’ clinical history was
collected, and the height and weight measured in the children
who could walk, while, for wheelchair-bound patients, historical
height was used. Blood pressure was measured at the medical
office with the OMROM digital device (HEM 742INT® model)
and appropriate cuff size, respecting the proportion width/

length 1:2, corresponding to 40% of arm circumference and at
least 80% of its length. The Spacelabs 90207® ABPM monitor
was installed on the “nondominant” arm, with appropriate
cuff size, by a trained nurse, and programmed to take BP
every 15 minutes during wakefulness and every 30 minutes
during sleep. The parents/guardians received a diary to record
the most important events in 24 hours, mainly the bedtime
and wake-up time.

The following variables were assessed in ABPM interpretation:
systolic and diastolic BP (SBP and DBP, respectively) means;
systolic and diastolic blood pressure loads (SBPL and DBPL,
respectively); and ND. The SBP and DBP means were
calculated for the 24-hour, wakefulness and sleep periods. The
SBPL and DBPL were calculated considering the proportion
of readings over the 95th percentile. Nocturnal dipping was
defined as a drop greater than 10% in BP means during sleep.
All parameters were compared to the normal range values to
determine whether BP was normal or elevated, as was the
presence or absence of ND. In addition, ND was stratified as
follows: “present”, BP drop during sleep between 10% and
20% as compared to wakefulness; “absent”, no BP drop during
sleep; “attenuated”, BP drop > 0% and < 10% during sleep;
“reverse”, BP during sleep higher than that during wakefulness;
and “extreme”, BP drop > 20%.

Statistical analysis

The continuous variables with normal distribution were
presented as means =+ standard deviation, while those
without normal distribution were presented as medians and
interquartile range. The categorical variables were presented
as absolute numbers and percentages. The significance level
adopted in the statistical analyses was 0.05. Kolmogorov-
Smirnov test was used to assess the normality of the variables,
and Pearson chi-square test was used to assess the association
between corticosteroid use and BP classification.

We used as comparator the BP values of the 95th percentile
from the AHA recommendations, as shown in Table 1, which
classified children and adolescents according to age groups.
Values of p <0.05 were considered significant. All statistical
analyses were performed with the SPSS software, version 17.0
(SPSS Inc. Chicago, IL, USA)®.

Results

Table 2 shows the major characteristics of the participants
with DMD. Of the 46 children, 57.4% were wheelchair-
bound, 69.6% were on corticosteroids, and 6.4% had
been previously diagnosed with AH, as reported by their
parents/guardians. The diagnosis of DMD was established
at around 7 years of age, while the first symptoms appeared
approximately at the age of 2.7 years. Other family
members were reported to have DMD in 6.4% of the cases.
Assignificant part (63.8%) of the participants was undergoing
specific physical therapy, and 40.5% used some type of
respiratory support, such as artificial manual breathing unit
(AMBU) and/or bilevel positive airway pressure (bipap).

Table 3 shows BP behavior, distribution of the SBP and
DBP means with their respective standard deviations in the
five age groups, as well as SBPL and DBPL. Regarding SBP,
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Table 1 - Classification of blood pressure (BP) levels in children

Classification Office BP

Normal BP < 90" percentile
White coat hypertension > 95" percentile
Prehypertension = 90" percentile or > 120/80 mm Hg
Masked hypertension < 95" percentile
Ambulatory hypertension > 95" percentile

Severe ambulatory hypertension > 95" percentile

Mean SBP and DBP on ABPM Blood pressure loads (SBP and DBP)
< 95" percentile <25%
< 95" percentile <25%
< 95" percentile = 25%
> 95" percentile = 25%
> 95" percentile 25-50%
> 95" percentile >50%

Adapted from: A Scientific Statement From the American Heart Association. Hypertension.’”> SPB: systolic blood pressure; DBP: diastolic blood pressure;

ABPM: ambulatory blood pressure monitoring.

Table 2 - Baseline characteristics of the patients

Age groups

3-5years, n (%) 3(6.5)
6 - 8 years, n (%) 15 (32.6)
9-11years, n (%) 18 (39.1)
12 - 14 years, n (%) 7(15.2)
15 - 17 years, n (%) 3(6.5)
Clinical characteristics

Previous diagnosis of SAH,* n (%) 3(6.5)
Other family members with DMD* 3(6.5)
Use of bipap* 6(13)
Use of AMBU 12 (26)
Wheelchair-bound 26 (56.5)
Motor physical therapy 29 (63)
Use of corticosteroid 32 (69.6)
Age of the first symptoms of DMD, md (IQR) 7 (5-8)
Age of diagnosis of DMD, md (IQR) 2.5(1.2-4.5)

SAH*: systemic arterial hypertension; DMD': Duchenne muscular dystrophy;
bipap?: Bilevel Positive Airway Pressure. Data expressed as numbers (n) and
percentages (%); age in median (md) and interquartile range (IQR).

ND was present in 29.9% of the children with DMD.
More than half of the participants (53.1%) had attenuated
ND, while 15% had reverse ND. The age groups of 9-11 years
and 6-8 years concentrated the highest percentage of ND
attenuation, 19.1% and 14.9% respectively. Regarding DBP,
ND was present in 53.2% of the boys; 27.7% had extreme ND
(highest percentage in the age group of 6-11 years: 19.1%),
while 14.9% had attenuated ND.

For BP stratification, the BP measurements taken at the office
and on ABPM were considered. Although the recommendations
of the specialized guidelines suggest classifying BP in one
of the ABPM periods (wakefulness or sleep) or in 24 hours,
we classified BP in all periods (Table 4). Regarding the use of
corticosteroids, there was no association between corticosteroid
use and BP classification in 24 hours (p = 0.904), during
wakefulness (p = 0.720) and sleep (p = 0.996).
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Discussion

Duchenne muscular dystrophy is a disease of poor
prognosis, whose survival extends to the second decade
of life.?® However, the advances in treatment, such as
non-invasive ventilation and physical therapy, have enabled
boys with DMD to reach 30 years of age. Considering this
increase in life expectancy, other aspects, in addition to
neuromuscular impairment, need to be assessed.?

Although office BP classification in pediatrics was
standardized by the National High Blood Pressure Education
Program in 2004, the classification of BP obtained from
ABPM in children and adolescents has not been standardized.
Thus, we used the recommendations based on expert
opinions, such as those published by the AHA in 2008.
Blood pressure classification in children, according to
those recommendations, should consider, in addition to
measurements taken at the office, those from ABPM during
24 hours, wakefulness or sleep, and SBPL or DBPL.?"2

A study on the BP of boys with DMD has reported the
prevalence and correlations of low BP levels measured at the
office with a possible autonomic dysfunction due to DMD.?
Regarding office BP measurement, more than 50% of the
boys had stage 1 or 2 AH, and 12.8% had borderline BP
levels. The VII Brazilian Guidelines on Hypertension replaced
the term ‘borderline’ with ‘prehypertension’, and estimates
its prevalence between 10% and 15% of the pediatric
population. However, established AH affects 3% to 5% of
the children.?* In our study, the highest SBP mean during
wakefulness was 126.7 = 10.0 in the age group of 12-14
years, followed by 122 + 18.6 for office BP in children aged
6-8 years. Considering the percentile for age, the BP mean
on ABPM during wakefulness was within the expected range.
However, the BP mean at the office was above the 95th
percentile. Regarding DBP, the highest mean was observed
in the 95" percentile (78.5 = 12.4) in the age group of 6-8
years on ABPM during wakefulness, followed by 77.3 + 9.1
in the age group of 15-17 years on ABPM, which is above
the estimated percentile. Regarding SBPL and DBPL, all
age groups had median > 25% in 24 hours, wakefulness or
sleep. Considering only wakefulness, 38.3% of the children
had normal BP, 21.3% had severe AH, and 21.3% had white
coat hypertension.
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Table 3 - Distribution of the blood pressure variables (office and ABPM) according to age groups

Age groups (years) 3-5yearsn=3 6-8 years n =15 9-11 yearsn=18 12-14yearsn=7 15-17 yearsn=3
Office SBP* (mm Hg) 117.3£17.0 118.3+14.6 1182+22.2 119.8+£18.2 1233+ 12.6
Office DBP' (mm Hg) 69.3+9.5 732+84 76.4 +16.6 71491 743+45
ABPM: 24h SBP (mm Hg) 122.6 £20.0 17.7+15.6 119.3 £19.6 17483 1143+85
ABPM: 24h DBP (mm Hg) 73.3+10.1 712+156 71.2+£133 71.7+15.1 69.3+59
ABPM: wakefulness SBP (mm Hg) 125.0+19.5 121.0+ 137 121.3+19.8 120.1+83 117.3+6.5
ABPM: wakefulness DBP (mm Hg) 76.7+13.0 755+87 714+13.6 748+8.3 73144
ABPM: sleep SBP (mm Hg) 119+ 20.1 111.7 £ 18.1 1142+£19.8 1104 £10.8 109+8.9
ABPM: sleep DBP (mm Hg) 66.7 £ 10.7 61.2+18.7 66.2 +13.8 629+6.7 59.7 + 8.1
24h SBPL* (> 50%), n (%) 2(66.6) 5(33.3) 7(38.9) 0(0) 0(0)
24h DBPLS (> 50%), n (%) 1(33.3) 7(46.7) 7(38.9) 3(21.4) 0(0)
Wakefulness SBPL (> 50%), n (%) 2(66.6) 5(33.3) 6(33.3) 0(0) 0(0)
Wakefulness DBPL (> 50%), n (%) 1(33.3) 5(33.3) 5(27.8) 1(14.3) 0(0)
Sleep SBPL (> 50%), n (%) 2 (66.6) 7(46.7) 4(22.2) 0(0) 0(0)
Sleep DBPL (> 50%), n (%) 1(33.3) 2(13.3) 3(16.7) 1(14.3) 0(0)

SBP': systolic blood pressure; DBP!: diastolic blood pressure; SBPL: systolic blood pressure load; DBPL: diastolic blood pressure load. Data presented as numbers

(n) and percentages; and mean * standard deviation.

Table 4 - Distribution of the participants with Duchenne muscular dystrophy according to blood pressure classification on ABPM during

24hours, wakefulness and sleep

Classification 24h ABPM n (%) Wakefulness ABPM n (%) Sleep ABPM n (%)
Normal 13 283 17 36.9 16 348
Normal with BPL* > 25% 2 43 1 22 1 22
Prehypertension 6 13.0 4 8.7 7 15.2
Prehypertension without increased BPL 4 8.7 0 0 0 0
White coat SAH* 9 19.6 10 21.7 6 13
Masked hypertension 1 2.2 2 43 3 6.5
Masked hypertension with SBPL* > 50% 1 22 1 22 2 43
Severe SAH 11 239 10 218 8 17.4
High wakefulness or sleep SBPS without increased BPL 0 0 1 2.2 0 0
SAH only on ABPM 0 0 0 0 2 43
SAH with SBPL < 25% 0 0 0 0 1 22
Total 46 100 46 100 46 100

BPL": blood pressure load; SAH: systemic arterial hypertension; SBPL?: systolic blood pressure load; SBP*: systolic blood pressure. Data presented as numbers (n)

and percentages.

The median ND was lower than 10% for SBP and higher
than 10% for DBP in all age groups. It is worth noting that
68% of the boys had no 10% ND for SBP. In adults, the
absence of ND is considered a risk factor for target-organ
damage, in addition to increasing the cardiovascular risk of
hypertensive and normotensive individuals. Although the use
of corticosteroid can lead to weight gain and BP elevation,
it is the only drug that can delay the progression of muscle
weakness, reduce the development of scoliosis, and delay
respiratory failure. Its mechanism is based on the hypothesis

that its anti-inflammatory property and immunosuppressive
action promote the proliferation of myoblasts and a
reduction in necrosis.?” Our study showed no association of
corticosteroid use and AH, blood pressure load elevation
and ND. Although a significant part of the boys was on
prednisone, its administration was intermittent and on the
first days of the month.

However, if corticosteroid did not influence BP behavior,
what was the factor responsible for the elevated number of
hypertensives and BP measurements out of the normal range
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among those children? The mdx mouse develops X-linked
recessive muscular dystrophy (locus Xp21) and does not
express dystrophin. Although it does not show intense fibrosis
and fatty tissue accumulation in muscles, it is considered the
most appropriate animal model of DMD. A mechanistic study
with those mice has shown that the absence of dystrophin
interferes with nitric oxide (NO)-dependent vascular
dilatation. When submitted to pressure variations, the vessel
showed no adaptation. Because the endothelium is essential
for the arteries to adapt to chronic changes in blood flow, in the
long run that deficiency might affect the flow-induced vascular
remodeling, with consequence to vascular resistence.?
Other studies have shown an abnormal sympathetic
neurovascular control in dystrophin-deficient muscle, which
is evidenced during physical exercise, when sympathetic
vasoconstriction is normally absent in active muscles, due to
the action of local vasodilating substances, such as NO.?:
The neuronal deficiency of NO sintase, which is reduced
in the absence of dystrophin, seems to be the major cause
of vasoregulation deficiencies. However, the vascular tone
modulation can also be hindered by dystrophin deficiency in
arterial smooth muscle cells. Dystrophin is usually expressed in
the tunica media of blood vessels, being absent in the vessels
of mdx mice.?3°

Considering those findings, we might explain the high
number of individuals with DMD and BP changes in our
study. Another aspect that can be related to endothelial
change is the absence or attenuation of ND in those children.
Duchenne muscular dystrophy is usually accompanied by
changes in the respiratory pattern during sleep, such as
obstructive sleep apnea (OSA), causing deleterious effects to
the cardiovascular system. In addition, excessive sympathetic
activity occurs in OSA, which can contribute to the lack of
decrease in BP levels during the night.

Study limitations

Because DMD is a rare disease, our study can be
considered a potential generator of hypotheses. It is worth
noting the lack of standardization for ABPM use for children.
Thus, we followed the AHA recommendation, which was
based on expert opinions. However, such data need to be
validated in further studies, with a greater sample power.
In addition, it is worth noting the difficulties in measuring
the height of the children, because many of them were
wheelchair-bound. Thus, we used the historical height,
reported by the parents or legal guardians.

Another limitation of our study was the patients’ stratification
based on age groups, by use of convenience sampling, because

Arq Bras Cardiol. 2018; 110(6):551-557

of the low incidence of DMD. Because of the difficulty of
conducting randomized clinical trials in the pediatric population,
the recommendations used were based on expert opinions.

Conclusion

The analysis of BP variables, obtained mainly from ABPM,
is a useful tool to identify patients with DMD at higher risk.
Considering the cardiovascular changes of those patients, the
early identification of BP changes would allow the appropriate
and specific therapeutic intervention. In addition, we suggest
the regular and multidisciplinary follow-up of those patients
to identify their BP changes, ensuring improvement in their
life expectancy and comfort.
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