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Abstract

Patients with Duchenne muscular dystrophy have multiple risk factors for lower extremity
oedema. This study sought to define the frequency and predictors of oedema. Patients aged
15 years and older were screened by patient questionnaire, and the presence of oedema was
confirmed by subsequent physical exam. Twenty-four of 52 patients (46%) had oedema, 12
of whom had swelling extending above the foot and two with sores/skin breakdown. There
was no significant difference in age, frequency, or duration of glucocorticoid use, non-invasive
respiratory support use, forced vital capacity, cardiac medication use, or ejection fraction
between patients with and without oedema (all p> 0.2). Those with oedema had a greater time
since the loss of ambulation (8.4 years versus 3.5 years; p= 0.004), higher bodymass index (28.3
versus 24.8; p= 0.014), and lower frequency of deflazacort use (67% versus 89%; p= 0.008).
Multivariate analysis revealed a longer duration of loss of ambulation (p= 0.02) and higher
body mass index (p= 0.009) as predictors of oedema. Lower extremity oedema is common
in Duchenne muscular dystrophy but independent of cardiac function. Interventions focused
on minimising body mass index increases over time may be a therapeutic target.

Duchenne muscular dystrophy is an X-linked recessive disorder characterised by progressive
skeletal and cardiac muscle dysfunction. Skeletal and respiratory muscle weakness typically
becomes significant during the second decade of life.1 Early introduction of glucocorticoid
therapy has delayed but not stopped the decline of skeletal and respiratory muscle function.2,3

Glucocorticoid therapy in conjunction with early introduction of cough assist and positive
pressure ventilation have fundamentally changed the “natural history” of Duchenne muscular
dystrophy, and life expectancy now extends into the third to fourth decade of life.1 Improved
long-term survival has underscored the importance of longitudinal, multidisciplinary care to
manage the long-term comorbidities associated with progressive skeletal and cardiac muscle
disease as well as the side effects of long-term glucocorticoid therapy.4

Recent case series have begun to document the presence of lower extremity oedema in
patients with neuromuscular disease.5 Patients with Duchenne muscular dystrophy are poten-
tially at heightened risk for the development of oedema given their loss of ambulation and the
increasing frequency of positive pressure ventilation, obesity, and cardiomyopathy that occurs
with age as each of these factors have been shown to contribute to the development of lower
extremity oedema.6–8 This study sought to assess the frequency of lower extremity oedema
in patients with Duchenne muscular dystrophy, the association with clinical status, and to
describe home therapeutic measures currently being employed by patients and families.

Materials and methods

All Duchenne muscular dystrophy patients aged 15 years or older followed by the
Comprehensive Neuromuscular Center at Cincinnati Children’s Hospital Medical Center
and seen for at least one clinical visit between July, 2016 and July, 2019 were approached for
the study between September, 2019 and May, 2020. The Duchenne muscular dystrophy clinical
phenotype was determined either by DNA testing or lack of dystrophin on muscle biopsy. No
monetary or alternative incentives were provided. The study was approved by the Cincinnati
Children’s Hospital Medical Center Institutional Review Board, and the requirement to obtain
documentation of informed consent was waived. Patients were given an oedema questionnaire
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in order to assess patient-reported oedema and therapeutic mea-
sures employed if oedema was present. A paper version of the sur-
vey was completed for patients screened and subsequently enrolled
during clinic visits, while mail and e-mail-based surveys were dis-
tributed for patients who did not have a visit within the enrolment
period. The e-mail was distributed based on family/patient pro-
vided e-mail addresses. The e-mail-based questionnaire contained
a link to an online, HIPAA compliant, REDCap questionnaire
which prevented duplicate entries and allowed for the linkage of
survey results and clinical findings. A total of 188 patients were
screened and 52 completed the survey and had an available clinical
visit within a year that could be linked in order to assess potential
risk factors for the development of oedema. The median time
between clinical exam and survey completion was 1 day (range
0–208 days). Ten patients had> 1 month between survey comple-
tion and the preceding clinical visit which was used to assess clini-
cal status (as noted below) with a time between exam and survey
completion of 42, 78, 92, 104, 112, 113, 154, 186, 202, and 208 days,
respectively.

Clinical status including demographics, medication use, ambu-
latory status, forced vital capacity, ventilator support (and reported
adherence with ventilator support), left ventricular ejection frac-
tion, and documentation of oedema were obtained by chart review
from the patient’s most recent preceding clinical visit (i.e., clinical
values were not assessed in the questionnaire). Ambulatory status
including date of loss of ambulation is routinely reported in our
centre’s neurology clinic visits. The exact date of loss of ambulation
was used where available, for example, when a patient lost ambu-
lation after a fall or fracture. Among patients without a specific
date, themonth of loss of ambulation was used. Clinically indicated
pulmonary function testing was obtained as previously described
at our centre.3 The patient’s most recent clinically obtained
echocardiogram or cardiac magnetic resonance imaging was used
to assess systolic function. Patient height was directly measured as
standing height for ambulatory patients or calculated based on ulnar
length as is commonly performed clinically for non-ambulatory

patients.9 Photographic consent was obtained from a patient prior
to use of a photo for this manuscript.

Oedema was considered present by clinician evaluation if doc-
umented by at least one clinical provider and was not limited to a
specific specialty or provider type (e.g., physician, advanced prac-
tice nurse, and physical therapist). Among the patients who
reported oedema on the questionnaire but were not noted to have
oedema at the time of their most recent, preceding clinical encoun-
ter, the subsequent clinical encounter was used to confirm the pres-
ence of patient-reported oedema during the clinical exam (Fig 1).
This follow-up encounter was examined to confirm that the ques-
tionnaire results were consistent with clinical exam to ensure
patients were appropriately classified into oedema and no oedema
groups. The follow-up encounter timing, specific provider visits,
and diagnostic testing were all determined clinically as part of a
patient’s standard of care and were not modified based on inclu-
sion in the study or the results of the survey. All patients who
reported clinical oedema were confirmed to have oedema at the
time of subsequent exam. The results of the survey were not avail-
able to clinicians and thus did not guide the clinical exam at any
visit. Four patients reported no oedema but were found to have
oedema at the time of the provider exam. These patients were
included in the oedema group for the purpose of the study.
Differences in the severity of oedema by patient and providers were
not assessed as the exam findings were collected retrospectively,
and the grading of oedema was not standardised among providers.

Statistical analysis

Statistical analyses were performed using SAS version 9.4 (Cary,
North Carolina). Summary statistics are reported as number (fre-
quency) or median (interquartile range) based on the nature of the
variables. Comparisons were made between patients with and
without oedema. Differences in proportion were assessed by X2
test. Comparisons of medians were made using Wilcoxon rank
sum test for continuous variables. Predictors of the presence of

Figure 1. Diagram depicting study results and
categorisation of patients into groups with and
without oedema based on patient survey results
and clinical exam (the clinic visits were con-
ducted independently of the survey results).
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the outcome of interest (oedema versus no oedema) were assessed
using logistic regression. Potential predictors were assessed based
on the initial intergroup comparisons. Predictors assessed included
bodymass index, deflazacort therapy, and duration since the loss of
ambulation. Regression models were constructed to assess predic-
tors of the presence of oedema, and variables with p-value≤ 0.05
were included in the final model.

Results

Patient characteristics and oedema survey results

A total of 52 patients completed the oedema survey. Demographics,
ambulatory status, and steroid therapy are listed in Table 1. Cardiac
and pulmonary function and the associated therapies are listed in
Table 2. The median age of patients was 20 years (17.6–21.9 years).
Themedian height, weight, and bodymass index were 152 cm (144–
165 cm), 57.6 kg (50.1 kg–69.3 kg), and 27.2 (22.3–29.6), respec-
tively. The majority were non-ambulatory (83%), and the median
duration of time since the loss of ambulation was 5.9 years (1.9–
9.1 years). Forty-nine patients were currently on steroid therapy
(94%), two patients (4%) were not currently on steroids but were
historically, and 1 patient (2%) was steroid-naïve. The majority of
patients were on deflazacort (41, 79%), and the median duration
of steroid therapy was 12.8 years (10.8–15.2 years).

The median left ventricular ejection fraction was 55% (49%–
59%) (Table 2). The majority of patients had an ejection fraction
assessed by cardiac magnetic resonance imaging (32, 62%).
Echocardiography was used in the remaining patients. Among
those patients, all but two (4%) had adequate images for calculating
the ejection fraction. The two patients with inadequate images had
qualitatively normal and moderate systolic dysfunction, respec-
tively. Forty-eight patients (92%) were on angiotensin-converting
enzyme inhibitors (ACEi), angiotensin II receptor blocker (ARB),
or angiotensin receptor II blocker – neprilysin inhibitor therapy
(ARNI) therapy. Forty patients (77%) were on mineralocorticoid
antagonist therapy and 35 (67%) patients were on beta-blocker
therapy. The median forced vital capacity and forced vital capacity
% predicted for the total cohort were 1.9L (1.36–2.52 L) and 50%
(39%–75%) predicted, respectively. Forty-one patients (79%) were

prescribed respiratory support, although only 29 patients (57%)
report consistent use.

Lower extremity oedema

Oedema was common (Fig 1) as twenty-four patients (46%)
reported some degree of oedema (Tables 1 and 2). Twelve of the
24 patients (50%) who reported oedema indicated swelling
extended beyond the feet and up to the knees. Of the patients with
oedema, 16 (67%) indicated their swelling wasmild based on a pro-
vided scale (Supplement 1) and that they had no sores, skin break-
down, or infections of their feet or below their knees. Two patients
with oedema (8%) reported sores, skin breakdown, or infections of
their feet or below their knees. Figure 2 depicts an example of cel-
lulitis in an adult with Duchenne muscular dystrophy and with
normal biventricular systolic function and a history of bilateral pit-
ting oedema to mid-calf. The majority of the patients with oedema
(15, 63%) reported using no therapy for their oedema, four (17%)
utilised compression stockings, and one (4%) reported manual
massage. There was discrepancy between patient-reported oedema
and provider-documented oedema at the time of the initial
encounter and survey response (Fig 1). Fourteen of 20 patients
(70%) with self-reported oedema had no provider-documented
oedema at the time of initial encounter. All of these patients were
noted to have oedema at their subsequent encounter. A small num-
ber of patients (4/32) who reported no oedema were noted to have
oedema on exam.

Comparing patients with and without oedema

There was no significant difference in age (19.9 years versus
20 years; p= 0.76) or height (152 cm versus 153 cm; p= 0.8)
between groups; however, patients with oedema had greater weight
(60.4 kg versus 54.4 kg; p= 0.05) and this translated to a greater
body mass index (28.3 versus 24.8; p= 0.01). Patients with oedema
were less frequently treated with deflazacort and more commonly
treated with prednisone/prednisolone (p= 0.05). There was no sig-
nificant intergroup difference in the duration of glucocorticoid
therapy (12 years versus 13 years; p= 0.65). Patients with oedema
also had a greater duration of loss of ambulation (8.4 years versus
3.5 years; p= 0.004). There was no significant difference in left

Table 1. Patient demographics, ambulatory status, and steroid therapy. Values are reported as number (frequency) or median (interquartile range [IQR])

Variable Total (N= 52) Without oedema (N= 28) With oedema (N= 24) p-Value

Age (years) 20 (17.6– 21.9) 20 (17.5– 21.3) 19.9 (17.8–22.2) 0.76

Height (cm) 152 (144– 165) 153 (144– 166) 152 (145– 163) 0.80

Weight (kg) 57.6 (50.1–69.3) 54.4 (45.3–67.4) 60.4 (56.2– 70) 0.047

Body mass index 27.2 (22.3–29.6) 24.8 (19– 28.1) 28.3 (25.1–30.1) 0.014

Steroid therapy 0.008

Deflazacort 41 (79%) 25 (89%) 16 (67%)

Prednisone/prednisolone 8 (15%) 1 (4%) 7 (29%)

Never on steroids 1 (2%) 0 (0%) 1 (4%)

Previous on steroids – none currently 2 (4%) 2 (7%) 0 (0%)

Duration of steroid therapy (years) 12.8 (10.8–15.2) 13 (10.8– 14.6) 12 (9.3– 15.8) 0.65

Non-ambulatory 43 (83%) 20 (71%) 23 (98%) 0.028

Duration of loss of ambulation 5.9 (1.9–9.1) 3.5 (0– 7.4) 8.4 (5.9– 9.8) 0.004
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ventricular ejection fraction (55% versus 55%; p= 0.86) or cardiac
medications between groups (all p> 0.05) (Table 2). There was no
significant difference in force vital capacity, force vital capacity %
predicted, or non-invasive ventilator support used between groups
(all p> 0.05) (Table 2).

Predictors of oedema

Independent predictors of the presence of oedema included body
mass index (p= 0.009) and duration of loss of ambulation
(p = 0.02) on multivariate analysis. Deflazacort use (p= 0.59)
was not associated with difference in oedema on multivariate
analysis.

Discussion

This study sought to describe the frequency, severity, therapeutic
approach, and predictors of lower extremity oedema in Duchenne
muscular dystrophy. The current study suggests that in adolescent
and adult patients, oedema is prevalent, increases with time since
the loss of ambulation, and is associated with greater body mass
index. Furthermore, oedema often occurs in many patients when
systolic function is preserved. Infection and skin breakdown are
also relatively frequent among teenagers and young adults with
oedema suggesting this may be a potential source of infection in
the boys and young men with Duchenne muscular dystrophy.

Importantly, the survey also discovered that while patient-reported
oedema is common, both providers and patient/caregivers may
miss the presence of oedema unless this is specifically assessed.

Heart failure, obesity, and loss of ambulation have been iden-
tified as contributors of lower extremity oedema in non-
Duchenne muscular dystrophy populations.6,10–13 Understanding
the factors that contribute to lower extremity oedema in
Duchenne muscular dystrophy will be increasingly important as
the number of patients with Duchennemuscular dystrophy surviv-
ing into the third and fourth decades of life continues to increase
given the hazard for each of these factors increases with age. The
current study specifically identified greater body mass index and
greater duration of loss of ambulation as predictors of oedema
in a cohort of Duchenne muscular dystrophy patients predomi-
nately in their late teens and twenties and with relatively preserved
systolic function. The association between increased body mass
index and increased frequency of oedema is especially notable,
given it is a potentially modifiable risk factor, independent of
age and duration time since the loss of ambulation. This study also
adds to data documenting the long-termmorbidity associated with
increased body mass index and adiposity in teens and men with
Duchenne muscular dystrophy including glucose intolerance, ear-
lier cardiac dysfunction, and decreased respiratory strength.14–16

Obesity is a known risk factor for the development of oedema in
non-Duchenne muscular dystrophy patients. When compared
to lean controls, overweight and obese adolescents have 120%

Table 2. Cardiac and pulmonary function and current clinical therapies

Variable Total (N= 52) Without oedema (N= 28) With oedema (N= 24) p-Value

Left ventricular ejection fraction (%) 55 (49- 59) 55 (49.5- 57.5) 55 (47- 59) 0.86

Cardiac medications

ACEi/ARB

Lisinopril 40 (77%) 22 (79%) 18 (75%) 0.76

Losartan 6 (12%) 2 (7%) 4 (17%) 0.40

ARNI

Valsartan/sacubitril 2 (4%) 1 (4%) 1 (4%) 0.99

Mineralocorticoid antagonist

Spironolactone 35 (67%) 17 (61%) 18 (75%) 0.27

Eplerenone 5 (10%) 4 (14%) 1 (4%) 0.36

Beta-blocker

Metoprolol succinate 7 (14%) 2 (7%) 5 (21%) 0.22

Carvedilol 28 (54%) 16 (57%) 12 (50%) 0.61

No cardiac medications 4 (8%) 3 (11%) 1 (4%) 0.62

Forced vital capacity (L) 1.9 (1.36- 2.52) 1.98 (1.36–2.63) 1.87 (1.06–2.51) 0.54

FVC % predicted 50 (39– 75) 58(39– 78) 47 (27– 75) 0.33

Respiratory support 0.30

Sip ventilator 14 (27%) 6 (21%) 8 (33%)

BiPAP/CPAP nighttime 14 (27%) 9 (32%) 5 (21%)

BiPAP/CPAP (not using consistently) 12 (23%) 5 (18%) 7 (29%)

None 11(21%) 8 (29%) 3 (13%)

Continuous BiPAP/CPAP 1 (2%) 0 (0%) 1 (4%)

BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; FVC, forced vital capacity.
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and> 400% risk of lower extremity oedema, respectively.17 Among
adults, obesity has been identified as a risk factor for both the devel-
opment of oedema and for subsequent cellulitis and hospitalisa-
tion.8,18 The causes of oedema in obesity are likely multi-
factorial including structural lymphatic abnormalities, elevated
venous pressures related to intra-abdominal pressures, and venous
insufficiency.19 It remains unclear how each of these factors relate

to Duchenne muscular dystrophy, and what interplay occurs with
oedema related to oedema as a result of limited mobility, which
contributes to oedema in other neuromuscular disorders.5

While left ventricular dysfunction was not identified as a pre-
dictor of oedema in the current study, the cohort was comprised of
patients with preserved or relatively preserved systolic function.
Thus, we cannot rule out the cardiac contribution of lower extrem-
ity oedema in patients with greater degrees of systolic dysfunction,
especially those with biventricular dysfunction which tends to be a
late finding as respiratory and cardiac disease progress, or the role
of diastolic dysfunction.20 In fact, in clinical practice, we have
observed heart failure-related oedema on numerous occasions as
heart failure progresses as in other populations. The fact that
oedema occurs independent of significant left ventricular systolic
dysfunction or clinical heart failure is also important as early signs
of heart failure-related oedema may be overlooked due to pre-
existing, non-cardiac-related lower extremity oedema. The inter-
play between non-cardiac and cardiac-driven oedema would also
be relevant when discussing potential therapy. Compression stock-
ings, manual lymphatic drainage, and pneumatic compression
devices are commonly used as non-invasive interventions for
the treatment of venous and lymphatic oedema. However, the
use of compression stockings and pneumatic compression devices
can result in a transient increase in venous return to the right heart
leading to acute increases in right atrial and pulmonary artery pres-
sures in patients with heart failure that may or may not be well
tolerated.10,11,13 Overall, data are lacking regarding the use of com-
pressive therapies in managing oedema in Duchenne muscular
dystrophy, and thus the initiation of therapy should be performed
in conjunction with cardiac consultation among patients with
appreciable cardiac dysfunction.

Finally, it is worth noting that at the onset of the study, provid-
ers often did not observe or appreciate patient-reported oedema.
While it is possible this may reflect daily variations in oedema,
the fact that all patients who reported oedema but were noted to
have no oedema on the first provider exam were noted to have
oedema on subsequent exams suggests this was more likely due
to provider oversight. Following the results of this survey and
increasing morbidity in older patients (as noted in Fig 2), our clinic
has become more cognizant of the impact of oedema on clinical
outcomes, and thus exams have become more comprehensive.
The impact of this clinical change on interventions and outcomes
will need to be demonstrated with time.

Conclusion

In conclusion, the current study suggests that routine assessment
of lower extremity oedema is indicated in patients with Duchenne
muscular dystrophy. This study also identifies maintaining healthy
body size as a potential therapeutic target inminimising the risk for
oedema. Multidisciplinary care will be required to understand the
mechanisms of oedema in the larger cohort of patients with
Duchenne muscular dystrophy, especially among those with more
advanced cardiac disease and long-term positive pressure ventila-
tion which may exacerbate the problem.

Limitations

The current study focused on generalised descriptions of oedema.
Consistent assessments of disease severity will be required to
reliably assess the severity of oedema, the impact of oedema on
long-term outcomes, and the variation across the full spectrum
of disease severity in Duchenne muscular dystrophy. The current

Figure 2. Infection of the legs in a 35-year-old Duchenne patient with a history of
bilateral pitting oedema. The degree of oedema noted in the photograph is baseline,
and the erythema was new at the time of infection. Photographic consent was
obtained from the patient prior to use of the photo for this manuscript.
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study also reports discrepancy between patient and provider
assessments of the presence of oedema. Some of the differences
could be due to the time elapsed between questionnaire completion
and clinical exam, and during that interval, a given patient’s
oedema status changed. However, we believe that appreciable
changes in clinical status are unlikely given the small amount of
elapsed time between questionnaire completion and exam but
acknowledge this could only be addressed with coincident ques-
tionnaires and exams in the full cohort.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951122001342.
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