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Abstract

Background: Overlapping symptoms from cardiomyopathy, respiratory insufficiency, and 

skeletal myopathy confound assessment of heart failure in Duchenne Muscular Dystrophy. We 

developed an ordinal scale of multiorgan clinical variables that reflect cumulative disease burden

—the Major Adverse Dystrophinopathy Event (MADE) Score. We hypothesized that a higher 

MADE score would be associated with increased mortality in boys with Duchenne Muscular 

Dystrophy. The Cooperative International Neuromuscular Research Group Duchenne Natural 

History Study dataset was utilized for validation.

Methods: Duchenne Natural History Study variables were selected based on clinical relevance 

to prespecified domains: Cardiac, Pulmonary, Myopathy, Nutrition. Severity points (0–4) were 
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assigned and summed for study visits. MADE score for cohorts defined by age, ambulatory status, 

and survival were compared at enrollment and longitudinally.

Associations between MADE score and mortality were examined.

Results: Duchenne Natural History Study enrolled 440 males, 12.6 ±6.1 years old, with 3,559 

visits over 4.6 ±2.8 years, 45 deaths. MADE score increased with age and nonambulatory status. 

Mean MADE score per visit was 19 ±10 for those who died vs. 9.8 ±9.3 in survivors p=0.03. 

Baseline MADE score >12 predicted mortality independent of age (78% sensitivity, CPE.70). 

Rising MADE score trajectory was associated with mortality in models adjusted for enrollment 

age, follow-up time, and ambulatory status, all p<.001.

Conclusion: A multiorgan severity score, MADE, was developed to track cumulative 

morbidities that impact heart failure in Duchenne muscular dystrophy. MADE score predicted 

Duchenne Natural History Study mortality. MADE score can be used for serial heart failure 

assessment in males and may serve as an endpoint for Duchenne muscular dystrophy clinical 

research.
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Introduction:

Duchenne muscular dystrophy (DMD) is a progressive neuromuscular disorder due to 

X-linked mutation in the gene encoding dystrophin. The resulting dystrophinopathy 

causes progressive myocyte injury in skeletal, smooth and cardiac muscles. This results 

in loss of ambulation, respiratory insufficiency and cardiomyopathy manifesting during 

childhood into adolescence [1–5]. Heart failure typically manifests in the non-ambulatory 

phase of DMD, often presenting as late stage with acute decompensation and multiple 

comorbidities as adolescents [6–9]. Heart failure is the most common cause of death in 

the current era, accounting for 30–50% of mortality [7,8]. Earlier identification of heart 

failure, which can have diverse manifestations, can lead to more timely applications of 

therapeutic interventions to improve disease outcomes. However multisystem interactions 

and overlapping symptoms of DMD morbidities make accurate assessments of heart failure 

severity challenging [7]. Additionally, traditional heart failure assessments [10] (ex. New 

York Heart Association Class, exercise stress tests), are in context of exertional ability and 

are confounded by severe muscle weakness. Currently there is no objective method to assess 

heart failure progression for the non-ambulatory population. Unique assessment tools to 

determine interactions of cardiopulmonary pathology and functional status are needed to 

optimize cardiac care and to advance DMD cardiomyopathy research [11–13]. The objective 

of this study is to describe and validate a multisystem score developed to reflect cumulative 

burden of progressive dystrophinopathy that affects heart failure in DMD males, the Major 

Adverse Dystrophinopathy Event (MADE) Score.
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METHODS

Score development

Initial domain development was by multidisciplinary DMD clinicians. The Major Adverse 

Dystrophinopathy Event (MADE) Score is comprised of four clinical DMD conditions 

that occur consistently, are progressive in severity, and impact both functional status 

and heart failure symptoms: Cardiomyopathy, Respiratory Insufficiency, Myopathy, and 

Nutritional status alteration (Table 1). These conditions, or domains, will be referred to 

as Major Adverse Dystrophinopathy Events. Each MADE has components representing 

clinical events, treatments, diagnostic test measurements, and patient reported symptoms 

and outcome measures (PROM). An ordinal scale based on severity (0–4) was assigned 

to each MADE component utilizing Common Terminology Criteria for Adverse Events 

(CTCAE) v 5 [14] where applicable, or categorized and ranked by expert clinician opinion 

[4,15]. Total MADE Score is determined at any point in time, a follow-up clinic visit for 

example, by assessing for the presence of each Score variable since last assessment and 

assigning the pre-specified severity points per the Clinical MADE Template Table 1. One 

score (0–4) should be assigned per variable that corresponds to highest severity present. To 

compute MADE Score for that visit, the points for all variables, across all 4 domains are 

added. A higher MADE score represents a higher burden of DMD morbidities. (Clinical 

examples, Table 2) Established cardiovascular adverse clinical event scores: MACE -major 

adverse cardiovascular event [16–17], MATE – major adverse transplant event [18], and 

pediatric acute heart failure symptom score [19], were used as paradigms for MADE Score 

development.

MADE Score Validation

The MADE score was applied to the deidentified dataset from the Cooperative International 

Neuromuscular Research Group Duchenne Natural History Study (CINRG DNHS)[20] for 

initial validation and demonstration of clinical utility. Standardized data collection from 

DMD males was conducted at 22 international centers between 2006–2016. Study visits 

were every 3 months for a year, every 6 months up to 2 years, and then annually for 

up to 7 years. Data collected included: medical and surgical history, symptom report, 

and functional evaluations of muscle strength, pulmonary, and cardiac function obtained 

for clinical care[20]. Myopathy status was defined using the Brooke (upper extremity) 

and Vignos (lower extremity), well-validated standardized metrics used in patients with 

progressive neuromuscular disease [1]. All participating institutions obtained IRB protocol 

approval and informed consent from all participants.

Variables from DNHS were mapped to the four prespecified MADE domains and grouped 

accordingly. Case report form responses for the selected DNHS variable were assigned 

severity points, 0–4 mild to severe, at each study visit Table 3. Total MADE score for the 

subject’s study visit was the sum of all domain variable severity points (as modeled in Table 

2).

Imputation strategies were applied for missing data. Variables for clinically relevant events 

were imputed with 0 when not present, such as cardiovascular surgery or heart failure 
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hospitalization. Time-varying progressive variables such as Vignos score, Brooke score, and 

forced vital capacity percent predicted value (FVC %), were imputed using last observation 

carried forward (LOCF).

Statistical analysis—Participants were grouped based on age at study enrollment and 

survival status at end of DNHS. Mean and standard deviation for continuous variables, 

subject number and percentages for categorical variables, are reported. Baseline standardize 

mean differences (SMD) of deceased and surviving subjects were calculated using the 

“tableone” package in R. (SMD 0.2 small, 0.5 medium, and 0.8 large [21]). Subjects’ 

MADE severity points were calculated at each study visit. Descriptive analysis was 

performed of total MADE score as well as individual MADE domains at enrollment 

and serial visits. Cohort stratification and age-adjusted statistical models were applied to 

account for variable enrollment age and known increased mortality risk with older age. 

As a goal of the MADE Score is to create a tool to identify and track disease burden 

for the nonambulatory DMD population, cohort analyses was performed based on reported 

ambulatory status at initial study visit [11,20].

Main outcome: The primary endpoint of this validation study was all-cause mortality. Cross 

sectional and longitudinal analyses were performed. The optimal cut-point for total MADE 

score to predict mortality in this population was determined utilizing “OptimalCutpoints” 

package in R’ [22] maximizing the Youden function, the difference between true positive 

rate and false positive rate over all possible cut-point values. High-risk (>cut-point) vs 

low-risk (≤cut-point) for mortality category was assigned and Cox logistic regressions, 

unadjusted and adjusted by baseline age and subsequently ambulatory status, performed. 

Corresponding Kaplan-Meier curves were generated and model performance was evaluated 

based on the concordance probability estimate (CPE) statistic. [23]

Secondary analyses of the longitudinal data of the DNHS dataset to evaluate MADE Score 

trajectories over time for cohorts based on age, ambulatory status, and study survival was 

performed with three mixed effect models. The first model adjusted by follow-up time, 

participant’s survival status, as well as an interaction term between survival status and 

follow-up time. These models were subsequently adjusted by baseline age, and baseline 

ambulatory status.

Results:

Longitudinal clinical data was collected by DNHS for 440 males, 12.6 ±6.13 years old, 

for 3,559 visits over mean 4.6 ± 2.8 years. One third were non-ambulatory at enrollment. 

Deaths occurred in 45 subjects. Cause of death was: pulmonary 22(49%), cardiac 14(31%), 

and unknown 9(20%). Patient characteristics at first visit are shown in Table 4. At study 

enrollment, subjects who died during the study period compared to survivors were on 

average: older (mean age = 16.40 vs 10.02, SMD 1.16), more likely to be non-ambulatory 

(77.8% vs 28.6%, SMD 1.13) and have abnormal Forced Vital Capacity % (SMD 1.0). 

Ejection fraction did not differ significantly. Details of the DNHS have been reported in full. 

[1–3, 11]
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MADE Score Trends by Subject Characteristics

Total MADE score across all 3559 visits had a median (interquartile range (IQR) of 8 (3–

15). MADE score was higher in older subjects (Figure 1). Mean (SD) MADE score at initial 

visit for age 0–4 years was 3.2 ±3.3 (n=51) compared to 26.7 ±13 (n= 73) for subjects ≥17 

years. MADE score was also higher in non-ambulatory subjects for all age groups (Figure 

1). For example, nonambulatory subjects 9–12 years old at enrollment had MADE 15.3 ±6 

(n=37) compared to 9.5 ±5.9 (n=52) for ambulatory subjects of same age.

Each MADE domain increased over time and significantly contributed to total Score, 

independent of length of follow-up and baseline age. On cohort analysis, the contribution of 

the Cardiac domain to total MADE Score (effect size) was doubled in the non-ambulatory 

population(n=148) compared to the ambulatory population 0.2 vs 0.1 respectively, and 

tripled in the Pulmonary domain 0.6 vs 0.2 for non-ambulatory and ambulatory patients 

respectively. (Table 4). Nutritional status alterations (gastrointestinal symptoms) had less 

reported severity in the non-ambulatory cohort over time.

MADE Score and MORTALITY—MADE Score was significantly higher in those who 

died during DNHS (n=45). Mean MADE score per visit was 19 ±10 for those who died vs. 

9.8 ±9.3 in survivors p=0.03. Baseline MADE >12 predicted DNHS mortality independent 

of age with sensitivity 0.78, specificity 0.70 and AUC = 0.71. Of the 440 subjects, 300 

(68%) were categorized as low-risk for mortality by baseline MADE ≤12 and 140 (32%) as 

having a baseline high-risk MADE score. On age adjusted Cox regression model, baseline 

MADE >12 significantly predicted mortality with HR =2.8 (95% CI, 1.2–6.9) CPE 0.69. 

Effect was attenuated when baseline ambulatory status and steroid use added to models 

(Figure 2). Of note, steroid use was not significantly related to mortality on univariate 

analysis.

Longitudinal analysis (Supplemental Table 1) also found MADE score significantly 

associated with mortality, independent of age and ambulatory status. Deceased subjects 

had larger increase in MADE score over time – more than twice as much as survivors: for 

participants who died, MADE score increased 1.7 points per year while survivors increased 

0.8 points per year (p<.001). This difference in trajectory remained significant in models 

adjusted for baseline age and ambulatory status (p<0.001). (Figure 3)

DISCUSSION

This paper presents the development and initial validation of the Major Adverse 

Dystrophinopathy Events (MADE) Score with the longitudinal CINRG DNHS. The intent 

of MADE Score is to incorporate easily obtained factors in a typical DMD clinic visit to 

identify a boy at increased risk for heart failure and DMD related mortality.

MADE score clinical correlation:

MADE score increased with age, as expected. All MADE domains increased over time, 

representing worsening disease burden, even when correcting for age at study enrollment. 

This demonstrates clinical validity, as MADE score correlated with expected disease 
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progression patterns, and appears to represent the multisystem disease burden of DMD in a 

single intuitive score.

MADE score predicts mortality

Importantly, MADE score was associated with mortality that occurred during the DNHS 

study period, independent of age at enrollment and steroid use. A MADE score >12 at 

enrollment identified a cohort at increased mortality risk with 78% sensitivity and hazard 

ratio of 3 on age-adjusted model. In addition, changes in MADE score over time in those 

who died during DNHS were double that of survivors. This association persisted in mixed 

effect models adjusted for baseline age and ambulatory status, illustrating how MADE 

score determination at serial visits can be helpful. Increasing MADE score over consecutive 

visits could trigger closer clinical surveillance, subspecialty consults, and augmentation of 

therapeutic interventions.

The multidimensional MADE score is unique from other reported predictors of death in 

DMD such as LV systolic dysfunction[24], cardiac MRI biomarkers [25,26], arrhythmias 

[27,28], or thresholds of FVC% on pulmonary function tests(PFTs)[3], as these are 

all single system assessments that do not represent adverse cardiopulmonary and other 

multi-system interactions. The MADE Cardiac and Pulmonary domains contain ejection 

fraction and FVC%, respectively. Additionally they include: cardiac and pulmonary related 

hospitalizations, cardiac medications, respiratory support type and indication, and patient 

reported symptoms, to serve as a more robust marker of cardiopulmonary status than 

echocardiogram or PFT measurements alone.

MADE Score application to nonambulatory population

As pattern of disease progression in DMD is well established, the nonambulatory population 

would be expected to have a higher disease burden, a higher myopathy domain score, 

and therefore a higher total MADE score [11,12]. Ambulatory status cohort was assigned 

based on DNHS definition [20] and included in mixed effect models. We found that when 

analyzing MADE domain changes longitudinally over the study period (mean 4.6 ± 2.8 

years), the effect size of the cardiac and pulmonary scores in the nonambulatory population 

were double and triple that of the ambulatory cohort, respectively. This dynamic risk 

relationship illustrates utility of MADE Score to reflect increasing cardiac and pulmonary 

disease burden for those who are at increased risk for heart failure, yet have limited 

access to exertional-based cardiac functional assessments due to wheelchair dependency. 

Heart failure in DMD often presents clinically at a late stage due to the body’s ability to 

accommodate to slowly progressive cardiac dysfunction, as demands for cardiac output are 

reduced by decreasing physical demands from being nonambulatory. As rates of decline 

vary, assessing longitudinal changes are important. MADE Score tracking could serve as 

a screening tool for early heart failure in those with later stage DMD, an important need 

identified by Spurney et al. in previous investigations of cardiomyopathy in CINRG DNHS 

[9,11]. Longitudinal MADE analysis in the nonambulatory cohort also revealed decreases 

in the Nutritional status alteration domain. The intent of the Nutritional status domain 

is to capture gastrointestinal manifestations of heart failure, (abdominal pains, anorexia, 

failure-to-thrive) that are often observed in pediatric dilated cardiomyopathy [29]. However 

Kaufman et al. Page 6

Prog Pediatr Cardiol. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the DNHS nutritional status/GI related variables were more representative of steroid adverse 

effects and gastrointestinal dysmotility, that might have confounded the MADE Nutrition 

domain scores. Utility of the Nutritional Status alteration domain will be reexamined on 

future MADE validation studies utilizing a heart failure-specific dataset.

Nonetheless, this analysis demonstrates how incorporation of changing severity scores of 

each domain into a total MADE Score can track interrelated and cumulative disease burden, 

as well as potential response to therapeutic interventions, which are typically not isolated to 

a single organ system.

Cardiac-related death is most common in nonambulatory males in the current era [5,8]. 

MADE Score performance to identify increased mortality risk in the nonambulatory cohort 

of DNHS was robust and bodes well for application as a risk assessment tool specifically for 

nonambulatory DMD populations in subsequent studies.

Multidomain scores and composite endpoints

The concept of the MADE score, an additive model of multiple ordinal scores that represent 

progressive severity of systemic disease and occurrence of interrelated adverse events, is 

based on the paradigm of the widely used MACE composite endpoint for adults with 

cardiovascular disease[16,17], and the more recently developed major adverse transplant 

event (MATE) score that predicts graft loss for pediatric heart transplant[18]. MATE consists 

of summation of severity scores assigned to degree of graft coronary disease, rejection, 

infection, renal insufficiency and malignancies. The state of being immunosuppressed is the 

common factor which affects the incidence of these progressive adverse transplant related 

events. Similarly, the state of having a dystrophinopathy is the common factor that affects 

the incidence of MADE in the DMD population.

Similar to MATE score development described by Almond et al [18], while we do not 

presume that a 1 point difference in severity score from the Cardiac domain has equivalent 

impact on mortality risk for those with DMD as a 1 point severity change in Pulmonary, 

Nutritional, or Myopathy domain score, the simple summation of points assigned to each 

severity category performs well to identify a high risk cohort and to predict mortality in 

this retrospective analysis. While we explored de novo statistical models, we focused on 

development of the simple additive model for this initial analysis to explore utility of MADE 

as a tool based on routinely available clinical data rather than requiring advanced diagnostics 

or testing calculations. Future weighting strategies may be assigned to each domain to adjust 

for variations in strength of associations with heart failure and /or mortality in future score 

iterations.

Utility of MADE Score for Research

A tracker of heart failure symptoms in context of progressive neuromuscular disease does 

not currently exist and would be of significant utility as a possible surrogate endpoint 

for cardiac clinical trials. While there has been significant progress in drug development 

targeting skeletal muscle weakness[30–34] utilizing timed motor function tests as outcome 

variables[35,36], interventions to modify cardiac dysfunction is lagging. Cardiovascular trial 

design for neuromuscular disorders is challenged by infrequent late onset cardiac events and 
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limited utility of traditional heart failure outcome measures of exertional based symptom 

scores [37] and exercise test performance. As it is often impossible to isolate respiratory, 

cardiac, and neuromuscular interactions, or impact of disease modifiers such as nutritional 

status and psychological well-being, a multiorgan system score more accurately represents 

disease state for people with dystrophinopathy. Our study demonstrated ability for MADE 

Score to identify a cohort at increased mortality risk both at DNHS study enrollment as well 

as longitudinally, independent of age and ambulatory status effects. As such, MADE Score 

could be utilized to identify cohorts for clinical trial enrollments of subjects with similar 

disease burden (similar to NYHA class inclusion criteria), as well as a surrogate endpoint to 

track overall impact of interventions on changes in MADE Score longitudinally.

Future Directions for Score development

Our goal is for MADE Score to serve as a predictor of heart failure in DMD. Further 

validation and optimization of our primary MADE Score model (Table 1) for clinical and 

research use will be performed utilizing current era DMD heart failure assessments and 

biomarkers including MRI data and PROM of fatigue and quality of life (QOL), which 

were not extensively available in the DNHS data set. This can be accomplished utilizing 

the Advanced Cardiac Therapies Improving Outcomes Network (ACTION) DMD Heart 

Failure Registry [8,39] that collects heart failure-related data and events in DMD males 

with cardiac dysfunction. Subsequently MADE Score will be evaluated prospectively as a 

potential surrogate endpoint for clinical trials [38] targeting cardiac and pulmonary function 

in DMD.

Limitations:

This initial effort to demonstrate clinical and construct validity of the MADE Score utilized 

retrospective application to the DNHS dataset. DNHS was designed as an observational 

study without specified study procedures other than case report forms. Consequentially, 

missing data variables resulted in limitations in statistical analysis. Extent of missing 

data related to PROM of fatigue and QOL precluded inclusion of a Fatigue domain in 

this analysis. Definitions of “heart failure exacerbations” and “cause of death” were not 

specified. As it was unknown whether the “pulmonary” or “unknown cause” deaths had 

cardiac components, which would be expected and difficult to isolate in this population, 

all-cause mortality was chosen as primary endpoint, rather than only cardiac, to maximize 

statistical power for this pilot study of MADE Score.

Conclusion

A multiorgan severity score, MADE, was created to track cumulative morbidities of DMD 

that impact heart failure. MADE score independently predicted mortality, and identified a 

high-risk cohort within a nonambulatory population with progressive cardiac and respiratory 

disease burden, demonstrating clinical utility. With further development, MADE score can 

be utilized to assess heart failure progression for at-risk populations and serve as a surrogate 

endpoint for cardiovascular trials in DMD.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

• The Major Adverse Dystrophinopathy Event (MADE) Score for Duchenne 

Muscular Dystrophy

• MADE Score is a clinical tool for DMD to represent multiorgan system 

morbidities

• MADE score predicted mortality in DMD Natural History Study

• Serial MADE assessments identify a high risk nonambulatory DMD cohort

• Future utility of MADE score as a heart failure endpoint for DMD research
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Figure 1. 
MADE score at enrollment by age group and ambulatory status
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Figure 2. 
Kaplan-Meier curves corresponding to each of the Cox models for baseline MADE score 

risk category (high-risk = MADE>12)

1)Unadjusted 2) Adjusted by baseline age 3)Adjusted by age and ambulatory status at 

baseline 4)Adjusted by age, ambulatory status and steroid use, all at baseline
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Figure 3. 
Longitudinal MADE Score trajectory adjusted for baseline age and ambulatory status
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TABLE 1

Clinical Template MADE Score

MADE DOMAIN Variables
Total 92 pts max MADE Points by Severity Category

CARDIAC 37 
pts max Variable None =0 Mild =1 Moderate=2 Severe=3 Critical=4

Variable 
Score 0–
4

Clinical events VAD Surgery No Yes

Congestive heart 
failure 

hospitalization No Yes

Congestive heart 
failure - outpatient 

management 
(Diuretic titration) No Yes

Syncope No Yes

Arrhythmia No

-Sinus 
tachycardia 
OR
-Ventricular 
couplets or 
triplets

-NSVT OR
-Asymptomatic 
Atrial 
tachycardia

-Sustained 
VT (HD 
stable) OR-
Symptomatic 
Atrial 
tachycardia

-Cardiac 
Arrest OR
-Vfib OR
-VT w/HD 
compromise

Diagnostic Tests

Ejection Fraction 
or Shortening 

Fraction (Echo/
MRI)

EF ≥55%or
SF≥26%

EF 45–54%
SF 20–25%

EF 35–44%
SF 15–19%

EF <35%
SF<15%

Cardiac MRI

Delayed 
Enhancement 
or other 
abnormality

Therapies

IV Inotropic 
medication 
(milrinone, 
dopamine) No

Intermittent/
transient

Inotrope 
Dependent

ACEI/ARB/ARNI 
use No prophylactic

Symptomatic 
therapy (LV 
dilation, MR)

Beta Blocker 
medication use No prophylactic

Symptomatic 
therapy 
(arrhythmia)

Symptoms Chest pain No Yes

Palpitations/
Racing heart beat No Yes

Dizziness No Yes

MYOPATHY 
17pts max Clinical Variable

None or Not 
reported =0 Mild =1 Moderate=2 Severe=3 Critical=4

Variable 
Score 0–
4

Clinical Status

Ambulatory or 
wheelchair full 

time 
(nonambulatory) Ambulatory

Nonambulatory 
(wheelchair full 
time)

Age at full time 
wheelchair use 

(years) >13 yrs old 10–12 yrs old <9 yrs old
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Vignos Scale for 
lower extremity 

function*

Vignos 1–2 
Walks, 
Climbs 
stairs

Vignos 3–4 
Toe Walks, no 
stairs or chair 
rise

Vignos 5–7 
Nonambulatory, 
wheelchair 
dependent

Vignos 8 Bed 
bound

Brooke Scale for 
upper extremity 

function*

Brooke 1 
Raises arms 
above head 
no limits

Brooke 2 
Limited arm 
raise , bent 
elbows above 
head

Brooke 3–4 Can 
raise cup to 
mouth, feed self

Brooke 5–6 
5/can drive 
wheelchair 
OR
6/No useful 
function of 
hands

Symptom Dysphagia none Minimal/rare

Choking/rest 
rictions on 
intake

Can’t handle 
secretions

Fatigue

-Upright all 
day (if 
nonamb 
ulatory)
-Full day 
activities 
tolerated

-Fatigue after 
activity 
relieved by 
rest

-Fatigue not 
relieved by rest 
limiting 
instrumental 
ADLs (school, 
work, recreation)

-Bed bound 
24/7 OR
-Fatigue 
limiting self 
care ADLs 
(feeding, 
bathing, 
toileting)

NUTRITIONAL 
STATUS 

12 pts max Clinical Variable
None or Not 
reported =0 Mild =1 Moderate=2 Severe=3 Critical=4

Variable 
Score 0–
4

Clinical Status

Significant 
problem with 
weight loss 

(malnutrition) No Yes

Significant 
problem with 

weight 
gain(obesity) No Yes

Therapies

Formula/caloric 
enteral 

supplements No As needed Daily

Parenteral 
Nutrition No Yes

Symptoms Poor appetite No Yes

Early satiety No Yes

Vomiting No Yes

Abdominal Pains No Yes

PULMONARY 
27 pts max Clinical Variable

None or Not 
reported =0 Mild =1 Moderate=2 Severe=3 Critical=4

Variable 
Score 0–
4

Clinical Events

Pneumonia 
hospitalization 

(without 
intubation or 
escalation of 

baseline support 
beyond 

supplemental 
oxygen) No Yes

Respiratory 
failure 

hospitalization No Yes

Diagnostic Test
FVC % Predicted 

value* >75% 61–75% 51–60% 31–50% ≤30%
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Therapies
Cough-assistance 

therapies used No Yes

Ventilatory 
Assistance None

CPAP 
occasion al/
willness

Nocturnal CPAP 
or Mouthpiece 
intermittent vent/
BiPAP/
VentTrach 
occasional w/
illness

Nocturnal 
BiPap or Full 
time CPAP or 
intermit tent 
mouthpiece 
vent

Full time 
BiPAP or 
ventilation 
via trach

Supplemental 
Oxygen use No

Occasional/
with illness Nocturnal Full time

Asthma No Yes

Symptoms Problems snoring No Yes

Excessive daytime 
sleepiness No Yes

Difficulty 
breathing when 

lying flat No Yes

Difficulty 
breathing when 

exercising No Yes

TOTAL

Abbreviations: ADL activities daily living, EF ejection fraction, ICD implantable cardioverter defibrillator, MRI magnetic resonance imaging, 
PPV positive pressure ventilation, TPN total parenteral nutrition, VT ventricular tachycardia

*
Brooke and Vignos standardized scales for upper and lower extremity strength1

Instructions: Assess for presence of variable since last assessment, or historically if initial evaluation. Assign one score per variable, highest 
category. MADE Score = total points for all variables
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Table 2

Clinical Examples for MADE Score determination

6 yo new diagnosis DMD, muscle cramps, toe walking, HR 90, echo normal, negative ROS

CARDIAC PULMONARY MYOPATHY NUTRITION TOTAL 
MADE

none 0 none 0 Toe walking 1 none 0

Domain Points 0 0 1 0 1

12 yo HR 110, echo normal, CMRI delayed enhancement, snores w OSA no therapy, ambulates in house, no stairs, limited arm raise, 
fatigue after activity, negative ROS

CARDIAC PULMONARY MYOPATHY NUTRITION TOTAL 
MADE

tachycardia 1 Snores (OSA) 1 Limited arm 
raise

1 none 0

abnormal CMRI 1 Walks No stairs 1

Fatigue 
improves with 
rest

1

Domain Points 2 1 3 0 6

18 yo palpitations, HR 120, EF 30%, worsening dyspnea, BIPAP use 24 hours, last forced vital capacity 39%, anorexia, severe fatigue in 
bed, heart failure hospitalization for diuresis, milrinone

CARDIAC PULMONARY MYOPATHY NUTRITION TOTAL 
MADE

tachycardia 1 dyspnea at rest 2 confined to bed 3 anorexia 2

palpitations 2 24hour BIPAP 4 no use of hands 3

EF 30% 4 FVC 39% 3

transient inotropes 3

CHF hospitalization 4

Domain Points 14 9 6 2 31

Abbreviations: CHF congestive heart failure, CMRI cardiac magnetic resonance imaging, DMD Duchenne muscular dystrophy, HR heart rate, echo 
echocardiog ram, EF ejection fraction, FVC forced vital capacity, ROS review of systems, yo years old
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TABLE 3.

MADE Points assigned to DNHS variables

MADE DOMAIN DNHS Variables MADE Points by Severity Category

CARDIAC DNHS Variable
None or Not 
reported =0 Mild =1 Moderate=2 Severe =3 Critical=4

Cardiac surgery No Yes

Congestive heart failure hospitalization No Yes

Other cardiac health issue No Yes

Congestive heart failure requiring 
medications No Yes

Diuretic use No prophylactic
Symptomatic 
therapy

Inotropic medication (oral or 
intravenous) No prophylactic

Symptomatic 
therapy

Anti-arrhythmic medication No prophylactic
Symptomatic 
therapy

ACE inhibitor use No prophylactic Symptomatic therapy

Beta Blocker medication use No prophylactic Symptomatic therapy

Ejection Fraction or Shortening 
Fraction

EF ≥55%or
SF≥26%

EF 45–54%
SF 20–25%

EF 35–44%
SF 15–19%

EF <35%
SF<15%

Chest pain No Yes

Racing heart beat No Yes

Dizziness No Yes

MYOPATHY DNHS Variable
None or Not 
reported =0 Mild =1 Moderate=2 Severe =3 Critical=4

Significant fatigue No Yes

Ambulatory or wheelchair full time 
(nonambulatory) Ambulatory Nonambulatory

Age at full time wheelchair use (years) >13 yrs old 10–12 yrs old <9 yrs old

Vignos Scale for lower extremity 
function* Vignos 1–2 Vignos 3–4 Vignos 5–7 Vignos 8

Brooke Scale for upper extremity 
function* Brooke 1 Brooke 2 Brooke 3–4 Brooke 5–6

Difficulty swallowing No Yes

NUTRITIONAL 
STATUS DNHS Variable

None or Not 
reported =0 Mild =1 Moderate=2 Severe =3 Critical=4

Gastrointestinal surgery(feeding tube) No Yes

gastrointestinal tract issues No Yes

Formula/caloric supplements No As needed Daily

Nasogastric tube use No As needed Daily

Poor appetite No Yes

Early satiety No Yes

Nausea No Yes

Indigestion No Yes

Significant problem with weight loss No Yes

Significant problem with weight gain No Yes

Poor growth No Yes

PULMONARY DNHS Variable
None or Not 
reported =0 Mild =1 Moderate=2 Severe =3 Critical=4
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Pneumonia hospitalization No Yes

Respiratory failure hospitalization No Yes

FVC % Predicted value* >75% 61–75% 51–60% 31–50% <30%

Cough-assistance therapies used No Yes

Any ventilatory assistance used No Yes

Full time ventilatory assistance No Yes

BiPAP use No
Occasional/with 
illness Nocturnal Full time

C PAP use No
Occasional/with 
illness Nocturnal Full time

Mouthpiece Intermittent ventilation No
Occasional/with 
illness Nocturnal Full time

Negative pressure ventilation No
Occasional/with 
illness Nocturnal Full time

Ventilation via tracheostomy No
Occasional/with 
illness Nocturnal Full time

Supplemental Oxygen use No
Occasional/with 
illness Nocturnal Full time

Report significant problems with 
pneumonia No Yes

Asthma No Yes

Weak cough No Yes

Shortness of breath No Yes

Morning headaches No Yes

Diminished voice quality No Yes

Problems snoring No Yes

Difficulty sleeping No Yes

Excessive daytime sleepiness No Yes

Night sweats No Yes

Difficulty breathing when lying flat No Yes

Difficulty breathing when exercising No Yes

Abbreviations:ACE angiotensin converting enzyme, BIPAP bilevel positive airway pressure, CPAP continuous positive airway DNHS Duchenne 
Natural History Study, EF ejection fraction, FVC forced vital capacity, SF shortening fraction
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Table 4:

Demographics and clinical characteristics for all participants at their first study visit stratified by survival

Overall Survivors Deceased *SMD

n N=440 N=395 N=45

Participant .age at visit (mean (SD)) 10.67 (5.74) 10.02 (5.39) 16.40 (5.56) 1.164

Angiotensin converting enzyme

inhibitor or angiotensin-receptor blocker = Yes/Prophylactic (%) 50 (11.4) 38 (9.6) 12 (26.7) 0.454

Diuretics use = No (%) 440 (100.0) 395 (100.0) 45 (100.0) <0.001

Cardiac inotropic agents use = To treat signs and/or symptoms (%) 8 (1.8) 5 (1.3) 3 (6.7) 0.279

Anti-arrhythmic use = To treat signs and/or symptoms (%) 1 (0.2) 0 (0.0) 1 (2.2) 0.213

Beta-blockers use = Yes/Prophylactic (%) 14 (3.2) 6 (1.5) 8 (17.8) 0.573

LVEF/SF (%) 0.503

LVEF % >= 55, SF % >=26 397 (90.2) 363 (91.9) 34 (75.6)

LVEF % 45–54, SF % 20–25 30 (6.8) 24 (6.1) 6 (13.3)

LVEF % 35–44, SF % 15–19 10 (2.3) 8 (2.0) 2 (4.4)

LVEF % <= 35 %, SF % <=14 3 (0.7) 0 (0.0) 3 (6.7)

Currently on steroid = Yes (%) 260 (59.1) 240 (60.8) 20 (44.4) 0.331

Currently taking steroid drug = Prednisone (%) 98 (22.3) 92 (23.3) 6 (13.3) 0.26

Functional tests - lower extremity (Vignos score) (%) 1.579

1 248 (56.4) 246 (62.3) 2 (4.4)

2–7 33 (7.5) 28 (7.1) 5 (11.1)

8 158 (35.9) 121 (30.6) 37 (82.2)

9 1 (0.2) 0 (0.0) 1 (2.2)

Functional tests - upper extremity (Brooke score) (%) 1.151

1 265 (60.2) 257 (65.1) 8 (17.8)

2 51 (11.6) 45 (11.4) 6 (13.3)

3–4 43 (9.8) 34 (8.6) 9 (20.0)

5–6 81 (18.4) 59 (14.9) 22 (48.9)

Ambulatory status = Nonambulatory (%) 148 (33.6) 113 (28.6) 35 (77.8) 1.132

Formula/caloric supplements = As needed (%) 15 (3.4) 13 (3.3) 2 (4.4) 0.06

gastrostomy tube = Daily (%) 10 (2.3) 6 (1.5) 4 (8.9) 0.336

Calculated FVC % Predicted value (%) 1.065

Not specified 268 (60.9) 258 (65.3) 10 (22.2)

61–75% 62 (14.1) 56 (14.2) 6 (13.3)

51–60% 26 (5.9) 20 (5.1) 6 (13.3)

31–50% 36 (8.2) 27 (6.8) 9 (20.0)

<=30% 48 (10.9) 34 (8.6) 14 (31.1)

Ventilatory assistance used = Yes (%) 36 (8.2) 25 (6.3) 11 (24.4) <0.001

Required full-time ventilatory assistance = Yes (%) 7 (1.6) 5 (1.3) 2 (4.4) 0.192

Bi-PAP / Mask use (%) 0.265

Not specified 420 (95.5) 379 (95.9) 41 (91.1)

Occasionally or with illness 2 (0.5) 2 (0.5) 0 (0.0)
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Overall Survivors Deceased *SMD

n N=440 N=395 N=45

Nocturnal 17 (3.9) 13 (3.3) 4 (8.9)

Full-time 7 (1.6) 1 (0.3) 0 (0.0)

BiPAP / Nasal pillows use = No (%) 0.088

Not specified 432 (98.2) 388 (98.2) 44 (97.8)

Occasionally or with illness 1 (0.2) 1 (0.3) 0 (0.0)

Nocturnal 7 (1.6) 6 (1.5) 1 (2.2)

CPAP use = Occasionally or with illness (%) 3 (0.7) 1 (0.3) 2 (4.4) 0.279

Mouthpiece IPPV use = Fulltime(%) 2 (0.5) 1 (0.3) 1 (2.2) 0.179

Negative pressure use = Fulltime (%) 1 (0.2) 1 (0.3) 0 (0.0) 0.071

Invasive (with tracheotomy) use = No (%) 0.236

Not Specified 437 (99.3) 393 (99.5) 44 (97.8)

Nocturnal 1 (0.2) 0 (0.0) 1 (2.2)

Full-time 2 (0.5) 2 (0.5) 0 (0.0)

Supplemental oxygen use = No (%) 0.176

Not Specified 434 (98.6) 389 (98.5) 45 (100.0)

Nocturnal 3 (0.7) 3 (0.8) 0 (0.0)

Full-time 3 (0.7) 3 (0.8) 0 (0.0)

Age Group (%) 1.621

0–4 51 (11.6) 51 (12.9) 0 (0.0)

5–8 170 (38.6) 170 (43.0) 0 (0.0)

9–12 89 (20.2) 72 (18.2) 17 (37.8)

13–16 57 (13.0) 48 (12.2) 9 (20.0)

17+ 73 (16.6) 54 (13.7) 19 (42.2)

Abbreviations: BIPAP bilevel positive airway pressure, CPAP continuous positive airway pressure, EF ejection fraction, FVC forced vital capacity, 
IPPV intermittent positive pressure ventilation, SF shortening fraction

*
SMD standardized mean difference: <0.2 = small, 0.2– 0.5 medium, and >0.8 large difference between means
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Table 5.

MADE Domain contributions to Total MADE score (effect size) and ambulatory cohorts, adjusting for length 

of followup and baseline age.

Ambulatory Non-ambulatory

MADE Domain Effect size P-value Effect size P-value

CARDIAC

 Years in the study 0.1 <0.001 0.2 <0.001

 Baseline age 0.1 <0.001 0.2 <0.001

MYOPATHY

 Years in the study 0.5 <0.001 0.09 <0.001

 Baseline age 0.3 <0.001 0.07 0.002

NUTRITION

 Years in the study 0.02 0.007 −0.0005 0.98

 Baseline age 0.08 <0.001 0.1 <0.001

PULMONARY

 Years in the study 0.2 <0.001 0.6 <0.001

 Baseline age 0.2 <0.001 0.6 <0.001
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