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Aim: To correlate the North Star Ambulatory Assessment (NSAA) and timed rise 
from floor (TRF) recorded at age of expected peak with age at loss of ambulation 
(LOA) in Duchenne muscular dystrophy (DMD).
Method: Male children with DMD enrolled in the UK North Start Network database 
were included according to the following criteria: follow-up longer than 3 years, one 
NSAA record between 6 years and 7 years 6 months (baseline), at least one visit when 
older than 8 years. Data about corticosteroid treatment, LOA, genotype, NSAA, and 
TRF were analysed. Age at LOA among the different groups based on NSAA and 
TRF was determined by log-rank tests. Cox proportional hazard models were used 
for multivariable analysis.
Results: A total of 293 patients from 13 different centres were included. Mean (SD) 
age at first and last visit was 5 years 6 months (1 year 2 months) and 12 years 8 
months (2 years 11 months) (median follow-up 7 years 4 months). Higher NSAA and 
lower TRF at baseline were associated with older age at LOA (p<0.001). Patients scor-
ing NSAA 32 to 34 had a probability of 0.61 of being ambulant when older than 13 
years compared with 0.34 for those scoring 26 to 31. In multivariable analysis, NSAA, 
TRF, and corticosteroid daily regimen (vs intermittent) were all independently as-
sociated with outcome (p=0.01).
Interpretation: Higher functional abilities at peak are associated with older age at 
LOA in DMD. This information is important for counselling families. These baseline 
measures should also be considered when designing clinical trials.

Duchenne muscular dystrophy (DMD) is an X-linked re-
cessive neuromuscular disorder affecting approximately 1 
in 3500 to 5050 live male births1–3 and is caused by muta-
tions in the gene coding for the dystrophin protein. DMD is 

characterized by progressive weakening of skeletal, respira-
tory, and cardiac muscles.

From early childhood, young males with DMD per-
form worse than typically developing peers in terms of 
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motor abilities.4 These can be measured by a 34-point func-
tional scale specifically developed for DMD, the North Star 
Ambulatory Assessment (NSAA). While NSAA scores in 
typically developing males are expected to peak at 4 years of 
age, in DMD this occurs at a median age of 6 to 7 years, after 
which the scores plateau and subsequently decline.5,6

Although a phenotypic variability exists, DMD is inexo-
rably a progressive disease, leading to inevitable loss of am-
bulation (LOA) and wheelchair dependency by a median age 
of 10 years in corticosteroid-naive patients (meaning those 
individuals who had never received steroid treatment), with 
a delay of 2 to 4 years when long-term corticosteroid treat-
ment is administered.7–9

Most research currently focuses on 12 to 36 months’ tra-
jectory of different motor5,10–14 and respiratory15–17 outcome 
measures providing comparative data for ongoing interven-
tional trials, in which the typical duration ranges between 
48 and 144 weeks.18 However, information about early prog-
nostic factors of long-term decline is lacking, for instance 
the relation between the highest achieved functional ability 
and age at LOA. This is relevant considering that the DMD 
spectrum encompasses clusters of male children with dif-
ferent trajectories of ambulatory function,19 and that such 
variability poses significant challenges when designing clin-
ical trials. In addition, information about future prognosis 
would help counsel families, anticipate complications, and 
tailor the care for patients in a cost–benefit manner. A recent 
study described four latent class groups based on the age at 
which NSAA total score fell below the fifth centile (namely 
~10, 12, 14, and >15 years).6 However, while patients belong-
ing to each group presented with different characteristics at 
first NSAA assessment (e.g. age at corticosteroid initiation 
and functional scores), the study was not designed to estab-
lish which baseline factors were associated with subsequent 
age at LOA.

Here we aim to assess whether two commonly used func-
tional scores (namely NSAA total score and timed rise from 
floor [TRF]) recorded at the age of expected best motor per-
formance are associated with age at LOA in male children 
with DMD treated according to the current standards of care.

M ETHOD

Study design and selection of patients

This was a retrospective cohort study on patients affected 
by DMD, whose data were prospectively collected according 
to a predefined protocol. Through the DMD UK NorthStar 
Network (a national network of 23 UK neuromuscular cen-
tres) database, patients’ data meeting the following criteria 
were included in the analysis: (1) at least one visit when older 
than 8 years; (2) at least 3 years of follow-up; (3) at least two 
visits recorded in the data set; (4) availability of at least one 
NSAA score recording between 6 years and 7 years 6 months 
of age. The reason why we selected criterion (4) was that pre-
vious studies showed that NSAA is expected to peak between 

6 years 4 months and 7 years of age5,6 and, more precisely, at 
a mean age (SD) of 6 years 10 months (8 months).20 Patients 
exposed to drugs potentially affecting LOA (e.g. ataluren, 
exon skipping) and patients with substantial learning dif-
ficulties unable to collaborate with the assessment were ex-
cluded (NorthStar collects prospectively substantial learning 
difficulties affecting the possibility of performing a reliable 
assessment).

Procedure

The following variables were collected and reviewed: date 
of birth, height, weight, DMD gene mutation (thereafter 
genotype), corticosteroid treatment, NSAA total score 
and TRF, age at LOA (defined by the inability to walk 10 
steps independently), age at last ambulant visit (for those 
still ambulant or those lacking information about age at 
LOA), and presence of long bone fractures near to the 
age at LOA. DMD genotypes were grouped according to 
amenability to specific exon skipping as those who had 
already achieved clinical application or were in advanced 
preclinical studies.

NSAA and functional scores

The NSAA is a validated, 34-point, functional scale, de-
veloped for ambulant male children with DMD. The scale 
is suitable for multicentric studies and is widely used in 
clinical settings and as a primary or secondary endpoint 
in clinical trials.5,21–23 The NSAA includes 17 items, two 
of which are timed. Specifically, we analysed TRF, meas-
ured in seconds.24 The highest NSAA score recorded 
within the 6 years to 7 years 6 months window (and its 
concomitant TRF recording) was used as the baseline 
measurement.

Calculation of corticosteroid exposure

Longitudinal corticosteroid treatment was reviewed 
for each patient. Corticosteroid type, regime, and dose 
per kilogram for each visit were recorded. We de-
fined corticosteroid regime as ‘predominantly daily’ or 

What this paper adds

•	 Functional measures recorded between 6 and 
7 years 6 months are associated with long-term 
outcome.

•	 North Star Ambulatory assessment and timed 
rise from floor were associated with age at loss of 
ambulation.
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‘predominantly intermittent’ when one regimen was used 
for more than 50% of the time before LOA. According 
to DMD guidelines, the recommended daily dose pro-
kilo for prednisolone and def lazacort is 0.75mg/kg and 
0.9mg/kg respectively. In clinical practice though, corti-
costeroid dose and regimens are often adjusted owing to 
side effects (e.g. weight gain, behavioural changes). This 
has not always been clearly depicted in previous studies, 
where information has often been limited to corticoster-
oid exposure ‘yes or no’ or corticosteroid regimen used. 
We therefore calculated the corticosteroid dose pro-kilo 
at baseline expressed as the percentage of the optimal 
dose, namely 0.75mg/kg and 0.9mg/kg for prednisone 
and def lazacort respectively.

Statistical analysis

Descriptive statistics, including mean, standard deviation, 
or median and interquartile range (IQR) were generated for 
all continuous measures as appropriate and categorical data 
were summarized as frequency and percentage. Spearman’s 
correlation test was used to determine correlations for 
skewed variables. We used log-rank tests and Cox regres-
sion analysis to explore the relation between patient baseline 
characteristics and age at LOA. For those patients who had 
not yet lost ambulation, we used their age at last ambulant 
visit as a censored measure. The proportional hazard as-
sumption was checked for all models.

We performed univariate analysis to explore the rela-
tions between the following baseline characteristics and 
age at LOA: NSAA score (first as actual NSAA and then 
categorized as <22, 22–25, 26–28, 29–31, and 32–34); 
TRF (first as actual TRF and then categorized as ≤3.5s, 
3.6–5s, and >5s); corticosteroid regimen at baseline (in-
termittent vs daily); and genotype. Patients amenable to 
two different exon skipping were included in both groups 
(e.g. exon 44 and 55, exon 51 and 53, and exon 50 and 52; 
see Figure S1). To aid interpretation of results, we estab-
lished NSAA and TRF categories based on clinical mean-
ingfulness, namely intervals that ref lected a significant 
functional difference. For instance, while a 1-unit change 
in NSAA has little clinical meaning, a 3-point difference 
ref lects a significant change in function which can be eas-
ily understood by clinicians, and which meets the defini-
tion of the minimal clinically important difference. Only 
those measures that were significantly associated with 
LOA in the univariate analysis or known to be clinically 
meaningful were included in the multivariable analysis 
(namely NSAA, TRF, and corticosteroid regimen). For 
multivariable analysis results, we present hazard ratios 
and 95% confidence intervals (CIs) and use a single ref-
erence category to calculate hazard ratios. In addition, 
we present probability estimates for age at LOA with 95% 
CIs. All analyses were conducted using R (R Foundation 
for Statistical Computing, Vienna, Austria). Results were 
considered significant when p<0.05.

R E SU LTS

Population characteristics

A total of 293 patients from 13 different centres were in-
cluded in this study. The mean age at first and last visit was 
5 years 6 months (1 year 2 months) and 12 years 9 months 
(2 years 10 months) respectively. Two hundred and eighty-
six patients received corticosteroid treatment before losing 
ambulation; seven were corticosteroid-naive. The mean (SD) 
age at initiation of corticosteroid treatment was 5 years 6 
months (1 year). For 109 out of 286 (38%) patients, corticos-
teroid regime and/or corticosteroid type was subsequently 
changed before losing ambulation (‘corticosteroid-switcher’). 
Including corticosteroid-switchers, 160 (56%) patients were 
predominantly treated with daily corticosteroid regimen, 
and 83 (29%) intermittently. Cohort characteristics are pre-
sented in Table 1 and details about the selection of patients 
and genotypes in Figure S1.

Baseline assessment: functional scores and 
corticosteroid treatment

The mean (SD) age at baseline was 6 years 10 months (6 
months). The median (IQR) highest NSAA score at baseline 
was 27 (22–31) and the mean (SD) TRF was 4.9 seconds (2.9) 
(Fig. 1a). There was a significant negative correlation be-
tween total NSAA and TRF at baseline (Spearman’s r=−0.64; 
p<0.001) (Fig. 1b). Information about corticosteroid regimen 
at baseline was available for 224 out of 293 patients. Of the 
remaining 69 patients, 30 were corticosteroid-naive (23 of 
whom were subsequently started on corticosteroids). There 
was no correlation between corticosteroid dose pro-kilo and 
total NSAA score at baseline (Fig. 1c).

Before LOA, 211 (72%) patients were on prednisolone 
(116 on a mean dose of 0.6mg/kg daily; 77 on a mean dose of 
0.6mg/kg intermittent 10d on/off), 32 (11%) on deflazacort 
(25 on a median dose of 0.7mg/kg daily, six on a median dose 
of 0.7mg/kg intermittent), 20 on unspecified corticosteroid 
type, and 30 were corticosteroid-naive.

LOA

A total of 160 out of 293 patients lost ambulation. Twenty-
two of the 160 patients (13.75%) had a long bone fracture 
within 6 months before LOA. The overall estimated me-
dian age at LOA (IQR) was 11 years 8 months (10 years 1 
month–14 years 5 months).

Relation between baseline functional 
abilities and LOA

Higher NSAA scores at baseline were associated with 
a later age at LOA (p<0.001; Fig. 2a). For patients with 
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an NSAA score less than 22, the probability (95% CI) 
of being ambulant at the age of 11 years and 13 years 
was 0.32 (0.21–0.45) and 0.13 (0.05–0.34) respectively, 
while for NSAA scores of 22 to 25 the probability was 
0.42 (0.29–0.6) and 0.19 (0.09–0.38). For patients with an 
NSAA score of 26 to 28 the probability was 0.59 (0.46–
0.76) and 0.34 (0.21–0.55), while for an NSAA score of 
29 to 31 the probability was 0.85 (0.75–0.96) and 0.34 
(0.21–0.54), and finally for an NSAA score of 32 to 34 
the probability was 0.82 (0.71–0.94) and 0.61 (0.47–0.79) 
respectively. None of the patients with a baseline NSAA 
score less than 26 were ambulant after 15 years.

TRF at baseline was positively associated with age at LOA 
(hazard ratio 1.13; 95% CI 1.09–1.17, p<0.001). When con-
sidered as TRF groups, a faster TRF at baseline was also sig-
nificantly associated with an older age at LOA (p<0.001; Fig. 
2b). In particular, the median (IQR) age at LOA for patients 
rising from the floor in no more than 3.5 seconds, from 3.6 
to 5 seconds, and more than 5 seconds was 14 years 5 months 
(12 years 5 months–16 years 1 month), 12 years 5 months (10 
years 8 months –14 years 1 month), and 10 years 2 months (9 
years–11 years 11 months) respectively.

Genotype and LOA

Descriptively, no apparent differences were found except for 
individuals harbouring duplications and pathogenic vari-
ants amenable to exon 44 skipping, who seemed to reach 
LOA at a later median age than the other genotypes (Table 2 
and Figure S2).

Corticosteroid regimen at baseline and LOA

The median (IQR) age at LOA of patients treated with 
daily versus intermittent corticosteroid regimens was 12 
years 5 months (10 years 2 months–14 years 10 months) 
versus 11 years 5 months (10 years 1 month–13 years) re-
spectively (p=0.11). The event LOA was recorded in 81 out 
of 141 and 41 out of 83 patients respectively (Figure S3).

T A B L E  1   Demographics, corticosteroid treatment, and baseline 
functional abilities

Patients (n=293)

Age at first visit, years:months

Mean (SD) 5:6 (1:2)

Median (IQR) 5:6 (4:10–6:4)

Age at last visit, years:months

Mean (SD) 12:8 (2:11)

Median (IQR) 12:8 (10:1–15:1)

Years:months of follow-up

Mean (SD) 7:4 (2:10)

Median (IQR) 6:11 (5:0–9:2)

Ambulatory status at last visit, n (%)

Ambulatory 133 (45)

Non-ambulatory 160 (55)

Age at corticosteroid initiation, years:months

Mean (SD) 5:6 (1:0)

Median (IQR) 5:5 (4:10–6:1)

Corticosteroid regimen before LOA, n (%/293)

Corticosteroid-naive 7 (2)

Corticosteroid-treated

Daily 101 (34)

Intermittent 52 (18)

n/a 24 (8)

Switcher 109 (38)

Predominantly daily 59/109

Predominantly intermittent 31/109

50/50 14/109

n/a 5/109

Corticosteroid-switcher before LOA, n (%/109) 109

Switch corticosteroid type 29 (28)

Switch corticosteroid regimen 58 (55)

Switch corticosteroid type and regimen 19 (19)

Stopped 3 (3)

Corticosteroid mean annual dose pro-kilo before LOA, mean % of 
desired (SD)a

Daily regimen 74 (14)

Intermittent regimen 41 (4)

Switcher

Predominantly daily 71 (12)

Predominantly intermittent 51 (8)

Age at baseline, years:months

Mean (SD) 6:10 (0:6)

Median (IQR) NSAA total score at baseline

Corticosteroid-naiveb (n=30) 24 (19–30)

Corticosteroid-treated (n=263) 27 (22–31)

Median (IQR) time to rise at baseline, s

Corticosteroid-naiveb (n=30) 5.1 (4.1–7.4; range 
1.8–17.3)

Patients (n=293)

Corticosteroid-treated (n=250) 4 (3.2–5.5; range 
1.2–22)

aThe mean annual corticosteroid dose pro-kilo was calculated from the time 
of corticosteroid initiation to the age at loss of ambulation (LOA) or to the age 
of 11 years if patients were still ambulant. Considering 0.75mg/kg and 0.9mg/
kg 365 days a year as the optimal dose (100%), we calculated the percentage 
of desired annual dose per year and subsequently the average percentage 
of desired annual corticosteroid dose before LOA, such that if 0.75mg/kg 
prednisolone intermittent regimen were used this would be equal to 50% of 
optimal dose.
bCorticosteroid-naive at baseline. n/a, data not available.

T A B L E  1   (Continued)
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F I G U R E  1   (a) Frequency of North Star Ambulatory Assessment (NSAA) scores at baseline. (b) Correlation between NSAA and timed rise from floor 
(TRF) at baseline. (c) Correlation between corticosteroid dose/regimen and NSAA score at baseline
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Multivariable analysis

We considered the simultaneous effects of baseline factors 
(NSAA, TRF, and corticosteroid regimen) on LOA to assess 

whether these were still independently associated with out-
come or whether effects were attenuated after adjustment (Table 
S1). Overall, corticosteroid regimen and TRF were the most 
important factors (p=0.011 and p=0.007 respectively), with 

F I G U R E  2   Kaplan–Meier curves showing time to loss of ambulation (LOA) according to (a) North Star Ambulatory Assessment (NSAA) group and 
(b) timed rise from floor (TRF)

T A B L E  2   Genotype, baseline North Star Ambulatory Assessment (NSAA) score, and age at loss of ambulation (LOA)

Factor n (%)
Median NSAA baseline 
(IQR)

Median TRF 
baseline, s (IQR)

Median age at LOA, 
years:months (IQR)

DMD genotype Exon 44 skipping amenable deletion 22 (7) 30 (27–31) range 16–34 3.5 (2.9–4.1) 12:10 (11:1–13:10)

Exon 45 skipping amenable deletion 26 (9) 25 (19–30) range 9–34 3.8 (3.2–5.5) 11:1 (10:0–15:7)

Exon 51 skipping amenable deletion 41 (14) 27 (22–31) range 13–34 4.1 (3.1–5.7) 11:1 (9:4–12:7)

Exon 53 skipping amenable deletion 24 (8) 25 (21–30) range 8–33 4.6 (3.3–5.6) 12:5 (9:11–14:10)

Exon 55 skipping amenable deletions 14 (5) 28 (25–31) range 19–34 4.5 (2.5–6.3) –

Exon 50 skipping amenable deletions 10 (3) 25 (23–28) range 21–33 3.9 (3.4–4.9) –

Other out-of-frame deletion 61 (21) 27 (24–30) range 11–34 4.2 (3.5–5.6) 11:6 (10:2–13:11)

Other out-of-frame duplication 27 (9) 28 (22–33) range 15–34 4.0 (3.1–4.6) 12:11 (11:7–15:11)

Nonsense mutations 48 (16) 27 (21–31) range 10–34 4.7 (3.2–5.8) 10:8 (9:11–14:5)

Other frameshifting or unknown mutation 30 (10) 26 (22–30) range 10–33 4.9 (3.4–5.9) 11:4 (10:1–14:8)

Note: Patients amenable to skipping of multiple exons (such as skip exons 50 and 52) were included in both groups (see Figure S1). TRF, timed rise from floor.
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intermittent regimen and TRF longer than 5  seconds associ-
ated with earlier LOA. NSAA group 32 to 34 at baseline was also 
important (p=0.06), being associated with delayed LOA. After 
adjusting for steroids and NSAA score we found that, on aver-
age, male children with a longer TRF (>5s) had an increased 
hazard ratio of 1.96 in losing ambulation, meaning a 96% higher 
risk compared with those having a rise time between 3.6 and 
5 seconds. Conversely, those with shorter baseline rise times of 
less than 3.5 seconds had an 18% lower risk of losing ambulation 
than those with rise times 3.6 to 5 seconds over a similar period.

Using the middle group (NSAA scores between 26 and 28 
units) as reference, male children with a lower NSAA score 
comprising between 22 and 25 units had a 26% increased 
risk of losing ambulation. Furthermore, young males with 
an even lower NSAA score of less than 22 units at baseline 
had a 53% greater risk of losing ambulation over a similar 
period. For patients in the higher NSAA score categories at 
baseline there was a risk reduction in losing ambulation of 
30% for those with scores between 29 to 31 and 48% for those 
with scores greater than 31, compared with those scoring 
NSAA 26 to 28.

Patients on daily regime at baseline had a 41% reduction 
in the risk of losing ambulation compared with those on 
intermittent regime, after adjusting for motor function out-
comes (p=0.01).

DISCUSSION

DMD may be considered a rather homogeneous disorder with 
reference to the lifespan of a typical individual. However, if 
we ‘change lens’ to focus on different developmental stages, 
an important phenotypic variability is revealed. Although a 
few studies have tried to identify predictive factors of motor 
deterioration25,26 and to establish the risk of functional 
losses over a 24-month period,5,11,27 we still have limited 
knowledge about what will determine individual long-term 
outcomes, particularly when patients are assessed before de-
cline of their motor abilities. Therefore, we aimed to explore 
whether selected factors recorded at an early stage of the dis-
ease affect age at LOA. Importantly, we intended to generate 
results that could be easily transferred to clinical practice.

Given the heterogeneity of the 6-minute walk test before 7 
years of age,19 we focused on the total NSAA total score and 
TRF, which are two of the most commonly used outcome 
measures in clinical practice.5 Male children with DMD 
achieve their highest NSAA score at a mean (SD) age of 6 
years 10 months (8 months);20 thus we established the prag-
matic window of 6 years to 7 years 6 months as baseline. At 
this time point, we found a clear correlation between NSAA 
and TRF (r=−0.64). We demonstrated for the first time that 
the best motor performance recorded in this age range (both 
in terms of NSAA score and TRF) is associated with age 
at LOA. Other studies have provided evidence that several 
functional measures can serve as predictors of motor deteri-
oration; for instance, young males with a 6-minute walk test 
less than 350 metres or TRF values of 5  seconds or longer 

are likely to experience a decline in function, and those with 
TRF values of at least 10 seconds are at risk of losing ambula-
tion during the following 24 months.11,14 Another important 
lesson provided by other research groups is that the addition 
of timed tests to conventional functional scales may improve 
prediction of short-term trajectories.28 Nevertheless, most of 
these studies included older individuals who were closer to 
achieving major disease milestones such as LOA, with un-
surprisingly higher TRF values or lower NSAA/6-minute 
walk test scores. Here we suggest that, in contrast to the 
6-minute walk test, both NSAA and TRF may also be con-
sidered as early predictors of age at LOA. This observation 
is in keeping with previous findings showing that the lower 
the peak NSAA score a patient with DMD achieved (and the 
younger the age at which this peak was reached), the earlier 
their ambulatory capability started declining.6 Moreover, in 
the same study, those patients who achieved an NSAA score 
of no more than 5 beyond the age of 15 years had higher 
baseline NSAA values than individuals having earlier loss 
of ambulatory function. It should be noted, though, that 
the better-performing group was older (mean baseline age 8 
years 4 months vs overall 7 years 1 month), potentially intro-
ducing an interpretation bias, but also suggesting that pres-
ervation of motor function later into the first decade could 
be a strong additional prognostic factor for LOA.

When considering functional measures alone, we ob-
served a hazard increase of 10% of losing ambulation over the 
same time for every second increase in the recorded baseline 
TRF. Those individuals with a peak raw NSAA score greater 
than 31 had 0.82 and an approximate probability of 0.6 of 
being ambulant after the age of 11 and 13 years respectively. 
This means that male patients with peak NSAA scores of 32, 
33, and 34 may have close to double the chances of being 
ambulant at the age of 13 years compared with those having 
a peak NSAA score of 26, 27, or 28 (i.e. patients belonging to 
the ‘middle’ group).

Subsequently, we performed a multivariable analysis to 
assess whether these measures, together with corticosteroid 
regimen at baseline, were still independently associated with 
outcome. The effect of all three factors remained significant. 
For example, those individuals scoring lowest (<22) or high-
est (>31) NSAA values had an increase/decrease of approxi-
mately 50% in the risk of losing ambulation compared with 
the intermediate group (26–28), regardless of baseline TRF 
and corticosteroid regimen. These data allow us to provide 
a rational and quantitative framework to the general notion 
that patients with milder symptoms are likely to walk for 
longer. However, they also suggest that a non-negligible pro-
portion of patients (~40%) may lose ambulation before the 
age of 13 years despite presenting with very good baseline 
motor abilities, adding to the difficulty of giving a prognosis 
to younger patients. This seemingly contrasting result could 
be explained by the complexity of the pathogenesis underly-
ing DMD, with different mechanisms each associated with 
potential for modifiers (including muscle damage, inflam-
mation, and regeneration failure), and theoretically playing 
different roles in specific stages of the disease.29
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This work is a first step in assessing potential early clinical 
predictors for LOA. Although TRF seemed more informa-
tive than NSAA in multivariable analysis, the combination 
of the two to form an inclusive predictive model was beyond 
the scope of this study. Moreover, the caveat is that in such a 
rare (and heterogeneous) disorder it is extremely difficult to 
create a reliable predictive model.

Several other factors could contribute to modify the nat-
ural history of DMD, particularly corticosteroid treatment 
and genotype. While solid evidence has been provided about 
the beneficial effects of corticosteroid-treatment (vs naive),8 
we have limited knowledge about the differences given by 
different corticosteroid types/regimens owing to potential 
biases introduced in real-world practice. As an example, 
the earlier initiation of steroids has been variably associated 
with a higher rate of improvement at younger than 7 years of 
age,5 but also with worse outcomes, probably reflecting the 
real-life scenario in which patients with more severe forms 
of the disorder are offered steroids earlier than later present-
ers.6 We confirmed here that the use of daily versus intermit-
tent regimen at baseline was associated with a lower risk of 
LOA, although this advantage had a smaller magnitude than 
previously reported.7 Interestingly, we also observed that a 
good proportion of patients were on a corticosteroid dose 
that was more than 20% less than the optimal dose pro-kilo 
indicated for deflazacort and prednisolone (around 30%). 
The clinical significance of this is unclear30 but researchers 
should consider this pitfall which is rarely depicted in other 
observational studies.18,31

Lastly, while we added to the evidence that patients har-
bouring a pathogenic variant amenable to the skipping of 
exon 44 show a milder phenotype,5,9,13 we did not find solid 
evidence linking variants amenable to other exon skipping 
to worse/better outcomes (Fig. S2b). This is in keeping with 
existing conflicting data,6,9,13,32 confirming that, with the 
exception of a few genotypes in which residual dystrophin 
expression can be observed, dystrophin mutations are not 
the primary driver of disease progression in patients with 
DMD.

This study has several limitations. First, the NSAA data-
base describes real-world practice well but has some missing 
data. Given the inability to precisely define the NSAA peak 
(approximately half of our patients lacked an NSAA score 
<6 years), we needed to define a pragmatic age boundary as 
baseline. By considering the highest score in a time window 
shorter than 18 months, we tried to minimize potential bi-
ases introduced by poor child compliance at the time of the 
assessment. In multivariable analysis, we considered corti-
costeroid regimen at baseline, but close to 40% of patients 
later switched steroid type and/or regimen. Lastly, all pa-
tients included in the study were subject to the standards of 
care of a single country (UK). While on one hand we expect 
a significant ethnic heterogenicity, this cohort might not be 
representative of other DMD populations.

In conclusion, both NSAA and TRF recorded at the age of 
expected peak are significant determinants of age at LOA in 
male children with DMD, the latter being more important 

even when recorded early in the disease course. This work 
highlights the multiple variables that can affect the design of 
clinical trials and the importance of including baseline mea-
sures in future retrospective studies whose main endpoint is 
LOA. Finally, we provide useful information that will help 
clinicians to counsel families in a clinical setting, particu-
larly when discussing prognosis.
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