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Abstract.
Background: As new gene-related treatment options for Duchenne muscular dystrophy (DMD) are being developed, precise
information about the patients’ genetic diagnosis and knowledge about the diversities of natural history in DMD is vital.
Objective: To obtain detailed insight into the genetic and clinical characteristics of paediatric DMD in Norway.
Methods: 94 boys with DMD, aged 0–18 years, were identified over a period of 3.5 years, yielding a national prevalence of
13.5 × 10–5 boys. 73 boys (78%) were recruited to full genetic and clinical or limited (genetic only) evaluation.
Results: Molecular analysis disclosed 64% deletions, 18% duplications and 18% point mutations. The mean age of diagnosis
was 3.9 ± 2.0 years. 78% were treated with glucocorticoids from age 5.8 ± 1.5 years. 23 boys (35%) had lost ambulation at
an age of 10.7 ± 2.0 years. 17% were treated for left ventricular dysfunction from age 12.1 ± 3.0 years and 12% had received
night-time non-invasive positive pressure ventilation from age 13.0 ± 2.5 years.
Conclusions: The distribution of mutation types and sites was similar to previous studies but with more duplications and fewer
point mutations. Any genotype-phenotype correlations were not uncovered. The boys were diagnosed early but there is still
diagnostic delay among boys presenting with late motor development. Glucocorticoid treatment was widespread, especially
among the younger boys. The clinical results of this comprehensive nationwide study highlight the large variability of disease
progression in DMD.

Keywords: Duchenne muscular dystrophy, genotype-phenotype correlation, glucocorticoid, ambulation, cardiopulmonary,
disease progression

INTRODUCTION

Duchenne muscular dystrophy (DMD) is a severe,
hereditary and progressive neuromuscular disorder,
which almost exclusively affects boys. Although it is
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a rare disease, DMD is the most common muscular
dystrophy in children, affecting 1:3500–1:6000 live
male births [1, 2]. The disease presents in childhood
and is caused by a mutation in the DMD gene, located
on chromosome Xp21 [3]. To date, more than 5400
unique public DNA variants have been recorded in the
Leiden Open Variation Database [4, 5]. The mutation
leads to a deficient production of dystrophin, a struc-
tural protein which contributes to the stabilisation of
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the sarcolemma during muscle contraction or stretch
[6]. As a general rule, any mutation that disrupts the
reading frame for the translation of mRNA into dys-
trophin or introduces a premature stop codon, appears
to cause a near total absence of functional dystrophin
and the severe DMD phenotype, while a mutation that
preserves the reading frame will typically give rise
to the milder phenotype Becker muscular dystrophy
(BMD) [4].

A definite link between the type, site or size of
a mutation on the very large DMD gene and mus-
cle function phenotype has been difficult to establish
[7, 8], although a favourable clinical profile of single
deletion of exon 45 compared to other single exon
deletions is established [9–11]. A possible link has
been found between the effect of the mutation on the
production of central nervous system dystrophin iso-
forms and cognitive and neuropsychiatric difficulties
[12, 13].

Comprehensive national and global genetic
databases and patient registries have been established
over the past 15 years [4, 14, 15]. Knowledge about
the specific mutations of the DMD population is vital
for the identification of patients eligible for new treat-
ment options. Observational studies of phenotypic
variations in disease progression are however also
necessary in order to evaluate both standards of care
and the results of clinical trials.

In Norway, the multidisciplinary care of children
with chronic disease is based on services from 17
local hospitals throughout the country and 4 regional
centres linked to the University Hospitals in Oslo,
Bergen, Trondheim and Tromso. Because of the sys-
tematic and comprehensive manner of healthcare
delivery in Norway, with a population of approxi-
mately 5 million, it is possible to conduct good quality
and nationwide epidemiological research.

However, a coherent and complete overview of the
DMD population in Norway has been lacking.

The aim of the present article is to describe
the incidence, molecular diagnosis, treatment and
ambulatory and cardiopulmonary function of the Nor-
wegian paediatric DMD population, and to evaluate
possible genotype/phenotype correlations.

MATERIALS AND METHODS

Recruitment

All local and regional treatment centres in Nor-
way were requested to identify the number and age
of their DMD patients under the age of 18. Based

on consent from a legal guardian, or from the patient
himself if older than 16 years and consent competent,
obtained via their local paediatric neurologist; candi-
dates received an information pack including consent
form from the study group. Inclusion required the
return of written consent.

The study was approved by the Regional Ethics
Committee and the Privacy ombudsman of Oslo
University Hospital, and registered with ClinicalTri-
als.gov, number NCT01963897.

Enrolment opened on 01.07.2013 and closed on
31.12.2016. During this period, 94 cases of DMD
under the age of 18 years were identified. Prior to
analyses, DMD cases were defined by both 1) muta-
tion of the DMD gene and/or dystrophin deficiency
consistent with DMD found on muscle biopsy, and 2)
DMD phenotype; i.e. non-ambulant after 13 years in
steroid-naı̈ve cases or after 16 years in steroid treated
cases.

Where the phenotypic severity of younger partic-
ipants could not be conclusively determined, boys
were included if all of the following criteria were
met: a) their mutation was out-of-frame; and/or there
was evidence of dystrophin deficiency consistent
with DMD on muscle biopsy; and b) suspicion of
DMD was raised before the age of 3 years based on
delayed motor development, abnormal gait, elevated
transaminases, speech delay or a family history of
DMD; or they were diagnosed before the age of 5
years; and c) Creatine kinase (CK) levels were above
9 000 U/L.

65 boys (69%) agreed to participate in the study. 63
(95%) of these boys and their parents or guardians met
with the investigator on one, two or three occasions
over a period of three years.

In addition, with the patients or, when needed, the
caregivers consent, information about DMD muta-
tions, year of birth and county of residence was
collected from an additional 8 cases (8.5%), leaving
us with genetic and basic demographic information
on 73 boys, or 78% of the total paediatric DMD pop-
ulation in Norway.

Data collection and analysis

Participants were subjected to physical examina-
tion and extensive laboratory and selected radiologic
evaluations as listed in the appendix. The examina-
tions took place at Oslo University Hospital, or at
the boys’ local rehabilitation unit in conjunction with
routine appointments, in cases where this was more
convenient for the boys and their caregivers.
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Cardiopulmonary assessments were performed by
specialist paediatricians at the participants’ local or
regional centres as part of their routine follow-up.
Assessments included electrocardiograms (ECG),
echocardiograms, spirometry tests and overnight
sleep polygraphy.

Medical records were collected from all partici-
pants’ local or regional care centres. In two cases,
information was based on their medical records alone.

Laboratory samples were, most often, collected
and analysed at Oslo University Hospital. In cases
where the boys were examined at their local rehabili-
tation unit, blood samples were collected locally and
sent to Oslo University Hospital for analyses.

Molecular diagnoses were established by multi-
plex ligation-dependent probe amplification (MLPA)
(n = 46), multiplex PCR (n = 4), Chamberlain and
Begg test (n = 1) or sequencing (n = 22). We used
the Humgen DMD exonic deletions/duplications
reading-frame checker 1.9 [16] to analyse the pre-
dicted effect on the reading-frame of deletions and
duplications. All sequence variants found in our study
population were submitted to the ClinVar database
[14], and exonic deletions and duplications to Leiden
Muscular dystrophy pages [4].

Data collection and clinical examinations were
performed by the first author (EA). A research
assistant exchanged the participants’ personal data
for consecutive case numbers. Data were anal-
ysed using the IBM SPSS Version 23 software.
Demographic data and clinical characteristics were
subjected to descriptive and between groups analy-
ses of variance (ANOVA). When our data met the
required assumptions of normal distribution and suf-
ficient sample size, Pearson correlation or a one-way
between groups ANOVA and post-hoc comparisons
by Turkey HSD tests were performed. Otherwise,
non-parametric methods were used; Spearman’s
Rank Order Correlation, Mann-Whitney U test,
Kruskal-Wallis test or Fisher’s exact test for statistical
significance.

RESULTS

Prevalence & incidence

At the start of the study, there were 77 known cases
of DMD under the age of 18 years in Norway. At the
end of our study, 17 new cases had been identified,
and 15 boys had become adults.

Based on population data from Statistics Norway
[17], the prevalence of DMD in Norway at the start

and finish of the study was 0.013% and 0.014%
respectively, or 13.5 × 10–5 (95% CI: 10.6–16.4), or
one in 7418 boys under the age of 18 years. The mean
annual incidence rate among boys born in Norway
in the period 2000–2009 was 19.7 × 10–5 (95% CI:
15.1–24.9), or one in 4967 live male births, or 6 new
cases per year.

Non-participants

We have limited information about the 21 boys
(22% of the DMD population) who declined par-
ticipation in our study. Information about their
phenotype, clinical status or steroid use is lacking.

There was a statistically significant difference in
age at invitation between full participants (n = 65),
limited participants (n = 8) and non-participants
(n = 21). The age at invitation for non-participants
(12.3 ± 5.1 years) was significantly higher than the
age of both full participants (9.3 ± 3.9 years) and
limited participants (7.4 ± 4.4 years).

Demographics

DMD boys were identified in 18 of 19 Norwegian
counties. Participants represented all ages between 2
and 18 years, with a mean age of 11.0 ± 4.0 years.

Five pairs of siblings and two first cousins were
enrolled in our study. In addition, two of the 65 par-
ticipants had a non-participating brother with DMD,
while three boys knew about other non-recruited
cases of DMD in their biological family.

Molecular characteristics

The genetic foundation for the diagnosis was estab-
lished for all participants; 73 boys from 67 individual
families. In order to avoid a skewed presentation
of genotype variations, only one proband from each
family was included in genotype analyses. However,
all 73 cases were included in genotype-phenotype
analyses, as there were signs of phenotypical vari-
ability even among brothers with identical mutations.
Types, sites and sizes of mutations are illustrated in
Fig. 1. The relative percentages of mutation types are
illustrated in Fig. 2.

Exonic deletions
Deletion was the most frequent mutation in our

population. We found 32 different deletions in 43
families (64%), 27 of which (84%) affected the read-
ing frame. Each of seven deletions, all affecting exon
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Fig. 1. Graphic overview of the type and site of mutations in 67 Norwegian paediatric DMD families. Mutations affecting exons 1 through
79 of the DMD gene. Schematic locations of the actin-binding, central rod, cysteine-rich and C-terminal domains are marked (top) [4].
Duplications (red), frameshift deletions (blue), in-frame deletions (light blue), other deletions (dark blue), nonsense mutations(green), splice
site mutations (purple) and frameshift indels (orange) are marked for each family. Mutation hotspots are marked as yellow circles.

Fig. 2. Relative percentage of mutation types in the Norwegian
paediatric DMD population. Colours of mutation types correspond
to Fig. 1. Total percentage of frameshift, in-frame and other dele-
tions is 64%.

46–55 in various combinations, recurred in two fam-
ilies. Single deletion of exon 45 and deletion of exon
45–50 were both found in three individual families.

Three of 32 deletions (9%) were in-frame, affect-
ing exon 3–13, 3–20 and 10–13 respectively. All
three boys had a CK above 16 000 U/L at diag-
nosis and motor developmental delay noted before

3 years of age. Two lost ambulation at 8.0 and 9.5
years respectively, while one boy, with inconclusive
biopsy findings, was treated with Prednisolone and
was ambulant at 10 years.

In two cases (6%), the effect on the reading-frame
could not be predicted, affecting Dp427c – exon 9,
including the Dp427 m muscle promoter, and exon
60–79 respectively, due to deletion of the natural
start- and stopcodon and regulatory elements. Both
boys follow the typical clinical course of DMD.

Deletions were found throughout the DMD gene,
but with a non-random distribution clustered around
exons 3–18 (14%) and 44–55 (44%). Deletions in the
proximal cluster tended to be larger and more dis-
persed than deletions in the distal cluster. The overall
size of deletions ranged from one to 32 exons.

Exonic duplications
Eleven unique duplications were found in

12 families (18%). The Humgen DMD exonic
deletions/duplications reading-frame checker [16]
predicted that 10 (91%) were frameshift mutations,
whereas the effect on the reading frame could not
predicted in one mutation affecting Dp427c – exon
2. The two boys in this family displayed typical DMD
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Table 1
Reasons for diagnostic referral leading to the diagnosis of DMD in the Norwegian

paediatric DMD population

Reasons for diagnostic N (%) Mean age at Min Max
referral diagnosis (years (SD))

Delayed motor development 35 (53.8) 4.3 (1.9) 0.6 8.6
Abnormal gait 11 (16.9) 4.5 (1.6) 2.6 7.0
Family history 8 (12.3) 2.8 (3.2) 0.0 10.0
Elevated transaminases 6 (9.2) 3.8 (1.7) 2.1 6.2
High CK 4 (6.2) 2.8 (1.3) 1.5 4.4
Speech delay 1 (1.5) 3.1
Total 65 (100)

Age presented in years.

phenotypes, and lost ambulation at 12 and 14 years
respectively, despite glucocorticoid treatment. As a
rule, it may be difficult to predict the effect of dupli-
cations on the reading frame, as the exact position of
the insert is not known and the consequence on the
reading frame is thus not certain [8].

Duplications ranged from one to 32 exons, and
were found in exons 1–62. The distribution of dupli-
cations along the gene was more dispersed than the
deletions, although slightly more commonly affect-
ing exon 2–17.

Point mutations
We found 6 different nonsense mutations, intro-

ducing premature stopcodons, in 7 families (10%), 4
splice site mutations (6%) and one frameshift indel
(2%). Point mutations were dispersed throughout
exon 3–67, but not in the C-terminal domain. A
nonsense mutation of exon 36 was found in two indi-
vidual families. There were no other recurrent point
mutations.

The diagnostic process

Age at diagnosis
The mean age of diagnosis was 3.9 ± 2.0 years;

while 72% had their diagnosis established by the
time they reached 5 years. There was no correlation
between birth year and age of diagnosis.

Eighteen boys (28%) were diagnosed after the age
of 5 years. Sixteen of them presented with delayed
motor development or gait disorder and two with
elevated transaminases. Genetic analysis of these 18
cases revealed 10 (56%) frameshift deletions, 2 (11%)
frameshift duplications, 5 (28%) nonsense mutations
and 1 (5%) in-frame deletion.

The age at diagnosis varied across mutation types,
where boys with nonsense mutations were diagnosed
late, at a mean age of 5.1 ± 2.9 years while dupli-

cations and deletions were found at 3.5 ± 2.1 and
3.9 ± 1.8 years, respectively. However, the numbers
are small and the differences in age at diagnosis for
mutations type were not significant.

Delayed motor development was the most com-
mon reason for diagnostic referral. The reasons for
diagnostic referral and the mean age of diagnosis for
each reason are summarized in Table 1.

Muscle biopsy
A muscle biopsy was performed as part of the

diagnostic process in 32 of 65 cases (49%) in the
period from year 2000 to 2016. The procedure was
more commonly performed in cases of point muta-
tions; 75% of nonsense and splice site mutations. In
patients with exonic deletion or duplication, a muscle
biopsy had been performed in 46% and 38% of cases
respectively.

Between year 2000 and 2010, a muscle biopsy was
performed in 26 of 39 cases (67%). During this ear-
lier period, a muscle biopsy was deemed not possible
or not expedient for other reasons in six cases (15%),
while the procedure was considered unnecessary due
to a positive family history in seven cases (18%). In
the period from 2011 to 2016, following the publi-
cation of international consensus guidelines [18], the
number of muscle biopsies was reduced to 6 of 26
cases (23%).

Glucocorticoid (GC) treatment

Treatment with glucocorticoids (GCs) became
gradually more common in DMD in Norway from
year 2000, as convincing data on prolonged ambula-
tion and reduction in the incidence of scoliosis with
GCs emerged [19, 20]. 51/65 boys (78%) in our study
population were, or had previously been, treated with
GCs. The mean age of initiating treatment was 5.8
years (SD ± 1.5).
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The Norwegian DMD patients are, as a general
rule, on daily GC regimens. In accordance with con-
sensus guidelines, recommended starting doses are
0.75 mg/kg/d for prednisolone and 0.9 mg/kg/d for
deflazacort [21]. The mean actual prescribed doses
in our study population were 0.49 ± 0.13 mg/kg/d of
prednisolone or 0.49 ± 0.20 mg/kg/d of deflazacort.
The younger boys received higher doses per kg body-
weight than the older participants. The majority of
treated cases were first prescribed Prednisolone, the
first drug of choice by the Norwegian medicinal reg-
ulatory authorities. At the time of our final inquiry,
19/65 boys (29%) were prescribed Prednisolone,
while 26/65 (40%) had switched to deflazacort. Thus,
the boys in the deflazacort group were older (mean
age 12.0 ± 2.9 years) than the Prednisolone group
(mean age 9.8 ± 3.1 years). Reports of a possible
favourable side-effect profile of deflazacort regard-
ing reduced weight gain [22], was the given reason
for the switch in all cases. We do not have sufficient
cases or individual data to report an effect of a switch
from Prednisolone to deflazacort on weight in our
population.

Six boys (9%), with a mean age of 15.9 ± 2.9
years, had stopped GC treatment due to unacceptable
side effects, namely excessive weight-gain, puber-
tal delay, cataracts and/or psychiatric difficulties
(behavioural changes and psychotic episodes). All six
boys were initially treated with Prednisolone. Four
were prescribed deflazacort before treatment cessa-
tion.

Fourteen boys (22%) had never received GC treat-
ment. Six of these boys were less than 4 years old
and considered to be too young for treatment. One
eight-year-old had only recently been diagnosed. The
parents of seven boys, with a mean age of 13.3 ± 3.9
years, had declined treatment due to concerns about
long-term side effects.

Ambulatory development

Age at time of independent ambulation
The mean age at time of independent ambulation

was 18 ± 6 months. Eight boys (13%) did not walk
independently until the age of two years or more.
Frameshift deletions affecting one or more exons in
the 46–79 range were found in seven of these boys,
while one had a duplication of exon 10–11.

Loss of ambulation (LoA)
Twenty-three boys (35.4%) had lost ambulation by

the time of their final study visit. The mean age at loss

Table 2
Glucocorticoid (GC) regimen at the time of Loss of ambulation

(LoA)

GC n % of total Mean age at LoA Min Max
treatment (years) ± SD

No 7 30.4 9.9 ± 1.2 8.0 11.9
Yes 16 69.6 11.1 ± 2.1 7.9 14.8
Total 23 100.0

SD: Standard deviation.

of ambulation (LoA) for these boys was 10.7 ± 2.0
years. There was an apparent difference in groups,
where the GC treated boys lost ambulation 1.7 years
later than the non-GC group, and with much wider
variance, as illustrated in Table 2. However, the dif-
ference was not significant.

There was an apparent difference in age of loss of
ambulation across mutation types, where boys with
deletions were at a mean age of 10.1 ± 1.8 years
at LoA, vs 11.4 ± 2.0 years in point mutations and
11.3 ± 2.6 years in the duplication group. However,
the difference did not reach statistical significance in
our study population.

There was no significant correlation between the
ages of loss of ambulation and independent ambula-
tion or age at diagnosis.

Cardiopulmonary function

Pulmonary function
Twelve of 65 boys (19%) had access to a coughing

device, but only seven (11%) used their device regu-
larly. Commonly, the non-compliers had not felt the
need for the device.

Night-time hypoventilation or obstructive sleep
apnoea was diagnosed in eight boys (12%), the
youngest of whom was 12.3 years at the time of study
examination. All eight boys had been prescribed
night-time non-invasive positive pressure ventilation
(NIPPV) at a mean age of 13.0 ± 2.5 years. Only 50%
of the boys used their respiratory support on a reg-
ular basis. The non-compliers commonly explained
their resistance with difficulties in mentally accepting
the device or physical discomfort related to ill-fitting
masks.

Due to insufficient power, any significant corre-
lation between time of initiation of NIPPV and GC
treatment or time of LoA could not be determined.
We did not identify any specific site or type of muta-
tion more prevalent in boys treated for night-time
ventilatory insufficiency.
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Cardiac function

Eleven (17%) boys were treated for left ventricle
systolic dysfunction by their paediatric cardiologist.
Ventricular dysfunction was defined by a reduced
ejaculation fraction (EF) on echocardiogram. No
cardiac rhythm abnormalities were noted in our pop-
ulation.

ACE-inhibitors were the first drug of choice in all
but one of these 11 boys, initiated at a mean age of
12.1 ± 3.0 years. �-blockers had been added in four
cases and aldosterone antagonists in two.

Of the 11 boys receiving cardio protective
treatment, nine were treated with GCs. Possible cor-
relations between the ages of initiation of cardio
protective treatment and initiation of steroid treat-
ment or current steroid treatment, or between the age
of initiation of cardio protective treatment and muta-
tion type, could not be established due to insufficient
power.

Additionally, four boys (6%) were treated for
hypertension, defined as systemic blood pressure >90
perc for age and height [23]. All four were being
treated with deflazacort, and all four were prescribed
ACE-inhibitors for their hypertension at a median
age of 11.1 years (IQR 10.6, 13.3). As the numbers
were small, any increased incidence of hypertension
in patients treated with deflazacort compared to pred-
nisolone could not be examined.

DISCUSSION

The prevalence of DMD under the age of 18
in Norway at the time of our study is comparable
to 16.8 × 10–5 (CI 11.4–23.8) boys under 16 years
found in Western Sweden [24], 12.76 × 10–5 (CI
8.26–18.84) under 20 years found in Estonia [25]
and the pooled totals of 12.6 × 10–5 (CI 9.04–17.5)
found in a meta-analysis by Mah et al. [26]. Our
estimate includes the 21 boys who declined partic-
ipation, and there may be misdiagnosed cases among
them. However, based on the high level of genetic
confirmation combined with a DMD phenotype in
the recruited sample, we believe that our estimate of
correctly diagnosed cases is fairly accurate. There
were no deaths recorded among the under 18 DMD
population during the study period.

The incidence of DMD in Norway corresponds to
21.5 × 10–5 (CI 12.5–34.5) in Western Sweden in
1979–1986 [24] and 18.8 × 10–5 (CI 12.4–25.2) in
Denmark in 1992–1996 [27]. We based our estimate
on male births from year 2000 to 2009. The youngest

boys in this birth cohort would be 8 years old in 2017,
and considering the natural history and severity of the
disease, combined with excellent cooperation from
all the 21 local and regional multidisciplinary care
centres in the country, we do not believe that there
are undiagnosed or misdiagnosed cases within the
birth cohort.

The relative frequencies of different DMD muta-
tions in our cohort are similar to those found in
previous studies [7, 8], but we noted slightly more
duplications and fewer point mutations in the Nor-
wegian cohort. In accordance with previous studies,
deletions are clustered in two “hot-spots”, with 44%
of all deletions located in the distal hot-spot and with
single exon 45 or exon 45–50 deletion being the most
frequent mutations [4, 7]. Also in accordance with
previous studies, deletions in the proximal hot-spot
are larger and more dispersed than in the distal cluster
[7, 28]. In our study material, no mutation is larger
than 32 exons. The number of in-frame deletions
corresponds with frequencies found in international
databases [15]. They are all located in the actin-
binding and central rod domains. Frequent exceptions
to the reading-frame rule in these domains are previ-
ously described [4].

We were unable to establish a significant correla-
tion between mutation site, size or type and clinical
milestones in our study. The anticipated relative pro-
tective effect of single exon 45 deletion [10, 11]
compared to other single exon mutations could not
be explored in our cohort, as all three boys with sin-
gle exon 45 deletions in our cohort were younger than
seven years old.

Interestingly, even brothers and first cousins, who
carried the same mutation and received the same
standards of care, varied in motor function and car-
diopulmonary disease. This illustrates the probable
role of genetic modifiers in DMD disease progression
[29].

Theoretically, antisense-mediated exon skipping
could be applicable to 83% of all DMD mutations,
with skipping of exon 51 (13.0%), exon 45 (8.1%),
exon 53 (7.7%) and exon 44 (6.2%) covering 35% of
the DMD population [30]. In our study, only 6 of 67
individual mutations (8.9%) were potentially amend-
able to skipping of exon 51, while skipping of exon 45
or 52 would theoretically apply to 5 mutations (7.5%)
each. Skipping of exon 44, 46 or 53 would potentially
apply to 4 mutations (6.0%) each.

Read-through treatment of nonsense mutations
(ataluren) is commercially available in Norway for
ambulant DMD patients over the age of 2 years,
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although not regularly reimbursed. In our study popu-
lation, 8/73 boys (11%) were found to have nonsense
mutations. Only one was ambulant at the time of our
study. Ataluren treatment had not yet been initiated
at that time.

Previous retrospective studies have reported a
mean age of diagnosis of 4.0–4.9 years [7, 31, 32].
The lower age at diagnosis found in our cohort may
reflect recent advances in genetic analysis as well as
raised clinical awareness. However, boys with inci-
dentally discovered elevated transaminases, high CK,
speech delay or a positive family history of DMD
were diagnosed early, while the mean age of diag-
nosis following delayed motor development or gait
disorder in our study population was 4.3 and 4.5 years
respectively. Reviewing the medical records of the
participants, there are indications of concern raised
by parents, community health centres or kindergarten
from an early age in many late-diagnosed cases. The
mean age of independent ambulation was 18 months.
Thus, many of the late-diagnosed cases could have
been diagnosed earlier if CK was analysed routinely
in boys with delayed motor development, i.e. not
walking independently at 18 months, as suggested
already 40 years ago [33].

Boys with nonsense mutations were diagnosed
with DMD 1.4 years later than deletions and duplica-
tions, although in most cases, the tentative diagnosis
of dystrophinopathy was established before the muta-
tion was found, based on clinical findings and muscle
biopsy. This reflects recent advances in the diagnos-
tic process. Until 2015, Norwegian laboratories did
not routinely perform DMD sequencing, and further
analyses following negative MLPA or multiplex PCR
had to be performed abroad. In most cases, a muscle
biopsy was required before further genetic analy-
ses could be performed, as reflected by the higher
frequencies of muscle biopsies performed on boys
with nonsense or splice site mutations in our study.
With improved genetic diagnostic technology, and
following the publication of international consen-
sus guidelines [18], a muscle biopsy is reserved for
atypical cases of unclear molecular diagnosis or phe-
notypic uncertainty, considerably reducing the use of
this procedure as a part of the diagnostic process of
DMD in Norway.

A significant delay of LoA with steroid treatment
has been found by larger studies [10, 34]. In our
cohort, the trend showed prolonged ambulation by 1.7
years in the GC treated group but the difference was
not significant, possibly due to insufficient power.
Similarly, a correlation between GC treatment and

the development of night-time hypoventilation or left
ventricular dysfunction have been reported elsewhere
[22, 34, 35] but was not revealed in our study.

Data on the development of hypoventilation and
left ventricular dysfunction in this study are based on
retrospective data from planned annual patient vis-
its at a number of different hospitals. The data are
extracted from medical records in order to counter the
effects of subjective retrospective memory in reports
from the participants or caregivers. Retrospective
records nevertheless carry the risk of containing erro-
neous data that may influence the results of statistical
analyses. The timing of events is extracted indirectly
based on time of initiation of treatment, rather than
directly based on onset of signs of disease. The
criteria for the diagnoses of hypoventilation or left
ventricular dysfunction were not uniformly defined
and may have varied between clinicians.

It is possible that the boys in the GC treated group,
who tended to be younger, were diagnosed with and
treated for cardiac and respiratory complications of
DMD relatively earlier than the non-GC group, in
accordance with international recommendations of a
more proactive attitude towards these issues in recent
years [36–39]. The non-participating group was sig-
nificantly older than the participants in our study.
Decline of participation among the older boys prob-
ably reflects the increasing disease burden with age
in DMD. Higher participation of older boys would
possibly have affected the power of the analyses, in
particular regarding LoA and cardiopulmonary dys-
function.

Norway is a small country, and Duchenne mus-
cular dystrophy is a rare disease. As a consequence,
data were often too limited to meet the requirements
of parametric statistical methods. Non-parametric
statistics are less sensitive and our findings may have
been hampered by insufficient sample sizes. These
limitations of a small national dataset illustrate the
value of international collaboration through federated
database systems that would allow research based
on collected national cohorts without compromising
national data protection regulations.

This study provides the first analysis of a
nationwide cohort of paediatric DMD in Norway.
Participation is high and the participants represent
all ages from 2–18 years and from all health regions
in Norway. The genetic analyses provide important
insight into the molecular basis of disease, in prepa-
ration for mutation specific research and treatment
options. The clinical results highlight the phenotypic
variability of DMD and constitute a valuable contri-
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bution to the existing international research that forms
the foundation of the understanding of natural history
of DMD.
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Appendix
Study variables in the paediatric Duchenne muscular dystrophy Norway study 2013–2016

Background information

Demographics County
Family history DMD
Family history delayed puberty (biological father)

Genotype Mutation type, site and size,
Laboratory and mode of investigation

Muscle biopsy Dystrophin activity
Phenotype Age at independent ambulation

Age at diagnosis
Age at GC treatment initiation
Age at initiation of night splints
Age at initiation of physiotherapy
Age at loss of ambulation

Annual history Annual investigations

Activities and participation Physical examination
Physiotherapy (frequency) Growth (height /weight /BMI, arm span if non-ambulant)
Pool therapy (frequency) Pubertal development (Tanner)
Assistance in kindergarten / school Testicular volume (orchidometer)
Assistance at home / care arrangements Blood pressure
Leisure activities (sports and other) Scoliosis (clinical evaluation)

Contractures
North Star Ambulatory Assessment if ambulatory and >5 years

of age
Vignos & Brooke motor function assessment

Physical adaptations and equipment Laboratory investigations
School physical environment adjustments Haemoglobin, white cell count, differential, thrombocytes,
Home physical environment adjustments Sodium, Potassium, Magnesium, Phosphate, free Calcium,
Wheel chairs, other seating, standing device CK, AST, ALT, ALP (total and bone specific)
Other equipment (for daily living and leisure) HbA1c, creatinine, urea, glucose
Ventilatory support (NIPPV / cough device) 1,25-(OH)2-vitamin D, 25-(OH)-vitamin D,

Osteocalcin, leptin, PTH, CTX, PINP
IGF-1, IGF-binding protein 3, growth hormone
Testosterone, FSH, LH, SHBG
Biobank 2 test vials

Natural functions Radiology
Sleep (insomnia, awakening, hypersomnia) Left hand and wrist (Greylich & Pyle skeletal age)
Nutrition, eating, chewing, swallowing (gastrostomy) Vertebra on clinical suspicion of fracture
Gastroesophageal reflux Spinal on clinical suspicion of scoliosis
Oral hygiene / dentistry Dual energy X-ray absorptiometry (DEXA scan)
Constipation or faecal incontinence
Urinary incontinence (day / night)
Cardiopulmonary function Quality of life and mental health
Spirometry status Parental occupation and economic support
Sleep polygraphy Siblings
Cardiologic assessments
Blood pressure assessments
Ophthalmologic assessments if GC treated

PedsQL Generic Norwegian translation (all participants and
caregivers if fluent in Norwegian language)

SDQ-Nor (participants 11–17 years, caregiver 4–16 years if
fluent in Norwegian language)

Medication
Prednisolone/deflazacort doses
Vitamin D / Calcium supplements
Cardio protective treatment
Other medication or supplements
Bone health
Radiologically confirmed neuromuscular scoliosis

Fractures (long bone / vertebra)
Orthopaedic surgery


