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Summary
Background Duchenne muscular dystrophy (DMD) is a disabling and life-threatening, X-linked recessive disorder
caused by mutations in dystrophin. Natural history studies can inform the disease characteristics of DMD, and
data from these studies can be used to plan and design clinical trials and as external controls for long-term
studies. We report 12-month results from the largest natural history study of individuals with DMD in China
receiving standard of care treatment.

Methods This ongoing, multicentre, prospective, single-cohort study (ClinicalTrials.gov: NCT03760029) was
conducted in Chinese male participants with DMD (ambulatory aged <6 years [Group 1; n = 99]; ambulatory aged
≥6 years [Group 2; n = 177], and non-ambulatory of any age [Group 3; n = 36]. The follow-up period is ≥24
months, with some participants followed for 30 months. The primary endpoint was time to clinical milestones
due to DMD disease progression, and motor, pulmonary, and cardiac function. Secondary endpoints were quality
of life (QoL) assessments.

Findings Mean (standard deviation [SD]) age at screening was 3.4 (1.2), 8.6 (2.0), 12.3 (2.7) and 7.4 (3.5) years in
Groups 1, 2, 3 and total respectively. Mean (SD) North Star Ambulatory Assessment (NSAA) total score at baseline
was 21.2 (5.8) in Group 1, 19.5 (8.3) in Group 2 and 20.0 (7.7) in ambulatory total. Overall, the time to clinical
milestones due to DMD disease progression was consistent with previous findings, in which loss of ambulation
occurred at 13 years. There was a trend towards a decline over 12 months in NSAA and timed motor function from
age 6 years, with the greatest reductions observed thereafter. There were no consistent trends in measures of QoL,
although participants of any age generally had poorer outcomes at Month 12 versus their domain scores at baseline.

Interpretation This study improves the understanding of DMD progression according to the current standards of care
in the Chinese DMD population and may inform selected endpoints and patient populations in clinical trials.
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Introduction
Duchenne muscular dystrophy (DMD) is a disabling
and life-threatening, X-linked recessive disorder caused
*Corresponding author. Neurology Department, Children’s Hospital of Fuda
E-mail address: xihual@vip.sina.com (X. Li).

www.thelancet.com Vol 42 January, 2024
by mutations in the DMD gene encoding dystrophin, a
protein that protects muscle from damage during
contraction.1,2 DMD is characterised by muscle
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Research in context

Evidence before this study
Duchenne muscular dystrophy (DMD) is a disabling and life-
threatening, X-linked recessive disorder caused by mutations
in dystrophin. Epidemiology data from large scale studies are
limited in the Chinese DMD population; however, studies have
shown that the incidence does not vary substantially by racial,
ethnic, or geographic origins. The overall natural history of
DMD has changed substantially over the past 20–30 years,
although studies have primarily focused on the progression of
lower extremity motor function of ambulation. This natural
history prospective study was conducted in the largest
population of individuals with DMD in China receiving
standard of care treatment, providing a holistic evaluation of
disease progression.

Added value of this study
This ongoing, multicentre, prospective, single cohort study in
312 participants with DMD demonstrates that the time to

clinical milestones due to DMD disease progression was
consistent with previous findings. There was a trend towards
a decline over 12 months in function assessments, including
North Star Ambulatory Assessment and timed motor
function from the age of 6 years, followed by greater
reductions. The findings were generally in line with disease
progression in DMD. Although there were no consistent
trends in measures of quality of life in this study, participants
of any age generally tended to have poorer outcomes at
Month 12 than their domain scores at baseline.

Implications of all the available evidence
All available evidence suggests an improved understanding of
DMD progression according to the current standards of care is
important in the Chinese DMD population and may inform
selected endpoints and patient populations in clinical trials.
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weakness and functional consequences affecting
ambulation and upper limb use, and resulting in pro-
gressive musculoskeletal deformities, impaired airway
clearance and ventilation, cardiomyopathy, and prema-
ture death.3

The disease course of DMD has changed substan-
tially over the past 30 years, with glucocorticoid (GC)
therapy delaying the loss of ambulation by approxi-
mately 3 years after diagnosis.4,5 Indeed, the course of
DMD can be influenced by the age at which GC therapy
is started, the GC regimen and mechanical
ventilation.6–10

Natural history studies in DMD are typically
conduced in patients receiving the current standard of
care and/or emergent care and generate real-world evi-
dence using data from disease registries.11 As DMD is a
heterogenous disease, there is a need for improved,
robust studies; as such, data from natural history studies
can inform the disease characteristics in order to plan
and design interventional clinical trials in DMD.4

Moreover, a report from a workshop on the meaning-
ful outcome measures in DMD highlighted that patients
and their caregivers supported the utilisation of data
from natural history studies, which could be used as
external controls for long-term studies, or to support
accelerated approvals of biomarker drugs based on post-
marketing trials that need to be carried out in other
countries.12 In addition, as there are currently 4 agents
under the accelerated (biomarker) approval pathway in
the US, post-marketing studies required to support
these approvals require post-marketing trials that need
to be conducted in countries, other than the US.

Epidemiology data from large scale studies in the
Chinese population are limited, and although data from
some Chinese individuals with DMD have been
published,13–16 the natural history of DMD in the Chi-
nese population remains poorly defined. Although
several recent studies have provided insight into the
natural history of DMD, these were primarily focused
on the progression of lower extremity motor function,
particularly on ambulation.17,18 Data showing the pro-
gression of upper extremity weakness or pulmonary
disease in DMD are limited.19,20

Herein we report 12-month results from the largest
prospective study to date of DMD in China and provide
a holistic evaluation of disease progression, including
motor function, pulmonary and cardiac function, and
quality of life (QoL) for those receiving standard of care
treatment.
Methods
Study design and participants
Study C3391004 is an ongoing, multicentre, prospective,
single-cohort study (ClinicalTrials.gov: NCT03760029)
designed to characterise the natural history of Chinese
male participants with DMD. The follow-up period is at
least 24 months, and some participants will be followed
for 30 months. The study is being conducted at six sites
(Chongqing, Fujian, Beijing, and Shanghai) in China,
and this manuscript reports data from an unplanned
interim analysis of the study. The Statistical Analysis
Plan was finalized before this unplanned analysis;
therefore, pre-specified analysis approaches were
available.

All potentially eligible individuals were invited to
participate. All questionnaires used were validated.
Eligible participants were Chinese males of any age with
a genetic diagnosis of DMD. Participants with any
injury that would impact functional testing, the
www.thelancet.com Vol 42 January, 2024
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presence or history of other musculoskeletal or neuro-
logic disease or somatic disorders not related to DMD,
those aged ≥4 years who had not completed the varicella
vaccination, and those involved in any clinical trial
involving an investigational drug within 90 days of study
entry were excluded.

Ethics
The study was conducted in accordance with the Inter-
national Ethical Guidelines for Biomedical Research
Involving Human Subjects (Council for International
Organisations of Medical Sciences 2002), International
Council for Harmonisation Guidelines for Good Clin-
ical Practice, and the Declaration of Helsinki. The pro-
tocol was approved by the relevant institutional review
board/independent ethics committee at each study site.
All participants (or parent/legal guardian) provided
written informed consent.

Primary endpoints
The primary endpoints included time to clinical mile-
stones due to DMD disease progression: age at failure to
walk, age at failure to stand, and age at failure to self-
feed. Data on loss of ability to walk, stand or self-feed
were collected retrospectively in participants who were
not able to perform these functions at baseline. Age at
failure to walk, stand or self-feed was defined as the age
at the date of failure to walk, stand or self-feed. Partic-
ipants who did not have data for failure to walk, stand or
self-feed were censored on the day of their last visit.
Primary endpoints also consisted of change from base-
line in function assessments, as listed below and out-
lined in Supplementary Table S1.

Function assessments
All functional assessments were conducted by trained
physiotherapists (or exercise physiologists) (CEs).
Training and confirmation that the functional assess-
ments were performed reliably were provided by a
vendor (master physiotherapist [MP]). Following the
completion of training and reliability testing, a certifi-
cate was provided, which was in place at each site prior
to conducting any functional assessments. In order to
ensure ongoing quality of the CEs abilities to perform
functional assessments, pre-specified visits were recor-
ded, and videos were reviewed by the MPs to provide
feedback to the CEs on the conduct of the method used
to perform the functional assessments.

Motor function assessments
North Star Ambulatory Assessment and performance of the
upper limb 2.0. Changes from baseline to Month 6 and
Month 12 in the North Star Ambulatory Assessment
(NSAA)21 total score (a 17-item test that grades func-
tional skills) were reported in ambulatory participants
aged ≥3 years.
www.thelancet.com Vol 42 January, 2024
Changes from baseline to Month 6 and Month 12 in
the performance of the upper limb [PUL] 2.0 total score (a
scale with assessment of shoulder, elbow, wrist, and hand
function) were reported in participants aged ≥10 years.

Strength assessments. Muscle strength was quantified
by means of a handheld myometry. Changes from
baseline to Month 6 and Month 12 in muscle strength
included knee extension, elbow flexion, elbow extension,
and shoulder abduction and were reported in partici-
pants aged ≥5 years.

Range of motion. Change from baseline to Month 6
and Month 12 in range of motion (ROM) included
bilateral ankles and elbows were reported in participants
of all ages.

Timed motor function. Changes from baseline to
Month 6 and Month 12 timed function tests from the
NSAA; rise from floor velocity (in ambulatory partici-
pants aged ≥3 years) and 10-m walk/run (10 m w/r)
velocity (in ambulatory participants aged ≥3 years). The
rise from floor velocity was defined as the reciprocal of
the time to rise from the floor. For participants with an
NSAA Equivalent Activity score of 0 on the NSAA item
of rise from floor, the velocity was set to 0. For partici-
pants with a missing score on the NSAA item of rise
from floor, the velocity was set to missing. The 10-m w/r
velocity was defined as 10 divided by the time to com-
plete the 10 m w/r test. For participants with an NSAA
Equivalent Activity score of 0 on the NSAA item of run
(10 m), the velocity was set to 0. For participants with a
missing score on the NSAA item of run (10 m), the
velocity was set to missing.

Pulmonary function assessments (aged ≥6 years)
Pulmonary function testing was performed in partici-
pants aged ≥6 years to evaluate the maximal lung
function using spirometry. Assessments included
change from baseline to Month 12 in pulmonary func-
tion tests, including percent predicted forced vital ca-
pacity (%pFVC), percent predicted forced expiratory
volume in 1 s (%pFEV1), maximum inspiratory pres-
sure (MIP), maximum expiratory pressure (MEP), and
peak cough flow (PCF).

Echocardiogram (aged ≥6 years)
Echocardiograms were performed using a 2-D imaging
collection method. Change from baseline to Month 12
in left-ventricular ejection fraction (LVEF) in partici-
pants aged ≥6 years was reported.

Secondary assessments
Quality of life
The self-administered EuroQoL 5 Dimension three-level
version (EQ-5D-3L) questionnaire was completed to
3
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assess the current overall health status of participants
aged ≥16 years. The EQ-5D-Y (adapted from the EQ-5D)
questionnaire was used for participants aged <16 years.

The descriptive system of questionnaires comprised
five dimensions, including mobility, self-care, usual ac-
tivities, pain/discomfort, and anxiety/depression. Each
dimension had three potential responses (no problems,
some problems, and extreme problems). These re-
sponses were subsequently converted into a single index
value ranging from 0 (death) to 1 (full health) using the
specific Chinese value set.22,23 An index value <0 was
classified as a bad health status worse than death.

The visual analogue scale (VAS) of the questionnaire
recorded self-rated health ranging from 0 (the worst
health) to 100 (the best health). Both the index values
and VAS were used to describe the QoL of participants,
with greater values indicating better QoL.

Data analysis
No formal statistical hypothesis testing was performed
for this study. The study included three groups of par-
ticipants: ambulatory participants aged <6 years (Group
1); ambulatory participants aged ≥6 years (Group 2), and
non-ambulatory participants of any age (Group 3).

Data for continuous endpoints were summarised
using descriptive statistics, including sample size,
mean, standard deviation (SD), median, minimum, and
maximum. Data for categorical endpoints were sum-
marised using descriptive statistics using count and
percentage. Time-to-event endpoints (age at failure to
walk, age at failure to stand, and age at failure to self-
feed) for each participant were defined as the time (in
age) from the date of birth to the date of the event. Es-
timates of median time to event and survival probabili-
ties by Kaplan–Meier method were presented.

Role of funding source
This study (NCT03760029; C3391004) was sponsored by
Pfizer Inc. YG, YZ, CJ and JF are employees of Pfizer,
and may hold stock and/or stock options. TP was an
employee at the time of initiation of the manuscript and
may hold stock and/or stock options.
Results
Participants
In total, 318 participants were screened between 24 July
2019 and 31 March 2021. Six participants did not meet
eligibility criteria, and 312 participants comprised the
full analysis set (Group 1, n = 99; Group 2, n = 177;
Group 3, n = 36) (Supplementary Figure S1).

Mean (SD) age at screening was 3.4 (1.2), 8.6 (2.0),
and 12.3 (2.7) years in Groups 1, 2 and 3, respectively,
and 7.4 (3.5) years in the total population
(Supplementary Figure S2). Mean (SD) age at initiation
of GC therapy in Groups 1, 2 and 3 was 4.1 (0.5), 6.5
(1.9) and 8.1 (3.2) years, respectively, and 6.1 (2.3) years
in the total population, with prednisone and prednisone
acetate being the most common GC in this study. Mean
(SD) duration of GC use was 11.7 (6.2), 29.9 (20.9) and
52.3 (36.5) months in Groups 1, 2 and 3, respectively,
and 29.8 (24.8) months in the total population Mean
(SD) NSAA total score at baseline was 21.2 (5.8) in
Group 1 and 19.5 (8.3) in Group 2, and 20.0 (7.7) in the
total ambulatory population (Table 1).

Primary assessments
Time to clinical milestones due to DMD disease progression
Kaplan–Meier plots of age at failure to walk and age at
failure to stand are shown in Fig. 1A and B, respectively.
Kaplan–Meier estimates of median (95% confidence
interval [CI]) age at failure to walk was 15.4 (13.0, not
evaluable) years in Group 2, 11.1 (10.0, 11.4) years in
Group 3, and 12.9 (12.0, 13.9) years for total. All par-
ticipants in Group 1 were able to walk. Kaplan–Meier
estimate of median (95% CI) age at failure to stand
was 15.4 (13.1, not evaluable) years in Group 2, 11.0
(10.5, 11.50) years in Group 3, and 13.0 (12.2, 13.9) years
for total. All participants in Group 1 were able to stand.
Kaplan–Meier estimate of median age at failure to self-
feed was not evaluable (Supplementary Table S2). Data
for age at failure to self-feed are not shown, as most
participants were censored; only one participant from
the non-ambulatory group experienced this event.

Function assessments
Motor function assessments.
NSAA and performance of the upper limb 2.0. Mean
(SD) change from baseline to Month 6 in NSAA total
score was 1.7 (4.6) in Group 1, −1.0 (4.1) in Group 2
and −0.2 (4.4) in the total ambulatory population. Mean
(SD) change from baseline to Month 12 in NSAA total
score was 2.0 (5.1) in Group 1, −2.0 (5.0) in Group 2
and −0.9 (5.3) in the total ambulatory population
(Table 2). The change from baseline in NSAA total score
as a function of age at baseline is shown in Fig. 2.

Mean (SD) change from baseline to Month 6 in
PUL2.0 total score was −0.2 (2.3) in Group 2, −0.8 (2.2)
in Group 3 and −0.3 (2.3) in the total population. Mean
(SD) change from baseline to Month 12 in PUL2.0 total
score was similar in both groups: −0.6 (2.1), −0.7 (2.3)
and −0.6 (2.2) in Groups 2, 3 and the total population,
respectively (Table 2). The change from baseline in
PUL2.0 total score as a function of age at baseline is
shown in Fig. 3.

Strength assessments. There were numerical de-
creases in lower limb muscle strength; this was
observed earlier than loss of strength in the upper
limbs. Changes from baseline to Month 6 and Month 12
in strength of muscle groups (knee extension, elbow
flexion, elbow extension, shoulder abduction) are shown
in Supplementary Table S3. Overall, changes in strength
of muscle groups were negligible over 6 and 12 months.
However, at Month 6, there was a trend towards greater
www.thelancet.com Vol 42 January, 2024
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Characteristic Ambulatory,
screening age <6 y

Ambulatory,
screening age ≥6 y

Ambulatory Non-ambulatory of
any age

Total

n = 99a n = 177a n = 276a n = 36a N = 312

Age at screening, mean (SD), y 3.4 (1.2) 8.6 (2.0) 6.7 (3.0) 12.3 (2.7) 7.4 (3.5)

Weight at baseline, mean (SD), kg 16.5 (3.1) 28.4 (8.0) 24.1 (8.8) 44.4 (11.7) 26.5 (11.2)

Racial designation, n (%)

Han Chinese 94 (94.9) 173 (97.7) 267 (96.7) 36 (100.0) 303 (97.1)

Non-Han Chinese 5 (5.1) 4 (2.3) 9 (3.3) 0 9 (2.9)

Current residence setting, n (%)

Urban 77 (77.8) 107 (60.5) 184 (66.7) 20 (55.6) 204 (65.4)

Rural 22 (22.2) 70 (39.5) 92 (33.3) 16 (44.4) 108 (34.6)

Prior GC use, n (%)

Yes 46 (46.5) 177 (100.0) 223 (80.8) 36 (100.0) 259 (83.0)

Duration of GC use, mean (SD), months 11.7 (6.2) 29.9 (20.9) 26.2 (20.2) 52.3 (36.5) 29.8 (24.8)

Age at GC initiation, mean (SD), y 4.1 (0.5) 6.5 (1.9) 5.8 (2.0) 8.1 (3.2) 6.1 (2.3)

Daily dose of GC, n; mean (SD) daily dose (mg/kg)

Deflazacort 6; 0.78 (0.09) 22; 0.83 (0.12) 28; 0.82 (0.12) 2; 0.70 (0.16) 30; 0.81 (0.12)

Methylprednisolone 0; − (−) 7; 0.48 (0.08) 7; 0.48 (0.08) 1; 0.53 (−) 8; 0.49 (0.07)

Prednisolone 1; 0.76 (−) 3; 0.53 (0.05) 4; 0.59 (0.12) 0; − (−) 4; 0.59 (0.12)

Prednisolone acetate 5; 0.68 (0.05) 1; 0.74 (−) 6; 0.69 (0.05) 0; − (−) 6; 0.69 (0.05)

Prednisone 22; 0.63 (0.09) 70; 0.64 (0.35) 92; 0.64 (0.31) 23; 0.40 (0.12) 115; 0.59 (0.29)

Prednisone acetate 12; 0.61 (0.10) 74; 0.56 (0.13) 86; 0.57 (0.13) 10; 0.42 (0.15) 96; 0.55 (0.13)

Data collected as the first visit were considered baseline assessments. Participants who were ≥4 years of age must have been receiving GC treatment. Daily dose (mg/kg) for each GC the participant received
at baseline was calculated from the total daily dose and baseline weight. GC, glucocorticoid; SD, standard deviation. an denotes number of participants per group.

Table 1: Baseline demographics and characteristics of the study population.

Articles
numerical changes from baseline in strength of muscle
groups in participants from Group 1, than those in
Groups 2 and 3 (Supplementary Table S3).

Range of motion. Changes from baseline to Month
6 and Month 12 in ROM are shown in Supplementary
Table S4. Overall, lower limb ROM total score
decreased from Month 6 in participants from Group 1,
whereas changes in the upper limb were observed from
Month 12. ROM decline in the upper and lower limbs
was greater in participants from Group 3 than those in
Groups 2 (Supplementary Table S4).

Timed motor function. There was no change from
baseline to Month 6 or Month 12 in rise from floor
velocity (Groups 1, 2 and the total ambulatory popula-
tion) (Table 2). Mean (SD) change from baseline to
Month 6 in 10 m w/r velocity was 0.2 (0.4) m/s in Group
1, −0.1 (0.3) m/s in Group 2 and 0.0 (0.3) in the total
ambulatory population (Table 2). Mean (SD) change
from baseline to Month 12 in 10 m w/r velocity was 0.3
(0.4) m/s in Group 1, −0.1 (0.3) m/s in Group 2 and −0.0
(0.4) in the total ambulatory population (Table 2).

Pulmonary function assessments (aged ≥6 years)
Mean (SD) change from baseline to Month 12 in %
pFVC was −3.1% (16.1%) in Group 2, −6.7% (19.7%) in
Group 3 and −3.7% (16.7%) in the total population
(Table 2). The change from baseline in %pFVC as a
function of age at baseline is shown in Fig. 4. Mean (SD)
change from baseline to Month 12 in %pFEV1
www.thelancet.com Vol 42 January, 2024
was −1.6% (18.8%) in Group 2, −5.0% (19.3%) in Group
3 and −2.2% (18.8%) in the total population (Table 2).
The change from baseline in %pFEV1 as a function of
age at baseline is shown in Fig. 5. Change from baseline
to Month 12 in MIP, MEP and PCF are presented in
Supplementary Table S5.

Echocardiogram (aged ≥6 years)
Mean (SD) change from baseline to Month 12 in LVEF
was 4.7% (47.9%) in Group 2, –0.8% (6.3%) in Group 3
and 3.9% (44.2%) in the total population (Table 2).

Secondary assessments
Quality of life
A summary of index values and VAS scores from the
EQ-5D at baseline and Month 12 is shown in Table 3.
Mean (SD) index values of ambulatory participants aged
<16 years, non-ambulatory participants aged <16 years,
and non-ambulatory participants aged ≥16 years,
respectively, were 0.9 (0.1), 0.6 (0.1), and 0.5 (0.2) at
baseline, and 0.8 (0.2), 0.6 (0.1), and 0.5 (0.2) at Month
12. Mean (SD) VAS scores of ambulatory participants
aged <16 years, non-ambulatory participants aged <16
years, and non-ambulatory participants aged ≥16 years,
respectively, were 85.6 (18.7), 86.0 (16.4), and 90.7 (15.3)
at baseline, and 83.5 (20.0), 82.5 (20.8), and 90.0 (0.0) at
Month 12.

Of the five domains, the most commonly reported
problem in ambulatory participants aged <16 years at
5
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Fig. 1: Kaplan–Meier plot of time to clinical milestones due to DMD disease progression: (A) Age at failure to walk and (B) Age at failure to stand
(Group 1, 2, and 3 combined). Only included data until Month 12 visit. DMD, Duchene muscular dystrophy.
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Month 12 was self-care (57.6%), followed by usual ac-
tivities (51.8%) and pain/discomfort (38.7%). The most
commonly reported problem in non-ambulatory partic-
ipants aged <16 years at Month 12 was mobility (100%),
followed by self-care (86.4%) and usual activities
(81.8%). All participants aged ≥16 years reported prob-
lems with mobility, self-care, and usual activities at
Month 12. There were no consistent trends across the
groups; however, participants of any age generally had
poorer outcomes at Month 12 compared with their
domain scores at baseline (Table 4).
Discussion
Data from this prospective natural history study in
Chinese participants with DMD demonstrated the age at
failure to walk for the total population (median 12.9
[min, max 12.0, 13.9] years) was similar to previous
findings in Chinese individuals with DMD.13 This was
consistent with data reported by Li and colleagues, with
loss of ambulation occurring at a median age of 13 years
in DMD individuals who had been treated with
corticosteroids.24

The age of failure to stand for the total population
(median 13.0 [min, max 12.2, 13.9] years) was first re-
ported in this study, and the age at failure to self-feed
was not evaluable in this study.

A previous study has shown that the median age of
loss of ambulation (unable to ambulate 10 m w/r) was
10.0 years in individuals who were using GC for <1
month compared with 13.4 years for >1 year.25 These
findings are similar to the results of the current study,
although our work did not analyse the effect of GC on
age of loss of ambulation. Further analysis may be
conducted after the study is complete, as several out-
comes have indicated that GC treatment is a key variable
in natural history studies in DMD and could reduce the
risk of milestone-related disease progression and
mortality.25–27 The rate of GC treatment in participants in
clinical practice in China was relatively low compared
with developed countries.13 This was largely due to the
lack of awareness of physicians who specialize in
www.thelancet.com Vol 42 January, 2024
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Measure Ambulatory, screening age <6 y Ambulatory, screening age ≥6 y Ambulatory Non-ambulatory of any age Total

n = 99a n = 177a n = 276 n = 36a N = 312

NSAA total score

n 70 176 246

Mean (SD) at baseline 21.2 (5.8) 19.5 (8.3) 20.0 (7.7)

n 62 145 207

Mean (SD) change at Month 6 1.7 (4.6) −1.0 (4.1) −0.2 (4.4)

n 45 129 174

Mean (SD) change at Month 12 2.0 (5.1) −2.0 (5.0) −0.9 (5.3)

PUL2.0 total score

n 51 51 31 82

Mean (SD) at baseline 36.7 (4.9) 36.7 (4.9) 27.2 (9.3) 33.1 (8.3)

n 43 43 4 47

Mean (SD) change at Month 6 −0.2 (2.3) −0.2 (2.3) −0.8 (2.2) −0.3 (2.3)

n 37 37 22 59

Mean (SD) change at Month 12 −0.6 (2.1) −0.6 (2.1) −0.7 (2.3) −0.6 (2.2)

Rise from floor velocity,/s

n 80 177 257

Mean (SD) at baseline 0.2 (0.1) 0.1 (0.1) 0.2 (0.1)

n 71 146 217

Mean (SD) change at Month 6 0.0 (0.1) −0.0 (0.1) 0.0 (0.1)

n 53 129 182

Mean (SD) change at Month 12 0.0 (0.1) −0.0 (0.1) −0.0 (0.1)

10 m w/r velocity, m/s

n 80 173 253

Mean (SD) at baseline 1.9 (0.5) 1.7 (0.6) 1.7 (0.6)

n 71 143 214

Mean (SD) change at Month 6 0.2 (0.4) −0.1 (0.3) 0.0 (0.3)

n 53 124 177

Mean (SD) change at Month 12 0.3 (0.4) −0.1 (0.3) −0.0 (0.4)

%pFVC

n 176 36 212

Mean (SD) at baseline 86.2 (17.1) 68.2 (23.9) 83.1 (19.6)

n 139 27 166

Mean (SD) change at Month 12 −3.1 (161) −6.7 (19.7) −3.7 (16.7)

%pFEV1

n 176 36 212

Mean (SD) at baseline 85.5 (18.4) 65.4 (24.5) 82.1 (20.9)

n 139 27 166

Mean (SD) change at Month 12 −1.6 (18.8) −5.0 (19.3) −2.2 (18.8)

LVEF, %

n 177 36 213

Mean (SD) at baseline 66.2 (4.4) 63.1 (7.4) 65.7 (5.1)

n 143 26 169

Mean (SD) change at Month 12 4.7 (47.9) −0.8 (6.3) 3.9 (44.2)

Pulmonary function tests and echocardiogram were only performed in participants ≥6 years of age. %pFEV1, percent predicted forced expiratory volume in 1 s; %pFVC, predicted forced vital capacity; 10 m
w/r, 10 m walk/run; LVEF, left-ventricular ejection fraction, NSAA, the North Star Ambulatory Assessment; PUL2.0, performance of the upper limb; SD, standard deviation. an denotes number of
participants per group.

Table 2: Change from baseline in function assessments.

Articles
treating patients with muscular dystrophies, although
this is evolving with the implementation of the TREAT-
NMD guidelines.28,29 Moreover, all participants ≥4 years
in this study received GC treatment for at least 6 months
www.thelancet.com Vol 42 January, 2024
before enrolment, and the age of GC initiation was later
in non-ambulatory participants than those who were
ambulatory. This is in line with clinical practice in
China in recent years.30,31 In addition, although the
7
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Fig. 2: Change from baseline in NSAA total score as a function of age at baseline (ambulatory participants). For Month 6: Ambulatory
(screening age <6 years) (n = 62); Ambulatory (screening age ≥6 years) (n = 145). For Month 12: Ambulatory (screening age <6 years) (n = 45);
Ambulatory (screening age ≥6 years) (n = 129). * NSAA total score was based on assessment of 17 ambulatory actions and ranges from 0 to 34
with higher score indicating greater function ability and was only performed in ambulatory participants ≥3 years of age. Data are mean (SD).
North Star Ambulatory Assessment, SD, standard deviation.

A

B

w
e
b
4
C
/F

P
O

Fig. 3: Change from baseline in PUL2.0 total score as a function of age at baseline in (A) ambulatory participants and (B) non-
ambulatory participants. For Month 6: Ambulatory (screening age ≥6 years) (n = 43); Non-ambulatory (n = 4). For Month 12: Ambula-
tory (screening age ≥6 years) (n = 37); Non-ambulatory (n = 22). Only data with the same preferred arm as baseline was included in the
analysis. PUL2.0 total score was only performed in participants ≥10 years of age. Data are mean (SD). Missing error bars indicate n = 1. PUL,
Performance of the Upper Limb; SD, standard deviation.
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Fig. 4: Change from baseline in %pFVC as a function of age at baseline in (A) ambulatory participants and (B) non-ambulatory par-
ticipants. For Month 12: Ambulatory (screening age ≥6 years) (n = 139); Non-ambulatory (n = 27). Data are mean (SD). Missing error bars
indicate n = 1. pFVC, predicted forced vital capacity. SD, standard deviation.

Articles
dosing frequency was not collected in this study, the
daily dose of GC was similar to the treatment recom-
mendations for DMD.28,29

In this study, decreases in NSAA and timed motor
function were observed from the age of 6 years for the
total population, with the largest reductions reported
after age 6, and were evident over 12 months of the
study. This may be, at least in part, due to the combined
effects of disease progression and growth, since the role
of growth is particularly important when participants
were younger than 6 years. However, as the disease
progressed, muscle injury was more dominant than the
role of growth. PUL2.0 total scores were greater in the
ambulatory group than non-ambulatory participants of
the same age. A similar trend was observed with rise
from floor velocity and 10 m w/r velocity.

Overall, motor function increased in participants
aged ≤6 years, and subsequently declined. However,
motor function decreased over 12 months in partici-
pants aged ≥6 years. The PUL2.0 total score was
www.thelancet.com Vol 42 January, 2024
assessed in participants aged ≥10 years and declined
from around age 10–11 years in the ambulatory group.
This was consistent with findings from a study that
assessed the reliability of the PUL assessment in in-
dividuals with DMD by Pane et al.,32 although data were
limited in some age groups in the non-ambulatory
group and could not show a clear trend in line with
our findings. However, this could be further evaluated
after our study is complete, but overall, the findings are
consistent with the characteristics of disease progres-
sion, whereby the decline in upper limb function typi-
cally occurs after decline in lower limb function. There
were no clear changes or trends in changes in muscular
strength and ROM over 12 months in this study.

Greater reductions in pulmonary function assess-
ments, including %pFVC and %pFEV1, were noted in
non-ambulatory participants compared with the
ambulatory group. Furthermore, decreases in %pFVC
and %pFEV1 were typically observed at 7 years of age.
The sharp decline in pulmonary function in this study
9
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Fig. 5: Change from baseline in %pFEV1 as a function of age at baseline in (A) ambulatory participants and (B) non-ambulatory partic-
ipants. For Month 12: Ambulatory (screening age ≥6 years) (n = 139); Non-ambulatory (n = 27). Pulmonary function tests were only performed in
participants ≥6 years of age. Data are mean (SD). %pFEV1, percent predicted forced expiratory volume in 1 s; SD, standard deviation.

EQ-5D-Y

Ambulato

n = 99a

Index value

n 57

Baseline 0.9 (0.1)

n 49

Month 12 0.9 (0.1)

VAS scores

n 57

Baseline 89.5 (12.2

n 49

Month 12 89.2 (15.9

Data are mean (SD). EQ-5D-3

Table 3: Summary of EQ-
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10
was consistent with disease progression. Overall,
cardiac function was similar between ambulatory and
non-ambulatory participants, which may be due to the
ry, screening age <6 y Ambulatory, screening age ≥6 y Ambulatory total N

n = 177a n = 276a n

175 232 3

0.9 (0.1) 0.9 (0.1) 0

142 191 2

0.8 (0.2) 0.8 (0.2) 0

175 232 3

) 84.3 (20.3) 85.6 (18.7) 8

142 191 2

) 81.6 (21.0) 83.5 (20.0) 8

L, EuroQoL 5 Dimension three-level; EQ-5D-Y, EuroQoL 5 Dimension Youth; SD, standard d

5D index values and VAS scores.
improvement of disease management, such as early
initiation of GC treatment or other medications for
the protection of cardiac function. These findings are
EQ-5D-3L

on-ambulatory, age <16 y Total Non-ambulatory, age ≥16 y

= 32a N = 308a n = 4a

2 264 3

.6 (0.1) 0.8 (0.2) 0.5 (0.2)

2 213 2

.6 (0.1) 0.8 (0.2) 0.5 (0.2)

2 264 3

6.0 (16.4) 85.6 (18.4) 90.7 (15.3)

2 213 2

2.5 (20.8) 83.4 (20.1) 90.0 (0.0)

eviation; VAS, visual analogue scale. an denotes number of participants per group.

www.thelancet.com Vol 42 January, 2024
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Parameter visit Result EQ-5D-Y EQ-5D-3L

Ambulatory,
screening age <6 y

Ambulatory,
screening age ≥6 y

Ambulatory total Non-ambulatory,
age <16 y

Total Non-ambulatory,
age ≥16 y

n = 99a n = 177a n = 276a n = 32a n = 308a n = 4a

Mobility

Baseline na 57 175 232 32 264 3

No problems 48 (84.2) 95 (54.3) 143 (61.6) 0 143 (54.2) 0

Some problems 9 (15.8) 75 (42.9) 84 (36.2) 1 (3.1) 85 (32.2) 3 (100.0)

Extreme problems 0 5 (2.9) 5 (2.2) 31 (96.9) 36 (13.6) 0

Month 12 na 49 142 191 22 213 2

No problems 39 (79.6) 80 (56.3) 119 (62.3) 0 119 (55.9) 0

Some problems 10 (20.4) 46 (32.4) 56 (29.3) 0 56 (26.3) 2 (100.0)

Extreme problems 0 16 (11.3) 16 (8.4) 22 (100) 38 (17.8) 0

Self-care

Baseline na 57 175 232 32 264 3

No problems 18 (31.6) 99 (56.6) 117 (50.4) 3 (9.4) 120 (45.5) 0

Some problems 26 (45.6) 63 (36.0) 89 (38.4) 11 (34.4) 100 (37.9) 1 (33.3)

Extreme problems 13 (22.8) 13 (7.4) 26 (11.2) 18 (56.3) 44 (16.7) 2 (66.7)

Month 12 na 49 142 191 22 213 2

No problems 19 (38.8) 62 (43.7) 81 (42.4) 3 (13.6) 84 (39.4) 0

Some problems 21 (42.9) 65 (45.8) 86 (45.0) 7 (31.8) 93 (43.7) 1 (50.0)

Extreme problems 9 (18.4) 15 (10.6) 24 (12.6) 12 (54.5) 36 (16.9) 1 (50.0)

Usual Activities

Baseline n 57 175 232 32 264 3

No problems 41 (71.9) 82 (46.9) 123 (53.0) 5 (15.6) 128 (48.5) 0

Some problems 14 (24.6) 87 (49.7) 101 (43.5) 16 (50.0) 117 (44.3) 1 (33.3)

Extreme problems 2 (3.5) 6 (3.4) 8 (3.4) 11 (34.4) 19 (7.2) 2 (66.7)

Month 12 na 49 142 191 22 213 2

No problems 32 (65.3) 60 (42.3) 92 (48.2) 4 (18.2) 96 (45.1) 0

Some problems 17 (34.7) 67 (47.2) 84 (44.0) 5 (22.7) 89 (41.8) 1 (50.0)

Extreme problems 0 15 (10.6) 15 (7.9) 13 (59.1) 28 (13.1) 1 (50.0)

Pain/Discomfort

Baseline na 57 175 232 32 264 3

No problems 40 (70.2) 124 (70.9) 164 (70.7) 19 (59.4) 183 (69.3) 3 (100.0)

Some problems 17 (29.8) 49 (28.0) 66 (28.4) 11 (34.4) 77 (29.2) 0

Extreme problems 0 2 (1.1) 2 (0.9) 2 (6.3) 4 (1.5) 0

Month 12 na 49 142 191 22 213 2

No problems 30 (61.2) 87 (61.3) 117 (61.3) 17 (77.3) 134 (62.9) 2 (100.0)

Some problems 19 (38.8) 53 (37.3) 72 (37.7) 5 (22.7) 77 (36.2) 0

Extreme problems 0 2 (1.4) 2 (1.0) 0 2 (0.9) 0

Anxiety/Depression

Baseline na 57 175 232 32 264 3

No problems 50 (87.7) 133 (76.0) 183 (78.9) 22 (68.8) 205 (77.7) 3 (100.0)

Some problems 7 (12.3) 33 (18.9) 40 (17.2) 10 (31.3) 50 (18.9) 0

Extreme problems 0 9 (5.1) 9 (3.9) 0 9 (3.4) 0

Month 12 na 49 142 191 22 213 2

No problems 37 (75.5) 96 (67.6) 133 (69.6) 13 (59.1) 146 (68.5) 2 (100.0)

Some problems 8 (16.3) 39 (27.5) 47 (24.6) 8 (36.4) 55 (25.8) 0

Extreme problems 4 (8.2) 7 (4.9) 11 (5.8) 1 (4.5) 12 (5.6) 0

Data are n (%). Only includes data until Month 12 visit. EQ-5D-3L, EuroQoL 5 Dimension three-level; EQ-5D-Y, EuroQoL 5 Dimension Youth. an denotes number of participants per group.

Table 4: Summary of EQ-5D reported health problems.

Articles
consistent with other studies in DMD, which have
also shown no substantial differences in cardiac
function between ambulatory and non-ambulatory
participants.33
www.thelancet.com Vol 42 January, 2024
In the current study, mean index values for DMD
participants ranged from 0.5 to 0.9 across the groups,
and, together with VAS scores and health problems,
declined after 12 months. This was indicative of the
11
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inverse association between disease progression and
QoL, and was consistent with other studies.34,35 The
index values in this study were slightly higher than
those reported in the literature (Europe: 0.2436; multi-
ple countries: 0.15–0.7535; Portugal: −0.05 to 0.5134;
Hungary: 0.31037; Netherlands: 0.4438). This may be
due to the “ceiling effect” of the EQ-5D-3L question-
naire39 with the varying preferences of the younger
participants in this study. Participants in this study
experienced problems with mobility, self-care, and
usual activities, with those aged <16 years also expe-
riencing pain/discomfort and anxiety/depression.

Recent studies have characterised the natural history
of DMD; however, these analyses have primarily
focused on the progression of lower extremity motor
function and ambulation.17,18 Moreover, few studies have
characterised the progression of upper extremity weak-
ness or pulmonary disease,19,20 and despite ongoing ef-
forts to identify predictors of disease progression, these
data are sparse.40 Of note, over the past decades, the
survival of individuals with DMD has improved. A
recent study in France found that the median life ex-
pectancy was 26 years for individuals born before 1970
and 41 years for those born after 1970.41

This is the first prospective, well-designed, natural
history study in the Chinese DMD population with a
large sample size. This is of interest as many natural
history studies are retrospective in design. Furthermore,
this is the first study to provide a holistic view of the
function assessments of DMD within the Chinese
population, with a comprehensive assessment of motor
and pulmonary assessment, cardiac function, and QoL.
Indeed, these findings may inform the design of future
studies in DMD for a Chinese population.

One potential limitation of the current study is that
the percent predicted values of change in MIP, MEP and
PCF were not used. This approach has limitations, as
pulmonary function is associated with age, height,
gender and ethnicity. However, there is currently no
consensus to apply the percent predicted values across
broad ranges of ethnicity, age, height, and gender, or
Chinese population reference data. Another potential
limitation of this study is that the duration of GC use
varied across the groups of participants, which may have
influenced the disease course and the natural history of
DMD. In this study, the disease course was not analysed
by the duration of GC usage but was pooled for the
overall study population. Furthermore, the small
numbers of participants in some age groups may have
influenced the results; for example, there were only four
non-ambulatory participants aged ≥16 years who
completed the EQ-5D-3L, which may have impacted the
results of the index values and VAS, as well as the do-
mains of the questionnaires. However, the overall
trends observed were unaffected. No statistical testing
was conducted on the results of this study; therefore, the
data should be interpreted with caution.
This natural history study improves the under-
standing of the progression of DMD according to the
current standards of care in the Chinese DMD popula-
tion. Moreover, it may inform the design of clinical
trials in terms of the selected endpoints and patient
populations.
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