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Abstract

BACKGROUND—The pathogenesis of Duchenne muscular dystrophy starts prior to birth.
Despite this, clinical trials exclude young boys because traditional outcome measures rely on
cooperation. We recently used the Bayley-111 Scales of Infant and Toddler Development to study
24 infants and boys with Duchenne muscular dystrophy. Clinical evaluators at six centers were
trained and certified to perform the Bayley-I1l. Here we report six and twelve month follow-up of
two subsets of these boys.

PATIENTS—Nineteen boys (1.9 + 0.8 years) were assessed at baseline and six months. Twelve
boys (1.5 + 0.8 years) were assessed at baseline, six, and twelve months.

RESULTS—Gross motor scores were lower at baseline compared to published controls (6.2 +
1.7; normal 10 % 3; p<.0001), and showed a further declining trend to 5.7 + 1.7 (p =.20) at six
months. Repeated measures analysis of the 12 boys followed for 12 months showed that gross
motor scores, again low at baseline (6.6 + 1.7; p<.0001), declined at six months (5.9 £+ 1.8) and
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further at 12 months (5.3 £ 2.0) (p=0.11). Cognitive and language scores were lower at baseline
compared to normal children (range p=.002 to p<0.0001) and did not change significantly at 6 or
12 months (range p=.89 to p=.09). Fine motor skills, also low at baseline, improved over one year

(p=.05).

CONCLUSION—Development can reliably be measured in infants and young boys with DMD
across time using the Bayley-I11. Power calculations using these data show that motor
development may be used as an outcome measure.

Keywords
Duchenne Muscular Dystrophy; Bayley-111; Infant development; Clinical trial outcomes

Introduction

Few clinical trials have included younger boys or infants with Duchenne Muscular
dystrophy(DMD) because traditional Medical Research Council (MRC) testing and
quantitative strength testing rely on cooperation. Both manual muscle and quantitative
strength testing have been shown to be less reliable in children younger than age six
years!:2, Prior studies of untreated younger boys demonstrate effectively the “honeymoon”
period in DMD when absolute function and strength may improve but does not allow them
to catch up with normal children3-7. This absolute improvement can complicate
interpretation of functional gains during clinical trials in younger boys with DMD. The
locomotor quotient of the Griffith’s scales decreases in young boys with DMD8. Recently,
the Griffith’s motor scales and the Bayley-I11 have been shown to have a negative
correlation with age in young boys with DMD910, Pane et al also demonstrated that those
boys whose dystrophin mutations disrupt the promoter of the predominant dystrophin brain
isoform were more likely to have deficits in language and cognition®.

It has been known for many years that boys with DMD gain motor skills and function over
the first 6—7 years (the “honeymoon” period). We recently demonstrated that Bayley-III
gross motor scaled scores correlated negatively with age of the infants and young boysZ°.
Our work shows that infants and young boys with DMD lose ground and show less
maturational improvement with age relative to their healthy peers. Here we followed two
subsets of these boys to determine how performance changes over time relative to healthy
peers. This provides the basis for a clinical trial outcome tool with power calculations
through comparison of gross motor scaled scores of the Bayley-llI.

Methods

Participants

In our original study, we recruited 24 boys with DMD who were less than three years of age
(1.9 + 0.7 years)10. Nineteen of these boys (age 1.9 + 0.8 years) returned for the 6 month
evaluation (Table 1). Fourteen boys were less than 30 months at baseline and 12 of these
(1.5 + 0.8 years) returned to be tested both at 6 and 12 months using the Bayley-I1I that is
validated through age 42 months. All participating sites received human studies approval
and informed consent was obtained from a parent prior to enroliment in the study. All six
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sites enrolled at least two infants or young boys who were followed through 6 or 12 months;
Washington University (N=4), Nationwide Children’s (N=5) University of California-Davis
(N=4), University of Minnesota (N=2), Harvard University (N=2), Newcastle (N=2).
Mutations in the DMD gene were defined for all boys or for a primary relative with DMD
(Tablel). Ten had a primary relative (brother or uncle) with DMD. Three boys were
identified through newborn screening!l. None were taking corticosteroids or any other
medications.

Bayley-Ill Scales of Infant Development-Third Edition (Bayley-IlI)

1) Cognitive, Language and Motor Scales: The Bayley-Il1 includes assessment of
cognition, language (receptive and expressive) and motor function (gross and fine) in infants
and young children from 0 to 42 months and provides a measureable and validated cognitive
quotient!2. Bayley-111 language assessment is divided into receptive and expressive subtests.
When these two language subtests are combined a composite score is determined. Bayley-Ill
motor assessment includes scaled scores for fine motor and gross motor as well as a
composite score.

2) Adaptive Behavioral Subtest of Bayley (ABS): The ABS is a detailed, validated
parental questionnaire which allows calculation of social emotional and adaptive behavioral
assessment scores2. Subscales include Communication, Community Use, Functional Pre-
Academic, Home Living, Health and Safety, Leisure, Self- Care, Self-Direction, Social, and
Motor. Subscale scores in normal children are standardized to a mean of 10 + 3. Based on
these subscales, four composite scores are calculated which include the general adaptive
composite (GAC), conceptual adaptive domain (CON), social adaptive domain (SO) and
practical adaptive domain (PR). The general adaptive composite (GAC) reflects all ten
subscales. The conceptual adaptive domain (CON) is derived from the communication,
functional pre-academics, and self-direction subscale scores. The social adaptive (SO)
composite score considers the leisure and the social subscale scores. Finally, the practical
adaptive domain reflects community use, health and safety, home living, and self-care
subscales.

3) Social-Emotional (SE) Scale: This questionnaire, completed by the child’s parent, rates
a child’s social emotional competence and sensory processing and is based on earlier work
by Greenspan?3,

For all of the Bayley-I11 indices, composite scores have a mean of 100 + 15. Subscale scores
have a mean of 10 + 3.

Training—Training required all clinical evaluators (CE’s) to attend a three-day session at
Washington University in Saint Louis. For the Bayley-I1l, CE’s received didactic and
healthy infant training (by MMC, Washington University). Each CE was then required to
recruit at least two additional well infants (under and over age 18 months) and perform a
videotaped practice Bayley-I1l. These tapes were then also reviewed and scored by a single
investigator (MMC) and if needed, additional well infants were evaluated by the CE. Upon
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completion, CEs at each site were certified (prior to recruitment of DMD children).
Retraining was performed twelve months into the study.

Statistical analyses—Descriptive statistics and paired statistical comparisons were
performed with GraphPad Prism (GraphPad Software, La Jolla, CA). P-values are all 2-
tailed. Power calculations were made using G*Power 3.114,

Retention and Cooperation for Bayley-Ill and Adaptive Behavioral Assessment (ABS)

Twenty of the original 24 infants returned for the 6 month visit (83%). However, one boy
did not cooperate with the testing at the 6 month visit so 19 (mean age 1.9 + 0.8 years;
range=0.37-2.99) were able to complete both baseline and 6 month evaluations (80%). The
ages, family history and dystrophin mutation analysis are captured in table 1.

All 19 completed the gross motor, language, and cognitive assessments of the Bayley-111 at
baseline and 6 month follow-up. Eighteen were able to complete the fine motor component
at baseline. One boy (age 2.4 years) became irritable and did not complete the fine motor
component at the baseline visit. Fourteen boys were less than 30 months at baseline and
therefore qualified to have testing both 6 and 12 month later. Of these, 12 boys (1.5 + 0.8
years) returned and completed both of these evaluations (86%).

The ABS was completed by a parent of each of the 19 boys at baseline and 6 months. It was
completed by one parent of 11 of 12 boys at baseline and 12 months (91%).

Bayley-lll baseline assessment of infants and boys with DMD (Table 2)

As previously reported1?, the Bayley-I11 demonstrated clear statistically and clinically
meaningful differences between the boys with DMD and typically developing children at
baseline in all domains (p values range from .002 to P<.0001) (Table 2). This deviation from
normal was consistent for the group followed 6 months and the group followed 12 months.

Bayley-Ill follow-up at 6 and 12 months (Table 3)

While average gross motor scaled scores were lower at 6 months compared to
baseline(5.7£1.7 vs. 6.2+1.7) (p=.20) and lower still for the group followed 12 months
(5.3+2.0 vs. 6.6 +£1.7) (p=.11), neither follow up measurement was statistically different
from baseline (p=.20 and p=.11). Fine motor scores showed a trend toward increase by 6
months (p=0.17) and this became significant in the group followed 12 months (p=0.05).
Cognitive composite scores, albeit very low compared to normal children remained stable
across both 6 month and 12 months (Table 3). Receptive language improved marginally in
follow up scores at 6 and 12 months (p=.09 and .23). Expressive language remained low.
While modest increases in-group means occurred, these were not significant at either 6 or 12
months.

Pediatr Neurol. Author manuscript; available in PMC 2015 June 01.
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Comparison of DMD boys’ performance of Bayley-Ill across time

As tables 2 and 3 demonstrate, the change across time did not meet statistical significance
for any subtest of the Bayley-111 for either the 6 months subset of 19 boys or the 6 and 12
month subset for 12 boys. However, analysis of individual performances showed the
variability between subjects (Figures 1 and 2). Of the 19 boys who had gross motor skills
assessed at baseline and 6 months, 5 improved, 5 remained stable and 9 decreased their
performance relative to age norms. Of the 12 children followed one year for gross motor
skills, 4 improved, one remained stable and 7 declined (Figure 2).

Fine motor skills tended to remain stable or improve (p=.17 at 6 months and p=.14 at 12
months). Of the 18 boys who had fine motor skills assessed both at baseline and 6 months, 8
improved their score, 5 remained stable, and 5 decreased their score. In the 11 boys followed
for 12 months, seven improved, one remained stable, and three decreased their score.

Adaptive Behavior Subtest

The results for each ABS are shown in table 4. While the mean of all subtests was less than
typically developing children, significant deficits were demonstrated in Functional pre-
academic, Health and safety, Leisure, Self care, Social, and Motor subtests. There were no
significant differences in this parent reported measure between baseline and six months or at
12 months.

Four Composite scores for the ABS are captured in table 5. The general adaptive composite
(GAC) reflects all subscales and showed a mean composite score of 86 + 19 for boys
followed 6 months and 86 + 22 for the 11 boys whose parents completed the ABS at
baseline, 6 and 12 months. The mean conceptual adaptive domain (CON), social adaptive
(SO) domain and practical adaptive (PR) domain scores were all low compared to typically
developing children but did not vary significantly across time (table 5). The level and pattern
of scores based on parent report on the ABS questionnaire is similar to those achieved on the
Bayley-111. This provides evidence that the parents of boys with DMD are aware of these
deficits.

Social Emotional (SE) Scale of the Bayley-IlI

Eighteen parents rated their children on the SE Scale of the Bayley-I1I at baseline and 6
months. The social emotional composite scores ranged from 55-135 (mean 96 + 15) at
baseline and this did not change significantly after 6 months (range 50-120; mean 92 +
12;p=.29). In the 11 children who were again measured at 12 months the SE score at
baseline (range 65-145; mean 94 + 18) did not significantly change at 12 months (range 65—
145 mean 94 + 13; p=.92).

Variability and Power calculation for theoretical trial using gross motor scaled scores

Over 12 months, the average change in gross motor scaled score was 1.25 lower with a
standard deviation of 2.5 points. While this did not reach statistical significance (p=.11), it is
possible to use this data to power a clinical study if the therapy used increases that scaled
score. If a therapy causes the boys to improve by 0.75 points on average (an effect size of
+2.0 points), then 12 boys would be required to detect this change (1-tailed alpha = 0.05) for

Pediatr Neurol. Author manuscript; available in PMC 2015 June 01.
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a single-sample test against a historical control or 20 boys in each of two groups for a
randomized trial against placebo.

We carefully reviewed the mutations and the family information in the four boys who
improved their gross motor scaled score over one year. These boys were subjects #2
(0.41years), # 4 (age 1.22 years), #6 (age 1.42 years) and #8 (1.81 years). Subject #2, who
improved one point, had a very large in-frame deletion (exon 3-41) but had no family
history to predict ultimate clinical outcome. This large in-frame deletion has been previously
reported to the Leiden database (www.dmd.nl) to be associated with DMD. Interestingly, the
two other subjects with in-frame dystrophin mutations (Subjects #1 and #15) did not
improve. Subject #4 who improved his gross motor scaled score from 4 to 7, had an outof-
frame duplication of exon 2, which is usually associated with DMD but has also been
associated with milder intermediate and Becker muscular dystrophies®. His family history
included two maternal great uncles who died in late teens or early twenties. A maternal
uncle, who was walking well without corticosteroids at age nine, may be an outlier but is too
young to be certain. Both subject #6 and subject # 8 improved one point; both had out-of-
frame deletions of exons 46-50, and positive family histories of typical DMD.

Discussion

The overall goal of this research was to determine whether standardized measures of infant
and young child development can be used to measure changes over time in children with
DMD. Trials of therapies that target the genetic defect in DMD are well underway16-20,
Other therapeutic strategies aim to ameliorate downstream pathogenic mechanisms
including signaling pathways which may impact fibrosis or blood flow?1-23, To date, none
of these clinical trials have included boys under age three years. Here we demonstrate in a
multicenter natural history trial that young boys, including infants can be assessed with a
validated measure.

Relative to normative information, our results show trends of worsening gross motor
performance over one year although variability within group performance was also noted.
Variability in boys with DMD has been recognized for many years and this was also true in
our work. Some variability likely relates to the site of the mutationl®. Some of the variability
likely relates to other genetic factors2422, Only a single boy (subject # 4) improved more
than one point over 12 months and his score remained well below the normative mean.

Gross motor scores were shown to correlate negatively with age in our first baseline study of
24 infants (r = =0.45; p = .03)10. In this study we used repeated measure testing with a
smaller cohort and showed a trend for the gross motor scaled score to decrease both in the 6
month and 12 month groups. This difference indicates that, as expected, our sample failed to
make expected progress in the intervening months.

While these changes did not meet statistical significance, it was possible to use them to
calculate a sample size for a one-year trial using these infants and young boys. If a therapy
improves gross motor function, this will be reflected with an improved score. If a therapy
causes the boys to improve by 0.75 points on average (an effect size of +2.0 points), then 12

Pediatr Neurol. Author manuscript; available in PMC 2015 June 01.
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boys would be required to detect this change (1-tailed alpha = 0.05) for a clinical trial a
single-sample test against a historical control. In the case of a placebo-controlled trial, 20
boys in each of two groups for a randomized trial against placebo would be required to
detect this change (alpha error 0.05). We have shown it is possible to recruit this many
infants in a 6 site multicenter trial. Recruitment in the first study took place over nine
months. Most boys in our study satisfactorily completed the Bayley-I11 assessments without
difficulty. Although retention in this observation, longitudinal study did not reach 80%, we
anticipate higher retention in a treatment trial due to increased family motivation for the
offered intervention.

In our baseline study, we showed that cognitive and language skills did not vary with agel.
In this study, with correlated samples, cognitive and language skills remained stable albeit
low on average at both the six month and 12 month time points.

Interestingly, fine motor skills showed a trend toward improvement at six months and this
improvement reached statistical significance at 12 months. While the mean scores for boys
with DMD remained below the normative mean, this improvement suggests that early fine
motor delays in children with DMD may improve in these early years. It is interesting to
speculate that the young boys with DMD may choose to spend more time on activities that
do not involve walking and running.

Two subtests of the Bayley-111 are designed to reflect parent’s observation of the
development of the child. The first subtest is the SE Scale, and the second, the ABS. As in
our previous study,1 the adaptive measures were consistent with the results obtained on the
Bayley cognitive, language and motor domains. These findings suggest that parent report via
these measures may also be useful in assessing and following these skills in the first years of
life. Scores were stable over time. These both show similar deficits that can be identified in
the first years of life. Only scores of motor, leisure activities and self direction showed
trends to decline over time, possibly reflecting an impact of progressive, muscular weakness
on these activities.

It is widely held that most therapies will work best early in life before severe fibrosis has
developed, although research is still needed to better identify particular modalities of therapy
matched with disease stage. Therefore it is very important to develop outcome assessments
that include these very young boys. This work also shows that while boys gain gross motor
skills most do not do so at a rate that parallels typically developing boys. The “honeymoon”
phase of DMD, when the rate of development is expected to be typical of other children,
does not exist for most boys. Even the boys who improved over one year did not approach
the gross motor skills expected for typically developing boys of the same age. As effective
therapeutic trials become a reality, this young group should be identified and included.
While most of our boys were identified through affected family members, some were
identified through newborn screening. This work supports the importance of early diagnosis
through newborn screening28. Even in the absence of a clinical trial, early identification of
language and social deficits in young boys with DMD is very important, as it will lead to
early interventions of speech and language therapy. These services likely have their biggest
impact in the first few years of life27:28,

Pediatr Neurol. Author manuscript; available in PMC 2015 June 01.
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Figure 1.
Individual performance of gross motor scales scores in 19 boys followed 6 months. A score

of 10 is the normative mean for healthy peers
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Figure 2.

Individual performance of gross motor scales scores in 12 boys followed 12 months. A score
of 10 is the normative mean for healthy peers.
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