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Abstract

The goal of the current investigation was to examine adaptive behavior and cognitive skills in young children with
Duchenne muscular dystrophy (DMD), a genetic disorder that causes progressive muscular weakness and concomi-
tant cognitive deficits. Previous studies have documented specific language deficits in older children with DMD,
but there are limited data on younger children. Twenty children with DMD who were between 3 and 6 years old
and 20 unaffected family control children were recruited. Parents completed questionnaires relating to development
and adaptive functioning, while children completed neuropsychological testing. Results of paired ¢ tests indicate
that children with DMD are rated as delayed relative to familial controls on measures of adaptive functioning, as
assessed by the Vineland Adaptive Behavior Scales. Furthermore, children with DMD exhibit impairments on mul-
tiple measures of cognition, including measures of receptive language, expressive language, visuo-spatial skills,
fine-motor skills, attention, and memory skills. Across all domains examined, the young children with DMD per-
formed more poorly than their familial controls. These deficits appear to be more generalized than those reported
in older children with this disorder. Dystrophin, a missing protein product, is hypothesized to be responsible for
these cognitive and behavioral impairments. (JINS, 2008, /4, 853-861.)
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INTRODUCTION

Research in the field of developmental neuropsychology
typically focuses on the study of children with various devel-
opmental and behavioral disorders. These disorders are usu-
ally characterized by well-defined clusters of symptoms,
often with an unknown etiology. The current investigation
focused on the reverse scenario: a disorder for which the
genetic etiology is known, but the developmental symp-
toms are not nearly as well-documented. Delineating the
symptoms associated with a disorder of known genetic eti-
ology offers developmental neuropsychologists the tanta-
lizing possibility that one can reduce neuropsychological
differences to the level of the gene.
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The current investigation focused on Duchenne muscular
dystrophy (DMD), a disorder of known genetic etiology,
which is caused by a mutation on the X chromosome. It is
the second most common single gene disorder, occurring in
1/3500 live male births (Emery & Muntoni, 2003). Male
children affected with this disease suffer from progressive,
and ultimately fatal, muscular weakness. While known pri-
marily for its devastating motor effects, DMD is also asso-
ciated with cognitive deficits. These cognitive deficits have
been studied in older children and adolescents with DMD.
However, there are little data examining the development
of cognitive skills in young male children with this disor-
der. The current investigation focused directly on the early
development of cognitive skills in young boys with DMD.

The cognitive deficits documented in older children and
adolescents with DMD appear to be mainly circumscribed to
verbal skills. Across studies, verbal intelligence scores are
significantly lower than performance intelligence scores (Cot-
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ton et al., 2001). Other areas of cognitive functioning, such
as visuo-spatial skills, long-term memory, and abstract rea-
soning skills, do not appear to be affected (Cotton et al., 1998;
Hintonetal.,2001; Karagan et al., 1980; Wicksell et al., 2004).

While there is a general consensus among investigators
that verbal skills are preferentially affected in older chil-
dren and adolescents with DMD, the nature of this deficit
remains unclear. We have previously characterized this def-
icit as one of limited verbal span, based upon evidence
which indicates that these children have considerable diffi-
culty with immediate repetition of verbal material, and in
particular, when the verbal information increases in length
and complexity. When asked to recall numbers, sentences,
or stories, for example, children with DMD consistently
perform more poorly than their matched controls (Ander-
son et al., 1988; Billard et al., 1992, 1998; Dorman et al.,
1988; Hinton et al., 2000, 2001, 2004; Ogasawara, 1989;
Whelan, 1987; Wicksell et al., 2004). These findings appear
across all intellectual levels, regardless of cognitive func-
tioning (Hinton et al., 2000), and are not due to more gen-
eral impairments in language and memory (Hinton et al.,
2007). Whether limited verbal span reflects weaknesses in
attentional or language skills is unclear, but most likely
both skills contribute. We have further hypothesized that
limited verbal span may be the core deficit in DMD. As
deficits in verbal span have been linked to impairments in
the acquisition of phonological knowledge and single-word
vocabulary (Adams & Gathercole, 2000; Gathercole et al.,
1997), this core deficit may also help to explain impair-
ments seen in phonological awareness, reading, and writing
found in children with DMD (Billard et al., 1992; Dorman
et al., 1988; Hendriksen & Vles, 2006; Hinton et al., 2001,
2004; Leibowitz & Dubowitz, 1981; Worden & Vignos, 1962).

In comparison to the data regarding verbal deficits in
older children and adolescents with DMD, there is rela-
tively little information available regarding early develop-
ment of language in DMD. Several case studies have
described young children (e.g., ages 3—6 years) who came
to clinical attention for significant language and behavioral
problems and were subsequently diagnosed with DMD
(Essex & Roper, 2001; Kaplan et al., 1986; Mohamed et al.,
2000). One of the few published data sets on young chil-
dren with DMD (under the age of 72 months) is by Smith
and colleagues (1990). The sample was comprised of 33
British children with DMD and normal, gender- and age-
matched controls. Compared with controls, children with
DMD exhibited generalized developmental delay, with
severe deficits in motor and language skills. Smith et al.
(1990) also reported the presence of behavioral problems in
the DMD group only. These data are somewhat at odds with
the specificity of findings in older children. They suggest
that in younger children with DMD, there may be early
generalized developmental delays with concomitant behav-
ioral problems, or that Smith’s sample is very different from
other groups in phenotypic characteristics as well as age.
Given the paucity of data among young children with DMD,
there is a strong need to replicate the findings and to help

https://doi.org/10.1017/5135561770808106X Published online by Cambridge University Press

S.E. Cyrulnik et al.

better characterize the cognitive and behavioral profiles of
young children diagnosed with DMD. Moreover, in young
children, delayed cognitive skills likely impact upon adap-
tive behavior and an evaluation of daily life skills is
warranted.

The purpose of the current study was to explore adaptive
behavior and cognitive skills of young children with DMD
and to replicate the findings of early, generalized delay as
documented by Smith et al. (1990). Adaptive behavior and
cognitive skills were individually assessed in 3- to 6-year-
old children with DMD and unaffected family controls to
determine whether selective or generalized deficits are asso-
ciated with a diagnosis of DMD. The following three hypoth-
eses were evaluated: (1) Parents will rate young children
with DMD as having poorer adaptive behavior skills than
unaffected familial controls. (2) Children with DMD will
perform more poorly on tests of cognitive functioning than
their familial controls. (3) Young children with DMD will
exhibit more generalized deficits than those reported in older
children with DMD.

METHODS

Participants

Twenty young boys with muscular dystrophy who were
between the ages of 3 and 6 were recruited (mean age =
4.90; SD = 1.12). Inclusion criteria included diagnosis of
muscular dystrophy, good general health, ability to com-
plete all test measures, English as the primary language,
and willingness to participate. All probands were ambula-
tory at the time of assessment.

Familial controls were recruited for each boy with DMD.
Inclusion criteria consisted of proximity in age to the affected
child (i.e., within 4 years), good general health, ability to
complete all test measures, English as the primary lan-
guage, and willingness to participate. Twenty subjects were
recruited, consisting predominantly of siblings (n = 17).
When more than one sibling was available, preference was
given first to male gender and then to closeness in age.
When no sibling was available, cousins (n = 3) were
recruited; these cousins were similar in age, gender and
socio-economic status to the child with DMD. Controls
ranged in age from 3 to 9, with a mean age of 5.10 years
(SD = 1.74). Among the controls, 9 were older (6 males
and 3 females) and 9 (4 males and 5 females) were younger.
Two controls were fraternal twins (1 male, 1 female). Age
was comparable between the proband and control groups
(t = .43, not significant [n.s.]).

The majority of probands and controls had not yet entered
first grade; they were in preschool, prekindergarten, or kin-
dergarten. Education level was comparable between the two
groups (x? = 9.94, n.s.). The majority of young children
with DMD were receiving therapeutic services; physical
(86%), occupational (77%), and speech (59%). In contrast,
a smaller percentage of controls were receiving speech ther-
apy services (13%).
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Racial composition of the sample was predominantly
Caucasian (92%), with an additional 6% reported to be
Hispanic; 2% did not categorize their racial affiliation.
Responses to questions about socio-economic information
indicated that the sample was composed of well-educated
families. Most mothers had completed a Bachelor’s degree,
and the average family income was between $75,000 and
$99,999.

Procedure

Participants for this study were recruited through the Mus-
cular Dystrophy Association (MDA) clinics of Columbia
Presbyterian Hospital, New York, and Children’s Health-
care of Atlanta at Scottish Rite, Atlanta, Georgia. Addition-
ally, newsletters with a description of the study were sent to
Parent Project Muscular Dystrophy (PPMD), regional MDA
clinics, and parent support groups. Interested individuals
returned the response form directly to the investigator. This
study was approved by the Columbia University and New
York Presbyterian Hospital Institutional Review Board, by
the Queens College of the City University of New York
Institutional Review Board, and by the Children’s Health-
care of Atlanta at Scottish Rite Children’s Medical Center
Institutional Review Board.

Written informed consent was provided by all parents
before their children’s participation. Children who were capa-
ble of doing so gave verbal assent before their participa-
tion. Parents completed the questionnaires while their
children were being tested. Testing was done in English.
The entire battery of tests took approximately 4 hr to admin-
ister, and testing was generally divided into two separate
sessions of 2 hr each, so as not to over-burden the children.

Although testers were not blind to the child’s diagnosis,
test administration was standardized for both probands and
controls. All tests were scored twice to ensure reliability of
the data; discrepancies were resolved by consensus. To ensure
that there was no evidence of hearing loss, a brief hearing
screen was attempted with all research subjects. Approxi-
mately half the sample objected to the placement of the
headphones on their head, or did not comply with the instruc-
tions. In those cases, medical records were reviewed and
parents were interviewed to confirm that there was no sus-
picion of any auditory impairment.

Measures: Parent battery

Parents completed a developmental history form that que-
ried about general health characteristics, schooling, and
demographic information. In addition, parents completed
the Vineland Adaptive Behavior Scales (Sparrow et al.,
1984), a semi-structured interview designed to measure adap-
tive behavior. The questionnaire generates scores in four
different areas of functioning, including Communication,
Daily Living Skills, Socialization and Motor Skills, as well
as a summary Adaptive Behavior Composite score, as an
estimate of everyday living skills.
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Measures: Children’s battery

The following battery was composed of tests which have a
minimal amount of motor demand, with the exception of
tests specifically designed to measure fine-motor skills. The
measures included tests of specific cognitive skills and select
subtests from neuropsychological test batteries. Tests were
grouped according to their presumed primary neuropsy-
chological function. Six groups of measures were studied:
(1) Receptive language skills, (2) expressive language skills,
(3) visuo-spatial skills, (4) fine-motor skills, (5) attention
skills, and (6) memory skills.

Verbal skills: Receptive and expressive
language skills

The receptive composite score consisted of the Peabody
Picture Vocabulary Test (PPVT-III) (Dunn & Dunn, 1997),
and three subtests from the Clinical Evaluation of Lan-
guage Fundamentals—Preschool Version (CELF-P) (Wiig
et al., 1992), which form the Receptive Language score
(Linguistic Concepts, Sentence Structure, and Basic Con-
cepts). The receptive composite score was derived by aver-
aging the age-standardized scores of the tests included in
this domain.

The expressive composite score consisted of the Expres-
sive Vocabulary Test (EVT) (Williams, 1997), and three
subtests from the CELF-P which form the Expressive Lan-
guage score (Recalling Sentences, Formulating Labels, and
Word Structure). This composite score was derived by aver-
aging the age-standardized scores of the tests included in
this domain.

Visual-spatial skills

The visual-spatial composite score consisted of the Match-
ing subtest from the Wide Range Assessment of Visual Motor
Abilities (WRAVMA) (Adams & Sheslow, 1995), and Pic-
ture Completion from the Wechsler Preschool and Primary
Scale of Intelligence—Revised (WPPSI-R) (Wechsler, 1989)
or the Wechsler Intelligence Scale for Children—Third Edi-
tion (WISC-IIT) (Wechsler, 1991). The visual-spatial com-
posite score was derived by averaging the age-standardized
scores of the tests included in this domain.

Fine-motor skills

Fine-motor skills were assessed using the Pegboard subtest
of the WRAVMA.

Attention skills

Attention skills were evaluated using the Visual Attention
subtest of the NEPSY: A Developmental Neuropsycholog-
ical Assessment (Korkman et al., 1997). Scaled scores
derived from the NEPSY were transformed into standard
scores.
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Memory skills

Memory skills were evaluated using the Narrative Memory
subtest of the NEPSY: A Developmental Neuropsycholog-
ical Assessment. Scaled scores derived from the NEPSY
were transformed into standard scores.

Analyses

Paired  tests were used to assess group differences in both
adaptive behavior and cognitive functioning. To determine
whether parents rate young children with DMD as having
poorer adaptive behavior skills than their unaffected con-
trols, the following four subtests of the Vineland were used
as dependent variables: communication, socialization, daily
living skills, and motor skills. The null hypothesis that chil-
dren in both groups would have similar adaptive function-
ing in all domains was tested.

To determine whether children with DMD perform more
poorly on tests of cognitive function than their controls, the
following six composite scores served as the dependent vari-
ables: (1) Receptive language skills, (2) expressive lan-
guage skills, (3) visuo-spatial skills, (4) fine-motor skills,
(5) attention skills, and (6) memory skills. The null hypoth-
esis that the two groups would perform similarly across all
test measures was tested.

To examine whether gender or age of control had any
modifying effects on outcome, multiple exploratory analy-
ses of variance were run on the group differences scores of
each composite cognitive variable using either gender of
control or age of control (categorized as older, same, or
younger) as the between-group factor. Exploratory analyses
confirmed that neither gender nor age of control participant
contributed to test performance. All analyses using these
variables as between-group factors in analyses of compos-
ite cognitive variables were nonsignificant.

To determine whether DMD is associated with substan-
tial deficits relative to the population norm, the percentage
of children scoring below 1.5 standard deviations from the
population mean was determined post hoc for each cogni-
tive domain. The value of 1.5 standard deviations was cho-
sen arbitrarily to be comparable to criteria often used in
discrepancy analyses. The percentage of children with DMD
whose scores fell below this cut-point was compared with
the percentage of unaffected family members scoring below
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the same cut-point for each cognitive domain using y?
analyses.

To examine the association between parent-reported adap-
tive skills and children’s cognitive performance, post hoc
correlational analyses were run on the different domain data.

For all analyses, alpha was set at the .05 level. For those
analyses which also examined specific subtest differences,
the Bonferroni correction was used (i.e., .05/number of spe-
cific subtests within each domain) to correct for multiple
comparisons within each domain. Within each domain, indi-
vidual #-values that were equal or less than the Bonferroni-
corrected alpha (e.g., p <.025 for a two-test domain) were
considered to reflect significant between group differences.

RESULTS

Adaptive Behavior

According to parental report, children with DMD display
significant delays in adaptive behavior skills. These delays
are observed across domains when compared with their
unaffected family members (see Table 1). Paired analyses
indicate that children with DMD are delayed relative to
familial controls in all four areas of functioning, including
communication, daily living, socialization, and motor skills.
In general, children with DMD were rated approximately 1
SD lower than their controls across the scales with the big-
gest differences being observed on the communication and
motor scales.

Neuropsychological Test Data

Children with DMD perform significantly more poorly than
their unaffected family members in multiple areas of cog-
nition (see Table 2). Paired analyses demonstrated that the
boys with DMD performed more poorly than their controls
on measures of receptive language, expressive language,
visuo-spatial skills, fine-motor skills, attention, and mem-
ory. Thus, the profile appears to be one of global cognitive
delay, with the probands scoring approximately one stan-
dard deviation below their familial controls.

A visual presentation of the performance of individual
sibling pairs on one of the composite scores (e.g., expres-
sive language) is presented in Figure 1. This figure demon-

Table 1. Comparison of adaptive functioning between probands and controls

Probands Controls
Vineland domain Mean (SD) Mean (SD) t-value (df) Effect size
Communication 81.47 (16.57) 107.26 (15.37)  4.902 (1,18) r=.76
Daily living skills ~ 78.68 (19.18) 99.00 (16.87)  3.552(1,18) r=.64
Socialization 89.11 (16.48) 105.79 (15.52) 3.902 (1,18) r=.68
Motor skills 69.50 (20.97) 94.25 (14.67)  3.402 (1,7) r=.79

ip < .05.
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Table 2. Comparison of cognitive functioning between probands and controls

Probands Controls
Cognitive domain Mean (SD) Mean (SD) Pair diff  z-value (df)  Effect size
Receptive language 92.13 (19.79)  106.55 (14.90) —14.42  3.77* (1,18) r=.66
PPVT-III 98.15(20.24)  106.05 (12.41) —7.90 2.48(1,19)
CELF-P: Receptive 86.74 (21.18)  107.05 (19.05) —20.32  3.85(1,18)
Expressive language 84.55 (17.32) 104.63 (15.39) —20.08  5.85%(1,18) r=.81
EVT 88.50 (21.28)  107.85 (15.53) —19.35  4.29°(1,19)
CELF-P: Expressive  81.47 (16.38) 100.79 (16.22) —19.32  5.97°(1,18)
Visuo-spatial skills 90.74 (13.36)  107.45 (13.34) —16.71  4.182(1,18) r=.71
Matching 85.10 (17.77)  104.80 (14.40) —19.70  4.22°(1,19)
Picture completion 96.05 (19.26)  109.74 (16.11) —13.68 241 (1,18)
Fine-motor skills 86.63 (11.52)  102.13 (10.96) —15.50 4.442(1,19) r=.71
Attention skills 87.65 (13.36)  113.00 (14.29) —2535 5.932(1,16) r=.81
Memory skills 81.47 (16.28) 99.12 (13.019) —17.65 4.81*(1,16) r=.74

857

Note. Receptive language, Expressive language, and Visuo-spatial skills are multiple-test domains. Fine-motor
skills, Attention skills, and Memory skills are single-test domains. PPVT-III = Peabody Picture Vocabulary Test, 3™
edition; CELF-P = Clinical Evaluation of Language Fundamentals—Preschool Version; EVT = Expressive Vocab-

ulary Test.
ap <.05.
bp <.025.
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Fig. 1. Intra-pair differences in expressive language composite
scores.

strates that, despite variability in their test scores, probands
generally perform more poorly than their familial controls.

Based on the frequency of scores that were deficient rel-
ative to normative standards (defined here as 1.5 standard
deviations below the normative age mean), cognitive defi-
cits were more common among children with DMD as com-
pared to unaffected family members (see Table 3). Moreover,
results indicate that the likelihood of a child with DMD
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having deficits was greater in some cognitive domains than
in others. Comparisons of scores that were 1.5 SD lower
than the expected mean showed children with DMD dif-
fered from their controls in the expressive language, atten-
tion and memory domains, while the groups did not differ
in the receptive language, fine-motor, and visual-spatial
domains.

Results of the correlational analysis examining the asso-
ciation between parent-reported adaptive behaviors and child
cognitive performance showed significant associations at
the .05 level for many of the variables in both groups (see
Table 4), as anticipated due to the known association between
adaptive behavior and cognitive test score measure design
(Sparrow et al., 1984). When more stringent criteria (« of
.001) were set, results indicated that for the DMD group,
but not the controls, parents’ adaptive ratings were associ-
ated with their child’s performance. This finding likely
reflects increased variability of performance across the pro-
bands. In addition, among the children with DMD, commu-
nication scores were strongly associated with cognitive
outcomes whereas motor scores were not. This finding is
intriguing and suggests that motor functioning may be less
useful than communication skills as a marker of cognitive
abilities in children with DMD.

DISCUSSION

The results of the current study indicate that young children
with DMD exhibit impairments in multiple areas of cogni-
tive and adaptive functioning, as confirmed both by paren-
tal report and neuropsychological test data. Parents report
generalized deficits in adaptive functioning in their affected
children. Children with DMD reportedly have difficulty in
adaptive behaviors relating to language skills, motor skills,
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Table 3. Percentage of children who score more than 1.5 SD from the

population mean

No. of No. of x? with
Cognitive domain probands (%) controls (%) 1 df (N)
Receptive language 3/20 (15%) 1/19 (5.3%) 1.00 (39)
Expressive language 7/20 (35%) 1/19 (5.3%) 5.282(39)
Visuo-spatial skills 3/19 (15.8%) 1/19 (5.3%) 1.12 (38)
Fine-motor skills 3/20 (15%) 0/20 (0%) 3.24 (40)
Attention skills 6/17 (35.3%) 0/17 (0%) 7.29% (34)
Memory skills 6/17 (35.3%) 0/17 (0%) 7.29% (34)

S.E. Cyrulnik et al.

ap < .05.

personal care, and social skills. The children’s skills were,
on average, approximately one standard deviation below
both normative expectations and familial controls.

Neuropsychological test data also showed generalized
deficits across domains in young children with DMD. Spe-
cifically, when compared with familial controls of compa-
rable age, young children with DMD performed significantly
more poorly on tests of receptive and expressive language,
visual-spatial skills, fine-motor skills, attention, and mem-
ory skills. Similar to the adaptive behavior findings, chil-
dren with DMD scored approximately one standard deviation
below their controls. In addition, more children with DMD
had deficit scores in the expressive language, attention, and
memory domains than their controls, suggesting that the
DMD group was at a higher risk for clinically significant
problems.

It is important to note, however, that despite significant
between-group differences on all measures, children with
DMD generally scored in the low-average to average ranges.
Unaffected family members scored in the average to high-

average ranges. As such, although group performance was
shifted down, individual performance of some children with
DMD might well have escaped attention had they not been
compared with well-matched controls.

The results of the current study are in concordance with
the previously published, albeit limited, data on cognitive
deficits in young children with DMD. Smith et al. (1990)
found generalized developmental delays, with the most
severe impairments in language and motor skills. The delays
reported in Smith’s sample are more severe than those
reported in the current study; sampling differences may be
responsible for the discrepant findings. The current find-
ings of generalized delay are also consistent with the case
studies mentioned previously (Essex & Roper, 2001; Kaplan
et al., 1986; Mohamed et al., 2000), in which preschool
children initially referred for language and behavioral delays
were subsequently diagnosed with DMD.

The results of the current study are also consistent with
prior cross-sectional studies which have found more severe
language deficits in “younger” children with DMD, as com-

Table 4. Association of parent ratings of adaptive behavior with children’s performance on neuropsychological tests

Neuropsychological domains
Adaptive
behavior Receptive Expressive
domains language language Visuo-spatial | Fine-motor Attention Memory
— 70730 790> .6113b .62220 ns 534+
Communication
4712 ns ns ns ns ns
o . .585a0b 59220 4442 4822 ns ns
Daily living skills 4702 ns 4752 ns ns ns
Socialization .5902° 61230 5512 4592 ns ns
.6192 .538% 5202 .6192 ns ns
. ns ns ns ns ns ns
Motor skills 618 6407 6720 7360 ns ns

Note. Scores for Receptive language, Expressive language, and Visuo-spatial skills were domain composites. ABS = Adaptive Behavior
Scales. Data presented are Pearson r values. For each cell, values for DMD participants are above the diagonal and values for control
participants are below the diagonal.

ap < .05.

bp < .001.
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pared to “older” children with DMD (Miller et al., 1985;
Sollee et al., 1985), notwithstanding the fact that the “youn-
ger” children in previous samples (e.g., mean age 13.5 years
for Miller et al., 1985, and mean age 7.7 years for Sollee
et al., 1985) were considerably older than the young chil-
dren in the current sample. The results of the current study
also complement the cross-sectional findings of Cotton et al.
(2005). According to a recent meta-analysis by Cotton and
colleagues, young children with DMD (e.g., mean age 7
years, 5 months) exhibit significant verbal impairments. Fur-
thermore, Cotton’s cross-sectional data seem to indicate that
verbal skills consistently improve with age in children and
adolescents with DMD, as the oldest children outper-
formed those in all other age groups.

The findings of generalized deficits in young children
with DMD (in our study and others) are at odds with the
specificity of findings in older children and adolescents with
this disorder. It appears that these deficits become more
selective over time as the children mature. Interestingly,
when the data are examined according to the percentage of
children with deficit scores, the findings are more specific
and similar to those reported in older children with DMD.
That is, the children in the current sample did not have a
significantly higher rate of deficits on tests of receptive
language and visual-spatial skills, two areas that have been
found to be relatively spared in older boys with DMD. Thus,
even though scores from the boys with DMD were lower
than their controls, they were nonetheless deficient only in
areas previously shown to be impaired in DMD (e.g., ver-
bal memory, expressive language, and attention).

Longitudinal data from children with early language
impairments indicate that it is not unusual for language
deficits to become less severe, or in fact, resolve com-
pletely over the course of the preschool years (Bishop &
Edmundson, 1987; Scarborough & Dobrich, 1990; Silva,
1980). Some investigators (Aram & Nation, 1975) have
hypothesized that “the younger a child with a developmen-
tal language disorder, the more generalized is its effect,
while as children become older, their language improves
and the areas of deficiency become more specific” (p. 239).
This hypothesis is consistent with Werner’s (1948) charac-
terization of cognitive development as “increasing differ-
entiation and refinement of mental phenomena and functions
and a progressive hierarchization” (p. 51). A longitudinal
study, following young, preschool-aged children with DMD
over time would be necessary to address the mechanism by
which these generalized cognitive impairments resolve into
specific language deficits. To investigate this issue, our lab
is currently following children identified in this study and
investigating their language and reading skills as they
emerge.

One potential drawback of the current study is that it
consisted of a sample of convenience. Given that there are
currently no population-based studies which report upon
the incidence of cognitive impairment in children with DMD,
it is impossible at this time to determine whether the cur-
rent sample over-represents cognitive impairments in this
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population. A second drawback to the current study—the
small sample size—is of less concern because the strength
of the effect sizes suggests that a lack of power was not at
issue. Finally, the authors recognize that the lack of an appro-
priate IQ measure limits the interpretability of the current
study. It is possible that differences in general intellectual
functioning account for the multiple between group differ-
ences seen in these young children. A measure of IQ would
aid in making such a determination.

The current study is particularly valuable for examining
cognition in a proscribed age range (e.g., 3—6 years), allow-
ing for a more fine-tuned analysis of language skills as they
emerge. Other studies investigating cognition in DMD have
used wide age ranges, which may mask subtle differences
in the emergence of language. In addition, the current inves-
tigation extends prior findings by showing the functional
impact in adaptive skills for these children. Finally, the use
of familial controls allows the investigators to control for
socio-economic variables, such as educational access, par-
enting style, social supports, and other environmental factors.

The cause of the cognitive deficits observed in children
and adolescents with DMD is unknown. However, the def-
icits may be attributed to the lack of dystrophin, a protein
product that is normally found in multiple tissues through-
out the body. The genetic mutation responsible for DMD
disrupts the production of dystrophin (Hoffman et al., 1987).
Dystrophin is normally found in the neuromuscular junc-
tion of skeletal muscle fiber and ensures the structural integ-
rity of the muscle (Blake et al., 2002). It is the absence of
dystrophin in the skeletal muscle that causes the phenotyp-
ical presentation of progressive muscular weakness. How-
ever, dystrophin is also normally present in multiple tissues
throughout the body, including the central nervous system,
and in DMD its deficiency is not limited to skeletal muscle
tissue (Lidov et al., 1990, 1993). Studies have documented
the absence of dystrophin in the cerebral and cerebellar
cortices of individuals diagnosed with DMD (Kim et al.,
1995; Uchino et al., 1994a,b), providing a neural basis for
the cognitive deficits in DMD. Development of a brain with-
out dystrophin may lead to a brain that is “wired” differ-
ently from most, and may in turn lead to alterations in
cognitive and behavioral development.

In summary, the current study examines adaptive behav-
ior and cognitive deficits in a sample of children with a
known genetic disorder. In contrast to the profile of specific
verbal deficits reported in older children with DMD, young
children with this disorder appear to exhibit generalized
deficits in multiple areas of cognition and adaptive func-
tioning. The current study helps elucidate genotype-
phenotype associations that are seen early in the disorder;
however, it is not known how these generalized cognitive
deficits evolve into more specific language impairments as
children mature. It is hoped that future studies will help
characterize the developmental trajectory in children with
this disorder. The association of a specific cognitive profile
with a genetic disorder is unique, and DMD offers the rare
opportunity to examine such gene-cognition relationships.
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