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ABSTRACT 

Introduction 

Duchenne Muscular Dystrophy (DMD) is the most common form of muscular 

dystrophy seen in paediatric practice. The condition affects approximately 1 in 

3300 live male births and occurs across all ethnic groups. It is an X-linked 

recessive disorder characterized by progressive muscle weakness and 

degeneration of skeletal muscle. 

The spectrum of central nervous system manifestations of DMD is less well 

described than its musculoskeletal aspects. Although international studies have 

reported intellectual function ranging from above-average to severe intellectual 

disability, they have conSistently found the average full-scale IQ of affected boys 

to be reduced by approximately one standard deviation. Fewer reports are 

available for DMD boys in the pre-school age group. There is also limited data on 

the behavioural profile of boys with this condition. No material on these aspects 

of DMD in South African children has been published to date. 

This pilot case control study aimed to determine the neurocognitive and 

behavioural phenotype of a cohort of South African children with a confirmed 

diagnosis of Duchenne muscular dystrophy as compared to the profile of a 

matched control cohort of children. 

Method 

The sample consisted of a group for cognitive testing (5 pre-school boys with 

DMD and 4 suitably matched controls) and a larger group with a bigger age­

range for behavioural assessment (11 boys). The cognitive measure used was 

the Griffiths Mental and Development Scales. The tool used for behavioural 

assessment was the Achenbach Child Behaviour Checklist (Parent 

Questionnaire). Testing was conducted in the paediatric neurology department at 

the Red Cross Children'S Hospital, Cape Town. 
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Results 

Even with the removal of the motor scale from the scores of the Duchenne boys, 

the General Quotient scores were significantly lower than their normally 

developing counterparts, where the mean (M)OMO = 78.90; MeoNT = 106.20; P = 

0.027 with effect size = 1.89. The group displayed significantly poorer 

performance in the hand-eye co-ordination subscale in relation to their controls 

(p=0.03). Three out of the 5 remaining subscales approached significance with a 

p-value of 0.05. 

The results of parental reports on the behaviour of the DMD boys in our group 

reveal higher rates of general behavioural problems (54.5%) than normative 

data. This figure is slightly higher than reported in previously conducted studies 

on general behavioural problems in boys with DMD. This may be due to the 

exposure of the majority of our children to significant socio-economic stressors. 

The discrepancy may, however, also be an erroneous finding as a result of our 

very small sample size. 

Conclusion and Recommendations 

The cognitive profile of the pre-school group of boys with DMD as compared to 

controls is in keeping with previously reported international figures. The profile of 

the boys in the behaviour group was also in line with other, larger studies 

although the specific behaviour syndrome profile displayed some differences to a 

recent report of a cohort of American boys with DMD. 

Current practice in the ongoing care of boys with Duchenne muscular dystrophy 

at Red Cross Children's Hospital does not routinely include cognitive evaluation 

or behavioural screening. This study suggests that boys with this condition are at 

greater risk for problems in both areas and that it may be of benefit to identify the 
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INTRODUCTION 

Duchenne Muscular Dystrophy (DMD) is the most common form of muscular 

dystrophy seen in paediatric practice. The condition affects approximately 1 in 

3300 live male births and all ethnic groups. It is an X-linked recessive disorder 

characterized by progressive muscle weakness and degeneration of skeletal 

muscle. Although there is a wide spectrum of severity, most boys with the 

diagnosis of DMD will have lost ambulation by 13 years of age and premature 

death generally occurs in the second or third decade. The central nervous 

system manifestations of the condition are less well described. 

Since molecular genetic testing became available in South Africa, all patients 

suspected to have DMD attending the Neuromuscular Service at Red Cross 

Children'S Hospital, have been offered screening for deletions (or point 

mutations) of areas of their dystrophin gene as a routine part of their diagnostic 

workup. We have previously created a database of children attending our 

institution with the diagnosis of DMD. For the majority of children the diagnosis 

was confirmed on either genetic testing (demonstration of deletion or point 

mutation in appropriate region) or muscle biopsy (demonstrating near complete 

absence of dystrophin at the muscle fibre sarcolemma on immunohistochemical 

staining). 

Although cognitive problems are extensively reported internationally (if still 

imperfectly defined), there is limited published data on the cognitive profile of 

boys with DMD in South Africa and nothing attempting to correlate the genetic 

diagnosis with intellectual functioning. It can be postulated that these children 

may be at a greater risk for developmental problems compared to boys with DMD 

living in first world countries, mainly because of unfavourable socio-economic 

circumstances and access to fewer service resources (Richter & Grieve, 1991). 

Regular developmental evaluation should be regarded as an essential 

component of the overall care of children with DMD, especially in this social 
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context. However, in developing countries such as South Africa resources to 

undertake such evaluations are scarce and they may not occur routinely. 

There is limited published data on the prevalence of behavioural problems or 

neuropsychiatric co-morbidities amongst children suffering from DMD in first 

world settings. There remains nothing on children who live in developing 

countries and are already at risk for behavioural problems (as well as learning 

difficulties) as a result of their deprived social circumstances (Donald & Dawes, 

1994). The neurology team 1 felt it would be of value to investigate this further in 

our cohort of boys with DMD. 

This study was an opportunity to describe the genetic, cognitive and behavioural 

profile of a cohort of boys living with DMD in South Africa. This may enable 

clinicians to identify a subgroup of children with DMD who are particularly at risk 

of learning difficulties and/or behavioural problems and as such should be 

managed with early intervention specific to their special needs. 

I "The neurology team" refers to the paediatric neurology team at Red Cross Children's Hospital as detailed 
in the acknowledgements 
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LITERATURE REVIEW 

GENETICS 

Duchenne muscular dystrophy is known to have X-linked recessive inheritance 

and the actual gene has been mapped in detail. The gene is located at Xq21.2 

and is the largest gene characterized to date, comprising nearly 0.1 % of the 

entire human genome (Anderson, Head & Rae, 2002). Ninety-nine percent of 

the 2.4 MB dystrophin gene consists of introns with 86 exons that encode 14KB 

of deoxyribonucleic acid (DNA). Its main product is a 427 kilodalton (kDa) 

protein known as dystrophin. This is primarily expressed in skeletal and cardiac 

muscle with small amounts expressed in the brain (Nudel, Zuk & Einat, 1989). 

There are three active and unique promoters at the 5' end of the gene. These 

promotors all produce a full-length 427kDa isoform, with the same number of 

exons, but which vary by a few amino acids at the amino terminus and are 

preferentially (but not exclusively) expressed in 3 different sites (brain, muscle 

and Purkinje cerebellar neurons). (Figure 1) The tissue-specific expression of 

these isoforms is believed to account for aspects of extra-muscular disease. The 

transcript from the M-promoter is found in muscle, glia and the vascular 

endothelium of vessels in the central nervous system. The transcript from the B­

promoter is found in the hippocampus and cerebral cortex and the transcript from 

the P-promoter seems to be found only in the cerebellar Purkinje cells and fetal 

cerebral cortex. Of the smaller isoforms, Dp260 is the largest and is localised to 

eye photoreceptor cells. Dp140 is found in the brain, kidney and developing 

foetal central nervous system. Dp1 16 is found in peripheral nerves, Schwann 

cells and in the foetal striatum. Dp71 is present in the ventral neural tube and 

embryonic mid- and hindbrain (Blake & Kroger, 2000). 

DMD is caused by mutations that change the reading frame of the dystrophin 

transcript, resulting in premature stop codons and instability of the transcript. 

13 



Univ
ers

ity
 of

 C
ap

e T
ow

n

The dystrophin gene has a high mutation rate and approximately a third of new 

cases of DMD are a result of new mutations (Anderson, Head & Rae, 2002). The 

most common gene mutation in DMD is a deletion, accounting for 65% of 

mutations. The remainder is made up of either duplications (5%) or point 

mutations, small deletions or insertions (35%) (Dellafave & McNally, 2007). It is 

therefore possible in the majority of cases (>65% in most centres) to identify not 

only the presence of a gene deletion, but also the exact position and size of that 

deletion. Deletions (and less commonly duplications) can occur anywhere in the 

gene. There are, however two well recognized deletion "hotspots". One is 

positioned closer to the 3' end of the gene and the other at the 5' end. Deletions 

in the first region generally include exons 45-55 and in the second region include 

exons 2-19. These "hotspots" have allowed the widely used multiplex polymerase 

chain reaction (PCR) technique to identify 98% of deletions by screening only 19 

exons. The University of Cape Town (UCT) genetics laboratory has used this 

method from the early 1990s until late 2007 when the newer Multiple Ligase­

dependant Probe Amplification (MLPA) technique was introduced (Niepieklo, 

2008). 

There is not a direct relationship between the size of the deletion and the severity 

of muscle disease (Koenig, Beggs & Moyer, 1998). However the position of the 

deletion (specifically if it disrupts the reading frame) seems to have an effect on 

the resulting phenotype (Muntoni, Torelli & Felini, 2003). Certain boys with 

intellectual disability at the severe/profound end of the spectrum have been 

shown in some studies to be more likely to have a mutation in specific areas of 

the gene (predominantly the 3' end). (Bushby, Appleton, Anderson, Welch & 

Gardner Medwin, 1995) 
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Figure 1. A: Genomic organisation of the dystrophin gene, located in Xp21 . The black vertical lines 

represent the 79 exons of the dystrophin gene distributed over about 2·5 million bases. The arrows indicate 

the various promoters: in particular are brain (B), muscle (M), and Purkinje (P) promoters; R, B3, S, and G 

represent the Op260 (retinal), Op140 (brain3), Op116 (Schwann cells), and Op71 (general) promoters. 

B: The domain composition of the various dystrophin proteins is indicated. The amino-terminal domain is 

followed by the spectrin like domain, the cysteine rich, and the camoxy-terminal domain. 

Figure reproduced with personal permission from Prof F Muntoni as well as The Lancet Neurology (2007). 
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Very little has been published about the genetic profile of boys with DMD in 

South Africa . Ballo et al (1994) reported on a multi-center South African study 

based on a genetic service offered to families of boys with DMD or Becker 

muscular dystrophy (BMD). Molecular genetic screening was performed on DNA 

from 128 patients diagnosed 1987-1992. The technique employed in this study 

involved screening for deletions in the 'hotspot' areas in the 5' and 3' regions of 

the dystrophin gene. The affected boys were diagnosed clinically and the number 

with immunohistochemical confinmation was not recorded. It is therefore a 

possibility that a proportion of the individuals in the study were misdiagnosed. 

The authors found that 50% of DMD patients of European (n=16/32), Indian 

(n=12/24) or mixed ancestry (n=14/31) had identifiable deletions. However, only 

22% of DMD patients of African ancestry (n=1 0/41) had identifiable deletions in 

their cohort. They concluded that the low deletion frequency seen in DMD 

patients of African ancestry suggested that they may have unique mutations not 

detectable using methods current at that time. Since 1992, however, many more 

deletion sites have been identified and the confirmation of diagnosis has become 

more defined. 

Hallworth-Pillay and colleagues (2007) described a cohort of boys with DMD in 

Durban. Of the 53 patients with a diagnosis of DMD, 33 were deletion positive 

using standard peR techniques (62%). Nineteen out of a total 29 boys of African 

ancestry (62%) were positive for deletions at one of the gene 'hotspots' 

(Hallworth-Pillay, Bill, Maduri, Mubaiwa & Rapiti, 2007). These figures present a 

similar frequency to those reported in the international literature to date and 

refute Ballo et afs findings. 

Hallworth-Pillay et al also reported a prevalence of 12 boys (18%) with "mental 

retardation" in their group of 53 boys with DMD and 15 with Becker muscular 

dystrophy. However, no definition of "mental retardation" was given and no 

mention was made of which formal measures used to categorise these boys as 
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PATHOGENESIS 

The muscle disease is caused by the absence of the dystrophin protein which 

plays a vital role in maintaining muscle membrane stability. It is a low-abundance 

protein and constitutes only 0.002% of total muscle protein (Menkes, Sarnat & 

Maria (eds), 2006. p985). However, the loss of dystrophin and consequent 

destabilisation of its associated protein complex results in the myofibres 

becoming vulnerable to contraction-induced damage through plasma membrane 

leakiness. As the illness progresses there are repeated episodes of necrosis and 

regeneration of muscle cells. Generally regeneration is inadequate and over time 

the number of muscle cells is reduced and fibre size variability increased. This 

correlates with the clinical progression of muscle weakness over time in boys 

with DMD. The clinical phenotype is related to the amount of functional 

dystrophin present rather than the size of the gene deletion (Koenig et ai, 1998). 

Boys with a severe phenotype may demonstrate completely absent dystrophin on 

immunohistochemical staining of their muscle (Mcintosh, Helms & Smyth(eds), 

2003. p995). 

The only non-muscle tissue in which dystrophin is Significantly expressed is the 

brain. The level of dystrophin expressed in the brain is lower than in muscle 

(approximately 10% compared to levels in skeletal muscle) and the structure of 

brain-messenger ribonucleic acid (RNA) for dystrophin differs from the form 

expressed in muscle. This is a result of the promoter for cortical dystrophin being 

located at least 90KB upstream from the muscle promoter. Truncated 

dystrophins, such as the 140KDa Dp140 and the Dp71 are found in normal brain 

and seem to be preferentially expressed in certain areas of the brain as detailed 

above. Their exact role is as yet poorly defined. 

Although Duchenne muscular dystrophy is now widely accepted as being 

associated with an increased risk of generally rnild, non-progressive intellectual 

disability, no obvious or consistent neuropathology (either gross or histological) 
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has been identified in the brains of patients with the condition (Anderson et ai, 

2002). 

Bresolin et al (1994) demonstrated decreased uptake of fluorodeoxyglucose in 

the cerebellums of a group of DMD boys. This pattern of hypometabolism was 

not demonstrated in children with other global physical disability (Spinal muscular 

atrophy type1), suggesting that cerebellar hypometabolism may not be related to 

the physical manifestations of DMD and may playa role in the cognitive profile. 

These findings are likely to be relevant given the fact that the cerebellum is 

known to be one of the major foci of dystrophin in the brain. Hinton and 

colleagues reported impairments in verbal working memory in a large group of 

Duchenne boys. It was noted that specific learning difficulties of this type in 

children in the general population may have an association with cerebellar 

abnormalities (Hinton et ai, 2000) . 

Based on experimental work on the mdx mouse2
, Knuesel et al (1999) have 

reported a possible effect of the absence of dystrophin on the synaptic clustering 

of GABAa receptors. The authors demonstrated a reduction in the number of 

GABAa clusters in the mdx mouse cerebellum and hippocampus of 

approximately 50%. The hypothesis presented is that the extensive co­

localisation of dystrophin with this subset of GABAa receptors in the postsynaptic 

densities represents a dependent relationship and suggest that this may playa 

role in the cognitive impairment seen in boys with DMD. (Knuesel, Mastrocola, 

Zuellig, Bornhauser, Schaub & Fritschy, 1999). 

2 A strain of mice arising from a spontaneous mutation (mdx) in inbred C57BL mice. This mutation is X 
chromosome-linked and produces viable homozygous animals that lack the muscle protein dystrophin, have 
high serum levels of muscle enzymes, and possess histological lesions similar to human muscular 
dystrophy. The histological features, linkage, and map position of mdx make these mice a worthy animal 
model of Duchenne muscular dystrophy. 
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DMD AND THE BRAIN 

Intelligence 

When Duchenne originally described the disorder in 1868 he reported 5 cases 

with some degree of cognitive impairment. Subsequent to this initial report there 

was some debate about whether this was a valid observation. Over the next 100 

years conflicting reports in the literature (often single case reports) continued to 

confuse the issue. However, there is now general consensus, based on a large 

body of evidence, that boys suffering from DMD have an increased risk of 

intellectual disability-although most individuals are not intellectually disabled( 

Cotton, Voudaris & Greenwood, 2001; Smith, Sibert & Harper, 1990). A large 

meta-analysis of all studies undertaken to look at intellectual functioning in boys 

with this condition up to 2001 (1224 boys) was published by Cotton et al (2001). 

Despite small individual numbers in most of the studies, inconsistency regarding 

definitions of intellectual disability ("mental retardation") between groups, and 

different tools used to measure intellectual functioning, the overall finding was 

that the average Intelligence Quotient (IQ) of boys with DMD was lower than their 

non-affected counterparts. Mean full-scale IQ (FIQ) scores were shifted down 

approximately 1 standard deviation from the normal population (80.2). Thirty-four 

percent of boys had an IQ <70 and therefore fell into the formal category of 

intellectual disability. Of this group, 79.3% had mild learning difficulty (FIQ 50-

70), 19.3% moderate (FIQ 35-50) and 1.1 % severe intellectual disability (FIQ 20-

35). These findings may represent the potential for major lifetime morbidity in 

affected boys. 

Intellectual disability does not seem to be progressive, does not correlate with 

the severity of muscle disease and seems to involve verbal more than non-verbal 

intelligence (8resolin, Comi, Felisari, 8ardoni, Perani, Grass, Turconi, 

Mazzucchelli & Galloti, 1994). The pathogenesis of intellectual disability in DMD 

is not defined to date. Studies done over the last 30 years in different centres, 
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and using different tools, have demonstrated a variety of results as regards 

specific areas of learning disability. There does, however, seem to be increasing 

evidence that verbal and short term memory outcomes are selectively poorer 

than other areas of cognitive function (Cotton et a/2001; Wicksell, Kihlgren, 

Melin & Eeg-Olofsson, 2004). Specific areas of verbal skills which have been 

shown to be affected have included: a basic language deficit (Karagan & 

Zellweger, 1978), significant impairment in word reading ability (Leibowitz & 

Dubowitz, 1981), delay in reading abilities, comparable to those observed in 

developmental dyslexia (Dorman, Hurley & D'Avignon, 1988), speCific deficit of 

verbal intelligence and verbal memory (Billard, Gillet, Barthez & Santini, 1992), 

reading disability similar to dysphonetic dyslexia (Billard, Gillet, Barthez, Hommet 

& Bertrand, 1998), decreased verbal span capacity (Hinton, De Vivo, Fee, 

Goldstein & Stein, 2004), as well as specific difficulties in receptive language 

skills as evidenced by difficulties in syntactic and grammatical comprehension, 

phonological analysis and discrimination (D'Angelo, Civati, Lorusso, Marini, 

Comi, Turconi, Fabbro & Bresolin, 2007). 

Boys tested later on in the course of their disease seem to perform less well in 

measures of performance IQ. This is felt to be a reflection of their progressive 

physical disability and resultant decline in hand agility rather than a true 

progression of intellectual functioning (Cotton, Voudaris & Greenwood, 2005; 

Leibowitz & Dubowitz 1981). 

The majority of papers published on intellectual functioning in DMD have been 

assessments of boys of school-going age. Limited data are available on the 

cognitive profile of preschool boys with DMD. Smith et al (1990) reported global 

developmental delay in a group of boys <6 years old with DMD. The areas most 

severely affected were the locomotor and language domains. Developmental 

quotients remained static in all domains except locomotor, in which performance 

decreased (Smith et aI, 1990). 
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Studies from the United Kingdom (Bushby et a/1995), France (Moizard, Toutain, 

Berret, Billard, Marmin & Moraine, 1998; Moizard, Toutain, Fournier, Berret, 

Raynaud, Billard, Andres & Moraine, 2000) and Italy (D'Angelo et aI, 2007) found 

that in boys with DMD, the presence of a deletion of genetic material in a 

particular area of the dystrophin gene (3' region or distal end) was associated 

with an increased prevalence of learning problems when compared to boys with 

the condition who had a deletion elsewhere on the gene. The hypothesis for this 

finding is that this particular area of the gene codes for the specifically expressed 

brain isoforms of the dystrophin protein and that the absence of these proteins 

translates into an increased risk of intellectual disability (Moizard et aI, 1998; 

Moizard et aI, 2000). More specifically, Moizard (2000) reported an association 

between the degree of intellectual disability and the presence of a mutation in the 

region of the dystrophin gene which codes for the Dp71 isoform. 

Behaviour 

It is widely accepted that children with any chronic illness or physical disability 

are at higher risk for emotional and behavioural problems than the general 

population in the course of their childhood (certain authors quote as much as 20-

30% of this group of children) (Rutter, 1967). However, there is limited published 

data on the prevalence of behavioural problems or neuropsychiatric co­

morbidities amongst children suffering from DMD, even in first world settings. 

There remains nothing on children who live in developing countries and are 

already at risk for behavioural problems (as well as learning difficulties) as a 

result of their deprived social circumstances (Donald & Dawes, 1994). 

Leibowitz & Dubowitz (1981) were the first to publish a formal assessment of 

behaviour in boys with DMD. They administered Rutter A (55 boys) and B (52 

boys) questionnaires to the parents and teachers respectively of a group of 

Duchenne boys. This cohort included some boys of pre-school age (5/55 or 9%), 

though the majority were all of school-going age. Thirty-three percent of their 
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group scored above the cut-off for these questionnaires (positive for abnormal 

behaviour). This is well above the percentage of normally developing boys who 

scored above the cut-off. No more detailed diagnoses were specified. The 

authors found no correlation between cogniltive factors and the Rutter scores in 

this study. Cognitive function was assessed using the Weschler Pre-school and 

Primary Scale of Intelligence (WPPSI) for boys between 4 and 6 and a half years 

and the Weschler Intelligence Scales for Children-revised (WISC-R) for the older 

boys. 

A recent survey performed in the Northern Region of the United Kingdom 

amongst school-age children (5-13 years) with neuromuscular disorders of 

varying types, demonstrated significantly more behavioural, social and 

communication probl'ems in this group as compared to the physically healthy 

children (Darke, Bushby, Le Couteur & McConachie, 2006). Of their group of 82 

children, 37 (45%) had a diagnosis of DMD, all of whom were male. The authors 

point out that this may have skewed their data as male gender is a well­

recognised risk factor for mental health problems and their data was compared to 

the norms achieved in the general United Kingdom child population. Of the group 

as a whole, 41.5% scored above the cut-off on at least one of the three 

questionnaires that were used. On further analysis there was no significant 

difference found between the results of the whole group and those of the DMD 

boys analysed separately. The presence of learning difficulties was 

independently associated with an increased risk of behavioural, social and/or 

communication problems. Despite small numbers, they also reported that the 

prevalence of autistic spectrum disordelis (ASD) was higher in the DMD group 

than in the general population (5.4%). 

It is of interest that amongst this group of children parents reported very low use 

of se:rvices in relation to behavioural problems. Twenty-two percent of parents 

reported that they had not seen any professionals regarding their child's 

behavioural problems i,n the 6 months prior to their muscle clinic appointment. It 
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In a broader approach, Hendriksen & Vies, (2008) reported the prevalence of 

ASD as well as attention-deficit hyperactivity disorder (ADHD) and obsessive­

compulsive disorder (OGD) in a group of 351 males with DMD (drawn from 

America and the Netherlands). Information was collected from parents 

anonymously by means of a postal questionnaire. Findings were that 15.7% of 

the group had one or more of the three neuropsychiatric conditions under 

investigation. 11.7% percent had been diagnosed with ADHD as compared to 7% 

of the general population (p=0.007). Three point one percent had been 

diagnosed with an ASD as compared to 0.0016% of the general population 

(p=0.002). Four point eight percent had been diagnosed with OGD as compared 

to 2.3% of the general population (p=0.027). Although these figures are based on 

parent reports, only diagnoses made by appropriate professionals were included 

in the analysis. In addition, the figure reported for ASDs was comparable to that 

reported in the other studies discussed here. It is therefore likely that the 

postulated association of DMD with these neuropsychiatric conditions is valid. 

Due to the nature of the above study, no comment could be made on the 

relationship between the cognitive profile of these boys and their psychiatric 

condition. 

The body of evidence to date for an association between DMD and behavioural 

and/or neuropsychiatric conditions is not great, but the increased prevalence of 

these comorbidities in the studies discussed above does suggest a relationship 

between the two. Further investigation into the area is definitely required­

particularly in developing countries where little evidence at all is available. 
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AIM 

To determine the neurocognitive and behavioural phenotype of a cohort of South 

African children with a confirmed diagnosis of Duchenne muscular dystrophy as 

compared to the profile of a matched control cohort of children. 

SPECIFIC OB~IECTIVES 

1. To describe the baseline neurocognitive profile of boys with DMD «7 years 

old) in the neuromuscular clinic at Red Cross Children's Hospital and 

compare to a control group. 

2. To describe the behavioural profile of boys with DMD in the above clinic. 

3. To look for an association between the genetic profile of the DMD boys and 

their neurocognitive performance 
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METHODS 

STUDY DESIGN 

This is a descriptive case control pilot study 

SUBJECTS 

Children to be included in the study were all those on the Red Cross Hospital 

DMD database who had a confirmed diagnosis of DMD (either with genetic or 

muscle biopsy confirmation), for whom we could obtain parental consent. 

Although DMD is the most common inherited neuromuscular condition in 

paediatric practice, it is still rare in absolute terms. Therefore, there were only 32 

boys who fell into the group we could approach to be involved in the study 

(appropriate age range and positive diagnosis). Ages ranged from 3-16 years. In 

keeping with internationally reported clinic data, the majority of the boys known to 

the clinic were already of school-age. 

Of the 32 eligible boys only 16 were ultimately included. Reasons for exclusion 

included: 

1) Refusal by parents or boys themselves 

2) Uncontactable (patients who had dropped out of the system and whom we 

were unable to contact by telephone or via the local muscular dystrophy society) 

3) Too unwell to take part 

3) Deceased 

Boys were also to be excluded if they clearly had another pathology which would 

impact on their neurocognitive functioning (for example a history of significant 

head injury or bacterial meningitis). There were no children in the study or control 

group who needed to be excluded for these reasons. 
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In addition there were controls matched for age and sex (if possible) and as 

closely as possible for socioeconomic background and schooling (where 

relevant). The controls were recruited from the child's home locality, for example 

a school friend, family member or neighbour of the same sex (where possible) 

and within 6 months of age. The control group was recruited with the help of the 

patients attending the clinic in an attempt to find children from the same 

community. They were not accessed through the education system. 

The breakdown of children for cognitive testing is represented in the diagram 

below. The 11 boys who were included in the behavioural assessment were 

drawn from both groups. 

32 boys eligible 

I 
I I 

16 included 16 excluded (reasons above) 

I 
I I 

5 pre-school + 4 controls 11 school-age + 8 controls 

ETHICAL CONSIDERATIONS AND CONSENT 

Genetic (DNA) testing is part of routine clinical practice in the care of children 

with DMD at our institution. Testing is performed by an accredited laboratory 

(Department of Human Genetics, UCT medical school). Muscle biopsy 

confirmation is offered if a positive diagnosis is not achieved by genetic methods. 

Pre-school children with DMD are not at present routinely offered formal neuro­

developmental assessment unless a problem has been identified during clinic 

visits or parents have voiced concern. Children of school-going age in our clinic 

are followed up outside of our institution (for educational purposes) by 

Department of Education psychologists via their schools. Consent for 
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neuropsychological testing in this study was requested from parents of children 

eligible to enter the study for the neuro-cognitive testing. 

Consent took the form of a verbal explanation by one of the investigators 

(interpretation into first language as required) and the provision of written 

material for both families of patients (Appendix A) and controls (Appendix 8). The 

consent form was available in the family's first language (English, Xhosa or 

Afrikaans). In addition to consent from parents, verbal assent was sought from 

the boys themselves for children 7 years and older. 

Assent from the boys was approached in the following way: 

1) An explanation was given: that some boys in other countries who have the 

same condition, have certain types of problems at school. If they help us 

by doing these tests of learning and development, it may help us find out 

whether this is true for boys like themselves here in Cape Town. 

We also explained that if there are problems we would (with their 

permission), let their schools know so that extra help with their school 

work could be arranged. 

2) We stressed that participation was entirely their choice and if they didn't 

feel happy taking part that this would be respected. It was further 

explained that even if they agreed up front, they could withdraw at any 

time should they feel uncomfortable 

3) It was detailed that parents could phone/e-mail the principal investigator at 

any stage to discuss any aspect of their involvement (telephone number 

on the consent form of which the parents had a copy). 
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The study protocol was approved by the Red Cross Hospital Research 

Committee and to the University of Cape Town Research Ethics Committee prior 

to commencing testing. 

MEASURES 

Demographic data 

This included a history on social circumstances (family income), birth 

background, schooling history (of parents and patient) and significant previous 

medical history at enrolment. Family income was assessed using the hospital 

categorization of family income for fee allocation purposes. This categorization 

does rely on accurate reports from parents on the family income on registration 

at the hospital. 

Cognitive and Behavioural tools 

A neurocognitive battery of tests was performed on each child with the disorder 

as well as each child in the control group. In the pre-school age children (range 

3-7years) this took the form of the Griffiths Mental Developmental Scales (testing 

performed by principal investigator). The cut-oft of 7 years was chosen as 

children in South Africa start formal schooling the year they turn 7. 

School age children (7+ years) were tested by post graduate psychology student 

under the direct supervision of Dr Kevin Thomas, PhD, senior lecturer in the 

department of Psychology, University of Cape Town. The detailed results of this 

group have been presented in an honours thesis (Mathema, 2007). 

Although serial neuropsychological testing is the most reliable measure of 

intellectual disability, the diagnosis may be based on neurological and 

developmental observations and parental report. Standardized developmental 

screening checklists that include both motor and language skills are adequate for 

this purpose (Holt, 1977). 
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The Griffiths Mental Development Scales (GMDS) was administered to the pre­

school group. This scale is a comprehensive assessment of the different aspects 

of normal infant and child development that has been validated (but not yet 

standardised) for use in children of different language groups (English, Afrikaans 

and Xhosa) in South Africa (Allan, Liuz & Foxcroft 1992). It is suitable for use up 

to 8 years of age. 

Subscales consist of the following areas: 

A. Locomotor Subscale: This evaluates the gross motor function. It. 

observes physical development in young children and includes the 

ability to run fast, to bounce and catch a ball, to jump off stairs and 

skipping. 

B. Personal-Social Subscale: This area assesses personal and social 

development and includes ability to give home address and to 

dress/undress him/her self. 

C. Hearing and Speech: This is the most intellectual of the scales and 

gives opportunity for the study of the growth and development of 

language. Items include naming of colours, comprehension of the use 

of items, opposites and repetition of sentences with 6-16 syllables. 

D. Eye and Hand Co-ordination Subscale: This subscale consists of 

items relating to the handwork and visual ability of the child . Items 

include drawing and threading beads. This includes assessment of 

fine motor function. 

E. Performance Subscale: These tests enable the examiner to observe 

and measure skills in manipulation, speed of working and precision. It 

is done with the use of form boards and pattern making. 

F. Practical Reasoning: This looks at the earliest indications of 

arithmetical comprehension and the realisation of the simplest 

practical problems. It indicates the child's ability to benefit from formal 

schooling. 
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All the children in the younger group were either English or Afrikaans speaking 

and the GMDS was administered in their home language by the principal 

investigator. No external translator was required. 

The Child Behaviour Checklist (CBCL) (Achenbach, 2001) was designed to 

assess behavioural problems and social competencies in children as reported by 

their parents. Two versions of this instrument exist: one for children 18 months to 

5 years and one for 6-18 year olds. The checklist is composed of 113 items each 

scored on a 3-step scale: O=not true, 1 =somewhat true and 2=very true. In 

addition to the 8 syndrome report generated, the instrument provides 3 more 

general scores: a total score, a score on internalising behaviours (fearful, shy, 

anxious and inhibited) and a score on externalising behaviours (aggressive, anti­

social and under-controlled). The recommended t-score transformation of the raw 

behaviour scores was used. These adjust for age and gender differences in 

behaviour scores of normative samples. AT-score of >63 in the general scores 

or >69 on the individual syndrome subscales represents clinically meaningful 

symptoms. 

The CBCL was completed by the children's parents to assess behaviour and, 

when possible, by the parents of control children. Unfortunately the majority of 

the control children attended the testing session without a parent and so in these 

cases, it was not possible to get the behaviour questionnaire completed. As a 

result, the control group was too small for meaningful statistical comparison to 

the group of boys with DMD. 

The Achenbach Child Behaviour Checklist has been extensively validated across 

wide cultural and socioeconomic spectrum (Ivanova, Achenbach & Dumenci et al 

2007). The official validated cut-off scores used for this measure were employed 

to calculate the significance of clinical symptoms (Achenbach, 2001). 
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Full confidentiality was observed with respect to the results of the tests. This was 

clearly specified in the consent forms for families of both affected children and 

that of controls. 

Every effort was made to ensure that the children were comfortable and as 

relaxed as possible during the duration of testing. They were allowed to withdraw 

at any time were they to become uncomfortable, but none exercised this option. 

Testing occurred at the Red Cross Children's Hospital in the Neurology or 

Developmental Service consulting rooms during mornings/afternoons when the 

rooms were not in use for established clinics. Families were given transport 

money for this visit and each child received a non-monetary incentive. 

Follow up 

Following testing, parents were given a copy of the report of the results of the 

neurocognitive battery as well as a face-to-face counselling session explaining 

the results and the educational implications for their child . All the parents in this 

group elected to discuss the results personally with their child's school/pre-school 

following feedback. 

Genetic techniques 

From the early 1990's until 2007, the Department of Human Genetics at UCT 

tested DNA for the condition by screening the following exons within the DMD 

gene using the Multiplex PCR deletion screen: 

5' exons screened: PM (promoter), 3, 4, 6, 8, 9, 11, 12, 13, 17, 19, 25, 32, 34 

3' exons screened: 42, 43, 45, 48, 49, 50, 51, 52, 60 

This method involved amplification of exons in the two deletion hotspots of the 

DMD gene with a set of three multiplex (amplification of more that one target) 

PCRs. ApprOXimately 80% of deletions were identified, but no duplications, point 
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mutations or deletions of exons outside of the hot-spot regions. Amongst the 41 

boys with confirmed DMD in the Red Cross Hospital database, 19 are mutation­

positive and 22 are mutation-negative (ie deletion prevalence in our population 

prior to the introduction of the MLPA technique was 46%). 

From late 2007 onwards the more detailed MLPA technique was used. DNA from 

boys who had previously tested negative for a deletion was retested using this 

extended method. The MLPA is a commercially available kit for detection of 

deletions or duplications of exons of the DMD gene. Two sets of molecular 

probe-mixes include probes for all of the exons in the gene, not just those in the 

deletion hotspots. The product resolution is done by capillary electrophoresis 

using the ABI3100 Gene Analyser. The deleted exons produce no 

product/signal. Detection of duplications is possible through dosage analysis of 

the results data, where the output files are put through a statistical analysis 

program which quantitatively compares the strength of the test signals to those of 

the controls. This method also allows for determination of carrier status in 

females who have offspring or relatives with exon deletions or duplications. The 

DMD MLPA does not pick up point mutations. 
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higher fees. Of the 5 patients who participated in the cognitive evaluation, 2 

(40%) fell into the very lowest income category. Of the 11 boys who participated 

in the behaviour evaluation, 8 (63%) fell into the lowest income category (family 

income <R4800 per month). As a indication of the income of children attending 

RCCH in general, records show that 86% of families over an 18month period 

(January2005-June2006) reported an income in the lowest bracket. 

As DMD is a disorder affecting muscle strength, it was felt to be appropriate to 

remove the gross motor subscale from the analysis and instead calculate the 

general developmental quotient excluding the loco-motor subscale. A value using 

the average motor score for the age of the children was also included for 

comparison. 

The group of children in this younger age bracket is very small. Although the 

background characteristics of the DMD and control groups as a whole were 

similar, there were huge variations in the background and parental education 

between individuals within the two groups. The combined scores of the DMD and 

control group are presented in table form (Table 2). However, the results needed 

to be interpreted with extreme caution as a result of these factors. 

Statistical analysis 

An initial exploration of normality revealed that the variables were not normally 

distributed. Therefore, non-parametric tests were employed for this analysis. The 

Mann-Whitney U test was used to explore between group differences in 

neuropsychological subtest performances on the GMDS. Effect sizes were 

reported for analysis of neuropsychological performance scores. 

The Mann-Whitney U test revealed that the DMD children show a statistically 

lower performance than the healthy controls in the following areas: 
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General intellectual ability (GO (no MS» was statistically significant, where MOMO 

= 78.90; MeoNT = 106.20; p = 0.027 with effect size = 1.89. The spread of 

performance within the group is described in Fig 2(a), whereas fig 2(b) illustrates 

the group differences on this measure. Statistical significance between the 

groups was also achieved for general intellectual ability (GO (average MS», 

where MOMO= 82.48, MeoNT= 10S.1S; p = 0.027 with effect size = 1.88. The 

spread of performance within the group is described in Fig 3(a), whereas fig 3(b) 

illustrates the group differences on this measure. 

There were also statistically significant differences between groups on some of 

the individual subscales. Differences between groups on performances in the 

Personal & Social subscale showed a strong trend towards significance, where 

mean (M)OMO = 82.22; MeoNT = 96.63; P = O.OS with effect size =1.46 The spread 

of performance within the group is described in figure 4(a), whereas figure 4(b) 

illustrates the group differences on this measure. 

Differences between groups in the Hearing & Speech subscale (HSS) also 

approached statistical significance, where MOMO =79.S8; MeoNT = 109.30; P = O.OS 

with effect size = 1.83. The spread of performance within the group is described 

in figure S(a), whereas figure S(b) illustrates the group differences on this 

measure. 

Performance subscale performances between groups approached significance, 

where MOMO = 82.26; MeoNT = 11S.3S; P = O.OS with effect size = 1.16. The 

spread of performance within the group is described in figure 7(a), whereas 

figure 7(b) illustrates the group differences on this measure. 

There was no clear difference between performances of the two groups in the 

practical reasoning subscale. The spread of performance within the group is 

described in figure 8(a), whereas figure 8(b) illustrates the group differences on 

this measure. 
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Table 2: GMOS results for affected and control groups: means and standard 

deviations (in parentheses) 

DMD (age CONTROL(ag 

equivalence in 
QUOTIENT 

e equivalence 
QUOTIENT 

months) in months) 

N=5 N=4 

GQ (no MS) 56.84 (10.19) 78.9 (15.67) 73.22 (9.72) 106.20 (7.54) 

GQ (MS) 59.62 (9.42) 82.48 (13.06) 72.63 (10.06) 105.15 (6.32) 

PSS 59.80 (10.42) 82.22 (8.19) 66.75 (10.04) 96.63 (8.67) 

HSS 56.90 (8.68) 79.58 (18.83) 76.13 (15.02) 109.30 (3.32) 

HECS 54.30 (13.58) 74.76 (15.61) 71 .38 (16.85) 102.23 (8.74) 

115.35 
PS 58.60 (10.94) 82.26 (20.97) 82.25 (15.88) 

(34.52) 

102.48 
PSR 54.60 (14.09) 75.78 (21.61) 70.50 (7.78) 

(18.57) 

38 

p-Ievel 

(Quotients) 

P=0.02 

P=0.02 

P=0.05 

P=0.05 

P=0.02 

P=0.08 

P=0.14 
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Figure 2: Performance on General Quotient (no MS): (a) individual and (b) group 
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Figure 3: Performance on General Quotient (average MS): (a) individual and (b) 

group 
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Figure 4: Performance on Personal Social subscale: (a) individual and (b) group 
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Figure 5: Performance on Hearing and Speech subscale: (a) individual and (b) 

group 
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Figure 6: Performance on Hand and Eye Co-ordination subscale: (a) individual 

and (b) group 
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Figure 7: Performance on Performance subscale: (a) individual and (b) group 
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Figure 8: Performance on Practical Reasoning subscale: (a) individual and (b) 

group 
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Genetics correlation 

Of the 5 boys in the preschool group, two tested positive for a deletion (both in 

the 3' hotspot or distal). The first boy with this distal deletion was 1 of 2 boys who 

fell into the mild intellectual disability range, however the other boy who was 

deletion positive scored the highest GO in the group. The remaining three boys 

were DNA negative. The numbers in this group are unfortunately too small and 

the variance in performance between individuals too great to make any 

meaningful statistical associations between gene deletion status and degree of 

intellectual disability. 

BEHAVIOUR 

A total of 12 DMD boys had a primary caregiver present to complete the Child 

Behaviour Checklist (CBCL). One form had to be excluded from the analysis as 

too many items had been omitted to generate a valid score. The ages ranged 

from 4 years 5 months to 16 years and 7 months. Two boys fell into the younger 

group and were assessed using the 18 month to 5 year checklist and the 

remaining 9 boys were assessed using the older CBCL. The behavioural data for 

pre-school and school-age boys was analysed together due to very small 

numbers. The syndrome structure of the reports are different for the 18 month to 

5 year olds and the 6 t018 year olds, so the 5 behavioural syndromes which 

overlapped both age-groups were used for intra-group analysis. Unfortunately 

very few parents attended the sessions with the control children and so there 

were inadequate numbers to make comparison with the DMD group useful. 

Therefore the international norms for age and sex had to be used (Achenbach, 

2001). These figures could be used for descriptive comparison, but statistical 

significance could not be calculated due to huge number discrepancy between 

our small cohort and the groups used for norming this tool. 
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As for the cognitive results, an initial exploration of normality revealed that the 

variables were not normally distributed. Therefore, non-parametric tests were 

employed for this analysis. Wilcoxon's matched pairs test was used to assess 

between subjects (same group) differences in scores on the CBCL. 

The Wilcoxon matched pairs test revealed the following behavioural 

characteristics for DMD children: No statistically significant differences in 

performance between syndromes of behaviour were found. None of the mean 

values for the whole group of DMD boys for the following behavioural syndromes 

fell into the category of clinically important (a score of >69) (Table 3). However, 

when compared to norms, the DMD boys scored higher on every syndrome than 

the norm group. As normed data was only available in two age groups for this 

tool, we were forced to split the group further for descriptive comparison. There 

were 3 boys in the younger group and 6 in the older group (figures 9-16). 

Inferential statistics were not possible on comparisons to norms on the CBCL. 

The difference in sample size of the research group and the normative group (11 

vs 167) was too large, therefore statistical significance tests did not make sense. 

The trends described in these figures require investigation with larger numbers in 

order to allow more meaningful statistical comparisons. 
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Table 3: Syndromes of behaviour (N=11) 

%t- t-score 
Mean SO 

score>69 range 

Anxious/Depressed 64.91 12.31 36 50-83 

Withdrawn/Depressed 64.73 13.15 27 50-96 

Somatic Complaints 63.82 12.82 45 50-79 

Attention Problems 64.64 10.95 18 50-92 

Aggressive Behaviour 64.82 13.91 27 50-98 

Thought Problems 44 51-79 
65.67 10.07 

(N=9) 

Rule breaking (N=9) 59.89 8.28 11 50-73 

Social Problems (N=9) 67.56 9.34 22 50-88 
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Figure 9: Comparison of DMD boys vs. international norms on the Somatic 

Complaints syndrome: (a) 6-11years and (b) 13-18 years 
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Figure 10: Comparison of DMD boys vs. international norms on the 

AnxiouslOepressedsyndrome: (a) 6-11years and (b) 12-18 years 
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Figure 11 : Comparison of DMD boys vs. international norms on the 

Withdrawn/Depressed syndrome: (a) 6-11years and (b) 12-18 years 

11 (a) 

61 
60 
59 
58 

ell 
Q) 

57 
"- 56 0 
u en 55 

54 
53 
52 
51 

11 (b) 

80 

70 

60 

Kl 50 
o 40 
u 
en 30 

20 

10 

0 -+---

Withdrawn/Depressed (6-11yrs) 

DMD Norm 

Subjects 

Withdrawn/Depressed (12-18yrs) 

DMD Norm 

Subjects 

51 

I-DMDl 
~ 

,_OMO
i I1lINorm 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Figure 12: Comparison of DMD boys vs. international norms on the Attention 

Problems subscale: (a) 6-11years and (b) 12-18 years 
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Figure 13: Cornparison of DMD boys vs. international norms on the Aggressive 

Behavioursyndrome: (a) 6-11years and (b) 12-18 years 
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Figure 14: Comparison of DMD boys vs. international norms on the Social 

Problems syndrome: (a) 6-11years and (b) 12-18 years 
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Figure 15: Comparison of DMD boys vs. international norms on the Thought 

Problems syndrome: (a) 6-11years and (b) 12-18 years 
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Figure 16: Comparison of DMD boys vs. international norms on the Rule­

breaking Behaviour syndrome (a) 6-11years and (b) 12-18 years 
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The cut-off for categorising the behavioural score as clinically relevant for these 

categories is a t-score of 70 and above (>9ih percentile for age and sex). A t­

score of between 65 and 69 is considered borderline. To determine whether 

some problem behaviours are selectively reported in DMD, the percentage of 

boys scoring in the clinically significant range on the individual behaviour scales 

was determined. The CBCl is a continuous scale which measures behaviours 

that occur in normal populations, the cut-off for clinical significance is at the 97th 

percentile for age and sex. looking at the scores of individual boys across the 

syndromes, the percentage of DMD boys scoring in the clinical range was 

highest in the following syndromes: 5 out of 11 boys (45.45%) scored in the 

clinically important range for the Somatic Complaints syndrome, 4 out of 9 boys 

(44%) scored in the clinically significant range for Thought Problems and 4 out of 

11 boys (36.36%) scored in the clinically important range for the 

Anxious/Depressed syndrome (Table 3). 

Due to the lack of a control group in the analYSis of the CBCl, it was not possible 

to report effect sizes. 
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Figure 17: DMD boys' performance on syndromes of behaviour subscale 
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The Diagnostic Statistic Manual -IV (DSM)-orientated scores are a derivative 

categorisation of the CBCL questions. Although similar to the syndromes 

described above, behavioural characteristics are clustered under the more 

familiar labels of the DSM-oriented terminology. These results have not been 

reported in detail as this level of analysis was not warranted given the very small 

numbers in our group and results using this categorisation did not add anything 

of substance to the results achieved using the original CBCL syndrome structure. 

The only exception to this was the intra-group analysis where Wilcoxon's 

matched pairs test revealed a significant difference between Affective Problems 

and Oppositional Defiant Problems, p = 0.025, with Affective Problems being the 

more severe. 

The CBCL report system allows for a simplification of the syndrome report into 

internalising-type behaviour problems, externalising -type behaviour problems 

and total behaviour problems in an individual child. The cut-off for categorising 
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the behavioural score as clinically relevant for these categories was a t-score of 

63 and above (>97th percentile for age and sex). A t-score of between 60 and 63 

is considered borderline. The mean score for Intemalising Behaviours in this 

group of boys with OMO is 65.45 (SO 12.52) which falls into the clinical range. 

The mean t-score for Extemalising Behaviours is 61.45 (SO 11.28) which falls 

into the borderline range (Table 4). Although the differences between scores on 

Intemalising vs. Extemalising Behaviours were not shown to be statistically 

significant, p = 0.109, it would be of interest to explore this trend with a larger 

cohort in the future. 

Five of the 11 boys (45.45%) fell into the clinical range for Intemalising 

Behaviours. Four out of the 11 boys (36.36%) fell into the clinical range for 

Extemalising Behaviours. And overall 6 out of the 11 boys (54.54%) fell into the 

clinical range for Total Problems (Table 4). The OMO boys scored consistently 

higher than their norms for Intemalising, Extemalising and Total behavioural 

problems (figures 18-20). 
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Figure 18: Comparison of DMD boys vs. international norms for Internalising 

Problems: (a) 6-11years and (b) 12-18 years 
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Figure 19: Comparison of DMD boys VS. international norms for Externalising 

Behaviours: (a) 6-11years and (b) 12-18 years 
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Figure 20: Comparison of DMD boys vs. international norms for Total Behaviour 

Problems: (a) 6-11years and (b) 12-18 years 
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Table 4: Internalising vs. Externalising problems (N=11) 

%t- t-score 
Mean SD 

score>63 range 

Internalising problems 65.45 12.52 45 43-81 

Externalising 

problems 61.45 11.28 36 42-82 

Total problems 65.18 55 41-81 
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Figure 21: DMD boys' performance on Internalising vs. Externalising Problems 

subscale: (a) individual scores (b) group performance 
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Table 5: Occurrence of Total Behaviour Problems (clinically significant) in boys 

receiving steroids and those not receiving steroids. 

Treatment Clinically significant Non-clinically significant 
behavioural problems behavioural problems 

Steroid group 2 3 
Non-steroid group 4 2 

There was, in fact, a greater proportion of the non-steroid group with a clinically 

significant overall behaviour score than the steroid group. This did not achieve 

statistical significance (Chi-square = 0.78). The average behaviour scores for the 

steroid and non-steroid group revealed a higher average for the non-steroid 

group (Table 6), but the t-test analysis did not achieve statistical significance 

(t=0.76). 

Table 6: Means for "total" behavioural problems 

Means SO 

Steroid Group (N=5) 62.02 14.62 

Non-Steroid Group (N=6) 67.67 8.98 
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DISCUSSION 

The main purpose of this study was to describe the cognitive profile of the DMD 

boys in the <7 year age bracket and the behavioural profile of the whole cohort. 

There are many factors which may contribute to the performance of children in 

these areas. 

Environmental risk factors particularly prevalent in South African society include 

maternal depression, violence, social isolation and poverty. These frequently 

coexist with biological risks, and emotional problems are common causes and 

consequences of cognitive and language disorders (Dooling, 1993; Richter & 

Grieve, 1991). In this small pilot study it was not possible to obtain in-depth 

background on all such possible risk factors. To provide information about 

economic background the focus was on family income. As parental education 

can particularly impact on the child's development, this was also assessed for the 

cognitive group and their controls. 

The demographic data for this group was based on family income as measured 

by the hospital fee categorisation structure. This measure does have 

disadvantages as families may under-report their income in order to avoid paying 

higher fees. Of the 5 patients who participated in the cognitive evaluation, 2 

(40%) fell into the very lowest income category. Of the 11 boys who participated 

in the behaviour evaluation, 8 (63%) fell into the lowest income category (family 

income <R4800 per month). 

What is not known is the effect of low socio-economic status and environment on 

the cognition of this study population. Violence and poverty affect both the 

psychological and intellectual competence of young children (Donald & Dawes, 

1994). Educational factors may also contribute, as often schools in low socio­

economic areas are overcrowded, with a high pupil to teacher ratio. Standards in 

these areas may not be optimal, and learning difficulties and behavioural 
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problems are less likely to be picked up and/or acted upon. Transport/access to 

schools may also be a problem, especially for children living outside the larger 

metropolitan areas. Recurrent illness and poor nutrition may further exacerbate 

developmental and behavioural problems. Children who live in poverty are 

particularly susceptible to the cumulative burdens of both social stress and the 

greater biological vulnerability related to a higher prevalence of nutritional 

deficiencies. Boys with DMD in South African society may be exposed to these 

environmental risk factors as well as the additional serious biological risk factor of 

their underlying condition. 

COGNITION 

Prior to enrolment, none of the participants were considered to have severe 

developmental or cognitive problems. However, the results indicate that most of 

the DMD children fell at the lower spectrum of expected neuro-cognitive function 

for age and 2 boys fell into the mild intellectual disability category (GQ<70). In 

fact, the boy who had the weakest performance in the Griffith's assessment 

attends a mainstream school and currently receives no additional academic 

support. This is a possible indication of the inadequacy of current methods of 

assessment and support for children with this condition. 

The Griffiths Scales correlate with verbal and non-verbal sub quotients of the 

Junior South African Intelligence Scales (JSAIS) IQ scales (unpublished, Lewis 

et a/). As the intelligent quotient (IQ) is a well-known measure, it can be used to 

help with interpretation of results comparing it with guidelines set out for 

interpretation of IQ: Charts are available to relate percentile scores to IQ scores. 

Box1 :IOlnterpretation 

N >70 

Mild intellectual disability = 50-70 

Moderate intellectual disability = 35-50 

Severe intellectual disability <35 
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Even with the removal of the motor scale from the scores of the Duchenne boys, 

the GQ scores were lower than their normally developing counterparts. 

Differences between the DMD and control group for general intellectual ability 

(GQ (no MS)) was statistically significant, where MOMO = 78.90; MeoNT = 106.20; p 

= 0.027 with effect size = 1.89. Assigning an average motor score to the DMD 

boys and their controls still resulted in a statistically significant difference 

between the groups for general intellectual ability (GQ), where MOMO = 82.48, 

MeoNT = 1 OS.1S, p = 0.027 with effect size = 1.88. 

The scores achieved by the DMD group are consistent with the large meta­

analysis of all studies undertaken to look at intellectual functioning in boys with 

this condition up to that time (1224 boys) which was published in 2001 (Cotton et 

a/2001) . Mean full-scale IQ scores were approximately one standard deviation 

below the normal population (80.2%; SD19.3). Looking at the individuals in our 

group, 2 had GQ <70 and 1 boy approaching the lower cut-off score with a GQ of 

72 (using the calculation excluding the motor scale). Therefore, 40% of the Red 

Cross group falls into the formal category of intellectual disability, a percentage 

which is comparable to the 34% of boys in Cotton et aI's meta-analysis. Both 

boys with GQs <70 in our group, fell into the mild intellectual disability range, 

while in Cotton et aI's analysis 79.3% displayed mild learning difficulty (FIQ SO-

70), but 19.3% fell into the moderate range(FIQ 3S-S0) and 1.1 % fell into the 

severe range (FIQ 20-3S). 

Effect sizes were reported for analysis of the Griffiths Developmental scale which 

gives an indication of the likelihood that the difference found in the sample will be 

found in the general population. Effect sizes were substantially significant which, 

despite a small sample size, suggests that the differences found in this study 

may be generalised to the wider population. 
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The majority of papers published on intellectual functioning in DMD have been 

assessments of boys of school-going age. Limited data are available on the 

cognitive profile of preschool boys with DMD. Smith et al (1990) reported global 

developmental delay in a group of 33 boys <6 years old with DMD (mean GO= 

79 (14.3)). The authors reported that the areas most severely affected amongst 

their boys were the locomotor and language domains, but there was no 

calculated statistical significance for the differences between subscale quotients. 

With the exception of the locomotor scores, the boys' performance in all the 

subscales remained largely static over serial testing (Smith et ai, 1990). The boys 

in our small group displayed similar findings to those of this study with a pattern 

of global developmental delay. We excluded the locomotor subscale from 

analysis because the boys performed so poorly in comparison to their controls on 

this subscale and we felt taking it out of the calculation for the GO would be a 

fairer reflection of their cognitive abilities. In addition to their significantly lower 

mean GO, the group only displayed significantly poorer performances on 1 out of 

the 5 remaining subscales. However 3 out of the remaining subscales showed 

strong trends towards significance. The Hand-eye Co-ordination subscale was 

the area in which the DMD boys performed worst in relation to their controls 

(p=0.02), Hearing & Speech as well as Personal & Social subscales both 

approached Significance with p=0.05 as did the Performance subscale, with 

p=0.08. The numbers in our group were too small to comment on the possible 

statistical Significance of the differences in performance between subscales. 

As the number of boys in this study is so very small, only tentative conclusions 

can be drawn from our findings on their neuro-cognitive profile. However, it is 

encouraging to see that our results have a similar profile to those achieved by 

larger groups elsewhere. 

Of the 5 boys in the preschool group, two tested positive for a deletion (both in 

the 3' hotspot or distal). The first boy with this distal deletion was 1 of 2 boys who 

fell into the mild intellectual disability range. However, the other boy who was 
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deletion positive scored the highest GO in the group. The remaining three boys 

were mutation negative. The numbers in this group are unfortunately too small 

and the variance in performance between individuals too great to make any 

meaningful associations between gene deletion status and degree of intellectual 

disability. 

BEHAVIOUR 

The results of parental reports on the behaviour of the DMD boys in our group 

reveal higher rates of general behavioural problems (54.5%) than normative 

data. Previously conducted reports on general behavioural problems in boys with 

DMD have likewise described an increased rate. Darke and colleagues (2006) 

reported behavioural problems in 41.5% of their children with neuromuscular 

disorders and Leibowitz & Dubowitz reported behavioural problems in 33% of 

their cohort. The higher rates in our group may be due to the exposure of the 

majority of our children to significant socio-economic stressors. This discrepancy 

may, however, also be an erroneous finding as a result of our small sample size. 

Hinton and colleagues (2006) reported a specific behavioural profile in their 

sample of DMD boys. Their findings included particularly high ratings in the area 

of Social Problems (34%). They did also describe higher rates of behavioural 

problems in the areas of Attention (24%), Withdrawn/Depressed (22%) and 

Thought Problems (22%). Our cohort scored higher than normative data on all 

scales of behaviour. However, they scored particularly highly in the syndromes of 

Somatic Complaints (45%), Thought Problems (44%), Anxious/Depressed 

behaviours (36%) and Withdrawn/Depressed (27%). Our group did not score 

particularly highly on the questions related to Social Problems (18%). This may, 

in part, be due to different ways that societies treat children with disabilities. 

Three of the 4 top-scoring syndromes (as listed above) in our cohort fall into the 

category of "Internalising Behaviours". This is further reflected in the mean score 
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for the whole group for Intemalising Behaviours falling into the clinically 

significant category. Other studies which have looked at behaviours in Duchenne 

boys using different tools have also found results weighted towards anxiety and 

depression (Leibowitz & Dubowitz, 1981 and Fitzpatrick et a/1986).This may well 

be explained in terms of an adjustment disorder to their condition. Internalising 

behavioural problems are well described as having an association with chronic 

illness. Hinton et al (2006) reported that the boys in their cohort did not reflect 

anxiety and depressive behaviours as the predominant characterisation of their 

profile. They argued that the emphasis on social problems in their group possibly 

represented a particular behaviour profile associated with DMD and its direct 

central nervous system effects rather than purely a reactive phenomenon. Our 

results do not agree with this hypothesis. However, the size of our sample makes 

our findings significantly less robust. 

It is well described that oral corticosteroids may cause behavioural problems 

(Stuart, Segal &. Keady, 2005). Hinton et al (2006) in their large study of 181 

DMD boys using the same behavioural scale analysed their group split into those 

on oral steroids (34%) and those not on steroid medication. They found no 

significant differences between the two groups across all 8 of the syndrome 

scales. In our group of 11 boys, 5 were on a regimen of intermittent oral steroids 

at the time of assessment (45%). In a Chi-square analysis of our group a greater 

proportion of the non-steroid group achieved a clinically significant overall 

behaviour score than the steroid group. There was also a higher mean total 

behavioural problems score in the non-steroid group. This did not achieve 

statistical significance. These results may have been due to the fact that the by 

definition the non-steroid group was made up of older boys already in 

wheelchairs (our hospital treatment protocol involves interrnittent steroid use until 

ambulation is lost, then steroids are withdrawn). This finding does not rule out 

that steroids may be a contributing factor to behavioural problems in individual 

cases and should be screened for in the clinical setting. 
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STUDY LIMITATIONS 

Due to the small sample sizes in both the neuro-cognitive group (N = 5) and the 

behavioural group (N = 11), the analysis lacks power. Stated otherwise, there is 

less statistical sensitivity to differences that may exist in the sample. This 

situation can be remedied by increasing the sample size in the future. 

The lack of South African paediatricians expert in dealing with boys who have 

complex neuromuscular conditions such as DMD is a serious concern. The result 

is a system where boys with the condition may have to travel over 500km to 

attend the Red Cross muscle clinic every 3 months. The serious logistical factors 

involved in transporting a wheelchair-bound child this distance means a visit to 

the hospital requires at least 1 and sometimes both parents taking unpaid time 

off work. Quite understandably it was these parents who generally refused 

permission for their boys to be involved in the study. Special educational facilities 

or even support is frequently lacking in these peripheral areas and hence parents 

of boys living in such areas are not likely to have any hope of a positive result for 

their sons should a cognitive or behavioural problem be identified. 

Although our sample sizes are extremely small compared to studies published 

elsewhere in the world, it is of great importance to document the results. 

Duchenne muscular dystrophy is an inherited condition which we have 

demonstrated has a similar genetic profile in this country to elsewhere in the 

world. However the conditions in which boys with the condition must live and go 

to school in South Africa are very different from the majority of countries from 

which previous research has been published. As detailed above, many of these 

boys have the double disadvantage of their underlying condition as well as their 

poor social context. Both cognitive and behavioural problems are likely to be 

under-recognised and avenues for management remain limited . 
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Further limitations to the study included the use of a single tool to evaluate both 

cognition and behaviour. The CBCL is also a parent-report questionnaire and this 

was not further validated by direct interviews with the boys or teacher 

questionnaires. Although widely used in this context, the CBCL has also been 

shown to have some limitations in assessing the behavioural adjustment of 

children with chronic illness (including increased overall scores due to high 

scores in the somatic complaints subscale). This may well be a valid observation 

in our group. 

Despite these limitations, it was important to document our findings. Young 

children with DMD may have serious problems (both cognitive and behavioural) 

well before muscle weakness is a significant issue. Help can be motivated for in 

both these spheres. 

RECOMMENDATIONS 

Although numbers are small in this pilot study, the results do echo findings of 

international groups. It would be valuable to continue assessing boys with DMD 

formally for intellectual disability or more specific learning difficulties. A regular 

screen for behavioural problems and prompt referral to appropriate help may be 

of great benefit in alleviating family distress and allowing the boys to achieve 

their optimal development. 

We feel the information obtained will be valuable in counselling the parents of 

children with this disorder. In addition we have identified the need for screening 

for both cognitive and behavioural problems from diagnosis. The service should 

aim to target these children for more intensive developmental follow up and 

educational support from as early as possible. 

Darke et al (2006) in their survey of behavioural problems in a cohort of children 

with neuromuscular conditions in the United Kingdom reported that families 
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APPENDIX A 

INFORMATION LEAFLET AND CONSENT FORM FOR DUCHENNE 

MUSCULAR DYSTROPHY PROJECT 

Principal investigator: Dr K Donald 

School of Adolescent and Child Health 

Red Cross Children's Hospital 

Rondebosch, Cape Town 

Contact number: (083) 4194188 

Your child is being invited to take part in a research project and we would like to 

ask for your consent. Please take some time to read the information presented 

here which will explain the details of the project. Please ask the study staff or 

doctor any questions about any part of this project that you do not fully 

understand. It is very important that you are fully satisfied that you understand 

what the research entails and how you and your child may be involved. Your 

child's participation is entirely voluntary. If you or your child is at all 

uncomfortable with the process you may contact myself (Dr K Donald) or Dr M 

Blockman. You are also free to withdraw at any stage, even if you do agree to 

take part. 

This study has been approved by the Committee for Human Research at the 

University of Cape Town and will be conducted according to the ethical 

guidelines and prinCiples of the International Declaration of Helsinki, South 

African Guidelines for Good Clinical Practice and Medical Research Council 

(MRC) Ethical Guidelines for Research. 

What is this research study all about? 

Some research overseas has shown that children with Duchenne Muscular 

Dystrophy have an increased risk of learning difficulties. A few studies have 
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shown that a deletion on a specific part of the dystrophin gene is associated with 

an even higher risk of having learning problems. 

We wish to look at whether this is true for South African boys with Duchenne 

muscular dystrophy. If we are able to identify a subgroup of boys who are at 

higher risk of having intellectual difficulties, we will be able to target these 

children for more intensive developmental follow up and educational support from 

an early age. 

What would participation in this study involve? 

All children who we think are likely to have Duchenne muscular dystrophy are 

offered gene testing (a simple blood test) as a routine part of their care. This is so 

that we can confirm the diagnosis and counsel you as parents about the 

likelihood of the problem occurring in children you may have in the future. 

Although developmental assessment is offered to children under school age we 

have not to date offered formal psychometric testing of your child's intellectual 

development. With your permission we would like your child to undertake these 

tests. They are tests of intelligence and learning. In addition we would like you to 

complete a questionniare about aspects of your child's behaviour. The tests will 

take approximately 2 hours and will be arranged at your convenience at Red 

Cross Hospital. If your child is of school age, the testing will be performed by a 

postgraduate psychology student (supervised by Dr Kevin Thomas, senior 

lecturer in the department of Psychology, University of Cape Town.) If your child 

is not yet at school Dr Kirsty Donald will perform the tests. 

Participation is entirely voluntary. If you decide that your child should not 

participate in this study, it will not affect the way we treat your child. He will 

continue to receive the same standard of care that he presently experiences. 
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We will also be testing children from similar socio-economic backgrounds without 

Duchenne Muscular Dystrophy to make a comparison. These children will be 

chosen from your neighbourhood or from your child's school. We may ask for 

your help in recruiting these children. 

Will you benefit from taking part in this research? 

The results of the tests will be available to yourselves in full and should we 

discover any particular problems, we hope to be able to offer more informed 

advice about choice of schooling in pre-school children and the need for support 

for specific learning difficulties in children of school-going age. 

Who will have access to your child's records? 

All information collected will be treated as confidential and protected. If it is used 

in a publication or thesis, the identity of the participant will remain anonymous. 

The only people who will have access to the information collected will be Dr 

Kirsty Donald and Dr Kevin Thomas. As part of the study the research records 

may need to be reviewed by auditors or the Research Ethics Committee. 

Will you be paid to take part in the study and are there any costs involved? 

No, you will not be paid to take part in the study, but transport for yourself and 

your child will be paid for visits during the study. 

Is there anything else you should know or do? 

Please don't hesitate to contact Dr Kirsty Donald at telephone (083) 4194188 

should you have any further queries or encounter any problems 
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shown that a deletion on a specific part of the dystrophin gene is associated with 

an even higher risk of having learning problems. 

We wish to look at whether this is true for South African boys with Duchenne 

muscular dystrophy. If we are able to identify a subgroup of boys who are at 

higher risk of having intellectual difficulties, we will be able to target these 

children for more intensive developmental follow up and educational support from 

an early age. In order for us to do this we need to test boys who do not have 

Duchenne Muscular Dystrophy and compare them with the boys in our clinic who 

do. 

What would participation involve? 

With your permission we would like your child to undertake these tests. They are 

tests of intelligence and learning. In addition we would like you to complete a 

questionnaire about aspects of your child's behaviour. The tests will take 

approximately 2 hours and will be arranged at your convenience at Red Cross 

Hospital. Your transport money will be reimbursed. If your child is of school age, 

the testing will be performed by a postgraduate psychology student (supervised 

by Dr Kevin Thomas, senior lecturer in the department of Psychology, University 

of Cape Town). If your child is not yet at school Dr Kirsty Donald will perform the 

tests. 

Will you benefit from taking part in this research? 

The results of the tests will be available to yourselves in full and should we 

discover any particular problems, we hope to be able to offer more informed 

advice about choice of schooling in pre-school children and the need for support 

for specific learning difficulties in children of school-going age. 

Who will have access to your child's records? 
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All information collected will be treated as confidential and protected. If it is used 

in a publication or thesis, the identity of the participant will remain anonymous. 

The only people who will have access to the information collected will be Dr 

Kirsty Donald and Mr Kevin Thomas. As part of the study the research records 

may need to be reviewed by auditors or the research ethical committee. 

Will you be paid to take part in the study and are there any costs involved? 

No, you will not be paid to take part in the study, but transport for yourself and 

your child will be paid for visits during the study. 

Is there anything else you should know or do? 

Please don't hesitate to contact Dr Kirsty Donald at telephone (083) 4194188 on 

above number should you have any further queries or encounter any problems 

You can contact the Committee for Human Research at 021-4066338 (Health 

sciences faculty, Research Ethics Committee, Room E52-24 Groote Schuur 

Hospital, Old Main Building, Observatory, 7925) if you have any concerns or 

complaints that have not been adequately addressed by your study doctor 

CONSENT 

By signing below, I. ............ ... ... .......................... .. give consent for my child 

.... .. .... .... ... ... . ................ .... to take part in the research study entitled: 

Intellectual functioning and Duchenne Muscular Dystrophy: Intellegence testing 

and correlation with genetic diagnosis 

I declare that: 
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I have read or had read to me this information and consent form and it is written 

in a language with which I am fluent and comfortable. 

I have had a chance to ask questions and all my questions have been 

adequately answered 

I understand that taking part in this study is voluntary and I have not been 

pressurised to take part 

I may choose to leave the study at any time 

Signed at (place) ........... ... ................ .... ............ on (date) ........... ... ........... . 

Signature of guardian/parent Signature of witness 

RELATION TO CHILD: .......... ... .. ................. . ......... . 
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