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Abstract

Objective

Neurodevelopmental and cognitive difficulties are known to occur frequently in boys with

Duchenne muscular dystrophy but so far none of the published studies have reported both

early neurodevelopmental assessments and cognitive tests in the same cohort. The aim of

the present longitudinal study was to establish the correlation between early neurodevelop-

mental assessments performed in preschool boys and the cognitive scales performed at

school age or later.

Methods

We performed cognitive tests at school age (mean age 5.7 year ±1.7 SD) (69 months+19 SD)

in a cohort of Duchenne boys, previously assessed using the Griffiths scales before the age

of 4 years (mean age when the Griffiths scales were performed 30months ±8.9 SD).

Results

The range of total Developmental quotients on the Griffiths ranged between 56 and 116

(mean 89 ± 15.6 SD). The total Intelligence Quotients on the Wechsler scales ranged

between 35 and 119 (mean 87 ± 17.2 SD). There was a significant correlation between the

findings on the two scales. P = <0.0001. When we subdivided the cohort according to site of

mutations, there was a difference between boys with mutations upstream exon 44 and

those with mutations in exon 44–45 affecting Dp140 on both Developmental and Intelli-

gence Quotient (p 0.01 and p 0,003 respectively).

Conclusions

Our results confirm that Duchenne boys tend to slightly underperform on both neurodeve-

lopmental and cognitive assessments. Early neurodevelopmental findings correlated with
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the cognitive results obtained at school age with a clear concordance between subscales

exploring similar domains on the two scales.

Introduction
Duchenne muscular dystrophy (DMD) is a hereditary, X-linked, progressive, muscular disor-
der affecting about 1 in 3500 boys [1,2]. Cognitive impairment is present in approximately one
third of the patients [3, 4, 5, 6, 7] with reported mean Intelligence Quotients (IQ) scores
approximately 1.0 to 1.5 standard deviations below the mean for age matched typically devel-
oping children [8, 9, 10, 11, 12, 13, 14]. A meta-analysis performed [15] in 721 patients with
DMD indicated that the overall mean intelligence quotient was 82 (approximately 1 SD below
the population mean). Longitudinal studies have suggested that the IQ tend to remain stable
with increasing age [11, 16, 17]. Most of these studies however have assessed boys and young
adults at school age or later. Less has been reported in younger, preschool children. A few
recent studies using neurodevelopmental assessments such as the Griffiths [18] and the Bayleys
[19] scales in relatively large cohorts of young children have reported that early neurodevelop-
mental abnormalities can already be detected in preschool children. In our previous study [18],
using the Griffiths scales the mean Developmental Quotient (DQ) was 87, approximately one
standard deviation below the mean, in keeping with data reported in older children assessed on
cognitive scales [6, 20, 21]. So far none of the published studies have performed both early neu-
rodevelopmental assessments and cognitive tests in the same cohort.

The aim of the present longitudinal study was to establish the correlation between early neu-
rodevelopmental assessments and the cognitive scales in a cohort of preschool young DMD
boys followed until school age.

Subjects and Methods
The study is a longitudinal multicentric study involving four tertiary neuromuscular centers in
Italy (Catholic University and Bambino Gesù Hospital Rome; IRCCS “C. Mondino” Founda-
tion, Pavia; and IRCCS E. Medea, Bosisio Parini). Children were included if they had a geneti-
cally proven DMD diagnosis or absence of dystrophin on muscle biopsy. The genetic analysis,
searching for exons, deletions, and duplications was performed using Multiplex ligation-
dependent probe amplification (MLPA). In patients with deletions and duplications, all 79
exons and the adjacent introns were analyzed through Polymerase Chain Reaction (PCR)
amplification and direct sequencing. Mutations were named according to the Leiden Muscular
Dystrophy database (http://www.dmd.nl/) using the nomenclature system published in 2000 in
Human Mutation. As part of our clinical practice, patients are routinely assessed with age-
appropriate neurodevelopmental and, at school age, with cognitive scales. In this study we only
included patients who were first seen before the age of 4 years, excluding those who came to
our observation after the age of 4 years for whom earlier tests were not available. The study was
approved by the Ethics Committee of all centers.

Neurodevelopmental and cognitive assessment
Neurodevelopmental outcome was evaluated by chartered psychologists and pediatric neurolo-
gists using the Griffiths Scale of Mental Development. The scale includes five subscales (locomo-
tor, personal-social, hearing and speech, hand and eye co-ordination and performance) and, for
the children older than two, an additional subscale assessing practical reasoning [22, 23]. One of
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the advantages of this test is that it provides not only a global developmental quotient but also
subquotients for the individual five subscales: Locomotor (A), Personal Social (B), Hearing and
speech (C), Eye hand Coordination (D) and Performance (E). The scale is routinely adminis-
tered to all the boys who come to our observation before the age of 4 years.

All the children were reassessed at school age using the Wechsler scales. More specifically,
we used the Wechsler Intelligence Primary and Preschool Intelligence Third Revision scale
(WPPSI III) [24] for boys between the age of 4 years and 6 years and the Wechsler Intelligence
School Children third Revision (WISC III) [25, 26] for those older than 6 years. These scales
provide a full Scale Intelligence Quotient (FSIQ), a verbal Intelligence Quotient (VIQ) and a
performance Intelligence Quotient (PIQ). They include 12 subtests (six verbal and six perfor-
mance) which investigate cognitive functions, such as verbal and arithmetical reasoning, judge-
ment in practical situations, visual analysis, perceptive organization as well as visual motor and
visual spatial planning.

Statistical analysis
Spearman rank correlation was used to test correlations between Griffith DQ and Wechsler
FSIQ.

In order to reduce the possible effect of the locomotor scale on the full DQ the results were
also analyzed taking out the locomotor scale from the total DQ. Similarly, in order to correlate
verbal and performance IQ on the Wechsler scales with specific subscales of the Griffiths we per-
formed further analysis comparing verbal IQ with hearing and speech subscale on the Griffiths
and performance IQ with eye hand coordination and performance subscales on the Griffiths.

Our cohort was also subdivided into three subgroups:1) boys with mutations upstream or in
the exon 44, known to affect expression of the full length dystrophin isoforms (n = 17); 2) boys
with mutations between exon 44 and 55, predicted to additionally affect Dp140 expression
(n = 19); 3) boys with mutations downstream of exon 62, known to affect all the brain isoforms
of dystrophin, including the lower molecular weight Dp71 isoform (n = 2).

As there were only 2 boys with mutations downstream of exon 62, the analysis was per-
formed on the first two subgroups only.

The effects of age class, site and type of mutation as defined above on neurodevelopmental
assessment performed by the Griffiths Scale scores (DQ) and the Wechsler scales as continuous
variables were evaluated by an Analysis of Variance (ANOVA) model. The level of significance
was set at 0.05.

Results
All the families of 41 patients who were asked to participate to the study consented to
enrolment.

Details of their mutations were available in 38 out of the 41.

Neurodevelopmental assessment
The mean age when the Griffiths scales were performed was 30 months ±8.9 SD (2.5 years ±0.7).
The range of total DQ ranged between 56 and 116 (mean 89 ± 15.6 SD).

Details of the tests are shown in Table 1.

Cognitive assessment
The mean age when the Wechsler scales were performed was 69 months+19 SD (5.7 years ±1.7
SD).
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Total IQ ranged between 35 and 119 (mean 87 ± 17.2 SD).
Details of the tests are shown in Table 1.

Correlation between early neurodevelopmental and school age cognitive
findings
A significant correlation (<0.0001) was found between the total IQ on the Wechsler scales and
the full DQ also when the locomotor scale was excluded.

When we analyzed the correlation between Wechsler subquotients and specific Griffiths
subscales, a significant correlation was observed between VIQ and hearing and speech Griffiths
subscale (0.0032).

The correlation was also significant between performance IQ and performance (<0.0001)
and eye and hand coordination (<0.0001) subscales on the Griffiths (Table 2).

When we subdivided the cohort according to site of mutations, there was a difference
between boys with mutations upstream exon 44 and those with mutations in exon 44–45 affect-
ing Dp140 (Table 3) on both DQ and IQ (p 0.01 for DQ and p 0,003 for FSIQ).

Discussion
We recently reported early neurodevelopmental findings in a cohort of DMD boys assessed
before the age of 4 years using the Griffiths scales [18]. The mean DQ was 87, approximately
one standard deviation below the mean. Not surprisingly, the lowest scores were related to the
locomotor scale (subscale A) but low DQ were also found in hearing and speech (subscale C)
and other subscales such as eye and hand coordination and performance suggesting early diffi-
culties also on more cognitive aspects. These results appeared to be in keeping to those found
in older boys assessed using cognitive scales [8,16]. As the neurodevelopmental scales used in
preschool children and the cognitive scales used in the older boys however have different con-
structs and none of the studies reported so far have used the two assessments longitudinally, it
was difficult to ascertain whether the early neurodevelopmental findings were related to the
school age cognitive difficulties found in other papers.

In the present study cognitive we performed tests at school age in a cohort of DMD boys,
previously assessed using the Griffiths scales before the age of 4 years. Mean scores below 1 SD
were found both on neurodevelopmental scales and cognitive assessments. There was a

Table 1. Mean and SD of specific Neurodevelopmental andWechsler Subquotients.

Griffiths scales Wechsler

A B C D E VIQ PIQ

IQ Range 55–120 58–115 55–125 45–120 50–122 39–112 46–131

Mean and SD 80±17.6 93 ±16.1 91±20.8 86±18.2 93±18.2 87±14.7 90±19.6

doi:10.1371/journal.pone.0133214.t001

Table 2. Correlation between specific Neurodevelopmental andWechsler subquotients.

A group (n 17) B group (n 19) C group (n 2)

DQ Range 73–116 56–106 57–62

mean and SD 97±13.7 87 ±12.2 59.5±3.5

FIQ Range 81–126 57–101 63–75

mean and SD 95±13.4 82± 12.7 69± 8.4

doi:10.1371/journal.pone.0133214.t002
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significant correlation between the findings on the two scales, suggesting that even before
school age, the level of cognitive functioning in DMD remains quite stable, as observed in older
patients.

Not surprisingly there was a strong correlation between verbal IQ and hearing and speech
subscale on the Griffiths. Language delay is one of the possible presenting signs of DMD [3, 10,
27, 28] and early difficulties on the verbal subscale, when present, appear to persist at school
age, as also demonstrated by several previous studies showing that verbal IQ is generally more
affected than the performance IQ.

Similarly the correlation between performance IQ and eye and hand coordination and per-
formance subscales confirms that early difficulties in these aspects can be present even at a
younger age. They appear to be as part of a more global pattern of cognitive impairment rather
than related to upper limb weakness that in young children is not present [29].

The correlation between the full score IQ on the Wechsler scales and the total DQ that also
includes the locomotor subscales raises another important point. As boys affected by DMD
generally show early signs of weakness, with inability to run fast or jump, we were concerned
that this may affect the scores of locomotor scale with a direct correlation with the total DQ.
When we analysed the results however we found that the correlation between full score IQ on
the Wechsler scales and the total DQ was significant (<0.0001) also when the locomotor scale
was excluded.

Furthermore, as reported by us and others [3,4], not all the abnormalities on the locomotor
scale are strictly related to early weakness. A number of motor abilities, such as standing on
one leg or walking up and down stairs, are often achieved with a delay, and therefore are more
likely to be the expression of the involvement of the brain dystrophin isoforms that is responsi-
ble for a global neurodevelopmental delay rather than to weakness that would not improve
with increasing age [4]].

The concordance between the findings on early neurodevelopmental and cognitive scales
was further confirmed by the analysis of the subgroups according to site of mutation. On both
scales the range of findings was similar when the boys were subdivided according to whether
mutations were upstream or involving/downstream exon 44. Patients with mutations upstream
exon 44 that do not involve the brain isoforms had overall better results than those with muta-
tions downstream exon 44 both on the Griffiths and the Wechsler scales suggesting that the
effect of site of mutation and the involvement of dystrophin isoforms not only is already obvi-
ous in the first years but remain also stable over time.

In conclusion, our results confirm that DMD boys tend to slightly underperform on both
neurodevelopmental and cognitive assessments with a relatively wide range of quotients. Early
neurodevelopmental findings correlate with the cognitive results obtained at school age with a
clear concordance between subscales exploring similar domains on the two scales. These results
suggest that early neurodevelopmental assessments should be routinely performed in DMD boys

Table 3. DQ and FSIQ range, mean and SD in A, B, C group. A group: Patients with mutations upstream
exon 44 (n 17), B group: Patients with mutations in exon 44–55 predicted to affect Dp140 (n19),C group:
Patients with mutations downstream of exon 62, known to affect all the brain isoforms of dystrophin, including
the lower molecular weight Dp71 isoform (n = 2).

A group (n = 17) B group (n = 19) C group (n = 2)

DQ Range 73–116, 56–106 57–62

mean and SD 97±13.7 87 ±12.2 59.5±3.5

FIQ Range 81–126 57–101 63–75

mean and SD 95±13.4 82± 12.7 69± 8.4

doi:10.1371/journal.pone.0133214.t003
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as they can allow early detection of early difficulties and help to plan early intervention. The site
of mutation can provide further help in identifying boys at risk of cognitive impairment.

Author Contributions
Conceived and designed the experiments: DC CB EMMP. Performed the experiments: DC CB
ABMMGD'A PA. Analyzed the data: DC CB PA EMMP. Contributed reagents/materials/
analysis tools: DC CB AB GD'A MMAD'A PA EMMP. Wrote the paper: DC CB AB GD'A
MMAD'A PA EMMP. Contributed to data collection, analysing data and reviewing the paper:
DC CB AB GD'A MM AD'A PA EMMP.

References
1. Emery AE (1991) Population frequencies of inherited neuromuscular diseases—a world survey. Neuro-

mus Dis 1:19–29.

2. Miller G, Wessel HB. Diagnosis of dystrophinopathies: review for the clinician. (1993) Pediatr Neurol 9:
3–9. PMID: 8452597

3. SnowWM, Anderson JE, Jakobson LS. (2013) Neuropsychological and neurobehavioral functioning in
Duchenne muscular dystrophy: a review. Neurosci Biobehav Rev 37:743–752. doi: 10.1016/j.
neubiorev.2013.03.016 PMID: 23545331

4. Pane M, Lombardo ME, Alfieri P, D'Amico A, Bianco F, Vasco G et al. (2012) Attention deficit hyperac-
tivity disorder and cognitive function in Duchenne muscular dystrophy: phenotype-genotype correla-
tion. J Pediatr 161:705–709. doi: 10.1016/j.jpeds.2012.03.020 PMID: 22560791

5. Cyrulnik SE, Hinton VJ (2008) Duchenne muscular dystrophy: a cerebellar disorder? Neurosci Biobe-
hav Rev. 32:486–496. PMID: 18022230

6. Hinton VJ, De Vivo DC, Fee R, Goldstein E, Stern Y (2004) Investigation of poor academic achieve-
ment in children with Duchenne muscular dystrophy. Learn Disabil Res Pract 19: 146–154. PMID:
17710256

7. Ricotti V, Roberts RG, Muntoni F. (2011) Dystrophin and the brain. Dev Med Child Neurol 53:12. doi:
10.1111/j.1469-8749.2010.03836.x PMID: 21171237

8. Cohen HJ, Molnar GE, Taft LT (1968) The genetic relationship of progressive muscular dystrophy
(Duchenne type) and mental retardation. Dev Med Child Neurol 10: 754–765. PMID: 5715651

9. Dubowitz V (1965) Intellectual Impairment in Muscular Dystrophy. Arch Dis Child 40:296–301. PMID:
21032424

10. Leibowitz D, Dubowitz V. (1981) Intellect and behaviour in Duchenne muscular dystrophy. Dev Med
Child Neurol 23:577–590. PMID: 7286451

11. Cotton S, Voudouris NJ, Greenwood KM. (2001) Intelligence and Duchenne muscular dystrophy: full-
scale, verbal, and performance intelligence quotients. Dev Med Child Neurol 43: 497–501. PMID:
11463183

12. Allen JE, Rodgin DW. (1960) Mental retardation in association with progressive dystrophy. Am J Dis
Child 100:208–211. PMID: 13792750

13. Worden DK, Vignos PJ Jr (1962) Intellectual function in childhood progressive muscular dystrophy.
Pediatrics 29:968–977. PMID: 14008309

14. Magri F, Govoni A, D'Angelo MG, Del Bo R, Ghezzi S, Sandra G et al. (2011) Genotype and phenotype
characterization in a large dystrophinopathic cohort with extended follow-up. J Neurol 258:1610–1623.
doi: 10.1007/s00415-011-5979-z PMID: 21399986

15. Hemery AE, Muntoni F. Duchenne muscular dystrophy Oxford University Press. 2003

16. Prosser EJ, Murphy EG, ThompsonMW (1969) Intelligence and the gene for Duchennemuscular dys-
trophy. Arch Dis Child 44: 221–230. PMID: 5779432

17. Cotton SM, Voudouris NJ, Greenwood KM (2005) Association between intellectual functioning and age
in children and young adults with Duchenne muscular dystrophy: further results from a meta-analysis.
Dev Med Child Neurol 47: 257–265. PMID: 15832549

18. Pane M, Scalise R, Berardinelli A, D'Angelo G, Ricotti V, Alfieri P et al. (2013) Early neurodevelopmen-
tal assessment in Duchenne muscular dystrophy. Neuromuscul Disord 23:451–455. doi: 10.1016/j.
nmd.2013.02.012 PMID: 23535446

19. Connolly AM, Florence JM, Cradock MM, Eagle M, Flanigan KM, McDonald CM, et al. (2014) MDA
DMDClinical Research Network. One year outcome of boys with Duchenne muscular dystrophy using

Cognitive Abilities in DuchenneMuscular Distrophy

PLOS ONE | DOI:10.1371/journal.pone.0133214 August 14, 2015 6 / 7

http://www.ncbi.nlm.nih.gov/pubmed/8452597
http://dx.doi.org/10.1016/j.neubiorev.2013.03.016
http://dx.doi.org/10.1016/j.neubiorev.2013.03.016
http://www.ncbi.nlm.nih.gov/pubmed/23545331
http://dx.doi.org/10.1016/j.jpeds.2012.03.020
http://www.ncbi.nlm.nih.gov/pubmed/22560791
http://www.ncbi.nlm.nih.gov/pubmed/18022230
http://www.ncbi.nlm.nih.gov/pubmed/17710256
http://dx.doi.org/10.1111/j.1469-8749.2010.03836.x
http://www.ncbi.nlm.nih.gov/pubmed/21171237
http://www.ncbi.nlm.nih.gov/pubmed/5715651
http://www.ncbi.nlm.nih.gov/pubmed/21032424
http://www.ncbi.nlm.nih.gov/pubmed/7286451
http://www.ncbi.nlm.nih.gov/pubmed/11463183
http://www.ncbi.nlm.nih.gov/pubmed/13792750
http://www.ncbi.nlm.nih.gov/pubmed/14008309
http://dx.doi.org/10.1007/s00415-011-5979-z
http://www.ncbi.nlm.nih.gov/pubmed/21399986
http://www.ncbi.nlm.nih.gov/pubmed/5779432
http://www.ncbi.nlm.nih.gov/pubmed/15832549
http://dx.doi.org/10.1016/j.nmd.2013.02.012
http://dx.doi.org/10.1016/j.nmd.2013.02.012
http://www.ncbi.nlm.nih.gov/pubmed/23535446


the Bayley-III scales of infant and toddler development. Pediatr Neurol 50:557–563. doi: 10.1016/j.
pediatrneurol.2014.02.006 PMID: 24842254

20. Hinton VJ, De Vivo DC, Nereo NE, Goldstein E, Stern Y. (2000) Poor verbal working memory across
intellectual level in boys with Duchenne dystrophy. Neurology 54:2127–2132. PMID: 10851376

21. Hinton VJ, Fee RJ, De Vivo DC, Goldstein E. (2007) Poor facial affect recognition among boys with
duchenne muscular dystrophy. J Autism Dev Disord 37:1925–1933. PMID: 17177118

22. Griffiths R. The Griffiths Mental Development Scales from birth to 2 years. Manual. The 1996 revision.
Henley: Association for Research in Infant and Child Development, Test Agency; 1996.

23. Griffiths R. The Abilities of Young Children. A Comprehensive System of Mental Measure for the First
Eight Years of Life. HighWycombe, UK: Test Agency, 1984, pp 21–245.

24. Wechsler Preschool and Primary Scale of Intelligence–Revised (WPPSI-R): Short Form Vocabulary
and Block Design, 1989. The Psychological Corporation, Amersham, UK.

25. Wechsler D, and Psychological Corporation (1991) WISC–III: Wechsler intelligence scale for children.
The Psychological Corporation San Antonio, TX.

26. Orsini A, Picone L (2006) WISC-III: Wechsler Intelligence scale for Children. Adattamento italiano.
Giunti OS, Florence.

27. Dorman C, Hurley AD, D’Avignon J (1988) Language and learning disorders in older boys with
Duchenne muscular dystrophy. Dev. Med. Child Neurol. 30: 316–327. PMID: 3402673

28. Cyrulnik SE, Fee RJ, De Vivo DC, Goldstein E, Hinton VJ. (2007) Delayed developmental language
milestones in children with Duchenne’s muscular dystrophy. J Pediatr 150: 456–457.

29. Sivo S, Mazzone E, Antonaci L, De Sanctis R, Fanelli L, Palermo C et al. (2014) Upper limb module in
non-ambulant patients with spinal muscular atrophy: 12 month changes. Neuromuscul Disord Nov 22

Cognitive Abilities in DuchenneMuscular Distrophy

PLOS ONE | DOI:10.1371/journal.pone.0133214 August 14, 2015 7 / 7

http://dx.doi.org/10.1016/j.pediatrneurol.2014.02.006
http://dx.doi.org/10.1016/j.pediatrneurol.2014.02.006
http://www.ncbi.nlm.nih.gov/pubmed/24842254
http://www.ncbi.nlm.nih.gov/pubmed/10851376
http://www.ncbi.nlm.nih.gov/pubmed/17177118
http://www.ncbi.nlm.nih.gov/pubmed/3402673

