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Abstract.
Background: In Becker muscular dystrophy evidence for neurocognitive and behavioral comorbidity is evolving. More
insight into the extend of these problems is of great importance for early detection and remediation in clinical practice.
Objective: In this study we aimed to describe the neurocognitive and behavioral features of a Dutch adult cohort of BMD
patients, and to evaluate correlations to motor function outcomes.
Methods: 28 adult BMD patients were included. Intelligence, executive functioning, verbal memory and reaction times
were assessed cross-sectionally. Additionally, patients completed questionnaires on behavioral and emotional symptoms,
psychosocial and executive functions. Results were compared to normative data and correlated with disease severity as
measured by the 10-meter run/walk test and Performance of the Upper Limb version 1.2.
Results: 15 patients (53.6%) had a high educational level despite frequent grade repeating (48.3%) during primary or sec-
ondary school. Neuropsychological testing revealed that intellectual abilities, verbal memory, processing speed and executive
functioning were statistically significant below average, but still within normal range. Regarding outcomes of the behavioral
questionnaires, no significant differences were reported compared to the norm population. No relevant correlations with
disease severity were found.
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Conclusions: This cohort of adult BMD patients exhibits minor cognitive impairments and no significant behavioral problems.
The lower outcomes on processing speed and verbal memory, combined with the relatively high prevalence of grade repeating
during primary and secondary school, implies that these minor impairments played a role in childhood. However, the on
average high educational levels suggests that they grow out of their cognitive impairments with ageing.
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INTRODUCTION

Becker muscular dystrophy (BMD) is an X-linked
genetic disorder caused by mutations in the DMD
gene leading to the production of variable levels of
partially functioning dystrophin. The disease course
is heterogenous, ranging from adult onset muscle
cramps with normal life expectancy, to severe muscle
weakness by the age of twenty and cardiomyopathy
[1–3]. In the more severe allelic disorder Duchenne
muscular dystrophy (DMD), learning and behavioral
problems have been well established and linked to
the absence of one or more dystrophin isoforms in
the brain [4–8]. Full-scale intelligence quotient score
(FSIQ) is approximately one standard deviation (SD)
below the mean and <70 in 30% [9]. High prevalence
rates of behavioral disorders include attention-deficit
hyperactivity disorder (ADHD) [4, 10, 11], anxiety
disorder [11], autism spectrum disorders (ASD) [5,
10–12] and obsessive-compulsive disorder (OCD)
[10, 11].

It is unclear if a similar neuropsychological profile
is part of the BMD disease spectrum. Earlier stud-
ies report a within normal range FSIQ (87.8–95.6)
[13–18]. Several studies described attention prob-
lems, language/speech delays and difficulties in
academics skills (reading, math and spelling) [13,
14]. Behavioral disorders reported include ADHD,
ASD, aggressive behavior, OCD, anxiety and depres-
sion. Nevertheless, studies were limited in the number
of neurocognitive tests administered, performed in
relatively young patients likely to be more severely
affected, or based on retrospective case series. In
this prospective study we aimed to describe the neu-
rocognitive and behavioral features of a Dutch adult
cohort of BMD patients, and to evaluate correlations
to motor function outcomes.

METHODS

Study participants and design

In 2014, a 4-year BMD natural history study started
at the Leiden University Medical Center (LUMC).

Study participants were recruited from the nation-
wide registry, the Dutch Dystrophinopathy Database
(DDD) [19]. In order to be eligible, participants had
to be 18 years or older and diagnosed with BMD
according to the following criteria: [1] in-frame muta-
tion in the DMD gene, or [2] any other mutation in
the DMD gene with a mild disease course defined by
wheelchair dependence after the age of 16 without
the use of corticosteroids, or [3] no known mutation
in the DMD gene, but reduced dystrophin levels in a
previous muscle biopsy. All participants’ mutations
in the DMD gene were reviewed and confirmed by a
laboratory clinical geneticist (HAvD).

The BMD natural history study protocol consisted
of a yearly one-day visit to the LUMC, during which
several tests were performed. Neuropsychological
testing was conducted during the 3rd or 4th study
visit. BMD patients were eligible for neuropsycho-
logical testing when having an adequate proficiency
in Dutch, both written and oral, and no visual or hear-
ing impairments that could interfere with cognitive
testing. To reduce the burden for study participants
neuropsychological testing was maximized at two
hours.

This study was approved by the LUMC medical
ethical committee (METC). Written informed con-
sent was obtained from all study participants.

Neuropsychological evaluation

Neuropsychological assessment was performed by
a qualified psychologist (DH) and a trained neurolo-
gist (ZK). Prior to testing, all participants completed
a questionnaire on demographic and disease-related
parameters. In addition, information was gathered on
neurodevelopmental and behavioral diagnoses, learn-
ing disabilities and educational levels. Educational
levels were scored using the Dutch Verhage scale con-
sisting of three ordinal categories: [1] Low: less than
six years of primary education or finished primary
education, less than two years of low-level secondary
education or finished low-level secondary education,
[2] Middle: finished average-level secondary edu-
cation and [3] High: finished high level secondary
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education or university degree [20]. At last, we
asked participants about difficulties with automati-
zation during primary education (i.e. troubles with
learning digits, letters, colors, math, left/right differ-
ences, days of the week, time perception, rhymes and
songs) or repeating a year during primary or high
school.

Neurocognitive assessments

Intellectual functioning was assessed with the
Dutch version of the Wechsler Adult Intelligence
Scale-IV (WAIS-IV) [21]. Due to time restrictions
requested by the ethical committee we decided to
administer eight out of ten subtests of the WAIS-IV
to estimate the four indexes: Verbal Comprehen-
sion Index (VCI), Perceptual Reasoning Index (PRI),
Working Memory Index (WMI) and Processing
Speed Index (PSI) [21]. The VCI was assessed using
two out of three subtests, the PRI was assessed using
two out of four subtests and the WMI and PSI were
assessed using all subtests. The estimated FSIQ was
defined by the mean score of the 8 subtest multiplied
by 10 [22].

Reaction times were quantified via the computer-
ized task (FePsy) yielding simple visual and auditory
reaction times of the dominant hand [23]. Execu-
tive functions were assessed with two trials of the
Zoo Map subtest of the Behavioral Assessment of
the Dysexecutive Syndrome (BADS) battery to eval-
uate planning skills [24]. Furthermore, a subtest of
the Groninger Intelligence test-2 (GIT-2) was used to
assess word fluency [25]. Verbal immediate recall,
delayed memory recall, and memory recognition
were assessed by the Rey auditory verbal learning
test (RAVLT) [26]. Full description of the applied
tests and data interpretation can be found in the sup-
plementary Table 1.

Behavioral self-report questionnaires

The following questionnaires were used: [1]
Behavior Rating Inventory of Executive Function
for Adults (BRIEF-A), a 75-item questionnaire cap-
turing self-reported everyday executive functioning
[2, 27] Strengths and Difficulties Questionnaire
(SDQ) [28], screening for mental health (behav-
ioral and emotional) problems and validated in
patients with DMD [3, 12]. The Hospital Anxi-
ety and Depression Scale (HADS), described as
reliable and valid for assessing anxiety and depres-
sion in somatic and psychiatric patients [4, 29] the

Dutch Symptom CheckList-90-Revised (SCL-90-R)
[30], consisting of 90 items covering eight domains
of psychological symptoms: anxiety, depression,
agoraphobia, somatization, cognitive performance
deficits, interpersonal sensitivity, hostility and sleep
difficulties.

Disease characteristics and functional
assessments

At study baseline the following clinical data
were collected: [1] age at diagnosis, [2] age at
loss of ambulation, [3] medical history (specifically
occurrence of cardiomyopathy and use of respira-
tory support) and [4] medication use. At time of
neuropsychological testing wheelchair dependence
was classified into three categories: [1] permanent
wheelchair use, [2] intermittent use (defined as still
being able to walk at least 10 meters, use of a
walking aid was allowed) and [3] no wheelchair
use.

Functional assessments included the 10-MRWT
and the PUL version 1.2 and were performed as
described before [31, 32]. For the 10-MWRT the
velocity was calculated as this results in a linear
pattern of decline that more adequately represents
the zero velocities of patients that are unable to
perform the test. The PUL 1.2 total score and
PUL 1.2 distal-wrist function were used to evaluate
whether the cognitive tasks that require motor abili-
ties were influenced by impaired functions of upper
extremities.

Statistical analysis

Participant characteristics were represented as
mean (SD), median (range) or absolute number
(proportion). The age-related norm scores of the neu-
ropsychological tests: the WAIS-IV, FePsy reaction
times, GIT-2 Fluency and RAVLT test were trans-
formed into z-scores to compare the outcomes of
the BMD population to normative data. Differences
between the BMD participants and normative data
were tested using one sample t-tests or sign tests.
Effect sizes were calculated to indicate the strength of
the significant effects observed and effect sizes were
defined as: 0.20–0.50 = small, 0.50–0.80 = medium,
and ≥0.80 = large. The BADS Zoo map scores of
trials 1 and 2 were evaluated using raw scores as
no norm-values were available for the trials. Differ-
ences between the outcomes of the trials were tested
using a paired t-test. Scores of behavioral question-



546 Z. Koeks et al. / The Neurocognitive Profile of Adults

naires were represented as mean (SD; range) and
number and proportion of abnormal clinical scores
according to the manual of the four behavioral ques-
tionnaires. The means (SD) of the HADS, SCL-90-R
and BRIEF-A of the BMD participants were com-
pared to age matched normative data [27, 30, 33]. No
normative data were available of the SDQ. Spearman
correlation analyses were used to investigate possi-
ble associations between motor function scores (i.e.
10-MRWT velocity) and intellectual functioning (i.e.
the four indexes of the WAIS-IV and the estimated
FSIQ). Spearman correlations were also used to eval-
uate whether the upper extremity functional scores
(i.e. the PUL 1.2 total score and PUL 1.2 distal-wrist
function score) correlated with cognitive tasks that
required the use of the dominant hand (i.e. PSI of the
WAIS-IV, and BADS trial 1 and trial 2). At last corre-
lations were used to assess the relation between motor
function and reported behavioral problems. All sta-
tistical analyses were performed using SPSS version
24.0 for MAC OS X.

Data availability
The data underlying this article will be shared on

reasonable request by the corresponding author.

RESULTS

Participant characteristics

Thirty genetically confirmed BMD adults were
approached for neuropsychological testing. One par-
ticipant was excluded because he could not speak
or understand the Dutch language and another par-
ticipant refused to participate for personal reasons,
leaving a total of 28 participants. None of them had
ever been treated with corticosteroids. Two partici-
pants did not complete cognitive subtests requiring
motor abilities (FePsy tests, the Block Design test,
Symbol Search, and Coding) due to severe arm and
hand weakness with minimal function and contrac-
tures. One participant did not perform the RAVLT
recognition trial and in the same patient the Symbol
Search test was not reliable due to miscomprehension
of instructions. Finally, one participant did not com-
plete the self-report behavioral questionnaires despite
repeated requests during follow-up. Demographic
and disease-related characteristics are displayed in
Table 1. Genetic mutations are listed in supplemen-
tary Table 2.

Table 1
Participant characteristics

Total cohort (N = 28)

Age in years: mean (SD; range) 44.3 (11.6; 22–70.3)
Age first symptoms: mean (SD;

range)
8.8 (5.7; 3–23)

Age at diagnosis: mean (SD; range) 20.7 (13.2; 3–53)
Handedness, right: n (%) 20 (71.5)
Wheelchair dependence

Never: n (%) 14 (50)
Intermittent: n (%) 6 (21.4)
Permanent: n (%) 8 (28.6)

Mean age permanent wheelchair use
(SD; range)

34.3 (14.4; 13–57)

Functional measures
10-MRWT performed: n (%) 19 (67.9)

Velocity (m/s) 10-MRWT
non-wheelchair users: median
(range)

0.54 (0.27 – 1.19)

Velocity (m/s)10-MRWT
intermittent wheelchair users:
median (range)

1.33 (1.05 – 1.62)

PUL 1.2 performed: n (%) 28 (100)
PUL 1.2 total score: median
(range)

74 (24–74)

PUL 1.2 distal hand-wrist function
score: median (range)

24 (17–24)

Educational levels according to the
Dutch Verhage scale∗
Low: n (%) 2 (7.1)
Middle: n (%) 11 (39.3)
High: n (%) 15 (53.6)

Results are mean (SD; range) or median (range) for contin-
uous variables, and frequencies (%) for categorical variables.
10-MRWT = 10-meter run walk test. PUL = Performance of the
Upper Limb (with a maximum total score of 74 and for hand-wrist
function 24). ∗Verhage classifies educational levels into three ordi-
nal categories: [1] Low: less than 6 years of primary education OR
finished primary education OR finished primary education and
less than 2 years of low-level secondary education OR finished
low-level secondary education [2] Middle: finished average-level
secondary education [3] High: finished high level secondary edu-
cation OR university degree.

Neurocognitive assessment

Intellectual abilities
WAIS-IV outcomes of total estimated FSIQ and

indexes for VCI (estimated) and PRI (estimated),
WMI, and PSI are shown in Table 2. The mean esti-
mated FSIQ was significantly lower compared to the
normative data (91.4, SD = 13.4, p < 0.004, d = 0.60),
but still within normal range. The distribution of
the FSIQ outcomes showed that none of the BMD
patients had an estimated IQ score <70. Ten had a
borderline score (IQ 70 – 85), fourteen performed
on average (85 – 115), and only one participant had
an estimated IQ score of >115. Of the four indices,
only the mean PSI was significantly lower in BMD
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Table 2
Wechsler Intelligence Scale IV for Adult index scores for males with Becker muscular dystrophy

WAIS-IV scores n Mean (SD) Min Max Test statistic value p 95% CI
Lower Upper

FSIQ 25 91.4 (13.4) 72 119 –3.19 0.004∗ –14.1 –3.0
VCI 28 98.5 (14.4) 70 129 –0.55 0.587 –7.1 4.1
PRI 26 94.0 (17.4) 68 129 –1.77 0.090 –13.1 1.0
WMI 27 95.8 (14.0) 74 125 –1.56 0.131 –9.7 1.3
PSI 25 86.7 (12.4) 66 114 –5.38 0.000∗∗ –18.4 –8.2

Total group compared to normative mean value of 100 and SD of 15. FSIQ = Full Scale IQ, VCI = Verbal Comprehension Index,
PRI = Perceptual Reasoning Index, WMI = Working Memory Index, PSI = Processing Speed Index. Min = Minimum, Max = Maximum.
WAIS-IV = Wechsler Adult Intelligence Scale fourth edition. Test statistic value = t-values of one-sample t-test, CI = Confidence Intervals.
∗p-value is considered statistically significant at.05 (two sided), ∗∗p-value is considered statistically significant at.01 (two sided).

Fig. 1. Scatter plot representing BMD participants’ performances
on reaction times, executive functions and memory. The graph
plots the individual data points per test and superimposes a hori-
zontal line at the arithmetic mean, and error bars showing the ± SD.
N = 28 adult male participants with BMD. AR = Auditory Reaction
time, VR = Visual Reaction time, WFA = Word Fluency Ani-
mals, WFP = Word Fluency Professions, IR = Immediate recall,
DR = Delayed recall and RT = Recognition trial. AR and VR
required motor abilities. For visualization of outcomes one par-
ticipant was excluded from the figure as he had a z-score of –7
(outlier) on VR, but his outcome was included in the statistical
analyses. p-values represent the comparison with normative data.
∗is considered statistically significant at 0.05 (two sided), ∗∗p-value
is statistically significant at 0.01 (two-sided).

compared to normative data (86.7, SD = 12.4,
p < 0.001, d = 0.97).

Reaction times
Figure 1 displays the outcomes of BMD partic-

ipants on auditory and visual reaction times and
executive functioning. The mean z-scores for audi-
tory (0.02, SD = 1.19) and visual (–0.52, SD = 1.16)
reaction times of the BMD participants did not dif-
fer significantly from the norm population; auditory
simple reaction, z [25] = 0.67, p = 0.501 and visual
simple reaction, z [25] = –1.58, p = 0.115.

Executive functions
BMD participants performances on GIT-2 word

fluency of animals (WFA) and professions (WFP) fell
within the normal range (WFA mean z-score = 0.50,
SD = 0.94; WFP mean z-score = 0.10, SD = 0.76), but
outcomes of the BMD participants were significantly
higher compared to the norm population for repro-
ducing WFA, t [25] = 2.72, p = 0.012, d = 0.66) but
not for WFP (t [24] = 0.64, p = 0.526). Planning skills
of the BMD participants were lower on the BADS for
spontaneous planning (trial 1 mean = 4.0, SD = 3.30)
than for structured pre-formulated planning (trial 2
mean = 7.4, SD = 1.70), the difference between trial
1 and 2 was statistically significant (t [25] = –5.545,
p < 0.001).

Verbal memory
Z-scores of total immediate recall, delayed recall,

and recognition trial on the Rey auditory verbal
learning task are also depicted in Fig. 1. BMD
participants had a significantly lower total imme-
diate recall score (mean z-score = –1.12, SD = 0.92)
compared to the normative data (t [26] = –6.315,
p < .001, d = 0.50). The mean z-score for delayed
recall (mean = 0.43, SD = 0.81) of the BMD study
participants fell within normal range and were sig-
nificantly higher compared to the normative data (t
[26] = 2.761, p = 0.010, d = 0.47). A significant higher
score was also found for the recognition trial (mean
z-score = 0.97, SD = 0.40) compared to the norma-
tive data (z [25] = 4.400, p < 0.001). No indication for
malingering was found in our patient population. The
mean outcome on each of the five immediate recall tri-
als of the BMD participants was analyzed separately
and compared to normative data. To visualize the
learning curve of both groups results are depicted in
Fig. 2. The BMD patients had significantly lower out-
comes on trial 1 (t [26] = –4.174, p < 0.000, d = 0.88),
trial 2 (t [26] = –3.969, p = 0.001, d = 0.77), trial 3
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Fig. 2. Verbal memory: immediate recall learning curve. The black
line represents the mean amount of words (with error bars) recalled
per trial of BMD study participants (N = 28). The grey line repre-
sents the mean amount of words (with error bars) recalled per trial
for a norm population (N = 41).

(t [26] = –4.428, p < 0.000, d = 0.84) and trial 4 (t
[26] = –2.799, p = 0.010, d = 0.53). A non-significant
difference was found between BMD participants and
the norm values for trial 5 (t [26] = –1.549, p = 0.134).

Behavioral self-report questionnaires

Prevalence rates of self-reported behavioral prob-
lems are displayed in Table 3. Outcomes on the SDQ,
BRIEF-A and HADS fell within normal range com-
pared to the normative data. The mean score of the
SCL-90-R anxiety subscale was statistically signifi-
cantly lower and the mean insufficiency subscale was
statistically significantly higher than the (mean) norm
values, but all individual outcomes fell within normal
range. Compared to the clinical ranges, none per-
formed above the cut-off value of the SDQ total score
and only one above the HADS cut-off for anxiety.
Three participants (11.1%) had clinically abnormal
scores on BRIEF-A total score and nine (33.3%)
on the SCL-90-R total score. Prevalence rates of
the SCL-90-R subscale were also high for experi-
encing cognitive difficulties, not being satisfied with
relationships with other people, sleep difficulties,
having somatic complaints, depression, and hostility
(Table 3).

Correlations between motor function,
neurocognitive, and behavioral outcomes

Results showed a significant correlation between
the 10-MWRT velocity and the estimated FSIQ of the
WAIS-IV (rs = 0.42, p = 0.04). There was also a sig-

nificant correlation between the 10-MWRT and the
PRI (rs = 0.40, p = 0.04) of the WAIS-IV. However, no
correlation was found between the 10-MWRT and the
VCI (rs = 0.15, p = 0.46), PSI (rs = 0.34, p = 0.10), and
the WMI (rs = 0.27, p = 0.17) of the WAIS-IV.

When correlating the cognitive tests that required
an intact function of the dominant arm and hand (i.e.
the PSI of the WAIS-IV and the BADS Zoo Map trial
1 and 2) with results of the upper limb motor func-
tion test (i.e. PUL 1.2), no significant correlations
were found: PSI of the WAIS-IV and the PUL 1.2
total score (rs = 0.10, p = 0.65), PSI and the PUL 1.2
distal hand-wrist function score (rs = –0.02, p = 0.93),
BADS Zoo Map trial 1 and PUL 1.2 total score
(rs = 0.24, p = 0.25), BADS Zoo MAP trial 1 and PUL
1.2 distal hand wrist score (rs = 0.34, p = 0.09), BADS
Zoo Map trial 2 and PUL 1.2 total score (rs = 0.02,
p = 0.93), BADS Zoo Map trial 2 and PUL 1.2 distal
hand-wrist score (rs = 0.17, p = 0.42).

Correlations between the 10-MRWT veloc-
ity and the most frequently reported behavioral
problems showed no significant correlation for
insufficiency in thinking (rs = 0.36, p = 0.15), sensi-
tivity (rs = 0.01, p = 0.98), sleep difficulties (rs = 0.27,
p = 0.28), depression (rs = 0.04, p = 0.89), and hos-
tility (rs = –0.07, p = 0.80). A significant correlation
was found with somatic complaints (rs = 0.48,
p = 0.05).

DISCUSSION

In this study we described the neurocognitive func-
tioning and behavioral features of a sample of 28
unselected Dutch adult BMD patients. Neurocog-
nitive outcomes displayed that BMD participants
had a significantly lower estimated FSIQ (mean
91.4) compared to normative data. This lower FSIQ
score was caused by the significantly lower per-
formance on processing speed. However, scores
still fell within normal range. Outcomes on short
term verbal memory were also significantly lower
compared to normative data, but again within nor-
mal range. Concerning executive functioning, BMD
adults had significantly more problems in sponta-
neous planning compared to structured planning.
With respect to behavioral features, self-reported data
showed that BMD patients did not report signifi-
cantly more behavioral, emotional or psychosocial
problems compared to the norm population.

The findings in intelligence are consistent with pre-
vious studies in pediatric and adult BMD patients that
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Table 3
Outcomes of behavioral self-report questionnaires of males with Becker muscular dystrophy

Behavioral Mean (SD) of Min Max Abnormal clinical Definition of abnormal
questionnaires n = 27 range (%) clinical range

SDQ
Emotional symptoms 1.6 (1.7) 0 6 1 (3.7) 6
Conduct problems 1.0 (1.0) 0 3 0 4
Hyperactivity 2.4 (1.9) 0 8 1 (3.7) 7
Peer problems 1.5 (1.2) 0 4 0 5
Prosocial behavior 8.6 (1.7) 4 10 2 (7.4) 4
Total score 6.5 (3.1) 1 13 0 16

BRIEF-A
Inhibition 45.9 (8.0) 36 63 0 65
Shifting 46.3 (8.6) 37 66 1 (3.7) 65
Emotional control 43.6 (6.4) 38 61 0 65
Self-monitoring 46.3 (8.9) 38 74 2 (7.4) 65
Initiative 47.8 (9.1) 38 73 2 (7.4) 65
Working memory 48.8 (10.5) 39 79 3 (11.1) 65
Planning 48.4 (8.1) 38 71 2 (7.4) 65
Task monitoring 47.3 (6.4) 35 63 0 65
Organization materials 46.9 (8.6) 37 66 1 (3.7) 65
Behavior index 44.2 (6.2) 35 61 0 65
Metacognitive index 48.3 (8.4) 36 71 1 (3.7) 65
Total scale score 48.1 (11.1) 35 82 3 (11.1) 65

SCL-90-R
Anxiety 11.6 (1.8) 10 16 3 (11.1) 15
Agoraphobia 7.7 (1.1) 7 11 5 (18.5) 9
Depression 20.3 (4.4) 16 31 5 (18.5) 24
Somatic complaints 17.9 (4.5) 13 27 7 (25.9) 19
Insufficiency 14.1 (3.6) 9 21 11 (40.7) 15
Sensitivity 23.1 (4.6) 18 32 8 (29.6) 27
Hostility 7.0 (1.4) 6 12 4 (14.8) 9
Sleep problems 4.8 (2.0) 3 11 9 (33.3) 6
Total scale score 117.4 (18.5) 91 163 9 (33.3) 124

HADS
Anxiety 3.2 (2.1) 0 8 1 (3.7) >8
Depression 2.6 (1.9) 1 7 0 >8

NOTE: SDQ = Strengths and Difficulties questionnaire, BRIEF = Behavior Rating Inventory of Executive Functions, SCL-90 = Symptom
Checklist- 90 items, HADS = Hospital Anxiety and Depression Scale. Min = Minimum, Max = Maximum.

systematically evaluated the FSIQ. First, one study
performed the Wechsler Adult Intelligence Scale
for Children-III (WISC-III) in 16 pediatric and the
Wechsler Adult Intelligence Scale-Revised (WAIS-
R) in 7 adult BMD patients. The mean FSIQ score
of the total group was 95.6, of whom three par-
ticipants had a FSIQ <70 and two had a FSIQ of
>130 [14]. In our study none of the participants had
a FSIQ score of below 70 or above 130. Another
study performed the Wechsler Adult Intelligence
Scale-III (WAIS-III) in 76 adult BMD patients, result-
ing in a mean FSIQ score of 94.2, of whom three
participants had scores within the abnormal range
(<70) [16]. At last, a recent study performed the
Weschler Intelligence Scale for Children-IV (WISC-
IV) in four paediatric BMD patients (median age 12.6
years) and the FSIQ score was 102.2 (range 95–110)
[18].

The lower outcomes on processing speed (i.e.
mental slowness) are consistent with results in a pedi-
atric population [14], but have not been reported in
adult BMD patients before. Processing speed shows
a strong relationship with the development of reading
and math. In elementary school children first develop
automaticity and speed in these skills. Automaticity is
integrated into more complex tasks such as problem-
solving and complex reading in the following school
years. Fifty-five percent of the BMD patients in
this study reported automatization problems on the
questionnaire. In addition to the difficulties in pro-
cessing speed, BMD patients also exhibited problems
in learning new verbal information, as reflected by
the significant lower outcomes on the first four out of
five immediate recall trials of the RAVLT. Difficul-
ties in acquiring and storing immediate information
are important hallmarks of learning disabilities e.g.
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dyslexia or dyscalculia [26]. Previous BMD reports
showed that these learning disabilities are prevalent
features in pediatric and adult BMD patients [14, 15].
In our cohort however, only two patients had been
diagnosed with dyslexia and one with dyscalculia.
We hypothesize that in our adult BMD study pop-
ulation these learning disabilities may have been
underdiagnosed in early childhood due to a lack
of awareness for screening of BMD neurocognitive
and learning problems in that time period (seventies-
eighties). Despite this low prevalence of specific
learning disabilities reported, 48.3% of the BMD
study participants had repeated a class during pri-
mary or secondary school which is clearly above the
Dutch national average of 26.7% [34]. This higher
percentage of grade repeating during primary or sec-
ondary school might be reflected by the difficulties
in processing speed and learning of new verbal infor-
mation in our BMD patients. Despite the problems
in the initial learning of new verbal information,
BMD patients did show a positive learning curve
and an above normal performance on delayed recall
and recognition. In addition, the minor neurocogni-
tive impairments found in this study do not seem
to affect educational performances into adulthood,
as a high percentage of middle- to high educational
level was reported by the BMD study participants
(92.9%). This suggests that our BMD patients seem
to learn to cope with or grow out of their cognitive
deficits.

The behavioral self-report questionnaires did not
reveal a specific behavioral profile in the adult
BMD study population. Scores on all standardized
tests were within normal range and not indicative
of mental health problems. The most frequently
reported problems were hostility (14.8%), depressive
mood symptoms (18.5%), social/relational problems
(29.6%), and somatic complaints (25.9%). Further-
more, BMD patients had frequent sleeping difficulties
(33.3%) and feelings of having problems with cog-
nition (40.7%). These problems have been described
previously in BMD patients and were related to envi-
ronmental factors in daily life (e.g. bullying when
attending school, stress at work).

Only one patient in our study had documented an
ADHD diagnosis. This is in contrast with previous
studies in pediatric and adult BMD patients with
prevalence rates ranging between 11–36%. None
of our BMD patients reported to have been diag-
nosed with ASD, which is again in contrast to
previous studies reporting a prevalence of 11.4 to
17.6% [13, 16]. The lower prevalence rates of behav-

ioral disorders in the current study might be the
result of underdiagnosis of behavioral disorders in
the past. Additionally, this study used self-report
questionnaires for the reporting of behavioral diag-
nosis instead of the clinical assessments of all study
participants.

Lower estimated FSIQ and PRI scores of the
WAIS-IV were weakly associated with lower scores
on the 10-MWRT. Although, the clinical relevance
of this association remains unclear, it is important
to stress that only the PSI of the WAIS-IV con-
tained tests requiring an adequate upper limb motor
function. No correlations were found between the
PSI and the PUL 1.2 total or distal hand-wrist func-
tion scores. When comparing our results to the more
severe disorder, DMD, there are some differences and
overlapping features. In the DMD population the full
scale IQ is on average one standard deviation below
the mean of 100 [9, 33]. Furthermore, executive prob-
lems in verbal working memory (i.e. immediate recall
of verbal information), processing speed and plan-
ning have also been proven in DMD, although more
severe than in BMD [35–40]. In addition, despite
the variability in ranges reported by previous DMD
studies, overall higher incidences of behavioural dis-
orders including ADHD, ASD, OCD, and anxiety
have been described in DMD compared to BMD [4,
5, 10–12]. Recent DMD studies linked the neurocog-
nitive and behavioral dysfunctions to the absence of
one or multiple brain dystrophin isoforms, especially
the shorter Dp140 and Dp71 [4, 6, 10–12, 41]. This
relation has been limitedly assessed in BMD. In our
study population most mutations are located between
the promotor and the Dp140 translation start site in
exon 51 of the DMD gene (NM 004006.2), mak-
ing it difficult to predict whether Dp140 is being
expressed or its function affected. No patients with
distal mutations affecting the Dp71 isoform were
included. Detailed information on the expression of
Dp140 of our BMD study population was lacking,
therefore we looked at the effect of mutation loca-
tion on the estimated FSIQ and executive functions.
Participants were divided based on their mutation
into two structural groups: group 1. mutations of
exon 44 and downstream (Dp140 expression/function
potentially affected) and group 2. mutations local-
ized upstream of (and not including) exon 44 (Dp140
expression/function not affected). No significant dif-
ference in the mean outcomes of the estimated FSIQ
and executive functions were found between the two
groups. However, further studies with detailed infor-
mation on dystrophin isoform expression in BMD
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patients and the effect on neurocognitive and behav-
ioral functioning are needed.

This study has some limitations. First, a com-
plete full-scale IQ could not be calculated because
we collected data of eight out of ten subtests of the
WAIS-IV. The FSIQ outcomes should therefore be
interpreted with care. Secondly, our cognitive and
behavioural results were compared to normative data
in testmanuals. Thirdly, to assess the presence of
behavioural, emotional and psychosocial problems
we used self-report instruments. A clinical inter-
view might shed more light on the presence of
neuropsychiatric comorbidity. Fourthly, our sample
size was limited to 28 BMD participants making
results less generalizable to the overall adult BMD
population.

Finally, although 59% of the eligible BMD patients
in the national registry consented to participate, it is
possible that cognitive and behavioral characteristics
played a role in the decision to deny participation
in the overall BMD natural history study protocol
that required 4 yearly visits including extensive motor
assessments.

CONCLUSIONS

This study in a Dutch adult sample of BMD
males reveals minor neurocognitive impairments
involving processing speed, initial verbal learning
and automatization, but no indicators of specific
behavioral and mental health problems. A relatively
high prevalence of grade repeating during primary
and secondary school, was followed by on average
high educational levels. Further research is needed
in a larger population of BMD adults using multiple
cognitive and behavioral assessments to improve
understanding of the phenotypical variation. Addi-
tionally, it would be interesting to explore the role
of aberrant brain dystrophin isoforms expression
on neurocognition and behavioral functioning in
pediatric and adult BMD patients.
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