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Abstract

Myotonic dystrophy type 1 (DM1) is an inherited neuromuscular disease with multisystemic involvement including the central nervous system.
The evolution of the cognitive profile is a matter of debate, whether an eventual decline could be global or process-specific. Study aims are to
describe, compare and document the clinical relevance of the progression of cognitive abilities in DM1 patients with adult and late-onset
phenotypes. A total of 115 DM1 patients (90 adult; 25 late-onset) were assessed twice within a 9-year period on cognitive abilities (language,
memory, visual attention, processing speed, visuoconstructive abilities and executive functions) and intellectual functioning (WAIS-R 7). A
significant worsening over time was observed for verbal memory, visual attention, and processing speed. The progression in cognitive scores
correlated with age and disease duration, but not with nCTG, muscular impairment nor education at baseline. Intellectual functioning remained
stable. The rate of decline was higher among the late-onset phenotype than in the adult phenotype. Results showed that executive functions,
language, and visual memory are impaired earlier in adult life, while verbal memory, visual attention, and processing speed decline later. Globally,
results suggest an early and accelerated normal ageing process. This longitudinal study was based on the largest sample and the longest time period
studied to date. These findings are highly relevant for clinical practice and genetic counselling.
© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Myotonic dystrophy type 1 (DM1) is a neuromuscular
disorder with multisystemic involvement, including central
nervous system [1–7]. DM1 is commonly divided into five
phenotypes demonstrating different clinical profiles: congenital;
childhood; juvenile; classical or adult and late-onset [8]. The
adult phenotype cognitive profile is generally characterized
by mild intellectual disabilities, executive dysfunctions,
visuospatial and visuo-constructional disabilities, and learning
problems [9–17]. Few recent longitudinal studies on cognition in
adult-onset DM1 patients have been conducted. The first one
exhibited no change, on a 12-year follow-up assessment of
16 DM1 patients [1]. Later, evidence of verbal and executive
function abilities deterioration have been found in 34 DM1

patients within a 4-year period, correlated with ageing but not
CTG expansion [18]. Others found, after a 7-year follow-up, a
selective progressive impairment in the attentional sphere in 14
patientswithDM1,without any correlation to the level ofmuscle
weakness [19]. Finally, a recent study exhibited a cognitive
worsening in 37 DM1 classic adult patients over a 5 year period,
particularly in memory, attention, visuospatial and verbal ability
[20]. Thus, regarding the non-homogeneous results between the
past studies and their limited sample size and/or follow-up
duration, it is still amatter of debatewhether the cognitive profile
is stable or progressive. Moreover, if progressive, it is unclear
whether the decline would be global or function-specific. Then,
as suggested in the conclusions of recent workshops, “the
planning of additional longitudinal studies, with large patients
number and an extended period of follow-up in order to better
evaluate change over time, in accordance with the slow
progression of the disease” is encouraged [21,22].

Furthermore, the late-onset phenotype has been scarcely
described with regard to neuropsychological involvement [17].

The study aims to describe and compare the progression of
cognitive abilities in DM1 patients with the adult and late-onset
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phenotype over nine years, and to document clinical relevance
of this progression.

2. Patients and methods

2.1. Patients

The population comprised adult patients with DM1
registered at the Neuromuscular Clinic of the Centre intégré
universitaire de santé et de services sociaux du Saguenay–Lac-
Saint-Jean (CIUSSS-SLSJ) (Quebec, Canada). Patients with a
diagnosis of congenital, childhood and juvenile phenotypes of
DM1 were excluded. All participants had a genetically DNA-
confirmed diagnosis. They were classified as having the late-
onset adult phenotype if they presented at least two of the three
following criteria: (1) CTG < 200; (2) Muscular Impairment
Rating Scale (MIRS) score of 1 (no muscular impairment) or 2
(minimal signs); (3) age at onset of symptoms > 40 years (as
defined as patient’s report of any frequent symptoms related
to DM1, such as muscle strength, myotonia or cataract). All
participants who did not fall into this category were classified as
having the adult phenotype. CTG repeat was determined using
the Southern blot analysis. A group of 416 patients aged 20–81
years was thus identified as potential participants in the study.
The baseline sample selection was previously published [23].

From the baseline cohort of 200 DM1 patients (T1) assessed
in 2002–2004, 64 deceased and 21 refused to be reevaluated or
were excluded (physical, mental health status or brain event that
could occur with the present description of the natural history of
cognition in DM1, such as brain injury, stroke, proved dementia
caused by other disease, etc.) (Supplementary material). Thus,
a total of 115 DM1 patients (90 adult and 25 late-onset
phenotypes) were reassessed after approximately 9 years (T2)
(mean = 8.95 ± 0.31 years), using the same protocol. To avoid
the influence of selective attrition in longitudinal studies [24],
only the same 115 participants at T1 and T2 were compared.

2.2. Variables of interest

2.2.1. Demographic data
Information about age, gender, and educational level were

collected.

2.2.2. Muscular strength
The muscular impairment was assessed by the Muscular

Impairment Rating Scale (MIRS), an ordinal five-point rating
scale [25], at the time of inclusion in the study and at T2.

2.2.3. Neuropsychological assessment
Participants completed French validated versions of tests

measuring: learning ability, aswell as verbal short and long-term
memory (CaliforniaVerbal LearningTest, CVLT); visual-spatial
constructional ability and visual memory (Rey Complex
Figure Tests, RCFT); phonemic (F and S letters) and semantic
(Animals) fluencies (Verbal Fluency); visual naming ability
(Boston Naming Test, BNT); executive cognitive control ability
(Stroop Color and Word Test, SCWT); sustained and selective
attention (Ruff 2 & 7 Selective Attention Test, Ruff 2 & 7 Test);
and intellectual functioning using a seven-subtest short form
of the Wechsler Adult Intelligence Scale-Revised (WAIS-R)

[26–28]. The WAIS-R allows deriving verbal IQ (VIQ),
performance IQ (PIQ), and full scale IQ (FSIQ) scores. All
results were transformed as z-scores, providing an age–gender–
education–normative data related score (in some tests, norms
only allowed an age and gender related transformation of raw
scores). In this way, despite a potential decrease in raw scores,
no changes in z-scores were expected over time in the normal
population.

A previous study with DM1 patients showed that FSIQ
(WAIS-R) scores strongly correlated with scores of the
Standard Progressive Matrices (SPM), a motor-independent
test of intelligence [17]. Thus, the use ofWAIS-R is not affected
by manual dexterity among DM1 patients. However, some
participants were not able to perform certain tests because of
muscular, vision or extreme fatigability. Those patients were
removed from analysis. The number of patients associated with
every test is presented in the tables (n).

A trained doctoral level student research assistant
administered all tests at participant’s home at T1 and another at
T2 using the same procedure. In order to minimize fatigue,
the evaluation took place in two separate half days with a
standardized protocol.

2.3. Standard protocol approvals, registrations, and
patient consents

All participants received oral and written information and
gave their informed consent. The study received the approval of
the Research Ethic Committee of the regional hospital.

2.4. Statistical analyses

To assess the difference in cognitive abilities betweenT1 and
T2, nonparametric intra-group comparisons were employed
(Wilcoxon test) considering the distribution of the data. Given
that several subtests are used to assess the same function such
as language, we considered a clinical indicator of decline in that
function. The presence of a clinical indicator of decline in each
function between T1 and T2 for the group’s mean was noted. In
addition, to refine the analysis of the decline, we have assessed
the increase in the percentage of participants presenting an
impaired performance (1 SD and more below normative data)
from T1 to T2 with the McNemar’s Test. For both the change in
mean scores and in the percentage of impaired participants, we
considered the following categorization: if 2/3 and more of the
subtests of a cognitive function have significantly changed, then
we considered that the function has declined (“+” in Table 4); if
1/3 to 1/2 of the subtests of a cognitive function have changed,
then we considered that the function has moderately declined
(“+/−” in Table 4); if less than 1/3 of the subtests of a cognitive
function have changed, then we considered that the function
remained stable (“−” in Table 4). This interpretation of the
results is summarized in Table 4 in order to improve the clinical
perspective of the findings.

Inter-group comparisons (adult vs late-onset) were
performed using non-parametric Mann–Whitney U Test. To
compare follow-up evolution delta scores of progression
(score at T2 – score at T1: the higher the delta score is, the
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