Received: 21 February 2022 | Accepted: 11 October 2022

DOI: 10.1111/ene.15604

ORIGINAL ARTICLE

european journal
of neurology

the official journal of the european academy of neurology

Shedding light on motor premanifest myotonic dystrophy type
1: A molecular, muscular and central nervous system follow-up

study

Joana Garmendia®
Adolfo Lépez de Munain

1Department of Clinical and Health
Psychology and Research Methodology,
Psychology Faculty, University of

the Basque Country (UPV/EHU), San
Sebastian, Spain

2Neuroscience Area, Biodonostia
Health Research Institute, Donostia-San
Sebastian, Gipuzkoa, Spain

3CIBER, Centro de Investigacion
Biomédica en Red (CIBERNED), Institute
Carlos Ill, Madrid, Spain

4Osatek, Donostia University Hospital,
Donostia-San Sebastian, Spain

5Neurology Department, Donostia
University Hospital, Donostia-San
Sebastian, Spain

SNeuroscience Department, University
of the Basque Country (UPV/EHU),
Donostia-San Sebastian, Spain

Correspondence

Andone Sistiaga, Department of Clinical
and Health Psychology and Research
Methodology, Psychology Faculty,
University of the Basque Country,
Avda. Tolosa, 70. 20018. Donostia- San
Sebastian, Gipuzkoa, Spain.

Email: andone.sistiaga@ehu.eus

Funding information

Centro de Investigacion Biomédica en Red
sobre Enfermedades Neurodegenerativas,
Grant/Award Number: P117/01231

and PI117/01841; Euskal Herriko
Unibertsitatea, Grant/Award Number: GU
20/057 and PIF 20/238; Eusko Jaurlaritza,
Grant/Award Number: S-PE13UNO30;
Institute of Health Carlos IIl; Fondo
Europeo de Desarrollo Regional; Basque
Government; University of the Basque
Country

| Garazi Labayrul®?
2,3,5,6

| Miren Zulaica®® | Jorge Villanua* |

| Andone Sistiaga??

Abstract

Background and purpose: Myotonic dystrophy type 1 (DM1) is a hereditary and multisys-
temic disease that is characterized by heterogeneous manifestations. Although muscular
impairment is central to DM1, a premanifest DM1 form has been proposed for those
characterized by the absence of muscle signs in precursory phases. Nevertheless, sub-
tle signs and/or symptoms related to other systems, such as the central nervous system
(CNS), may emerge and progress gradually. This study aimed to validate the premani-
fest DM1 concept and to characterize and track affected individuals from a CNS centred
perspective.

Methods: Retrospective data of 120 participants (23 premanifest DM1, 25 manifest DM1
and 72 healthy controls) were analysed transversally and longitudinally (over 11.17 years).
Compiled data included clinical, neuropsychological and neuroradiological (brain volume
and white matter lesion, WML) measures taken at two time points.

Results: Manifest DM1 showed significantly more molecular affectation, worse perfor-
mance on neuropsychological domains, lower grey and white matter volumes and a dif-
ferent pattern of WMLs than premanifest DM1. The latter was slightly different from
healthy controls regarding brain volume and WMLs. Additionally, daytime sleepiness and
molecular expansion size explained 50% of the variance of the muscular deterioration at
follow-up in premanifest individuals.

Conclusions: Premanifest DM1 individuals showed subtle neuroradiological alterations,
which suggests CNS involvement early in the disease. Based on follow-up data, a debate
emerges around the existence of a ‘non-muscular DM1’ subtype and/or a premanifest

phase, as a precursory stage to other DM1 manifestations.
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central nervous system, disease progression, follow-up, muscular onset, myotonic dystrophy type
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INTRODUCTION

Myotonic dystrophy type 1 (DM1), also known as Steinert's disease,
is a progressive and hereditary multisystemic disease that presents
an autosomal dominant pattern of inheritance. The diagnosis is es-
tablished with an expansion length of the trinucleotide CTG (cyto-
sine, thymine, guanine) that exceeds 50 repetitions [1]. DM1 is the
most common form of muscular dystrophy in adults, with a global
prevalence of 1/7400, and is predominantly characterized by distal
muscle weakness and myotonia.

Beyond the impairment of the muscular system, DM1 also im-
plies other systemic alterations, such as ophthalmological, cardiac,
endocrine, gastrointestinal and central nervous system (CNS) im-
pairment, amongst others. Regarding the latter, several symptoms
have been described (e.g., excessive daytime sleepiness, fatigue and
apathy) as well as brain alteration and a variety of cognitive deficits
[2]. Although there is growing evidence of a DM1-specific cognitive
profile involving an executive and visuo-constructive impairment
[3], the nature of the progression of the CNS impairment and the
existence of a potential neurodegenerative trajectory of the dis-
ease are still the subject of study. In this regard, several studies
have revealed neurodegenerative-process-related brain anomalies
in DM1 [4, 5], as well as progressive cognitive deterioration [6-10].

A main characteristic of DM1 is its phenotypical variability. The
disease varies widely in terms of age of onset, CTG expansion length,
muscular impairment, affected body systems and reported symp-
toms. Thus, various classifications of the disease have been pro-
posed. The most frequently used classification is based on the age of
onset of the disease. DM1 can be categorized into five phenotypes:
congenital (onset at birth), childhood-onset (1-10years at the age of
onset), juvenile-onset (10-20years), adult-onset (20-40years) and
late-onset (>40years). Other classifications [7, 11] have clustered
DM1 patients according to their molecular affectation, that is, CTG
expansion length.

[ Initial cohort (n=152)

|
DM1 Patients
(n=78)

Premanifest DM1 Manifest DM1

Similar to other diseases such as Huntington's disease, the pre-
manifest phase has been studied in DM1 and is described as the pre-
cursory phase before manifestation of the full disease [12]. Recently,
based on muscular impairment, a DM1 subtype has been proposed
by van der Plas et al. [13], termed ‘motor premanifest DM1". The
authors defined this concept to refer to those individuals with a
confirmed DM1 diagnosis without presenting muscular symptoms.
Operationally, this implies that clinical examination using the Muscle
Impairment Rating Scale (MIRS) reports an absence of motor symp-
toms (MIRS = 1).

Although in DM1 this precursory phase is characterized by the
absence of muscular signs, subtle signs and/or symptoms could
emerge and progress gradually during this phase. In this regard, body
systems other than the muscular system could be affected in these
patients, such as the CNS, as suggested by the abovementioned au-
thors. However, more replication studies—particularly longitudinal
studies—are needed to clarify this concept and shed light on the nat-
ural progression of this DM1 subtype.

The present study aimed to validate the premanifest DM1
concept and to characterize this patient group transversally and
longitudinally in terms of clinical, muscular, neuropsychological
and neuroradiological criteria. This would allow for describing
DM1 in motor asymptomatic stages and to trace its long-term
progression and implicated predictive factors over a 10-year fol-

low-up period.

METHODS
Participants
Participants were part of a larger cohort recruited in the Donostia

University Hospital (Gipuzkoa, Spain). When a DM1 patient is
identified, it is routine clinical practice to genetically test their

J
i
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- - . FIGURE 1 Flowchart showing the
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non-affected relatives for CTG expansion size, and these data
are noted in their medical records. For this study, data obtained
at two different time points (2005-2007 and 2017-2018) were
analysed retrospectively. The inclusion criteria were patients
aged 1éyears or above and having a molecular confirmation of a
DM1 diagnosis. Exclusion criteria were to have a history of major
psychiatric or somatic illness (according to the Diagnostic and
Statistical Manual of Mental Disorders fourth edition criteria),
acquired brain injury, suffering from alcohol or drug abuse, or
suffering from a congenital form of DM1.

From the original cohort of DM1 patients with a confirmed ge-
netic diagnosis, those without muscular impairment at baseline
(MIRS = 1) were identified by the neurologist of the group and clas-
sified as premanifest DM1 (n = 23), as proposed by van der Plas et al.
[13]. The remaining DM1 patients, that is, those with any degree of
muscular impairment (MIRS > 1), were classified as manifest DM1
(n = 55). A healthy control group (n = 74) of the original cohort was
also selected for this study. In order to obtain equivalent groups in
terms of demographic variables (sex, age and years of education),
certain participants were removed from the study (see Figure 1,
flowchart).

The final sample comprised 120 individuals: 23 premanifest DM1
(19.2%), 25 manifest DM1 (20.8%) and 72 healthy controls (60%).
All three groups were equivalent in age, sex and years of education.
From those, only two participants (premanifest DM1) did not con-
tinue to participate at follow-up.

This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Clinical Research Ethics
Committee of the Gipuzkoa Health Area (DMRM-2017-01). All par-
ticipants gave written informed consent.

The data were compiled following the method explained below

and were retrospectively analysed for this study.

Genetic determination

The CTG expansion size of the DM1 patients was obtained from clin-
ical data at both time points. When recent data were not available
(within the last 5years), genetic assessment was carried out (poly-
merase chain reaction in DMPK alleles up to approximately 100 CTG
and southern blot analysis for larger expansions).

Muscular severity

The muscular severity of the DM1 patients was assessed (at base-
line and follow-up) by an experienced neurologist through the
MIRS [14]. This scale assesses the severity of clinically recognized
distal to proximal muscular impairment and ranges from 1 to 5:
(1) no muscular impairment, (2) minimal signs, (3) distal weakness,
(4) mild to moderate proximal weakness and (5) severe proximal

weakness.

Excessive daytime sleepiness

Data for patients' excessive daytime sleepiness or hypersomnolence
were gathered through the Epworth Sleepiness Score [15] and were
available only at baseline.

Neuropsychological performance

Neuropsychological assessment was conducted at baseline and fol-
low-up by two experienced neuropsychologists blind to the clinical
condition of the participants (i.e., premanifest/manifest DM1, dis-
ease form, CTG repeats, MIRS or inheritance pattern), in the hospital
facilities.

The neuropsychological assessment included the follow-
ing tests and subtests: Vocabulary, Block Design and Digit Span
subtests from the Wechsler Adult Intelligence Scale, third edi-
tion (WAIS I1l1) [16], Rey-Osterrieth Complex Figure test (ROCF)
[17], Rey Auditory Verbal Learning Test (RAVLT) [18], Stroop co-
lour and word test [19], Raven's Progressive Matrices [20], ver-
bal fluency test (semantic and phonemic) [21, 22] and California
Computerized Assessment Package (CALCAP) [23]. Standardized t
values of all tests were obtained according to Spanish population-
based normative data.

For this study, performance on seven cognitive domains was
calculated from the converted scores of the administered tests:
visuo-construction (block design from WAIS-IIl and ROCF copy),
verbal memory (RAVLT immediate recall, RAVLT delayed recall,
total RAVLT), attention/processing speed (Digit Span from WAIS
I, Stroop word, Stroop colour and the CALCAP subtests simple
reaction time [RT], election RT, sequential 1 RT, sequential 2 RT),
executive functions (total Raven, phonemic fluency, Stroop interfer-
ence), language (Vocabulary from WAIS-IIl and semantic fluency),
visual memory (ROCF delayed recall) and intellectual functioning
estimated from a WAIS Il short-form composed of Vocabulary
and Block Design subtests, based on Sattler and Ryan (reliability
r = 0.93; validity r = 0.87).

Neuroimaging

All the magnetic resonance scans—at both baseline and follow-up—
were acquired on the same 1.5 T scanner (Achieva Nova, Philips).
The current results are based on a high-resolution volumetric turbo
field echo series (sagittal 3D T1 weighted acquisition, repetition
time 7.2, echo time 3.3, flip angle 8, matrix 256 x 232, slice thickness
1 mm, voxel dimensions 1 x 1 x 1 mm, number of signal averages 1, no
slices 160, gap 0, total scan duration 5 min 34 s).

FSL (version 6.01) voxel based morphometry was used [24] to
study grey matter (GM) and white matter (WM) volumes. Structural
images were brain-extracted and segmented before being registered

to the MNI 152 standard space using nonlinear registration [25]. The
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TABLE 1 Demographic data of the participants

Healthy
Premanifest DM1 Manifest DM1 controls
n (%) n (%) n (%)
Sex
Female 13 (53.5%) 13 (52%) 69 (57.5%)
Male 10 (43.5%) 12 (48%) 51 (42.5%)
n M (SD) Min-max n M (SD) Min-max n M (SD) Min-max
Age
Baseline 23 48.14 (13.49) (20.41-69.63) 25 43.53(5.27) (35.47-56.37) 72 42.29 (12.50)  (18.68-71.07)
Follow-up 19 57.15(3.09) (32.08-76.66) 24 55.48 (1.15) (47.08-69.00) 66 53.00 (1.60) (27.08-82.74)
Education 23 14.04 (5.60) (3-23) 25 13.20 (4.63) (6-25) 72 16.60 (5.23) (3-26)
(years)

Abbreviations: DM1, myotonic dystrophy type 1; M, mean.

resulting images were averaged and flipped along the x-axis to cre-
ate a left-right symmetric template. All native GM/WM images were
nonlinearly registered to the template and ‘modulated’ to correct for
local expansion (or contraction) due to the nonlinear component of
the spatial transformation. The modulated GM/WM images were
then smoothed with an isotropic Gaussian kernel with a sigma of 3.
To estimate global GM and WM brain tissue volume, normalized for
subject head size, the SIENAX tool was used [26].

Data for white matter lesions (WMLs) were assessed according
to the Wahlund scale [27]. When lesions >5mm were identified, se-
verity was rated from O (no lesions) to 3 (diffuse involvement). Lesion
location was quantified separately across five different regions: (i)
the frontal area; (ii) the parieto-occipital area; (iii) the temporal area;
(iv) the infratentorial area, including the brain stem and cerebellum;
and (v) the basal ganglia, including the striatum, globus pallidus, thal-

amus, internal and external capsules, and insula.

Statistical analyses

The collected data were analysed using the SPSS statistical package
(version 27).

For the transversal analysis, parametric (t test) or non-parametric
(Mann-Whitney U test) statistical tests was conducted where ap-
propriate, at baseline and follow-up. The premanifest DM1 group
was compared with both manifest DM1 and healthy control groups.

For the longitudinal analysis, intragroup and intergroup analy-
ses were conducted. To assess intragroup longitudinal differences,
parametric (t test repeated measures) and non-parametric (Wilcoxon
signed-rank) tests were conducted for all three groups. To assess
longitudinal intergroup differences, a repeated measures ANCOVA
(controlling for time between measures) and repeated measures
ANOVA were conducted.

Effect sizes were calculated using Cohen's d when parametric
tests were used, interpreted as small (0.20), moderate (0.50) or large
(0.80) [28], whilst r was calculated when non-parametric tests were
used and interpreted as small (0.10), moderate (0.30) or large (0.50).

A stepwise multiple regression analysis was conducted to anal-
yse the variables at baseline that could potentially explain the onset

of muscular impairment at follow-up in premanifest DM1 patients.

RESULTS
Descriptive analysis

Premanifest DM1 and healthy controls were equivalent in age
(t=1.92[93]; p=0.058), years of education (t = -1.98 [88]; p = 0.050)
and sex (42(1) = 0.74; p = 0.786). Likewise, premanifest DM1 and
manifest DM1 were also equivalent in age (Mann-Whitney U
test192.50; p = 0.050), years of education (t = -0.57 [46]; p = 0.571)
and sex (;(2(1) =0.10; p = 0.753). The mean elapsed time between the
two time points was 11.17 years (SD = 0.12).

In the manifest DM1 group, 84% were adult-onset patients and
16% juvenile-onset. Regarding the inheritance pattern, 88% had a
paternal inheritance and 12% maternal. The premanifest DM1 pa-
tient group was distributed as 58.8% paternal inheritance, 35.3%
maternal inheritance and 5.9% (one patient) inheritance of both
parents.

Demographic data of the sample are displayed in Table 1.

Transversal analysis
Clinical and neuropsychological functioning

When comparing the premanifest DM1 and manifest DM1 groups, a
significantly larger CTG expansion size and worse performance was
found in the following cognitive domains in the manifest group: ex-
ecutive functions, attention/processing speed, intellectual function-
ing domains (both time points) and in the visuo-construction domain
(at follow-up) (see Table 2).

No statistically significant differences were found between
premanifest DM1 and healthy controls in the neuropsychological
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outcomes. Nevertheless, as shown in Table 2, the effect size was
close to moderate for the executive functions domain at baseline
and attention/processing speed domain at follow-up, with poorer

performance in the premanifest DM1 group.

Neuroimaging

Although not statistically significant, moderate to large effect sizes
were reported for the differences between the premanifest DM1
and manifest DM1 groups in GM/WM volumes and WMLs (see
Figure 2). The manifest DM1 group showed poorer GM/WM vol-
umes, accompanied by WMLs in the frontal and temporal cortex.
The premanifest DM1 group showed more lesions in the basal gan-
glia and infratentorial areas (see Table S1).

As shown in Figure 2, although no significant differences were
found for GM and WM volumes between premanifest DM1 and
healthy controls, moderate effect sizes were reported for GM volumes

at baseline and follow-up, with lower GM volumes in the premanifest

DM1 group. Furthermore, premanifest patients showed significantly
more WMLs than healthy controls in the total WMLs at baseline, in the
left parieto-occipital cortex (at both time points) and in the right tem-

poral cortex and right basal ganglia (only at follow-up) (see Table S1).

Intragroup longitudinal analysis
Clinical and neuropsychological functioning

Regarding clinical data, for the premanifest DM1 group a significant
increase in muscular impairment (Z = -2.12; p = 0.034; r = 0.46) was
found. Sixteen of the 23 patients (76.2%) maintained an absence
of muscular impairment (MIRS = 1) at follow-up, whilst the rest de-
veloped a higher degree of muscular impairment. For the manifest
DM1 group, a significantly higher CTG expansion size (Z = -3.39;
p =0.001; r = 0.69) was found at follow-up.

Results regarding intragroup longitudinal differences in neuro-

psychological outcomes can be found in Table S2.

TABLE 2 Transversal intergroup comparisons in clinical and neuropsychological outcomes

Descriptive analyses: M (SD)

Intergroup comparisons

Premanifest DM1 vs.

DM1 patients HC manifest DM1 Premanifest DM1 vs. HC
Premanifest
Manifest DM1 DM1 t p d t p d
Baseline
CTG 639.44 (400.27)  116.24(105.38) - -5.69  0.000** 1.68 - - -
MIRS 2.92(0.50) 1(0) - -18.65 0.000** 0.36 - - -
Epworth 6.29 (4.36) 5.19 (4.07) - -0.78 0.440 0.26 - - -
Attention/PS 40.72 (7.84) 47.31(9.74) 48.16 (7.38) 2.59  0.013* 0.75 -0.42 0.677 0.10
Verbal memory 45.13(12.32) 48.99 (10.97) 48.96 (9.58) 113  0.266 0.33 0.01 0.993 0.00
Visual memory 42.96 (14.06) 46.57 (6.93) 44.48 (8.16) 1.07  0.290 0.32 1.02 0.310 0.27
Visuo-construction 43.04 (9.88) 47.65 (8.06) 47.55 (8.97) 1.76 0.085 0.51 0.05 0.962 0.01
Executive functioning 41.61(8.90) 46.84 (8.21) 50.19 (7.90) 2.08 0.043* 0.61 -1.63 0.108 0.42
Language 47.80 (8.96) 50.37(8.81) 51.31(8.12) 1.00 0.322 0.29 -0.45 0.652 0.11
1Q 92.36 (15.10) 100.86 (12.71) 102.58 2.07 0.044* 0.61 -0.47 0.641 0.12
(15.17)
Follow-up
CTG 902.21(533.66)  194.95(292.70) - -5.29  0.000** 1.60 - - -
MIRS 3.08(0.64) 1.29 (0.56) - -10.01  0.000** 0.61 - - -
Attention/PS 38.38(7.62) 42.78 (5.53) 45.80(7.14) 211 0.041* 0.65 -1.70 0.093 0.44
Verbal memory 47.27 (12.90) 51.87(10.22) 50.15 (9.40) 1.27 0.211 0.39 0.69 0.491 0.18
Visual memory 43.63(10.47) 48.26 (7.31) 48.89 (6.68) 1.64 0.109 0.50 -0.35 0.725 0.09
Visuo-construction 40.71(8.53) 53.18 (6.54) 52.67 (8.59) 5.26 0.000** 1.62 0.24 0.809 0.06
Executive functioning 39.27(9.58) 47.26 (7.38) 47.55(7.76) 3.00 0.005** 0.92 -0.15 0.883 0.04
Language 48.88(8.48) 51.11(6.52) 52.80(7.14) 0.95 0.350 0.29 -0.93 0.355 0.24
1Q 94.13 (12.16) 107.79 (11.71) 108.77 3.72 0.001** 1.14 -0.30 0.765 0.08
(12.82)

Abbreviations: CTG, CTG expansion size; HC, healthy controls; IQ, intelligence quotient; M, mean; MIRS, Muscular Impairment Rating Scale; PS,

processing speed.*p <0.05; **p<0.01.
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FIGURE 2 Intragroup and intergroup comparisons of GM/WM volumes and total WMLs. GM, grey matter; WM, white matter; WMLs,
white matter lesions. Effect sizes were calculated using Cohen's d for GM/WM (0.20, small; 0.50, moderate; 0.80, large) and r for total
WMLs (0.10, small; 0.30, moderate; 0.50, large). *p <0.05

Neuroimaging For the premanifest DM1 group, a significant decline in WM

volume was found between the two time points. Regarding WMLs,
Results regarding WM/GM volumes and total WML longitudinal although not statistically significant, a large effect size was found
analysis are shown in Figure 2. Additionally, WML localization differ- for the differences in total WMLs. Moreover, more WMLs were re-
ences can be found in Table S3. ported at follow-up in the parieto-occipital and the right temporal
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cortex, with moderate to large effect sizes. In contrast, in the right
frontal cortex more WMLs were reported at baseline.

For the manifest DM1 group, a significant decline in WM volume
and a higher number of WMLs were reported at follow-up. Additionally,
large to moderate effect sizes were reported in the following areas: fron-
tal and left parieto-occipital cortex, right temporal cortex, basal ganglia
and infratentorial area. As in the premanifest DM1 group, significantly
more WMLs were reported in the right frontal cortex at baseline.

The healthy control group showed significantly lower GM and
WM volumes at follow-up. In addition, significantly more total WMLs
were found at follow-up. Moderate effect sizes were reported for
the left frontal cortex and for the bilateral parieto-occipital cortex,

with more WMLs found in these regions at follow-up.

Longitudinal intergroup analysis
Clinical and neuropsychological functioning

Regarding clinical measures, when comparing premanifest and mani-
fest DM1, the latter group showed a significantly greater increase in
the CTG expansion size. Additionally, MIRS progression was similar
in both groups. Regarding neuropsychological outcomes, no differ-
ences were found in the progression of the cognitive domains when
comparing either the DM1 patient subgroups or premanifest DM1
with healthy controls (see Table S4).

Neuroimaging outcomes

Regarding GM and WM volumes, no statistically significant longi-
tudinal differences were found between either premanifest DM1
and manifest DM1 or premanifest DM1 and healthy controls.
Nevertheless, the premanifest DM1 group showed significantly
greater WML deterioration in the right temporal cortex than healthy
controls (see Table S4).

Muscular onset predictors in premanifest DM1

The following baseline potential predictors for the deterioration of
muscular impairment were included in the regression model: age, CTG,
Epworth score and estimated intelligence quotient. From these, only
CTG expansion size and Epworth scale score at baseline were statis-
tically significant predictors of MIRS evolution at follow-up in pre-
manifest DM1 patients (F(2, 11) = 7.50; p = 0.009). This model—which
includes two clinical variables—explained 50% of the total variance.

DISCUSSION

Premanifest DM1 refers to the group of patients that are in the pre-
cursory/subclinical phase of the full manifestation of the disease.

The present study is the first to include a longitudinal follow-up of
these patients, which has enabled this form of the disease to be char-
acterized and these patients to be traced over a decade, combining
clinical, neuropsychological and neuroradiological approaches.

As reported by van der Plas et al. [13], in the present study pre-
manifest and manifest DM1 patients differ considerably in terms of
several disease manifestations, such as brain and cognitive alter-
ations. Specifically, according to the current results, manifest DM1
patients show greater molecular defects, worse performance on al-
most all neuropsychological domains, and lower GM/WM volumes.
Moreover, manifest DM1 patients show WMLs around cortical re-
gions, whilst the premanifest DM1 patients present lesions affecting
subcortical structures. Indeed, a meta-analysis of brain imaging in
DM1 reported WMLs in frontal, temporal and parietal lobes [29].
Our results suggest the potential importance of analysing different
WML patterns in different forms of the disease. Moreover, all these
differences between manifest and premanifest DM1 are in accor-
dance with the fact that DM1 is a heterogeneous disease.

Although premanifest DM1 patients are muscularly unaffected
and less impaired than other DM1 patients regarding non-muscular
symptoms, they cannot be considered a healthy population. In this
study, premanifest DM1 patients showed outcomes suggesting
brain structural vulnerability, with lower GM volumes and more
cortical and subcortical WMLs than healthy controls. So far, our
findings support the notion that premanifest DM1 patients are at an
intermediate point between manifest DM1 and healthy controls, at
least with regard to brain structure, in agreement with van der Plas
et al. [13], who also reported WM abnormality in premanifest DM1.
Our findings favour the idea that brain alterations occur in the early
stages of the disease, when the classic muscular signs of the disease
have not yet developed.

Beyond a static picture of the disease, this study provided
the opportunity to analyse its natural progression. In this regard,
none of the studied clinical, neuropsychological or neuroimaging
data revealed differences in the rate of disease progression be-
tween the three groups. Specifically, all three groups reported a
similar GM/WM volume loss and WML increase over a decade,
findings that are most likely related to aging processes. This
does not support the idea that DM1 patients—either manifest or
premanifest—suffer from neurodegenerative processes, although
the possibilities that DM1 might be a slow progressive cerebral
disease or could gradually evolve during the later stages of the dis-
ease cannot be ruled out [30, 31]. However, the fact that patients
differed from healthy controls both at baseline and follow-up sug-
gests that the brain structure of these patients could have dis-
tinctive developmental characteristics throughout their life stages
and are not clearly associated with aging or neurodegeneration,
even in premanifest forms of the disease.

Having described premanifest DM1 individuals, it is now nec-
essary to clarify whether this is a DM1 subtype or just an initial
phase of the disease. It should be noted that within the preman-
ifest DM1 group most patients (76.2%) remained muscularly as-
ymptomatic over more than 10years of follow-up. This raises
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the possibility that there are certain DM1 patients who may not
develop muscular symptoms and could thus belong to a ‘non-
muscular DM1’ subtype, a term that might therefore be more
accurate than ‘premanifest’. This idea can only be confirmed
by tracing these patients throughout the course of the disease.
Nevertheless, other premanifest patients gradually developed
muscular symptoms, suggesting that whilst these patients do not
show muscular signs during the initial phases (premanifest phase)
they will do so in the future.

Additionally, consensus regarding use of the term ‘premanifest
phase’ is still needed. Whilst the premanifest concept has been em-
ployed so far to refer to those patients without motor symptoms,
it should be reconsidered to include patients who do not manifest
other key symptoms. For instance, juvenile-onset DM1 patients are
known to present cognitive or psychiatric symptomatology, whilst
they might be free of other classic neurological and motor manifes-
tations [32]. Indeed, the heterogeneity of DM1 regarding different
subtypes and disease progression could be explained by the patho-
genetic profile of DM1, which, even if monogenic, spreads to a larger
gene-to-gene interactome, leading to the alteration of many other
genes [33].

From a clinical standpoint it is therefore crucial to gain knowl-
edge about the prognosis and predictive variables of the muscular
progression of the disease. In this study, it was found that CTG ex-
pansion size and the degree of excessive daytime sleepiness at base-
line explained up to 50% of the fact of deteriorating muscularly in
premanifest DM1, thus evolving from the premanifest phase to the
manifest DM1 group. Indeed, excessive daytime sleepiness has been
described as a key neurocognitive feature in DM1, present in around
70%-80% of patients [34, 35]. Our study confirms the hypothesis of
van der Plas et al. [13] which suggests that this symptom precedes
further muscular impairment and could be a useful predictor of mus-
cular onset in premanifest DM1. Similarly, an effect of the genetic
defect on muscular deterioration has been previously reported by
Mazzoli et al. [36].

The main limitation of this study is the absence of certain data
that could be of interest (e.g., cataracts, cardiac and metabolic pa-
thology etc.). Considering that this is a retrospective study, only data
available from the selected sample could be analysed. Using the data
of other body systems could help elucidate whether the premanifest
patients (as defined in this study) are ‘non-muscular DM1’ patients
with other initial symptoms or whether they are completely asymp-
tomatic patients. Participants have been studied from a clinical,
neuropsychological and neuroradiological perspective, but future
studies should also study potentially affected body systems as early
as in the premanifest phase, given the multisystemic nature of the
disease. Finally, since this is a rare disease, the small sample size con-
stitutes the other main limitation. However, the large effect sizes ob-
tained in this study encourage conducting a prospectively designed
study to replicate our results with a larger sample. Specifically, it
would be of special interest to recruit more premanifest DM1 pa-
tients to shed light on the premanifest phase/subtype issue as well
as to broaden knowledge on the prognosis of DM1. Moreover,

recruiting larger samples could allow for separately analysing the
different DM1 phenotypes (e.g., childhood, juvenile, adult), since, as
previously suggested, the initial symptoms and disease progression
may differ between subgroups.

Overall, the results of this study confirm that CNS involvement is
present in premanifest DM1 and can be detected early in the disease
before muscular deterioration develops. Our findings contribute to-
ward a broader understanding of DM1 in its various forms, depicting
early CNS changes and disease progression. This information could
help clinical practitioners to achieve a more accurate prognosis and
to better manage the health care needs and expectations of patients
and relatives.

AUTHOR CONTRIBUTIONS

Joana Garmendia: conceptualization, data curation, formal analy-
sis, methodology, visualization, writing the original draft, writing—
review and editing. Garazi Labayru: conceptualization, data
curation, formal analysis, investigation, methodology, supervision,
visualization, writing—original draft, writing—review and editing.
Miren Zulaica: investigation, resources, writing—review and editing.
Jorge Villanta: investigation, resources, writing—review and editing.
Adolfo Lépez de Munain: conceptualization, funding acquisition, in-
vestigation, resources, supervision, validation, writing—review and
editing. Andone Sistiaga: conceptualization, data curation, funding
acquisition, investigation, methodology, resources, supervision,

writing original draft, writing—review and editing.

ACKNOWLEDGEMENTS

This work was supported by the Centro de Investigacion Biomédica
en Red de Enfermedades Neurodegenerativas (Ref: 609), from
the Institute of Health Carlos Ill co-founded by Fondo Europeo
de Desarrollo Regional (PI17/01231 to A.S.; PI17/01841 to A.L.);
Basque Government (S-PE13UNO30 to A.S.); and University of the
Basque Country (UPV/EHU) (PIF 20/238 to J.G.; GU 20/057 to J.G.,
G.L.and A.S)).

CONFLICT OF INTEREST
All authors declare no conflict of interest regarding the content of

this article.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.

ORCID
Joana Garmendia " https://orcid.org/0000-0001-7824-1398
https://orcid.org/0000-0002-7304-320X

https://orcid.org/0000-0003-2511-0911

Garazi Labayru
Andone Sistiaga

REFERENCES

1. Harper PS. Myotonic dystrophy. 3rd ed. London, UK; 2001.
2. Thornton CA. Myotonic dystrophy. Neurologic Clinics. Vol 32. W.B.
Saunders; 2014:705-719.

25U80 17 SUOLLILIOD BATTER.D) 3|t dde 3L Aq pouBA0B a1 BRI YO 98N J0'SINJ o A1 BUIIUO ABIA UO (SUONIPUOD-PUE-SULBYLIOD" A3 |1 AReJc]1[BUIU0//:SANY) SUONIPUOD) PUB SWL | 3U1 895 *[E20Z/70/G0] U ARiqI8UIIUO AB]IA ‘0352 A STedl PP PRPSRAIUN AQ 709ST BUS/TTTT OT/10p/WI00 3| 1M AReiq[pu[Uo//SdNY LLOI Papeo|umoq T ‘§20Z ‘TEETBOYT


https://orcid.org/0000-0001-7824-1398
https://orcid.org/0000-0001-7824-1398
https://orcid.org/0000-0002-7304-320X
https://orcid.org/0000-0002-7304-320X
https://orcid.org/0000-0003-2511-0911
https://orcid.org/0000-0003-2511-0911

TRACKING CNS INVOLVEMENT IN PREMANIFEST DM1

223

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sistiaga A, Urreta |, Jodar M, et al. Cognitive/personality pat-
tern and triplet expansion size in adult myotonic dystrophy type
1 (DM1): CTG repeats, cognition and personality in DM1. Psychol
Med. 2010;40(3):487-495.

Caillet-Boudin ML, Fernandez-Gomez FJ, Tran H, Dhaenens CM,
Buee L, Sergeant N. Brain pathology in myotonic dystrophy: when
tauopathy meets spliceopathy and RNAopathy. Front Mol Neurosci.
2014;6:1-20.

Minnerop M, Gliem C, Kornblum C. Current progress in CNS imag-
ing of myotonic dystrophy. Front Neurol. 2018;9:646.

Gallais B, Gagnon C, Mathieu J, Richer L. Cognitive decline over
time in adults with myotonic dystrophy type 1: a 9-year longitudinal
study. Neuromuscul Disord. 2017;27(1):61-72.

Modoni A, Silvestri G, Vita MG, Quaranta D, Tonali PA, Marra C.
Cognitive impairment in myotonic dystrophy type 1 (DM1): a longi-
tudinal follow-up study. J Neurol. 2008;255(11):1737-1742.
Sansone V, Gandossini S, Cotelli M, Calabria M, Zanetti O, Meola G.
Cognitive impairment in adult myotonic dystrophies: a longitudinal
study. Neurol Sci. 2007;28(1):9-15.

Winblad S, Samuelsson L, Lindberg C, Meola G. Cognition in myo-
tonic dystrophy type 1: a 5-year follow-up study. Eur J Neurol.
2016;23(9):1471-1476.

Labayru G, Aliri J, Zulaica M. Lépez de Munain A, Sistiaga A. Age-
related cognitive decline in myotonic dystrophy type 1: an 11-year
longitudinal follow-up study. J Neuropsychol. 2020;14(1):121-134.
Baldanzi S, Cecchi P, Fabbri S, et al. Relationship between neu-
ropsychological impairment and grey and white matter changes
in adult-onset myotonic dystrophy type 1. Neurolmage Clin.
2016;12:190-197.

Wild EJ, Tabrizi S. Premanifest and early Huntington's disease.
In: Bates G, Tabrizi SJ, Jones L, eds. Huntington's Disease. Oxford
University Press; 2014 [Internet]. [citado 2 de febrero de 2022].
Disponible en: https://global.oup.com/academic/product/hunti
ngtons-disease-9780199929146?cc=gh&lang=en&#

van der Plas E, Koscik TR, Magnotta V, et al. Neurocognitive fea-
tures of motor premanifest individuals with myotonic dystrophy
type 1. Neurol Genet. 2021;7:577.

Mathieu J, Boivin H, Meunier D, Gaudreault M, Bégin P. Assessment
of a disease-specific muscular impairment rating scale in myotonic
dystrophy. Neurology. 2001;56(3):336-340.

Johns MW. A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep. 1991;14(6):540-545.

Wechsler D. WAIS-III: Escala de Inteligencia de Wechsler para Adultos
1. TEA Ediciones; 1999.

Rey A. Copy and memory reproduction test of complex geometric fig-
ures. TEA Ediciones; 2009.

Lezak M, Howieson H, Loring D. Neuropsychological assessment. 4th
ed. Oxford University Press; 2004.

Golden CJ. STROOP. Color and word test. 3rd ed. TEA Ediciones;
2001.

Raven JC, Court JH, Raven J. Raven: Standard progressive matrices.
TEA Ediciones; 2001.

Casals-Coll M, Sanchez-Benavides G, Quintana M, et al. Estudios
normativos espafioles en poblacion adulta joven (proyecto
NEURONORMA jovenes): normas para los test de fluencia verbal.
Neurologia. 2013;28(1):33-40.

Pena-Casanova J, Quinones-Ubeda S, Gramunt-Fombuena N,
et al. Spanish multicenter normative studies (NEURONORMA
project): Norms for verbal fluency tests. Arch Clin Neuropsychol.
2009;24(4):395-411.

Miller EN. CalCAP: California Computerized Assessment Package. Los
Angeles; 1990.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Douaud G, Smith S, Jenkinson M, et al. Anatomically related grey
and white matter abnormalities in adolescent-onset schizophrenia.
Brain. 2007;130(9):2375-2386.

Andersson JLR, Jenkinson M, Smith S. Non-linear registration, aka
spatial normalisation. FMRIB Technical Report TRO7JA2. Oxf Cent
Funct Magn Reson Imaging Brain Dep Clin Neurol Oxf Univ Oxf UK.
2007;22:1-21.

Smith SM, Zhang Y, Jenkinson M, et al. Accurate, robust, and au-
tomated longitudinal and cross-sectional brain change analysis.
Neurolmage. 2002;17(1):479-489.

Wahlund LO, Barkhof F, Fazekas F, et al. A new rating scale for
age-related white matter changes applicable to MRI and CT. Stroke.
2001;32(6):1318-1322.

Cohen J. Statistical Power Analysis for the Behavioral Sciences.
Second ed. LEA; 1988.

Okkersen K, Monckton DG, Le N, Tuladhar AM, Raaphorst J,
Engelen BGMV. Brain imaging in myotonic dystrophy type 1.
Neurology. 2017;89(9):960-969.

Labayru G, Jimenez-Marin A, Fernandez E, et al
Neurodegeneration trajectory in pediatric and adult/late DM1:
a follow-up MRI study across a decade. Ann Clin Transl Neurol.
2020;7(10):1802-1815.

Gliem C, Minnerop M, Roeske S, et al. Tracking the brain in myo-
tonic dystrophies: a 5-year longitudinal follow-up study. PLoS One.
2019;14(3):e0213381. doi:10.1371/journal.pone.0213381
Simoncini C, Spadoni G, Lai E, et al. Central nervous system in-
volvement as outcome measure for clinical trials efficacy in myo-
tonic dystrophy type 1. Front Neurol. 2020;11(October):1-16.
Jimenez-Marin A, Diez |, Labayru G, et al. Transcriptional sig-
natures of synaptic vesicle genes define myotonic dystro-
phy type | neurodegeneration. Neuropathol Appl Neurobiol.
2021;47(7):1092-1108.

Dauvilliers YA, Laberge L. Myotonic dystrophy type 1, daytime
sleepiness and REM sleep dysregulation | Elsevier enhanced reader.
Sleep Med Rev. 2012;16(6):539-545.

Miller JN, Kruger A, Moser DJ, et al. Cognitive deficits, apathy, and
hypersomnolence represent the core brain symptoms of adult-
onset myotonic dystrophy type 1. Front Neurol. 2021;12:700796.
Mazzoli M, Ariatti A, Garuti GC, et al. Predictors of prognosis in
type 1 myotonic dystrophy (DM1): longitudinal 18-years experi-
ence from a single center. Acta Myol Myopathies Cardiomyopathies
Off J Mediterr Soc Myol. septiembre de. 2020;39(3):109-120.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Garmendia J, Labayru G, Zulaica M,
Villanua J, Lépez de Munain A, Sistiaga A. Shedding light on
motor premanifest myotonic dystrophy type 1: A molecular,
muscular and central nervous system follow-up study. Eur J
Neurol. 2023;30:215-223. doi: 10.1111/ene.15604

25U80 17 SUOLLILIOD BATTER.D) 3|t dde 3L Aq pouBA0B a1 BRI YO 98N J0'SINJ o A1 BUIIUO ABIA UO (SUONIPUOD-PUE-SULBYLIOD" A3 |1 AReJc]1[BUIU0//:SANY) SUONIPUOD) PUB SWL | 3U1 895 *[E20Z/70/G0] U ARiqI8UIIUO AB]IA ‘0352 A STedl PP PRPSRAIUN AQ 709ST BUS/TTTT OT/10p/WI00 3| 1M AReiq[pu[Uo//SdNY LLOI Papeo|umoq T ‘§20Z ‘TEETBOYT


https://global.oup.com/academic/product/huntingtons-disease-9780199929146?cc=gb&lang=en&
https://global.oup.com/academic/product/huntingtons-disease-9780199929146?cc=gb&lang=en&
https://doi.org//10.1371/journal.pone.0213381
https://doi.org/10.1111/ene.15604

	Shedding light on motor premanifest myotonic dystrophy type 1: A molecular, muscular and central nervous system follow-­up study
	Abstract
	INTRODUCTION
	METHODS
	Participants
	Genetic determination
	Muscular severity
	Excessive daytime sleepiness
	Neuropsychological performance
	Neuroimaging
	Statistical analyses

	RESULTS
	Descriptive analysis
	Transversal analysis
	Clinical and neuropsychological functioning
	Neuroimaging

	Intragroup longitudinal analysis
	Clinical and neuropsychological functioning
	Neuroimaging

	Longitudinal intergroup analysis
	Clinical and neuropsychological functioning
	Neuroimaging outcomes

	Muscular onset predictors in premanifest DM1

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


