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Introduction: Myotonic dystrophy type 1 (DM1) is a hereditary neuromuscular
disorder affecting the central nervous system (CNS). Although sex differences
have been explored in other neuromuscular disorders, research on this topic in
DM1 remains limited. The present study aims to analyze sex differences (both the
patient’s and disease-transmitting parent’s sex) with a focus on CNS outcomes.

Methods: Retrospective data from 146 non-congenital DM1 patients
were analyzed, including clinical, molecular, neuropsychological, and
neuroradiological data. Sex and inheritance pattern differences were analyzed
using t-tests, and ANOVA analyses were conducted to address the interactions.

Results: Overall, no significant sex differences were observed except in certain
cognitive domains. However, individuals with maternal inheritance showed
larger CTG expansion size, lower estimated IQs, and poorer performance on
visual memory, executive functions, and language domains than those with
paternal inheritance. Notably, IQ performance was independently influenced by
inheritance pattern and CTG expansion.

Discussion: This study is the first to delve into sex differences in DM1 with a focus
on CNS outcomes. While the results revealed the absence of a sex-specific clinic-
molecular profile, more substantial CNS differences were observed between
patients with maternal and paternal inheritance patterns. The hypothetical
existence of genomic imprinting and its potential mechanism are discussed.
These findings hold potential implications for aiding clinical management by
improving genetic counseling and predicting disease severity and prognosis.

KEYWORDS

myotonic dystrophy type 1, DM1, sex, inheritance pattern, CTG, genomic imprinting,
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1 Introduction

Myotonic dystrophy type 1 (DM1) is a multisystemic disease that affects various body
systems, including muscular, ophthalmological, cardiac, endocrine, gastrointestinal, respiratory,
and central nervous systems. This disorder is the most prevalent form of muscular dystrophy in
adults, characterized by distal muscle weakness and myotonia, which patients typically present (1).
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DML1 is a hereditary disease transmitted in an autosomal dominant
manner and is diagnosed by detecting an expansion length of the
trinucleotide CTG (cytosine, thymine, guanine) that exceeds 50
repetitions. This neuromuscular disorder is characterized by phenotypical
variability in its clinical signs/symptoms and severity. However, it is well-
established that CTG expansion size correlates positively with disease
severity (1-3). Like other repeat expansion diseases, DMI1 patients
typically present a phenomenon known as clinical anticipation, which
involves an earlier disease onset and more severe symptoms in successive
generations of a family (4). Research has also investigated genomic
imprinting in DM1, which consists of the differential phenotypic
expression of genetic material depending on whether it has been
inherited from the male or female parent (5). However, this line of
inquiry is not currently being pursued. DM1 is commonly classified into
different phenotypes based on the age of onset of the disease: congenital
(present at birth), childhood (onset between1-10years of age), juvenile
(onset between 10-20 years of age), adult (onset between 20-40 years of
age) and late-onset (onset >40years) (6).

To date, limited research has explored sex differences within the
various systems affected by DM1. Some previous studies have focused
on ophthalmological aspects (7), endocrinal differences (8), as well as
pain and motor function (9, 10). Additionally, more general studies have
been conducted on sex differences in clinical conditions or comorbidities
in DM1 (11, 12). The latter study has revealed that sex influences the
clinical profile and severity of the disease in DM1 patients. While male
patients tend to present higher morbidity and mortality, including more
pronounced muscular, cardiac, and respiratory impairments, female
patients are more prone to experiencing ophthalmological,
gastrointestinal, and endocrine-related issues.

However, no studies have focused on sex differences regarding
CNS involvement in DMI. In addition to considering the sex
differences between patients, it is important to explore the implications
of the sex of the disease-transmitting parent, known as the patient’s
inheritance pattern, whether the aberrant gene has been inherited
from the mother (maternal) or father (paternal).

The scientific literature highlights that maternal inheritance has
been observed at a higher percentage in DM1 patients with the
congenital form (6, 13, 14), considered the most severe DM1
phenotype; indeed, the literature recognizes it as a clinically different
form (13, 15). Therefore, it is important to investigate whether patients
with maternal inheritance present greater disease severity in different
DM1 phenotypes beyond the congenital form.

To date, studies have examined the influence of the inheritance
pattern on the molecular instability of the disease (CTG expansion size)
(16). However, no studies have explored the direct implications of the
inheritance pattern for disease severity, specifically CNS affectation.

The present study aims to (1) analyze sex differences in terms of CNS,
(2) examine differences between patients with maternal and paternal
inheritance in terms of CNS involvement, and (3) analyze the interactions
between inheritance pattern and CTG in relation to CNS involvement.

2 Methodology
2.1 Participants

For this study, retrospective data from a cohort of 146 DM1
patients recruited at the Neurology Department of the Donostia
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University Hospital (Gipuzkoa, Spain) were analyzed. Inclusion
criteria included a molecular confirmation of the disease and being
aged 18years or above. Exclusion criteria were having the congenital
form of DM1 and a history of major psychiatric or somatic illness,
acquired brain injury, or drug abuse.

This study was approved by the Ethics Committee for Clinical
Investigation of the Health Department of Gipuzkoa (DMRM-2017-
01), and all participants provided signed informed consent.

The data were compiled using the method outlined below and
were analyzed retrospectively for this study.

2.2 Clinical data

Clinical data, such as phenotype and inheritance pattern, were
obtained through the patients’ medical records. An estimated disease
duration was derived from the range of age of onset and the age at
assessment. An experienced neurologist recorded data on muscular
impairment using the Muscular Impairment Rating Scale (MIRS).

2.3 Data on genetic determination

The participants’ cytosine thymine guanine (CTG) expansion size
was obtained from clinical data. Genetic assessment was conducted
using blood sample analysis (polymerase chain reaction in DMPK
alleles up to approximately 100 CTG and southern blot analysis for
larger expansions).

2.4 Neuropsychological data

Data on the neuropsychological performance of the participants
was accessible. The assessment included IQ estimation and
performance on six cognitive domains (attention/processing speed,
verbal memory, visual memory, visuoconstruction, executive
functions, and language). Table 1 shows the tests employed for IQ
estimation and the cognitive domains assessed. These tests were
administered by an experienced neuropsychologist blind to the
clinical condition of the participants (i.e., disease form, inheritance
pattern, CTG repeats, or MIRS).

2.5 Neuroradiological data

All magnetic resonance scans were conducted using a 1.5T
scanner (Achieva Nova, Philips). The current results were obtained
from 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 256x232, slice thickness 1mm, voxel dimensions
1 x 1 x 1 mm, number of signal averages 1, no slices 160, gap 0, and a
total scan duration 5min 34s).

Grey matter (GM) and White matter (WM) volumes were
determined using voxel-based morphometry via the FMRIB Software
Library (FSL version 6.01) (26). White matter lesions (WML) were
assessed according to the Wahlund scale (27). When lesions >5 mm
were identified, severity was rated from 0 (no lesions) to 3
(diffuse involvement).

frontiersin.org


https://doi.org/10.3389/fneur.2024.1399898
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Garmendia et al.

TABLE 1 Tests employed for assessing IQ and performance in cognitive
domains.

Cognitive Tests

domains

1Q estimation o Block Design (WAIS-III) (17)
« Vocabulary (WAIS-III) (17)

Attention/PS « Digit span (WAIS-III) (17)

« Stroop-word, Stroop-Color (18)
o CALCAP (Simple Reaction Time (RT), choice RT) (19)
o Corsi (WMS-III) (20)

Verbal memory « RAVLT: immediate, total, and delayed (21)

Visual memory « Rey-Osterrieth Complex Figure Test (delayed
memory) (22)

Visuoconstruction | « Block Design (WAIS-III) (17)
« Rey-Osterrieth Complex Figure Test (copy) (22)

Executive « Phonemic fluency (FAS) (23)

functions « Stroop (interference) (18)
o CALCAP (Sequential 1 RT, Sequential 2 RT) (19)
« TMT B (24)

Language  Vocabulary (WAIS-III) (17)

« Semantic fluency (23)

« BNT (25)

1Q, Intelligence Quotient; PS, Processing Speed; CALCALP, California Computerized
Assessment Package; RAVLT, Rey Auditory Verbal Learning Test; TMT, Trail-Making Test;
BNT, Boston Naming Test. Standardized T values of all tests were obtained according to
Spanish population-based normative data. The mean T values were calculated for each
cognitive domain.

2.6 Statistical analyses

Data were analyzed using the SPSS statistical package (version 27).

To explore sex differences for both patients and the transmitting
parent (inheritance pattern), contingency analysis (chi-square) was
used for categorical data, while parametric tests (¢-test) were employed
for interval data. Effect sizes were reported using Cohens d,
categorized as small (d<0.49), moderate (d=0.50-0.79), or high
(d>0.80).

In addition, given the well-established association between
inheritance pattern and CTG expansion size and the correlation
between CTG and CNS involvement, an ANOVA was conducted. This
analysis aimed to examine the independent effects of these two
variables (CTG and inheritance pattern) and to evaluate the impact of
their interaction on the CNS variables (cognitive and structural brain
outcomes) under study.

3 Results
3.1 Participants

The retrospective data analysis included 146 DMI1 patients.
Table 2 illustrates the distribution of sex, inheritance pattern, and
phenotype among these patients. The sample is equally distributed in
terms of sex (50/50), with a notable prevalence of paternal
transmission. Regarding phenotype, most patients were adult-onset
DMI1 patients, followed by juvenile-onset, late/partial-onset, and
finally, childhood onset.
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TABLE 2 Sex, inheritance pattern, and phenotype of the DM1 participants.

Total 146
Sex
Female 73 (50%)
Male 73 (50%)
Inheritance
Maternal 38 (28.1%)
Paternal 96 (71.1%)
Both 1 (0.7%)
Phenotype
Childhood 11 (7.5%)
Juvenile 28 (19.2%)
Adult 89 (61.0%)
Late/partial 18 (12.3%)

3.2 Sex differences in DM1

Clinical, cognitive, and structural brain data were used to explore
differences between female and male patients, and the findings are
summarized in Table 3.

Regarding clinical data, both female and male patients presented
a similar phenotype distribution (y* (1)=1.28; p=0.733), and no sex
differences were found in CTG, MIRS, and disease duration among
DML patients.

In terms of cognitive performance, female patients
showed significantly poorer performance in the attention/
processing speed and visual memory domain. In contrast, male
patients performed significantly worse in the verbal memory
domain. However, the effect size was small to moderate in
all cases.

Concerning structural brain outcomes, although not statistically
significant, female patients tended to have lower WM volume, while
male patients more WML, with moderate and high effect sizes,
respectively.

3.3 Differences regarding inheritance
pattern in DM1

Differences between patients with maternal and paternal
inheritance patterns are summarized in Table 4. Notably, the patient
with inheritance transmission from both parents was excluded from
further analysis.

Regarding clinical data, there was a significant difference in
phenotype distribution between maternal and paternal inheritance
patients (y* (1)=39.07; p <0.001). Specifically, childhood and juvenile-
onset phenotypes were more prevalent among patients with maternal
inheritance, while those with paternal inheritance presented more
adult and late-onset phenotypes.

Furthermore, patients with maternal inheritance showed
significantly larger CTG expansion (moderate-high effect size).
However, no significant muscular and disease duration differences
were observed between maternal and paternal inheritance.
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TABLE 3 Sex differences in clinical, cognitive, and brain structure outcomes.

Female Female vs Male

M (SD) P Cohen’s d
Age 145 42.78 (12.21) 43.36 (11.45) 0.30 0.768 0.05
CTG 139 651.46 (501.84) 550.84 (413.94) -1.29 0.200 0.22
MIRS 125 2.84(0.16) 2.75(0.13) —0.46 0.649 0.08
Disease duration 145 16.91 (9.29) 14.61 (7.27) —1.66 0.100 0.27
Years of education 143 13.97 (4.32) 13.87 (4.64) —0.13 0.895 0.02
Estimated IQ 139 89.33 (15.22) 90.39 (15.38) 0.41 0.689 0.07
Attention/PS 144 40.10 (9.13) 43.35(9.39) 2.10 0.037% 0.35
Visual Memory 133 41.26 (10.90) 44.96 (9.78) 2.06 0.042°%* 0.36
Verbal Memory 141 48.04 (10.40) 44.28 (10.83) -2.10 0.038* 0.35
Visuoconstruction 141 41.16 (10.15) 42.27 (8.39) 0.71 0.477 0.12
Executive functions 140 41.16 (9.06) 43.37 (10.00) 1.34 0.182 0.23
Language 144 46.69 (8.67) 47.17 (9.06) 0.32 0.746 0.05
GM 21 744927.35 (61664.56) 744024.23 (39049.67) —0.04 0.969 0.02
WM 21 671875.13 (54002.78) 695882.77 (39777.83) 1.15 0.265 0.50
WML 12 2.00 (1.79) 7.17 (6.15) 1.98 0.097 1.14

M, Mean; SD, Standard Deviation; CTG, Cytosine Thymine Guanine expansion size; MIRS, Muscular Impairment Rating Scale; IQ, Intelligence Quotient; PS, Processing Speed; GM, Grey
Matter Volume; WM, White Matter Volume; WML, White Matter Lesions. *p <0.05. Bold values in the p-values, is the statistical significance, and in Cohen’s d a moderate to high effect size.

TABLE 4 Differences in clinical, cognitive, and brain structure outcomes according to inheritance pattern.

Inheritance pattern Maternal Paternal Maternal vs Paternal
M (SD) M (SD) P Cohen’s d

Age 133 38.68 (10.78) 42.86 (11.02) 1.97 0.051 0.38
CTG 128 836.24 (595.40) 542.22 (353.99) —2.81 0.007 ** 0.67
MIRS 114 2.85 (1.06) 2.86 (1.08) 0.07 0.944 0.01
Disease duration 133 15.82 (8.49) 15.59 (8.12) —0.14 0.888 0.03
Years of education 131 13.11 (4.32) 14.36 (4.30) 1.47 0.144 0.29
Estimated IQ 129 82.42 (16.82) 91.87 (13.65) 3.30 0.001%* 0.65
Attention/PS 132 39.81(8.99) 42.26 (8.76) 1.68 0.095 0.33
Visual Memory 123 39.81 (9.81) 43.98 (10.77) 2.00 0.047% 0.40
Verbal Memory 130 45.14 (8.22) 46.57 (11.73) 0.78 0.436 0.13
Visuoconstruction 130 39.51 (10.71) 42.15 (8.87) 143 0.155 0.28
Executive functions 129 38.86 (9.38) 43.36 (10.26) 231 0.023* 0.45
Language 132 42.49 (8.69) 48.39 (8.48) 3.57 0.0017* 0.69
GM 20 745095.05 (72702.25) 742833.18 (30442.84) —0.09 0.926 0.04
WM 20 686348.57 (56455.06) 676028.81 (41812.25) —0.47 0.644 0.21
WML 11 2.50 (1.91) 6.14 (6.23) 1.43 0.191 0.70

M, Mean; SD, Standard Deviation; CTG, Cytosine Thymine Guanine expansion size; MIRS, Muscular Impairment Rating Scale; IQ, Intelligence Quotient; PS, Processing Speed; GM, Grey
Matter Volume; WM, White Matter Volume; WML, White Matter Lesions. *p <0.05; *#p <0.01. Bold values in the p-values, is the statistical significance, and in Cohen’s d a moderate to high

effect size.

In relation to cognition, as shown in Table 4, DMl
patients with maternal inheritance demonstrated poorer
cognitive performance than those with paternal inheritance.
Specifically, when examining statistically significant differences,
DMI1 patients with maternal inheritance presented a lower
estimated IQ and exhibited inferior performance in the cognitive
domains of visual memory, executive functions, and language
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(moderate-high effect sizes) compared to patients with
paternal inheritance.

In terms of brain structure, volume differences were not
statistically significant. However, there was a moderate to high effect
size in the difference between patients with paternal and maternal
inheritance in WML, with paternal inheritance patients showing
more lesions.
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3.4 Analysis of interaction between
inheritance pattern and CTG for CNS
variables

Upon further analysis of the differences in CNS outcomes
between maternal and paternal inheritance, the following
results emerged.

Notably, the reported differences in IQ were independently
influenced by both the inheritance pattern and CTG expansion size
(independent effect), with no interaction between these variables.
Specifically, maternal inheritance and larger CTG expansion size were
associated with a lower IQ estimation. To better illustrate the
independent effects of inheritance pattern and CTG expansion size on
estimated IQ, a graph is displayed in Figure 1. This graph shows that
patients with maternal inheritance typically present lower IQ and that
the effect of CTG is greater than in paternal inheritance. This finding
implies that for the same CTG expansion size, for example, a CTG
expansion size of 300, the expected IQ in a patient with maternal
inheritance would be 90.04, whereas in a paternal inheritance patient,
it would be 94.96 (Maternal inheritance: 96.04-0.02*300=90.04;
Paternal inheritance: 97.96-0.01 * 300 =94.96).

Analysis of the remaining cognitive domains revealed an
interaction between inheritance pattern and CTG in the visual
memory domain. Additionally, an independent effect of inheritance
pattern was observed in the language domain, with CTG not emerging
as a significant predictor. Finally, no significant differences were
reported for executive functioning, which could potentially
be attributed to CTG being controlled or the lower statistical power in
this analysis due to the inclusion of more variables.

The following table (Table 5) displays the results of ANOVA
analyses for CNS variables where differences were identified between
maternal and paternal inheritance.

10.3389/fneur.2024.1399898

4 Discussion

Sex differences have been studied in neuromuscular disorders,
shedding light on potential differences in prevalence, onset, severity,
and clinical progression of the disease between male and female
patients (28). However, there is currently limited literature addressing
sex differences in DM1. This study represents the first investigation
focusing on sex differences in CNS involvement within this population.

Overall, the main finding of this study indicates that male and
female DM1 patients show a similar clinical profile, as assessed by the
variables examined in this study. Only subtle differences were found
in certain cognitive domains and brain outcomes. A previous study
exploring sex differences across a broad spectrum of clinical signs/
symptoms in DM1 (11) indirectly assessed cognitive performance
based on educational level and suggested that male patients presented
more cognitive impairment than females. However, this result was not
obtained in this study, in which a comprehensive cognitive assessment
was conducted.

Regarding the sex of the transmitting parent (inheritance pattern),
this study confirmed that the phenotype distribution differed between
both groups. Specifically, patients who inherited the disease from their
mother presented an earlier onset of signs and symptoms (childhood
and juvenile-onset DM1), while those who inherited it from their
father presented a later onset of signs and symptoms (adult and late-
onset DM1). However, some authors have suggested that inheritance
pattern does not impact the development of childhood-onset DM1 (6,
14). Despite earlier disease onset observed in maternally inherited
patient in this study, there was no significant difference in disease
duration between individuals with maternal and paternal inheritance.
This might be attributed to the slight age difference, although not
statistically significant, with maternally inherited patients being
slightly younger.
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TABLE 5 ANOVA showing the effect of inheritance pattern, CTG and their interaction over cognitive performance.

Visual memory

Statistics F

Executive functioning Language

p p F p

Inheritance pattern 5.54 0.021% 0.01 0.940 0.89 0.349 6.26 0.014*
CTG 2.60 <0.001%* 0.97 0.525 1.51 0.073 112 0.336
Interaction 1.07 0.401 1.98 0.035% 0.89 0.574 170 0.076

CTG, Cytosine Thymine Guanine expansion size; Interaction, Inheritance pattern x CTG. *p <0.05; *¥p <0.01.

At a molecular level, patients with maternal inheritance
showed greater molecular instability (CTG expansion size) than
paternally inherited patients, which could also explain the earlier
onset of symptoms mentioned previously, considering that CTG
typically correlates with disease severity and age of onset. Similarly,
another study reported that the sex of the transmitting parent
might determine the molecular defect of their offspring who
inherited DM1 (16).

While maternal inheritance DM1 patients showed a greater
molecular defect, they were no more muscularly affected than patients
with paternal inheritance. This result could be due to the measure
employed to address muscular impairment. Although the MIRS is
commonly employed for this purpose, the limited range of the scale
could hinder the discrimination of patients’ muscular variability.

In terms of CNS outcomes, DM1 patients with maternal
inheritance presented lower IQ scores and poorer performance across
various cognitive domains. It is worth noting the effect of CTG
expansion size on these differences in cognitive performance between
maternal and paternal inheritance patients. However, this study
confirms that inheritance pattern affects certain cognitive domains
regardless of CTG expansion size. For instance, when comparing two
patients with identical CTG expansion sizes, the estimated IQ of the
patient with maternal inheritance is expected to be lower than that of
the patient with paternal inheritance.

Although recent literature has questioned the phenomenon of
genomic imprinting in DM1 (13), this study suggests that the sex of
the transmitting parent has phenomic significance, resulting in a
differential clinical profile.

These findings open the possibility of the existence of a factor
linked to the gestation period within the uterine environment of a
DM1 mother, which could affect the future cognitive development of
the DMI siblings independently of the CTG size. During the
premolecular stage of DM1 research, several authors speculated about
the presence of a humoral factor to explain the fact that nearly all
patients with congenital forms were born from affected mothers (29,
30). With the discovery of the molecular substrate of the disease and
the intergenerational increase in expansion size differing by the sex of
the transmitter, this hypothesis was disregarded.

However, the data from this study would allow a reconsideration
of the hypothesis regarding the existence of this specific gestational
factor. This factor could exhibit an epigenetic character, associated
with specific changes in the function of certain genes due to processes
of differential methylation or even a distinct proportion and biological
effect of circulating miRNAs (31). Another non-exclusive possibility
to the aforementioned is that alternative splicing of unknown maternal
genes could induce aberrant proteins that traverse the placenta,
generating changes in fetal brain development. Future studies with
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large DM1 cohorts and/or experimental studies in animal models,
would be necessary to explore the existence and impact of this
hypothetical maternal factor.

This study is not free of limitations. One of the main constraints
when studying a rare condition is the sample size, although the
sample recruited for this study was considerable. Nevertheless, not
all participants underwent MRI scanning, resulting in a smaller
sample size for assessing brain structural outcomes. Another issue
worth considering is the high percentage of paternal inheritance
(71.1%) observed in the DM1 sample, which should be taken into
account when generalizing the results to the entire DM1 population.
However, this higher percentage of paternal inheritance is a trend
commonly observed in the literature, with reported rates of paternal
transmission ranging from 42-50% for infantile DM1, 68-72% for
juvenile DM1, and approximately 70% for adult and late-onset DM1
(11, 32). Furthermore, it is worth noting that congenital DM1
patients — who typically present maternal inheritance — were
excluded from this study, which could partially explain the lower
percentage of maternal transmission observed. Finally, the long-
established genetic counseling provided by the Neurology Service in
our region might have influenced the decrease in cases of maternally
transmitted DM1.

Overall, does sex play a role in DM1? In general terms, while the
clinic-molecular and CNS profiles of males and females with DM1
appear to be similar, the results of this study suggest that the
inheritance pattern influences CNS outcomes, with a poorer prognosis
observed for those with maternal inheritance. Therefore, regarding
CNS involvement, sex appears to play a role, but only in relation to the
sex of the transmitting parent.

The implications of these findings should be considered in clinical
practice, particularly in genetic counseling and when informing
patients about disease severity and prognosis. Ultimately, this
knowledge can help to tailor healthcare management to meet the
specific needs of each patient.
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