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Abstract

Myotonic dystrophy type 1 (DM1) is an autosomal dominant genetic disease. In DM1, the mutant allele expands during
gametogenesis, and an extended CTG repeat sequence is inherited by the offspring. This often results in increased severity of DM1
symptoms in the affected offspring and may cause congenital myotonic dystrophy (CDM). This study aimed to clarify whether CTG
repeat number predicts CDM in offspring. This retrospective study examined 14 women with DM1, their pregnancy and labor
histories, and their 14 children diagnosed with DM1. There were 12 CDM patients and 2 non-CDM patients. Correlations between
CDM onset and CTG repeat numbers of the mother and child were analyzed. Women who bore a child with CDM (infants with
detected polyhydramnios during pregnancy, hypotonia, respiratory insufficiency, or suckling failure at birth) had a mean repeat
number of 643 (standard deviation [SD] 436). For women who bore a child without CDM, the mean repeat number was 950 (SD 71),
and no significant between-group difference was detected. The mean (SD) CTG repeat numbers observed in children with and
without CDM were 1,646 (324) and 1,700 (565), respectively. CDM cannot be predicted based on the CTG repeat numbers of
mothers or children.

Introduction

Myotonic dystrophy type 1 (DM1) is an autosomal dominant genetic disorder characterized by myotonia and muscular dystrophy.
DM1 is a multisystem disorder that affects not only the skeletal muscle, but also the smooth muscle, eyes, heart, endocrine system,
and central nervous system. DM1 is caused by the expansion of a CTG repeat sequence present in the 3’ untranslated region of the
dystrophia myotonica protein kinase (DMPK [MIM: 605377]) gene on chromosome 19. Children of patients who carry the expanded
allele have a 50% chance of inheriting the mutant allele. As the mutant allele expands during the process of gametogenesis, an
extended CTG repeat sequence is inherited by the next generation. Furthermore, symptoms of DM1 are known to manifest earlier
and with greater severity in children than in a parent 175

Congenital myotonic dystrophy (CDM) is a clinical form of DM1 that presents as marked muscle weakness from birth 67°. It has
been reported that 2—55% of children with DM1 born to mothers with DM1 develop CDM '°~72. DM1 can be diagnosed prenatally;
however, reports on how to predict whether a child may have CDM are scarce. Our hospital is one of the largest Japanese perinatal
centers. After several mothers with DM1 delivered at our hospital, we noticed that the CTG repeat lengths of infants did not
necessarily reflect disease severity.

Therefore, we hypothesized that it is not possible to predict whether or not infants will develop CDM based on their CTG repeat
numbers. This study aimed to clarify whether the CTG repeat number of the mother or her child could be used to predict the
development of CDM in the child. To do this, we examined CTG repeat numbers in mothers and their children, pregnancy course,
DM1 severity in the mother, and outcomes in children with DM1 borne by mothers with DM1. We also analyzed the prognostic
factors associated with CDM risk in children.

Results
Clinical and demographic characteristics of study participants

Fourteen mothers and their 14 children were enrolled in the study. Twelve children (86%) were diagnosed with CDM (CDM group).
The other two children (14%) were diagnosed with DM1 during development (non-CDM group). Characteristics of the enrolled
mothers are presented in Table 1. Data regarding the characteristics of the children at their time of birth are presented in Table 2.
Cases with the same numbers as shown in Tables 1 and 2 represent the mother and her child, respectively.
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Characteristics of maternal participants

Table 1

No.

O 00 N o o A W N

10
11
12
13

14

CTG
humber
100
200
600
1,000
146
600
100
600
1,000
1,370
1,000
900
900

1,100

Pregnancy
and labor

history™

2 SA
None
1SA
None
1EP
1SA 1EP
None
None
1SA 1TB
1 TB (id)
None
1TB

2 TB(id and

died at the
ageof 9

years?)

1TB

Texcept for applicable delivery

Age at
symptom
Jears
26

25

14

25

30

25

33

30

44

40

47

45

23

28

*died of disease. Details are unknown.

Age at Age at
diagnosis  childbirth
(years) (years)
37 37

38 38

28 27

40 41

36 36

39 39

34 32

40 40

49 34

47 23

55 27

48 26

25 24

30 26

Placental
abnormalities

None
None
None
None
None
Yes

None
None
None
None
None
None

None

None

Threatened
reterm
abor
Yes
Yes
Yes
Yes
Yes
Yes
None
Yes
None
None
None
None

None

None

PROM

Yes
Yes
None
Yes
Yes
Yes
None
Yes
None
None
None
None

None

None

Cesarean
section

Yes
Yes
Yes
Yes
Yes
Yes
None
Yes
None
None
None
None

Yes

None

Abbreviations: EP, ectopic pregnancy; id, infant death; PROM, premature rupture of membranes; SA, spontaneous abortion; TB,
term birth
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Table 2
Characteristics of pediatric participants

No CTG Diagnosis  Gestational Birth Polyhydramnios  Respiratory Hypotonia  Suckling Current
repeat weeks at weight insufficiency failure age
number delivery (@

(years; as
of
September
2020)

1 1,625 CDM 32 1977 Yes Yes Yes Yes 1

2 1,300 CDM 25 738 Yes Yes Yes Yes 4

3 1,800 CDM 35 2,654 Yes Yes - Yes 5

4 2,100 CDM 29 1,102 None Yes Yes Yes 7

5 1,800 CDM 32 1,588 Yes Yes Yes Yes 10

6 1,600 CDM 37 2030 Yes Yes Yes Yes 9

7 1,000 CDM 40 3,200 Yes Yes - Yes 11

8 1,600 CDM 36 2,154 Yes Yes Yes Yes 12

9 1,500 CDM 31 1,694 Yes Yes Yes Yes 23

10 2,066 CDM 40 3,400 Yes Yes - Yes 34

11 1,300 DM1 40 2,900 None None None None 36

12 2,100 DM1 39 2,180 None None None None 37

13 1,966 CDM >37 3,200 None Yes - - 37

14 1,400 CDM 37 2,850  None - - Yes 3gt

1Died at the age of 38 years

un

Unknown items are represented by a “-” sign

Abbreviations: CDM, congenital myotonic dystrophy

The mean CTG repeat number (standard deviation, SD) of mothers included in the present study was 686 (417). Mothers were
diagnosed with DM1 at the mean age (SD) of 38.9 (8.8) years. No significant correlation between CTG repeat number and age at
diagnosis (correlation coefficient=0.3517, p = 0.4997) was observed. Maternal DM1 was diagnosed before pregnancy in one
participant, during pregnancy in three participants, and after delivery in 10 participants, and the mean CTG repeat numbers (SD)
observed in the corresponding groups were 1,000, 466 (230), and 721 (459), respectively. Correlation analysis revealed no correlation
between diagnosis timing and CTG repeat number.

Obstetric complications of CDM and non-CDM groups

Placenta previa, which is a reported complication of DM1 pregnancies '#1%, occurred in only one participant (7.1%). Occurrence of
other reported complications was as follows: polyhydramnios in nine participants (64.3%), threatened premature labor in seven
(50.0%), premature rupture of membranes in six (42.9%), and end of pregnancy due to premature delivery in seven (50.0%). The
median gestational age at delivery (range) for study participants was 36.5 (25-40) weeks. Polyhydramnios was observed in all
participants who experienced the threat of premature labor, although one participant whose pregnancy continued to 40 weeks
developed polyhydramnios without symptoms of threatened premature labor.

No significant difference regarding the number of obstetrical complications of mothers of CDM and non-CDM groups was observed.
Children in the CDM group were delivered prematurely, but there was no significant difference in the median number of gestational
weeks at delivery between the CDM and non-CDM groups (35.5 [25-40] and 39.5 [39-40] weeks, respectively). The mean CTG
repeat numbers (SD) identified in mothers of children in CDM and non-CDM groups were 643 (436) and 950 (71), respectively, and
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no significant difference was observed between groups (Table 3). Further, there was no significant difference in maternal age at
delivery between the groups, although the mean maternal ages at DM1 symptom onset and diagnosis were significantly higher in
the non-CDM than in the CDM group (mean [SD]: age at symptom onset: 28.6 [7.9] vs. 46.0 [1.4] years, p < 0.05; age at diagnosis:
36.9 [7.1] vs. 51.5 [4.9] years, p < 0.05; Table 3).

Comparison between the congenital myot-(ln—iitz:liiistrophy (CDM) group and non-CDM group

CDM group Non-CDM group

n=12) n=2)
Maternal CTG repeat number, times, mean (SD) 643 (436) 950 (70.7) N.S.
Infant CTG repeat number, times, mean (SD) 1,646 (324) 1,700 (565) N.S.
Maternal age at symptom onset, years, mean (SD) 28.6 (7.9) 46.0 (1.4) p<0.05
Maternal age at diagnosis, years, mean (SD) 36.9 (7.1) 51.5(4.9) p<0.05
History of spontaneous abortion or infant death’, n (%) 6 (50.0%) 0 (0.0%) N.S.
Maternal age at delivery, years, mean (SD) 35(6.24) 26.5 (0.5) N.S.
Symptoms experienced before pregnancy, n (%) 8 (66.7%) 0 (0.0%) N.S.
Placenta previa, n (%) 1(8.3%) 0 (0%) N.S.
Hydramnios, n (%) 9 (75%) 0 (0%) N.S.
Treatment for threatened preterm labor, n (%) 7 (58.3%) 0 (0%) N.S.
Premature rupture of membrane, n (%) 6 (50%) 0 (0%) N.S.
Gestational age at delivery, weeks, median (range) 35.5(25-40) 39.5(39-40) N.S.
Premature delivery, n (%) 7 (58.3%) 0 (0%) N.S.
Cesarean section, n (%) 8 (66.7%) 0 (0%) N.S.
tthe patient died at the age of <1 year
Abbreviations: CDM, congenital myotonic dystrophy; n, number (%); SD, standard deviation; N.S., not significant
The Student’s t-test was performed for analyzing maternal/infant CTG repeat number, maternal age at symptom
onset/diagnosis, and maternal age at delivery.
The Mann—Whitney U test was performed for analyzing gestational weeks at delivery.
The chi-square test was performed for comparing the proportions of history of spontaneous abortion or infant death, experience
of symptoms before pregnancy, placenta previa, hydramnios, treatment for threatened premature labor, premature rupture of
membrane, premature delivery, and cesarean section.

Outcomes in children of CDM and non-CDM groups

The mean numbers of CTG repeats (SD) observed for children in the CDM and non-CDM groups were 1,646 (324) and 1,700 (565),
respectively, and no statistically significant difference between the groups was observed. The most common symptoms in children
with CDM were respiratory insufficiency and suckling failure, which were observed in 11 children (92%). This was followed by
polyhydramnios and hypotonia, which were observed in nine (75%) and seven (58%) children, respectively.

Results of the multivariate analysis of factors associated with CDM in children are presented in Table 4. The threshold for maternal
age at DM1 symptom onset associated with CDM in children was 44 years, which was calculated based on a receiver operating
characteristic curve. Multivariate analysis revealed that a maternal age at symptom onset of < 44 years was the only significant risk
factor for CDM in children.
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Table 4
Multivariate analysis of factors associated with congenital myotonic dystrophy

Factor Oddsratio  95% confidence interval  p-value
Maternal age at symptom onset, <44 years 778 x 102! 14.168toinf. <0.05
Maternal CTG repeat number 1.000 0to0 3.7 x 10194 N.S.
Infant CTG repeat number 1.000 0to 1.5 x 10232 N.S.
Abbreviations: N.S., not significant

An examination of the clinical course of offspring after childhood demonstrated that symptoms of DM1 emerged with increasing
age even in those without CDM, and the individuals eventually exhibited motor and neurodevelopmental disorders. One participant
died at the age of 38 years, but other included individuals are currently outpatients (median age as of September 2020, 11.5 [range:
1-38] years).

Discussion

To the best of our knowledge, this is the largest study in Japan to assess mothers and children who were both diagnosed with DM1.
Similar studies of this scale are rare, even outside of Japan. In this study, no significant correlation was found between the number
of CTG repeats in mothers and their children, and the presence of a high number of repeats did not lead to an early diagnosis of
CDM. However, age at symptom onset and age at diagnosis were significantly higher in mothers of children in the non-CDM group.
Therefore, study findings revealed important information regarding pregnancy, childbirth, neonatal management of women with
DMT1, and the suitability of prenatal diagnosis in pregnant women with DM1, despite the limited number of study participants.

DM1 severity is commonly correlated with the number of CTG repeats present in the DMPK gene 6. CDM is considered an early-
onset and severe form of DM1 216 However, no significant increase in the CTG repeat number was observed among children with
CDM relative to that observed in those without CDM. The lack of difference between children with and without CDM may have been
due to the small number of children without CDM included in the study. Further, the two individuals without CDM were determined to
have relatively severe DM1 because they presented DM1 symptoms during childhood, which may have affected the results. In fact,
the children in this study had a CTG repeat number of = 1,000. The absence of clear diagnostic criteria for CDM may also have
influenced findings 3.

The proportion of children with CDM versus DM1 in this study was greater than those reported previously 19712, We believe that this
difference may be due to the factors such as serious cases of DM1 are easier to diagnose than milder cases, the absence of
paternally inherited cases in this study, and the absence of established diagnostic criteria for CDM.

An investigation of characteristics of mothers revealed no significant correlation between CTG repeat number and age at diagnosis,
which indicated that elevated repeat numbers did not result in an earlier diagnosis. This may be because the timing of DM1
diagnosis was influenced not only by the severity of symptoms but also by how individuals perceived the disease. The significantly
younger age at diagnosis among mothers whose children had CDM was probably influenced by the diagnosis of the child, which in
turn prompted physicians to establish a diagnosis for the mother. In cases of DM1, patients with mild symptoms tended to have
delayed diagnoses '”. Particularly in women, DM1 is often associated with infertility, abnormalities during pregnancy, miscarriage,
and premature delivery 1317721 hence, obstetricians and gynecologists must be aware that obstetric consultations may potentially
lead to a DM1 diagnosis.

Japanese cases of polyhydramnios during pregnancy or threatened preterm labor that led to a diagnosis of DM1 have been reported
2022 However, the results of our study revealed that it is difficult to predict whether fetuses would present with CDM in cases without
polyhydramnios despite being diagnosed with DM1 based on the expanding CTG repeat number. However, our study did reveal that
a young maternal age at symptom onset may be a risk factor for the occurrence of CDM. Therefore, a reduction in CDM risk may be
possible to predict when the pregnant mother has not yet developed DM1 symptoms.

Page 6/9



Barbé et al. suggested that high levels of methylation upstream and downstream of the CTG repeat were better correlated with CDM
onset than the CTG repeat number itself 23. We anticipate that the development of testing strategies other than CTG repeat number
will be necessary for identifying predictors of DM1 severity in children 2425. In our study, CTG repeat numbers were higher in all
children than their corresponding mothers, and symptoms were more severe in children than in mothers. However, no children died
during infancy, and life expectancy was better than that expected based on previous reports 1261318 The small number of cases
and large time gaps between births in our study prevented a detailed statistical analysis of long-term prognoses among pediatric
participants. In addition, clinical features during early infancy and thereafter varied greatly between individual cases regardless of
CDM diagnosis. Therefore, we cannot assert that there is no hope of long-term survival for children diagnosed with CDM, as has
been indicated in prior reports. Our study has several limitations, including its single-center retrospective design and disproportional
participant composition (primarily patients with CDM). Additional multicenter studies with larger cohorts are needed.

The tendency of patients with mild symptoms to be overlooked, rather than diagnosed with DM1, may have affected the findings of
this study. In particular, this study may have included patients with relatively severe disease, which may have affected our statistical
analysis. Therefore, some of the results of this study, especially the proportion of infants with CDM, may not be valid for all DM1
groups. However, even among cases of severe DM1, no children died during infancy. This result indicates that high repeat numbers
do not guarantee early mortality.

The findings of our study suggest that even when the CTG repeat number of the fetus is determined by prenatal genetic testing,
extreme care must be taken when using this information to determine the future of the pregnancy. Multiple articles have already
reported difficulties associated with prenatal genetic testing for DM1 26, and our study supports the findings of prior authors.
Affected mothers and families should be provided accurate information derived from the latest available evidence and given broad
support, not only from obstetricians but also from clinical genetic specialists including genetic counselors, pediatricians, and
neurologists to make informed independent decisions.

Methods

This retrospective study included Japanese patients with DM1 who visited the department of neurology at Saitama Medical Center,
Saitama Medical University, between November 2017 and August 2019. We selected 14 mothers and infants who attended the
center and agreed to participate in the study. Of these individuals, the mothers had received diagnosis of DM1 and infants were born
with DM1. Women aged 20-70 years with a history of pregnancy and labor and their children with DM1 were selected as
participants. The methodology of this study was explained to the adult participants, and written voluntary consent was obtained.
For study participants unable to provide consent, as a result of being a minor or due to the effects of DM1, the study plan was
explained to a dependent, parent, or child (provided the dependent, parent, or child was at least 20 years old) before the enroliment
of participants who provided consent by proxy. Further, informed consent was obtained from the parent or legal guardian, if the
participant was a minor. Only those who provided written consent via any of the aforementioned methods were enrolled in the study.
The study protocol was approved by the ethical committee (IRB no. 1741-IV) of Saitama Medical Centre of Saitama Medical
University, and the study was performed in accordance with the principles of the Declaration of Helsinki.

Information about mothers and children was obtained from medical records and questionnaires. For mothers, data regarding the
age at DM1 symptom onset and diagnosis, CTG repeat number, details of their pregnancy and labor history (including obstetrical
complications [Yes/No], obstetrical abnormalities [Yes/No], delivery mode, placental abnormalities [Yes/No], and threatened preterm
labor [Yes/No] [defined as threatened preterm labor appearing in medical records or diagnosed as preterm labor by the attending
physician]) were collected. For children, information regarding gestational age at delivery, birth weight, birth and the neonatal period,
course of motor development, and CTG repeat number was collected.

If study participants had not previously undergone a CTG repeat number test, they were tested after providing consent. In
participants who underwent CTG repeat number testing at another facility, consent was obtained from the participant or an adult
family member in writing before information was requested from the facility. Further, when adequate medical information could not
be obtained from questionnaires, more information was requested from other medical facilities that provided medical care to
participants after written consent was obtained. Given the absence of clear CDM diagnostic criteria, CDM was defined as the
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presence of the following symptoms: polyhydramnios in pregnancy, hypotension, respiratory failure, or inadequate lactation at birth,
as described in other reports 3.

To clarify the clinical characteristics of children diagnosed with CDM, the participants were divided into two groups (with and
without CDM). A Student’s ttest was used to compare the mean values between groups, and the Mann—Whitney Utest was used to
compare the median gestational weeks at delivery. Proportions of patients were compared using a chi-square test. Correlation
analyses were performed to examine correlations between CTG repeat number and maternal age at symptom onset and diagnosis.
Multivariable analysis was performed to assess prognostic factors associated with CDM in children with data available before 22
weeks of gestation, the legal gestational age for the termination of pregnancy in Japan. Candidate factors included maternal age at
symptom onset (< 44 years) and maternal and infant CTG repeat numbers. Receiver operating characteristic curves were drawn
using sensitivity and specificity values, with CDM in the child as the target variable and maternal age as a factor. The cutoff value
for maternal age was determined to be 44 years based on its Youden index. Statistical analyses were performed with the JMP,
version 14.3.0, software (SAS Institute Inc., Cary, NC, USA). P-values < 0.05 were considered statistically significant.
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