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ABSTRACT

Background: Myotonic Dystrophy type 1 (DM1) is an autosomal dominant disease with anticipation due to increased number
of CTG repeats in the DMPK gene.

Methods: This retrospective, cohort study in Iceland assessed prevalence of DM1, molecular pathology, and patient ascertain-
ment. Data was collected from all major hospitals in Iceland, Medical Director of Health, and independent clinics. Cohort criteria
were diagnosis of DM1 on January 1, 2021, or time of death. Population-based Icelandic Genealogy Database of the Genetical
Committee at the University of Iceland was used for genealogy.

Results: In Iceland, 221 individuals, including 19 obligate carriers, had been diagnosed with DM1 of which 144 were alive giving
a point prevalence of 39 per 100,000 (four times the world average of 9.3). Genealogy analysis identified 45 first-degree families.
Age-adjusted prevalence ranged between 11 and 66 per 100,000. Average potential years of life lost were 20.5 per person. Where
information was available, 63% of ascertainment was based on family history in cascade testing.

Conclusion: The differences in age-adjusted prevalence suggest that the overall point prevalence is an underestimation due to
underdiagnosis in younger age groups and lethality in oldest age group. Our data supports use of cascade testing to improve DM1
ascertainment.

1 | Introduction

Myotonic dystrophy type 1 (DM1, # 160900) is an incurable in-
herited degenerative disease with a complex symptomatology
(Thornton 2014). It is the most common inherited adult myopa-
thy (Vydra and Rayi 2023). The global prevalence of DM1 differs
and has been estimated to be 5-20 per 100,000, with an aver-
age global prevalence of 9.3 (Liao et al. 2022; Miiller et al. 2021;

Harper 2001; Norwood et al. 2009; Siciliano et al. 2001). The
prevalence of DM1 in Europe was estimated to be 12.3 per
100,000 (Liao et al. 2022). In 2005 an epidemiological study on
the Icelandic DM1 cohort reported a point prevalence of 28.2
per 100,000 (Leifsdottir et al. 2005). The 2005 prevalence was
considerably higher than the 9.6 per 100,000 reported in Iceland
in 1968 and suggested a markedly higher prevalence in Iceland
compared to the global prevalence (Gudmundsson 1968).
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However, several regions have reported a higher prevalence,
for example, Quebec, Norrbotten Sweden, and New York State
with the prevalence of 158.0, 70.0, and 47.6 per 100,000, respec-
tively (Mathieu and Prévost 2012; Olofsson et al. 1988; Johnson
et al. 2021). The high prevalence in Quebec and Norrbotten is
presumably due to a founder effect (Thornton 2014; Leifsdottir
et al. 2005). This might also be the case in Iceland, where
founder effects are common (Jensson et al. 2023).

The genetic pathology in DM1 is trinucleotide instability in the
dystrophia myotonica protein kinase (DMPK, * 605377) gene
(Brook et al. 1992). An expansion of more than 49 tandem CTG
repeats in the 3’ untranslated region of the DMPK gene on chro-
mosome 19 (NM_004409.4(DMPK):c.*224_226CTG(50-?)) is
considered pathological. The consequences of the CTG expan-
sion are multisystemic, resulting in broad symptomatology of
variable severity (Ashizawa et al. 2000). Consequently, diagnos-
ing individuals based on symptoms or signs can be difficult.

The inheritance of DM1 is autosomal dominant with anticipa-
tion (Harper et al. 1992). Three clinical forms of DM1 have been
categorized into congenital, classic, and mild, based on age of
onset and symptoms. The classic form has been further classi-
fied into three sub-forms depending on age of onset: childhood,
juvenile, and adult (Gutiérrez Gutiérrez et al. 2020). The disease
severity is directly correlated with the number of increased CTG
repeats (Yum, Wang, and Kalsotra 2017). The congenital form
is the most severe form of DM1 and is sometimes fatal in the
newborn period. The average lifespan of individuals with the
congenital and classical forms of DM1 is reduced. In contrast,
patients with the mild form of DM1 have a normal lifespan with
limited or no detectable signs (Thornton 2014).

DM1 is primarily diagnosed with genetic testing. Electro-
myography (EMG) has less sensitivity and specificity (Savi¢
Pavicevi¢ et al. 2013; Barnes et al. 1994). Importantly, genetic
testing is the only way of diagnosing asymptomatic relatives in
cascade testing (Meola and Cardani 2015). Cascade testing is an
effective way of identifying high-risk individuals and enabling
surveillance. It is a systematic approach of informing relevant
family members about their own risk of developing the disease
following the identification of a pathogenic variant in an index
patient. Involving the proband in the process is the most common
method. However, the uptake seems to be higher when healthcare
professionals inform other family members (Menko et al. 2019;
Srinivasan et al. 2020).

Clinical genetic testing has limitations, the most important
being that the range of number of repeats in expansions is not al-
ways reported and that the number of repeats can vary with age
and differ between tissues (Addis et al. 2012; Ballester-Lopez
et al. 2020).

The importance of genetic testing was demonstrated in a study
done in 2021, where an unbiased screening of newborn blood
samples in New York state yielded a prevalence 47.6 per 100,000
(Johnson et al. 2021). This suggests that DM1 is significantly
underdiagnosed.

This paper describes a whole population retrospective cohort
study on the Icelandic population. The goal of this study was

to reassess the prevalence of DM1, describe the molecular pa-
thology, and identify factors leading to patient ascertainment.
In addition, we examined the relationship between repeat num-
ber and life expectancy in an effort to define a patient cohort to
study the effect of an active surveillance program and the effect
of therapy.

2 | Materials and Methods
2.1 | Ethical Compliance

Study was approved by the National Bioethics Committee
(VSN-21-107).

2.2 | Data

All pre-existing data was collected and accessed from the fol-
lowing institutions: Landspitali-National Hospital of Iceland,
Akureyri Hospital, Medical Director of Health of Iceland,
and independent clinics in Iceland. The following ICD num-
bers were used to identify patients. ICD9: 359.0, 3591.1, 359.2,
359.8, and 359.9 and ICD10: G71.0, G71.1, G71.2, G71.3, G71.8,
G71.9 and Z82.0. Results were collected from all clinical test-
ing of DMPK gene at Landspitali-National University Hospital of
Iceland, the only laboratory testing center in Iceland for DMPK
genetic repeat expansions. Clinical testing was done with PCR
(N=54), triple-repeat primed PCR (N=34), and Southern blot-
ting (N=49). Information regarding age, gender, and history of
disease were obtained through medical records and encrypted
for further analysis.

Diagnostic criteria for the patient cohort were a pathologic re-
sult from DMPK genetic testing; a positive EMG test for DM1;
clinical diagnosis of DM1 or obligate carrier in the pedigree. The
cohort was further limited by an Icelandic residency, according
to the National Registry in Iceland (Pjédskra 2021) on January
1, 2021, or at the time of death.

Genealogical analysis on the cohort was done via the population-
based Icelandic Genealogy Database of the Genetical
Committee at the University of Iceland. This multigenerational
population genealogy database includes individuals born after
1845. Pedigree analysis was conducted with CJC Pedigree
Software (Chapman 2016; Tulinius 2011).

2.3 | Calculations

Total number of individuals living in Iceland on January 1,
2021 (368,792) and the number of individuals according to sex
and age group were collected from Statistics Iceland (Hagstofa
Islands 2021). The national sex ratio (male: female) was 1.05:1.
All relevant clinical data collected on individuals with DM1 was
until January 1, 2021. Chi-Square calculations were done using
an online tool (Social Science Statistics 2021). Excel was used to
calculate the average and median of different values. Potential
years of life lost (PYLL) was calculated with the reference age of
75 (OECD 2021). Mann-Whitney U test was done with Python
(Python Software Foundation 2022; Virtanen et al. 2020).

20f 8

Molecular Genetics & Genomic Medicine, 2024

85U8017 SUOWIWIOD 3AIEaID 3|qedl|dde 8y Aq peusenob are ssjoiie YO ‘@SN JO Sa|ni Joj Areiq18UIUQ AB|1/MW UO (SUORIPUOD-PUR-SLLBY D" A8 | I Ae1q1[ou 1 JUo//SHRY) SUORIPUOD Pue swiie | 81 88 *[7202/2T/30] Uo Ariqiauliuo A3(1m ‘Bu-HY Aq £1002 '€66W/Z00T 0T/10p/w0o A3 | 1M Areaq1jeul juoy/Stny wioly papeojumod ‘0T ‘v202 ‘692672€2


https://omim.org/entry/605377?search=dmpk&highlight=dmpk

Molecular genetic testing was based on the reference sequence
(NM_004409.4[DMPK]:c.*224_226CTG[50-?]). The results
from clinical genetic testing were classified either as normal,
less than 50 repeats, or as pathological, if the CTG repeats were
50 or higher (Ashizawa et al. 2000). If the results were patholog-
ical, the results were further classified as (i) a specific number,
(i) a range, or (iii) an open-ended answer. If an individual re-
ceived a range for their CTG repeat number, the midpoint of the
range was used.

3 | Results

In total, 221 individuals had been diagnosed with DM1 in
Iceland, of whom 144 were alive at the time of the study. The
point prevalence of DM1 on 1 January 2021 was 39 per 100,000.
Of those diagnosed with DM1, 19 were obligate carriers of the
disease. Genealogical analysis of individuals diagnosed with
DM1 in Iceland and their families identified 45 first degree fami-
lies. First degree families comprised either 7 single affected in-
dividuals with no identified genealogy relationship with other
patients or where all individuals in a family had first degree rela-
tionships with at least one other affected individual. The two larg-
est families contained 25 and 23 individuals, respectively. When
criteria were relaxed to include third-degree relatedness, two fam-
ilies merged, yielding 44 remaining families with third-degree re-
latedness. The identified families appeared not to be clustered and
no sector distribution of families in the population suggestive of
founder effect was identified.

Of the 144 individuals alive, 79 were male and 65 were fe-
male (sex ratio 1.2:1). No statistically significant difference
was observed between the cohort sex ratio and that of the
general Icelandic population (p=0.4) (OECD 2021). The av-
erage age of males was 47years (median 50years) and 42 for
females (median 43years). Of the 221 individuals diagnosed
with DM1, 159 (72%) had a reported age at their diagnosis.
The average age of males at diagnosis was 37 years and for fe-
males 32years. The age-adjusted prevalence varied between
age groups (Figure 1).

Of the cohort, 77 were deceased (23 males and 54 females).
The average age at the time of death was 57years for males
(median 61years) and 58years for females (median 60years)
(Figure 2). A Mann-Whitney U test was conducted on the co-
hort, where the relationship between gender and average age of
death was assessed. No statistically significant difference was
observed (p=0.6) (Python Software Foundation 2022; Virtanen
et al. 2020). The average PYLL was 20.5years per person. Of the
77 deceased, 20 (29%) had a known cause of death (OECD 2021).
Of those, 5 had the reported cause of death as cardiac arrest, and
13 had respiratory failure.

Of the cohort, 137 (62%) had undergone genetic testing, of which
73 were male (63% of all diagnosed males) and 64 were female
(61% of all diagnosed females). PCR 39% (n=54), TP PCR 25%
(n=34) and Southern blotting 36% (n =49). The number of CTG
repeats in individuals aged 60years and older never exceeded
200. Individuals with more than a thousand CTG repeats were
all younger than 40years (Figure 3).

The majority of individuals diagnosed with DM1 passed away
between the ages of 40 and 70years (Figure 4).

Of those who underwent genetic testing, 121 individuals also
received the repeat length of the non-expanded allele. The most
common repeat length of the non-expanded allele was 5 (36%)
and between 11 and 15 (46%).

Of the cohort, 108 (79%) had a documented indication(s) for ge-
netic testing (Figure 5). Family history was the most common
indication for testing (63%) either alone (54%) or with symptoms
and signs also listed (9%).

In total, 104 individuals received either a specific number or a
range on DMPK genetic testing and 33 individuals received an
open-ended result (Figure 6).

All individuals with less than 100 CTG repeats, and where the
indication for diagnosis was documented, were tested due to a
family history of the disease (Figure 7).
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FIGURE1 | Age-adjusted prevalence of DM1 in Iceland January 1, 2021.
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FIGURE2 | Age at the time of death of males and females diagnosed with DM1 in Iceland.
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FIGURE 6 | Number of CTG repeats in the pathological allele in males and females diagnosed with DM1 in Iceland.

4 | Discussion and Conclusion

This retrospective cohort study revealed a point prevalence
of 39 per 100,000 in Iceland on 1 January 2021 which is four
times the world average estimate (Liao et al. 2022). The current
study attempted to identify all DM1 patients in Iceland through
a comprehensive analysis of preexisting health records and ge-
nealogy analysis. Since the cohort was limited to patients al-
ready diagnosed with DM1, the reported figures are a minimum
prevalence. The strength of the study was that it was a nation-
wide study, built also on data on genetic testing from the Dept.
of Genetics and Molecular Medicine at Landspitali—National
University Hospital of Iceland which has been operational since
2002. It is the only formal unit in Iceland offering genetic testing
and counseling for DM1.

It is difficult to estimate how many undiagnosed DM1 patients
remain in Iceland. An interesting insight can be found in the
data on age-adjusted prevalence. In theory, all age categories
should have the same prevalence based on the causative patho-
logic allele frequency. Thus, the highest prevalence category,
for example, n=66 DM1 individuals per 100,000 (Figure 1)
in the 70-79 age group, represents the best estimate and the
lower prevalence in other age groups reflects both underdi-
agnoses and death due to disease. This assumption suggests
considerable underdiagnosis in the younger age groups. We
found that the lowest age-adjusted prevalence was in the age
group 0-9years with 11 per 100,000. The low prevalence in
this age group presumably reflects in part lethality in patients
with the congenital form (Figure 4), but mostly because as-
ymptomatic individuals younger than 18 are not genetically
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FIGURE 7 | Indication(s) for diagnostic genetic testing and CTG repeat number.

tested, regardless of family history. Taking these confound-
ing factors into account the true prevalence of DM1 in Iceland
could be comparable to the result of 47.6 per 100,000 from the
unbiased genetic screening study of newborns in New York
(Johnson et al. 2021).

As a previous study had been done on this population
(Leifsdottir 2005), it served as a point of reference to our results.
In comparison there was a 39% increase in the reported preva-
lence. Furthermore, our results defined 44 DM1 families when
viewed through third-degree relatives in contrast to the 10 fami-
liesidentified by Leifsdottir et al. (2005). The increased number of
affected families is thought to represent increased ascertainment
of patients. At the same time the families have many relatives
that had not been examined, yet some are affected contributing
to underrepresentation in our data. The high prevalence of DM1
in Iceland may be due to founder effects, as it is common in other
diseases in Iceland (Jensson et al. 2023). However, analysis of
the Icelandic multigenerational database did not identify pat-
terns suggestive of a founder gene. Such a gene may be difficult
to identify given anticipation. The distribution of DM1 patient
characteristics in Iceland, such as genotype, phenotype, life ex-
pectancy, and sex ratio, was in accordance with what has gen-
erally been observed (Gutiérrez Gutiérrez et al. 2020). Available
clinical data differed greatly between patients in this retrospec-
tive study based on preexisting medical records. However, from
the collected data and from experience (unpublished) the clinical
forms and features of the Icelandic DM1 patients were in accor-
dance with repeat number and international literature (Vydra
and Rayi 2023). We presume the difference in prevalence is due
to improved ascertainment of DM1 cases with cascade testing,
rather than increased incidence of the disease given the short
time period between the studies (see below).

The average age of those alive was found to be 47years for
males and 42years for females. The severity of DM1 is clear

when observing the average age at the time of death, which
was 57years and 58years for males and females, respectively.
This is considerably lower than the average life expectancy
of an Icelander, being 81years and 84years for males and
females, respectively (Hagstofa slands 2021). This demon-
strates the severity of the disease. Previous studies on DM1
have found that males have a decreased life expectancy com-
pared to females (Dogan et al. 2016). However, there was no
statistical difference in life expectancy between genders in
our cohort. This could be due to the few number of deceased
males identified. PYLL was calculated from the reference age
of 75years. The years of life lost of the cohort is 20.5years
per person, this loss is more profound if the longevity of the
Icelandic population is considered.

Notably, the majority of patients that were deceased at the time
of the study were females. We think that this represents bias
when observing historical data, as both the current study and
the literature have found no difference in sex ratio. The aver-
age age of diagnosis in DM1 patients is 37years and 32years for
males and females, respectively. Earlier diagnosis, a multidisci-
plinary follow-up and patient education could improve quality
of life and possibly increase life expectancy.

Of those diagnosed with DM1 in Iceland, 62% had undergone
genetic testing. The most common non-pathogenic alleles were
5 and between 11 and 15 CTG repeat numbers which is similar
as in other studies (Amenabar et al. 2009; Tishkoff et al. 1998).
The most common pathological alleles were CTG repeat num-
bers between 50 and 100 CTG repeats (34%). All individuals
with these repeat numbers were tested for DM1 due to a family
history of the disease. This is consistent with mild or no symp-
toms associated with such alleles. No individual over 60years of
age had a CTG repeat number higher than 200. In comparison,
all individuals with an observed CTG repeat number over 1000
were younger than 50years old (Figure 3). This demonstrates
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the close relationship between repeat number and life expec-
tancy in the Icelandic DM1 population. However, five of those
deceased reached 50years of age and had a CTG repeat number
over 1000, the oldest dying at 69years of age. Thus historically
there is prospect of DM1 patients with CTG repeat numbers over
1000 living past 50.

Of those with a known indication for diagnosis, 78% were diag-
nosed with genetic testing based on family history alone, and
not by clinical presentation. In some instances, there could be
lack of initiative of those with DM1 to seek medical help, as ap-
athy is a known symptom of the disease (Miller et al. 2021). As
DML is characterized by heterogeneous symptomatology, diag-
nosing the disease based on symptoms alone is difficult espe-
cially if symptoms are absent or mild.

Our study demonstrates the importance of cascade testing based
on family history in diagnosing DM1 patients (Figures 5 and 7).
The authors are not aware of scientific publications describing the
percentage of patients that are diagnosed with DM1 due to fam-
ily history/cascade testing as opposed to clinical manifestations.
Presumably, the percentage varies widely between countries.

The results fit well with ongoing discussions in the literature
regarding cascade testing in autosomal dominant diseases
(Roberts et al. 2018; Kellogg et al. 2020). Guidelines differ on
whether healthcare professionals should contact family mem-
bers directly, following a positive outcome from genetic testing of
an index patient. There are ethical and practical considerations
in cascade testing on how at-risk family members should be ap-
proached and who should inform them (Clarke and Wallgren-
Pettersson 2019). In Iceland, the current practice is that patients
should first inform their relatives. This can be highly problem-
atic in DM1 as the information is complex and the newly diag-
nosed patient might be apathetic. Given these concerns, and the
life-threatening severity of DM1 (Figures 2-4), it is reasonable
to enhance cascade testing. This could include active planning
with the patient on how relatives should be contacted and possi-
ble direct contact of relatives by genetic professionals.

As there is no known disease-modifying treatment for DM1, in-
terventions are limited to alleviation of manifestations. These
include treatments for arrhythmia, sleep apnea, and diabetes as
well as physical therapy. The effects of these treatments are dif-
ficult to document. We have collected data which can serve as
historical controls on life expectancy. The current patient pop-
ulation could be used to study the effects of surveillance and
treatments on life expectancy as well as the population molecu-
lar genetics of DM1.

This retrospective study was based on measuring number of re-
peats in pathological alleles. It would be interesting to use this
cohort in the future to study the relationship between number
of repeats, DMPK repeat sequencing, sex of transmitting parent,
and risk of expansion/reduction.
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