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Abstract.

Background: Myotonic Dystrophy type 2 (DM2) is a dominantly inherited multisystem disease caused by a CCTG repeat
expansion in intron 1 of the CNBP gene. Although in the last two decades over 1500 patients with DM2 have been diagnosed
worldwide, our clinical impression of a reduced life expectancy in DM2 has not been investigated previously.

Objective: The aim of this observational study was to determine the life expectancy and the causes of death in patients with
genetically confirmed DM2.

Methods: We identified the data of all deceased patients with DM2 in the Dutch neuromuscular database between 2000 and
2023. Ages and causes of death and the patients’ clinical features during lifetime were determined. Age of death in DM2
was compared to the general population by using life tables with prognostic cohort life expectancy (CLE) and period life
expectancy (PLE) data of the Dutch electronic database of statistics (CBS StatLine).

Results: Twenty-six deceased patients were identified in the Dutch DM2 cohort (rn = 125). Median age of death in DM2 (70.9
years) was significantly lower compared to sex- and age-matched CLE (78.1 years) and PLE (82.1 years) in the Netherlands.
Main causes of death were cardiac diseases (31%) and pneumonia (27%). Seven patients (27%) had a malignancy at the time
of death.

Conclusion: These results provide new insights into the phenotype of DM2. Life expectancy in patients with DM2 is
reduced, possibly attributable to multiple causes including increased risk of cardiac disease, pneumonia, and malignancies.
The occurrence of a significantly reduced life expectancy has implications for clinical practice and may form a basis for
advanced care planning, including end-of-life care, to optimize quality of life for patients with DM2 and their family. Research
in larger cohorts should be done to confirm these findings and to ascertain more about the natural course in DM2.
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INTRODUCTION

Myotonic Dystrophy type 2 (DM2) is a dominantly
inherited multisystem disease. In 2001, it was dis-
covered to be caused by a CCTG repeat expansion in
intron 1 of the CNBP gene on chromosome 3q21.3
[1]. DM2 typically manifests between 20 and 50 years
of age and the phenotype of DM2 shows some over-
lap with Myotonic Dystrophy type 1 (DM1) [2, 3].
Common features are progressive muscle weakness,
myotonia, pain, early onset cataracts and multior-
gan involvement with cardiac conduction defects,
insulin resistance and hypothyroidism. Unlike DM1,
in DM2, anticipation and a severe congenital form
have not been proven. Cardiac involvement, muscle
weakness, and muscle wasting progress more slowly
and less severely in DM2 compared to DM1 [4]. Fur-
thermore, DM2 patients present with a predominantly
proximal distribution of weakness whereas DM1
is characterized by distal and facial weakness [5].
However, the impact of DM2 on patients’ physical,
psychological, and social functioning is significant
and as high as in adult-onset DM1 patients [6]. Life
expectancy and mean age of death are markedly
reduced in DM1 [7], but have not been studied in
DM2.

We therefore determined the life expectancy and
causes of death in the Dutch DM2 cohort and com-
pared these results with survival and mortality data
in the Dutch general population.

METHODS

In this cross-sectional study, all known patients
with DM2 in the Dutch neuromuscular database
between 2000 and 2023 were identified. Data of
all the registered deceased patients with DM2 in
the Netherlands at the time of the survey (April
2023) was collected. The age at death, causes of
death, and patients’ clinical features during life were
ascertained by information from the medical records,
general practitioner and/or Registry Office (CBS, B-
verklaring). Sex, age at symptom onset, type of initial
symptom (or first disease manifestation), and medical
history were collected when available.

Life expectancy for the general Dutch population
according to age, sex, and calendar year was based
on life tables of the Dutch electronic database of
statistics (CBS StatLine, 2023) [8, 9]. Analysis of
time-trends in life expectancy will differ depending
on whether it is calculated by a cohort or a period. We

used both frameworks, namely cohort life expectancy
(CLE) and period life expectancy (PLE).

CLE tables consider observed and expected
improvements in mortality for a cohort throughout
its lifetime, showing an average for a cohort, and do
not include any individual factors. PLE methods use
mortality rates from one single calendar year (e.g.
year of birth or year of disease onset) and assume
that those rates apply throughout the remainder of a
person’slife [10, 11]. To determine PLE, we chose the
year of disease onset of DM2 to determine the esti-
mated remaining years of life compared to the Dutch
population with the same age, in the same year of
disease onset (PLE data of the general Dutch popula-
tion born before 1950 was not accessible). Therefore,
each patient was compared to the prognostic CLE of
their own birth cohort, and PLE was determined at
the age of symptom onset.

Standard protocol approvals, registrations, and
patient consents

The study was approved by the local ethical stan-
dards committee (CMO Radboudumc, 2021/13229)
who granted a waiver for consent as the (deceased)
subjects could not be asked for consent and per-
mission for their medical chart review. In case the
deceased patient had objected to the (further) use
of human tissue for medical scientific research in
the past we refrained from inclusion. The study was
in accord with the Helsinki Declaration of 1975.
Exclusion criteria were any kind of earlier reported
objections from the deceased patient to the (further)
use of human tissue for medical scientific research
and/or participation in medical scientific research.

Statistical analyses

Continuous data are reported as mean (standard
deviation (SD)) and median (inter-quartile range
(IQR)) and in nominal variables, numbers and per-
centages are presented. The deceased patients with
DM2 were grouped into men and women, and the data
regarding life-expectancy was grouped into data from
the patients with DM2 and matched expectations
in the Dutch population (CLE and PLE). Between-
group differences were analyzed by using unpaired
t-tests or Mann-Whitney U tests, as appropriate. The
Kaplan-Meier method with log rank test (Mantel-
Cox) was used to estimate the survival of the patients
and Dutch population with the attained age or life
expectancy as survival time.
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RESULTS

The Dutch DM?2 cohort consists of 125 genetically
confirmed patients, of which 26 registered deceased
patients (21%) from 16 unrelated families, including
one patient who was genetically confirmed post-
mortem. Clinical features are shown in Tables 1-3 and
survival from the initial symptom of DM?2 to death
is shown in Figure 1. Cataract was the most com-
mon first disease manifestation, followed by muscle
weakness and myalgia. Three patients had both mus-
cle weakness and cataract at first presentation. The
initial location of muscle weakness was noted in nine
patients, which is the proximal lower extremity in
all cases. Fifteen patients were wheelchair depen-
dent shortly before their death, of whom 13 were
completely wheelchair dependent.

Characteristics of death, including life expectancy
in the general Dutch population (CLE and PLE), are
shown in Table 3 and Figure 2. The age of death in
DM?2 was significantly lower compared to sex- and
age-matched CLE (p<0.001) and PLE (p<0.001)
with also significant differences in the survival curves
(Table 3, Figure 2B). Patients with DM2 had a mean
reduced life expectancy of 8.3 and 11.4 years, respec-
tively. As one patient was a potential outlier because
of his younger age of death (39 years), data was addi-
tionally analyzed without this patient which resulted
in no changes in the significance for both CLE and
PLE.

The most common cause of death was cardiac dis-
ease (31%), including cardiac arrests (n=4), heart
failure (n = 3) and endocarditis (n = 1). In five patients
whom death resulted from cardiac disease, the car-
diac history was available; one had a first-degree
atrioventricular block, and one had a mild dilated
cardiomyopathy. One patient was known to have a
pacemaker (Table 1, patient 2). Survival data on the
cohort without the cardiac deaths did not change our
results (Supplementary Table 1).

The second most marked cause of death was pneu-
monia (27%) of which three patients suffered from
aspiration pneumonia and one patient died due to a
COVID-19 pneumonia. One more patient suffered
from pneumonia at the time of death but died of a
cardiac arrest.

Seven patients (27%) had a registered malignant
disease at the time of their death, namely duodenal
carcinoma, hepatocellular carcinoma, non-small-cell
lung carcinoma, esophageal carcinoma, gastrointesti-
nal stromal tumor, and acute myeloid leukemia, and
one patient had chronic lymphocytic leukemia and a

history of cutaneous melanoma. Cancer was marked
as the leading cause of death in the medical records
of three of these seven patients.

Two patients died of liver failure and in one patient
the exact cause of death was unknown.

Three patients underwent euthanasia at the age of
54, 60, and 73 years. They suffered from malignancy,
multiple complications after a fall, and ischemic
stroke respectively. As euthanasia is less common in
populations outside the Netherlands, we additionally
performed an analysis excluding these three patients.
Their removal had no impact on the overall survival
scores and the significantly reduced life expectancies
(Supplementary Table 2).

At least one patient was treated with palliative
sedation and one patient died in a hospice. Most
patients died during hospital admission; the reason
for admission was not always related to the cause of
death.

DISCUSSION

The main finding of this observational study on
mortality in DM2 is a significantly reduced life
expectancy in DM2. Additionally, we found a high
frequency of cardiac disease and pneumonia as the
causes of death in these patients. These findings have
profound implications for clinical practice.

This study shows that the mean and median age
of death in DM2 are significantly lower compared to
the life expectancies of the Dutch population. Until
now, the lifespan in DM2 was predicted to be normal
[2]. However, we demonstrated a reduction in life
expectancy of 8.3 to 11.4 years, depending on which
method for the estimated life expectancy was used.
We chose to use both methods (CLE and PLE) for a
more accurate comparison with the life expectancy of
the general population as both methods have different
uncertainties. Where CLE tables consider observed
and expected improvements in mortality for a cohort
throughout a lifetime, PLE methods use mortality
rates from one calendar year and assume that those
rates apply throughout the remainder of a person’s
life. PLEs tend to be lower than CLEs because they
do not include any assumptions about future improve-
ments in mortality rates [10]. However, we found
higher life expectations in using the PLE method
compared to the CLE; possibly because the year of
symptom onset was used instead of the year of birth.
PLE data of the Dutch population born before 1950
was not available, though 6/9 men and 12/17 women
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Patient characteristics of the included patients with DM2

Table 1

Patient Sex Age at death  Cause of death Age of onset  Initial symptom Mobility before Location of death
death
1 Male 60 Fractures followed a fall 23 Cataract Wheelchair Home
(euthanasia) dependent
2 Male 72 Pneumonia 59 Muscle weakness, ~Wheelchair Hospital
cataract dependent
3 Male 69 Cardiac arrest (and 49 Cataract Walking Home
pneumonia)
4 Male 74 Heart failure 30 Muscle weakness ~ Walking Hospital
5 Male 39 Sudden death 16 Muscle weakness, ~ Walking Home
myalgia
[§ Male 54 Duodenal carcinoma 29 Fatigue, abnormal =~ Walking Home
(euthanasia) liver function
Male 64 Pneumonia 54 Myotonia Walking Hospital
Male 77 Pneumonia 38 Muscle weakness, Wheelchair Hospital
abnormal liver dependent
function
9 Male 81 Pneumonia 68 Muscle weakness ~ Walking Hospital
(COVID-19)
10 Female 77 Non-small-cell lung 50 Muscle weakness,  Walking Home
carcinoma myalgia
11 Female 65 General decline 58 Muscle weakness ~ Wheelchair Home
(weakness, dysphagia) dependent
(palliative sedation)
12 Female 69 Hepatocellular 43 Cataract Partial wheelchair ~ Hospital
carcinoma dependent
13 Female 83 Pneumonia (aspiration) 51 Cataract Wheelchair Nursing home
dependent
14 Female 66 Liver failure 48 Muscle weakness,  Walking Hospital
myalgia, cataract
15 Female 69 Pneumonia (aspiration) 44 Cataract Wheelchair Hospital
dependent
16 Female 76 Sudden death 26 Myotonia Wheelchair Nursing home
dependent
17 Female 77 Unknown 66 Cataract Wheelchair Nursing home
dependent
18 Female 63 Cardiac arrest 58 Cataract Walking Home
19 Female 57 Endocarditis 38 Cataract Wheelchair Hospital
dependent
20 Female 59 Cardiac arrest 43 Muscle weakness, ~ Walking Hospital
(ventricular fibrillation) myalgia, myotonia
21 Female 73 Cerebrovascular event 67 Cataract Walking Home
(euthanasia)
22 Female 76 Heart failure 58 Muscle weakness, ~Wheelchair Nursing home
cataract dependent
23 Female 79 Cardiac arrest 65 Muscle weakness ~ Wheelchair Nursing home
dependent
24 Female 64 Liver failure 45 Muscle weakness, Wheelchair Hospice
myalgia dependent
25 Female 74 Pneumonia 42 Muscle weakness ~ Wheelchair Nursing home
dependent
26 Female 78 Heart failure 53 Cataract Partial wheelchair ~ Nursing home

dependent
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Table 2
Baseline characteristics, causes and location of death of the patients with DM2. Data shown
in numbers (rounded percentages) or years. IQR: interquartile range, SD: standard
deviation. *Normal: <200 U/L in men, <170 U/L in women

Characteristics Total Men Women
Sex n (%) 26 9 (35%) 17 (65%)
Age at onset (range in years) 16-68 16-68 26-67
Median age at first onset (years, IQR) 48.54+19.0 38.0£25.0 50.0£15.0
Mean age at first onset (years, SD) 47.0£14.1 40.7£17.7 50.3+11.0
Disease duration (range in years) 5.6-50.3 10.5-44.2 5.6-50.3
Median disease duration (years, IQR) 19.9+13.0 23.1+£23.6 19.5+11.2
Mean disease duration (years, SD) 22.1+£11.5 25.1+£12.4 21.1£11.2
Initial symptom(s), n (%)
Muscle weakness 13 (50%) 5 (56%) 8 (47%)
Cataract 12 (46%) 3 (33%) 9 (53%)
Myalgia 5(19%) 1(11%) 4 (24%)
Myotonia 2 (8%) 1 (11%) 1 (6%)
Mobility, n (%)
‘Wheelchair dependent 15 (58%) 3 (33%) 12 (71%)
Walking 11 (42%) 6 (67%) 5(29%)
Creatine Kinase* (range in U/L) 62-1464 311-1464 62-1039
Median Creatine Kinase levels (U/L, IQR) 376 + 260 429+ 159 296 +203
Mean Creatine Kinase levels (U/L, SD) 441 £344 561 £ 406 358 +285
Causes of death, n (%)
Cardiac 8 (31%) 2 (22%) 6 (35%)
Pneumonia 7 (27%) 4 (44%) 3 (18%)
Malignancy 3 (12%) 1 (11%) 2 (12%)
Liver failure 2 (8%) 0 (0%) 2 (12%)
Sudden death 2 (8%) 1(11%) 1 (6%)
Other 2 (8%) 0 (0%) 2 (12%)
Fractures 1 (4%) 1 (11%) 0 (0%)
Unknown 1 (4%) 0 (0%) 1 (6%)
Euthanasia, n (%) 3 (12%) 2 (22%) 1 (6%)
Location of death, n (%)
Hospital 10 (38%) 5 (56%) 5(29%)
Home 8 (31%) 4 (44%) 4 (24%)
Nursing home 7 (27%) 0 (0%) 7 (41%)
Hospice 1 (4%) 0 (0%) 1 (6%)
Table 3

Ages at death in DM2 compared to their sex- and age-matched life expectancies based respectively on CLE (from birth to death) and PLE
(from symptom onset to death) methods. SD: standard deviation, IQR: interquartile range

Age at death DM2 Cohort Life Expectancy (CLE) Period Life Expectancy (PLE)
Range Mean Median Range Median P value Range Median P value
(years) (years,) (years, (years) (years, (DM2- (years) (years, (DM2-
SD) IQR) IQR) CLE) IQR) PLE)
Total 39-83  694+100 709+12.6 71.8-824 78.1+4.1 <.001 73.8-86.6 82.1%+59 <.001
n=26
Men 39-81 65.8+13.1 69.2+14,1 71.8-82.3 72.6+5.8 0.122 73.8-83.5 76.7+24 0.024
n=9
Women  57-83 714+£7.6 739+11.7 76.7-824 78.2+33 <.001 78.0-86.6 82.4+1.8 <.001
n=17
in our DM2 group were born before 1950. For deter- uses the mortality rate in one specific calendar year.
mining the PLE, the year of disease onset of DM2 Both the median disease onset of 48.5 years in our
was used and compared to the life expectancy tables deceased patients and the fact that pain, as one of

corresponding to the same age in the same year. PLE the early key symptoms in DM2, is potentially not
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Fig. 1. Kaplan-Meier survival curves of the 26 deceased patients
from first symptom to death in years. Median survival is indicated
by the horizontal line. P-value from log rank test.

frequently recognized as the first symptom of DM2,
might have caused a higher PLE as these mortality
rates improve with time. Nevertheless, the ages of
death in DM2 were significantly lower compared to
both CLE and PLE methods.

The median age at death in DM2 of 69.2 years
for men and 73.9 years for women is higher com-
pared to the earlier reported patients with adult-type
DMI1 in the Netherlands (median age of death of 60
years for men and 59 years for women) (7). However,
data regarding ages at death in DM1 was collected
between 1950 and 1997 and presumably medical care
in DM1 and general life expectancies increased in the
last decades. In addition, DM2 tends to have a more
favorable natural course compared to DM1.
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In this small cohort, we found a higher mean age
at symptom onset (47 years) compared to the earlier
reported onset in patients with DM2 (34 to 42 years;
no difference between men and women) [5, 12, 13].

The most frequent causes of death in this study
were cardiac diseases (31%), pneumonias (27%)
and malignancies (12%). These results are differ-
ent compared to the causes of death among the
Dutch general population between 2000 and 2020,
in which malignancies are the most frequent causes
of death (27-32%), followed by cardiovascular dis-
eases (21-35%), mental disorders and central nervous
system diseases (6—14%) and respiratory diseases
(6-10%) (14). First, cardiac diseases and pneumonias
are well-known systemic complications of myotonic
dystrophies (DM). Cardiac involvement is an impor-
tant cause of premature death in patients with DM
and is reported to be different and of a lesser degree
in DM2 compared to DM1 [4, 15-17]. In the cur-
rent study, one patient died of ventricular fibrillation
and five other patients died of causes that might
be due to cardiac arrhythmias (cardiac arrest and
sudden death). While intraventricular and atrioven-
tricular conduction disorders are more common in
patients with DM, patients with DM2 present more
frequently with tachyarrhythmias, such as supraven-
tricular and ventricular arrhythmias, left ventricular
diastolic dysfunction, and hypertension [18, 19]. Car-
diomyopathy (mostly the dilated type) was reported
in 18% of the DM2 patients [19]. Sudden cardiac
death had been described in patients with DM2,
possibly caused by dilated cardiomyopathy and con-
duction system fibrosis [16]. Two patients in this
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Fig. 2. Kaplan-Meier survival curves of the 26 deceased patients. Median survival is indicated by the horizontal line. P-values from log rank
test. A) Deceased men (n=9) with DM2 compared to women (n=17). B) Deceased patients with DM2 (n =26) compared to their sex- and
age-matched life expectancies based respectively on CLE (from birth to death) and PLE (from symptom onset to death) methods.



M.J. Damen et al. / Life Expectancy and Causes of Death in DM2 7

study suffered sudden nocturnal death (age 39 and
76 years); neither patient had a history of cardiac dis-
ease (including screening) or a pacemaker nor did
they have epilepsy. Altogether, these cardiac diseases
are a potential risk for cardiac death. As this study
primarily focused on the age and causes of death
including disease characteristics, information about
the patients’ complete medical (cardiac) history is
lacking. In the Netherlands, patients diagnosed with
DM?2 have regular cardiac follow-ups according to
the DM1 guidelines, making the potential impact of
undiscovered cardiac disease as a cause of early car-
diac deaths in DM2 of a limited value.

Next, a high percentage of patients died of (aspira-
tion)pneumonia, and one other patient was known to
have dysphagia (without pneumonia). Limited data
are available regarding respiratory function in DM2
patients; respiratory impairment was found in 6-15%
of patients with DM2 [13, 20]. Dysphagia has been
described among patients with DM2, however, with-
out leading to aspiration pneumonia [21].

Furthermore, seven patients were known to have
eight different malignancies (27%). Five out of these
eight malignancies have been reported previously in
literature in patients with DM, though hepatocellular
carcinoma, gastrointestinal stromal tumor, and duo-
denal carcinoma were not reported before in DM.
Previous literature shows an increased risk of malig-
nancies in patients with DM in general, representing
the third leading cause of death with a cancer-related
death up to 10-15% [7, 22, 23]. Several potential
pathogenic mechanisms underlying the DM carcino-
genesis have been described [24]. The cancers in DM
most often include the thyroid, endometrium, ovary,
colon/rectum, testis, and brain or are melanoma and
non-Hodgkin lymphoma [25]. However, cancer risk
in specific patients with DM2 is less well studied
and probably underestimated, as DM2 is frequently
underdiagnosed. Cancer-related death may well be
higher in DM2 compared to DM1 as respiratory and
cardiac complications in these patients are less fre-
quent. Win et al. showed a high risk of prostate cancer
and possibly thyroid cancer in patients with DM2
[26]. We assume that the percentage of patients with
malignancies in our cohort (27%) may be underes-
timated, as this study primarily focused on the ages
and causes of death. Additionally, in some cases, a
full medical history was lacking in the patients’ med-
ical records. However, malignancies are also common
in the general population and the leading cause of
death in the general Dutch population (around 30%
as well) [14], making it impossible to determine if

this percentage is attributable to DM2. More research
regarding the pathophysiology, types, and prevalence
of malignancies in DM2 specifically is needed.

Two patients died of liver failure and two other
patients had abnormal liver function as possible ini-
tial symptom of DM2. In both DM1 and DM2, liver
problems and liver enzyme abnormalities have been
described [27, 28].

Finally, two patients died of suggested muscle-
related symptoms caused by DM2; one due to general
decline with weakness and dysphagia, and another to
the complications of a hip fracture following a fall,
possibly caused by muscle weakness. It is quite con-
ceivable that fractures could follow a spontaneous
fall, as there is a high incidence of falling in DM
and fifty percent of falls result in an injury to these
patients [29].

Three patients received euthanasia (12%), which is
ahigher percentage than reported in the general Dutch
population (1.7% in 1990; 4.5% between 2015 and
2021) [30, 31]. In one out of three of these patients,
the wish for euthanasia might be indirectly related
to DM2 (complications after a fall). The malignant
disease might be related as discussed before, though
this is uncertain in the ischemic stroke.

One of the strengths of this study is its adequate
internal validity. As all registered deceased patients
with DM2 in the Netherlands were included, the
presence of a selection or observational bias seems
unlikely. Nevertheless, there are some limitations as
this study was applied to the relatively small Dutch
DM2 cohort and primarily focused on the deceased
patients and their ages and causes of death. Unfor-
tunately, survival data of the Dutch DM2 cohort
overall was not accessible within the parameters of
the ethical approval granted for this study but would
be of interest in future studies. Ages of death were
compared to estimated survival data from life tables
instead of human living control groups. Addition-
ally, we considered some outlier bias as one patient
was a potential outlier with a younger age of death.
To reduce this risk of outlier bias, we also per-
formed statistical analyses without this patient and
used medians as well as means. Inclusion of patients
with DM2 in the international DM registry and/or fur-
ther research in larger and complete cohorts should
be done to confirm our findings and to learn more
about DM2 with respect to the survival and natural
course.

In conclusion, the occurrence of a significantly
reduced life expectancy in DM2 and cardiac dis-
ease and pneumonia as the most frequent causes of
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death provides new insight into the phenotype of the
multisystem disease DM2. These findings highlight
the importance for cardiac and pulmonary screen-
ing in DM2 and call for more attention for palliative
care, end-of-life care, and/or advanced care planning.
At this moment, guidelines and literature regarding
palliative care and advanced care planning in neuro-
muscular diseases (except for motor neuron diseases)
are scarce (32-34). Additionally, the latest consensus-
based care recommendations for adults with DM2
did not discuss this topic (35). To assist medical
practitioners, future guidelines should also include
recommendations on patient education and advanced
care planning, to optimize medical care for patients
with DM2.
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