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The aim of the study was to identify possible predictors of neurological worsening 
and need of non-invasive ventilation (NIV) in individuals affected by myotonic 
dystrophy type 1 (DM1), the most common form of adult-onset muscular dystro-
phy.

Methods. A retrospective observational cohort study was undertaken. Thirty-three 
patients with genetic diagnosis of DM1 were followed at our Neuromuscular unit 
in Modena. Abnormal trinucleotide repeat (CTG) expansion of dystrophy protein 
kinase gene (MDPK) on chromosome 19q 13.3 was the prerequisite for inclusion. 
The number of CTG repeats was determined. All the participants were older than 
14 at the time of enrolment, therefore they could be included into the juvenile or 
adult form of the disease. Participants were neurologically evaluated every 6-8 
months up to 18 years. Neurological impairment was assessed by Muscular Im-
pairment Rating (MIRS), Medical Research Council (MRC), and modified Rankin 
(mRS) scales. The independent variables considered for prognosis were age at first 
evaluation, duration of the disease, CTG repeat number, gender, and presence of 
cardiac and vascular morbidities. 

Male patients were 51.5% and female patients 48.5%. Sixteen patients were young-
er than the mean age of 30.1 years, while the remaining 17 were up to 65. Twelve 
subjects (36.4%) underwent NIV before the end of follow-up. Muscle force and 
disability scores showed statistically significant deterioration (p < 0.001) during 
follow-up. The worsening was significantly higher among patients carrying high-
er number of CTG repeats and of younger age. The presence of cardio-vascular 
involvement has significant impact on neurological and respiratory progression.

Neurological worsening is predicted by CTG expansion size, young age and pres-
ence of cardio-vascular morbidities.

Key words: myotonic dystrophy type I, muscular impairment rating scale, CTG trinu-
cleotide repeat 
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Introduction
Myotonic dystrophy type 1 (DM1) is the most com-

mon form of adult-onset muscular dystrophy with a prev-
alence in Europe of 3-15/100.000 inhabitants  1-12. DM1 
is caused by an unstable expansion of the cytosine thy-
mine-guanine (CTG) trinucleotide repeat located in the 
3′UTR of DMPK gene, chromosome 19q13.3, encoding 
a serine/threonine protein kinase (DMPK) trinucleo-
tide 8-19. The disease is transmitted across generations in 
an autosomal dominant fashion with incomplete pene-
trance, variable phenotypic expression and somatic mo-
saicism 1,3,6,8-12,19-21. Anticipation, i.e. increased number of 
CTG repeats in subsequent generations, is associated with 
increased severity of disease, more marked with maternal 
transmission  1,3,5,8,11,12,21-24. The disorder is multisystemic 
and affects muscles and central nervous, ocular, respira-
tory, heart, digestive, endocrine systems in relation to the 
variable number of triple repeats in each organ 2-5,7-12,24-30. 
Regular cardiological and ventilatory assessment is im-
portant in DM1, as respiratory failure accounts for almost 
40% of mortality at an average age of 53 years  4,24,29-37. 
The introduction of non-invasive ventilation (NIV) com-
bined with treatments for cardiac manifestations have im-
proved survival in DM1 4,30-32. Due to the broad clinical 
spectrum, DM1 subjects can be classified into five clin-
ical forms according to age of onset of first symptoms: 
congenital, infantile, juvenile, adult, and late onset  24-26. 
The progression rate of muscle strength loss in different 
phenotypes (juvenile, adult and late onset) needs to be 
documented and has an impact on patient prognosis. Our 
study was aimed at identifying predictors of neurologic 
and respiratory impairment in an Italian cohort of patients 
affected by DM1, followed longitudinally up to 18 years.

Patients and methods
Setting and study population

We conducted a retrospective observational study in 
a single neuromuscular disease center (Center for Neuro-
muscular Diseases, University Hospital of Modena, Ita-
ly). Inclusion criteria were as follows: diagnosis of DM1 
attested by clinical evaluation and molecular genetic test-
ing. No patients at the time of enrolment had end-stage 
lung diseases (chronic obstructive pulmonary disease, in-
terstitial lung disease, severe kyphoscoliosis and disorders 
of the chest walls). Between January 1st, 2000 and De-
cember 2018, 33 patients with clinical diagnosis of DM1 
were included according to genetic diagnosis. All patients 
enrolled showed an abnormal expansion of CTG in the 
3′ untranslated region of the Myotonic Dystrophy Pro-
tein Kinase (MDPK) assessed by long-PCR and Southern 
blot analysis gene (MIM #160900) The study design was 

approved by the local Ethical Committee (N°325/2019). 
A multidisciplinary team including neurologists, pulmo-
nologists and cardiologists, evaluated the subjects during 
a follow-up which lasted from the first to the last visit or 
to death. Patients were followed for at least 24 months.

Predictive variables and assessments 

Our genetic reference laboratory defined subjects as 
E1 with number of repeats less than 200, E2 from 201 to 
699 repeats, and E3 from 700 and larger. All participants 
were older than 14 at the time of enrollment, therefore 
with juvenile or adult form of the disease  24-27. Patients 
were further classified according to onset of symptoms 
at an age above or below 30.1 years, which was the mean 
in our cohort. Clinical onset in patients with very mild/
asymptomatic disease was set at the date of their first 
clinical/genetic diagnosis or it was retrieved from previ-
ous medical history. For the specific purpose of the study, 
the following data were included: muscle impairment and 
disability scores, gender, serum creatine kinase (CK) titer 
assessed at least once per year, and electromyographical 
changes. In addition, the presence or absence of multisys-
temic involvement such as cardiac, vascular, endocrine, 
ophthalmological and hematological disorders was as-
sessed at the time of enrollment and in subsequent fol-
low-up. Each neurologist collected the informations at 
the time of enrollment on presence/absence of the above 
mentioned conditions. 

Muscle strength was determined with manual mus-
cle testing (MMT) by three neurologists (GG, AA, MM) 
using Medical Research Council Scale (MRC) in six 
muscles for each limb in upper (UE) and lower (LE) 
extremities: deltoid, biceps brachii, extensor digitorum 
communis, ileopsoas, quadriceps and anterior tibial. The 
maximal score for each muscle ranged between 0 and 5, 
and the total score obtained was 60. Disability was mea-
sured with the Rankin Scale (mRS) (range 0-5). Muscular 
Impairment Rating Scale (MIRS), a validated DM1-spe-
cific rating scale, was also used 9,25-27. 

Respiratory assessments included arterial blood gas 
analysis and pulmonary function tests (PFTs) with eval-
uation of forced vital capacity (FVC), forced expirato-
ry volume in 1 sec (FEV1) and FEV1/FVC (Tiffeneau 
index) performed at the time of enrollment and at ev-
ery follow-up visit. Arterial blood gases were measured 
in samples drawn at rest from the radial artery. Arterial 
oxygen partial pressure (PaO2) and arterial carbon diox-
ide partial pressure (PaCO2) were determined within 10 
minutes of sampling. Hypercapnia was defined as PaCO2 
> 45 mmHg and hypoxemia as PaO2 < 80 mmHg 3,29-
31. NIV (meaning the use for more than 4 hours/daily) 
included initiation of Nocturnal Positive Airway Pressure 
(NPAP), either continuous (CPAP) or bilevel (BPAP) 31. 
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NIV was planned by a pulmonologist in the presence of 
symptoms suggestive of chronic respiratory failure (dys-
pnea at rest, daytime hypersomnolence, orthopnea), plus 
at least one of the following criteria: FVC less than 50% 
predicted in seated position, apnea/hypopnea index great-
er than 15 events/hour, nocturnal arterial saturation less 
than 88% for more than 2 cumulative minutes, arterial pH 
< 7.35 and PaCO2 > 45 mmHg 2,4,31-33,35.

Cardiological evaluations included clinical assess-
ment, basal blood pressure, ECG, 24h ECG Holter mon-
itoring, and trans-thoracic echocardiography. Impulse 
conduction abnormalities and arrhythmias on a standard 
ECG, including sinus rate < 50 BPM, PR interval > 200 
ms, QRS duration > 100 ms, left anterior or posterior fas-
cicular block, abnormal Q waves, atrial tachycardia and 
fibrillation (AF) or flutter were considered indicative of 
cardiac involvement. We measured systolic left ventric-
ular dysfunction as reduction of ejection fraction (EF) 
below 50% 4,22,29,30,38,39.

Only 4 cases could be studied with 1.5T Magnetic 
Resonance Imaging (MRI) scan of limb girdle, thigh and 
lower leg to assess muscular hypotrophy or atrophy, mus-
cle edema and fat replacement on T1, T2 and on short 
time inversion recovery (STIR) sequences with fat sup-
pression. After clinical indication, a brain neuroradiologi-
cal study either with CT or MRI was obtained or reviewed 
in 17 subjects at the median age of 44.5 years (range 20-
70, IQR 23.7). The retrospective quantitative evaluation 
of available images was carried out by two neuroradiolo-
gists looking for structural abnormalities, such as whole 
brain atrophy, and white matter subcortical and periven-
tricular changes especially in the temporal pole 40. White 
matter temporal changes were detected in 31.2% of the 
subjects. During follow-up, no patients exhibited detect-
able ischemic lesions.

End points 

Primary end points of the study were analysis of clin-
ical and genetic parameters associated with significant 
neurological impairment, defined as worsening in 2 out 
of the 3 neurological assessment scales applied. A change 
of ≥ 1 point in MIRS was considered significant, as well 
as a worsening of ≥ 7 points in total MRC score, of ≥ 4 
points in UE MRC score, of ≥ 3 points in LE MRC score 
and a change of ≥ 1 point in mRS. Secondary outcome 
was the identification of clinical and genetic parameters 
associated with functional impairment and need for NIV. 

Statistical analysis

Statistical analysis was performed using Stata 14.2 
(Stata Corporation, College Station, TX, USA). Patient 
characteristics were analysed using descriptive statistics. 

Data were presented as median with minimum–maxi-
mum range or as mean with standard deviation (SD). 
For comparison of change between independent groups, 
Mann-Whitney U test was used for continuous variables 
and Mantel-Haenszel Chi Square Exact test for ordered 
categorical variables. The differences in MRC, mRS, 
and MIRS between baseline and times of follow-up were 
computed using t-test. Kaplan-Meier method was used 
to estimate progression with respect to outcomes; curves 
were compared with Log-rank test to determine any dif-
ference in terms of age at the time of onset of end points. 
Hazard ratio and 95% confidence interval (CI) from Cox 
proportional hazard regression model were used to esti-
mate the risk of each end point, based on clinical attributes 
at baseline (i.e. gender, age, CTG expansion, presence 
of cardiovascular morbidities). The impact of clinical 
variables on MIRS and NIV requirement was evaluated 
using a logistic regression model. To improve statistical 
strength, genotypes based on number of CTG repeats 
were pooled into two groups that were E1 vs E2 plus E3. 
Clinical factors associated with P values below 0.05 in 
the univariable model were analyzed in a multivariable 
model with a stepwise forward selection. Missing data on 
MRC, MIRS, and mRS during follow-up were estimated 
by multiple imputation method (MI) using either linear 
or ordinal regression, if appropriate 41. Variance analysis 
(ANOVA) and Tukey-Kramer test were used to compare 
clinical scores at baseline and at 24, 48, 72 and 96 months 
in patients having different genetic profiles. 

Results
Patients baseline clinical data 

Demographic characteristics of patients are listed in 
Table  I. Mean duration of follow up was 121.6 months 
±  69.4 (median 100 months, range 24-220, IQR 125). 
Median duration of illness was 237 months (range 24-
553, IQR 202). Demographic analysis of DM1 popu-
lation showed a 1:1 male to female ratio with 17 males 
(51.5%) and 16 females (48.5%). The age of onset had 
similar gender distribution. Median age of diagnosis was 
31 years (range 14-65). Ten patients (30.3%) had lower 
number of expansions (E1) whereas those classified as E2 
were 39.4%, and E3 were 30.3%.

At baseline, the median total MRC muscle strength 
assessed with MMT was 48 (range 30-60, IQR 12; 
mean 48.8, ±  7.74), and 24 (range 18-30 IQR 8; mean 
24.4 ± 3.5) in UE and 24 in LE (range 10-30, IQR 6, mean 
24.3 ± 4.4). Regarding disability scores, mean MIRS was 
3.66 ± 0.88 and mRS was 2.1 ± 1.30. At baseline, muscle 
strength, either computed as total or separately in UE and 
LE, and mRS were not significantly different among gen-
ders (p  = 0.66); conversely, MIRS scores in females were 
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significantly worse than in males (p = 0.03). Abnormal 

EMG findings were detected in 63.6% of cases, and CK 

level above 170 IU/L was found in 48.

Multisystemic involvement

Multisystemic involvement was detected in 90% of 

cases. Cataract occurred in 78.8%, while thyroid and en-

docrine dysfunction requiring treatments in 51.5%. The 
cardiac abnormalities were detected in 63,6% of cases 
and included conduction disturbances (66%) namely, 
prolonged PR interval (A-V block of I°), bradyarrhyth-
mias, II° and III° atrioventricular blocks, AF, ventricular 
arrhythmias, left ventricular systolic dysfunction with 
depressed EF and clinical heart failure, and mitral valve 
prolapse. No ventricular tachycardia was detected. Vascu-

Table I. Summary of demographic and clinical characteristics of our patients.
    Overall [33 (100%)]
Gender [n (%)] Male 17 (51.5%)

Female 16 (48.5%)
Age of onset/diagnosis (y) [median (range)] 31 (14-65)

Male 32 (15-65)
Female 29.5 (14-53)

Duration of follow-up (mo) [median (range)] 100 (24-220, IQR 125)
Duration of disease (mo) [median (range)] 237 (24-553, IQR 202)
CTG repeat [n (%)] E 1 10 (30.3%)

E 2 13 (39.4%)
E 3 10 (30.3%)

Death [n (%)] 4 (12.1%)
Male [n (%)] 2/4 (50.0%)
Age (y) [median (range)] 64 (54-67)

Pace maker or ICD [n (%)]   5 (15.2%)
Male [n (%)] 4/5 (80.0%)
Age (y) [median (range)] 51 (42-68)

Systemic involvement [n (%)]   30 (90.9%)

Table II. Outcome measures at baseline and at last follow-up in patients according to genotypes.

 
 

 
 

Overall P 
overall

 

Genotype 
E1

P
 

P
basal

 

Genotypes 
E2, E3

P
 

P
final

 
Base-
line

Last 
f-up 

Base-
line 

Last 
f-up

Base-
line

Last 
f-up 

EGAa
pCO2 
(mmHg)

41.8 
(±6.4)

43.0 
(± 6.8) 0.15

40.4 
(± 4.04)

40.3
(± 3.9) 0.95 0.07

42.6 
(± 7.1)

44.2
(± 7.5) 0.46 0.04

 
pO2 
(mmHg)

80.8 
(±14.0)

83.5 
(± 13.1) 0.33

86.9 
(± 10.3)

86 
(± 8.1) 0.83 0.07

78.2 
(± 14.7)

82.4
(± 14.8) 0.33 0.24

Spirometry
FVC (% 
predicted)

75.4 
(±18.5)

67.2 
(± 21.4) 0.002

82.9 
(± 7.4)

78.9 
(± 9.8) 0.31 0.03

72.1
(± 21.04)

62.1 
(± .1) 0.13 0.006

MRC Total
48.8 

(±7.74)
37.8 

(± 12.3) < 0.001
 55.4 

(± 6.1)
50.4

(± 10.3) 0.20  0.002
46 

(± 6.6)
32.3 

(± 8.6) < 0.001 < 0.001

 
Upper 
limbs

24.4 
(±3.5)

19.7 
(± 5.81) < 0.001

 27.4 
(± 3.2)

25.4 
(± 5.0) 0.30  0.003

23.2 
(± 2.9)

17.3 
(± 4.2) < 0.001 < 0.001

 
Lower 
limbs

24.3 
(±4.4)

18
 (± 6.81) < 0.001

 28 
(± 2.9)

25 
(± 5.3) 0.13 < 0.001

22.7
(± 3.9)

15.1 
(± 5.0) < 0.001 < 0.001

MIRS  
3.66 

(± 0.88)
4.24 

(± 1.0) 0.001
 2.9 

(± 0.99)
3.2 

(± 1.3) 0.56 < 0.001
4 

(± 0.6)
4.6 

(± 0.5) < 0.001 < 0.001

mRS
2.1 

(± 1.30)
3.0 

(± 1.4) 0.001
1. 1

(± 1.2)
1.6 

(± 1.7) 0.45 0.003
2.6 

(± 1.0)
3.6 

(± 0.8) < 0.001 < 0.001

EGA: arterial blood gas analysis. pCO2/O2: partial blood pressure of CO2/O2. FVC: forced vital capacity. MRC: Medical Research 
Council. MIRS: muscular impairment rating scale. mRS: modified Rankin Scale. The values are expressed as mean with standard 
deviation (SD) in brackets. P overall expresses the significance between baseline and last follow-up for each variable.
P basal and p final express respectively the significance of the comparisons between subjects carrying the different genotype at baseline 
and at the last follow-up for each studied variable. Significance: p < 0.05 two tailed. Significant results are in bold. See text for details. 
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lar comorbidities included severe hypertension (systolic 
blood pressure ≥ 180 mmHg and/or diastolic blood pres-
sure ≥ 120 mmHg) and large vessel atherosclerosis; the 
latter, for statistical purposes, were pooled in the analysis 
with cardiac abnormalities. Regarding cardiac therapies, 
patients were treated according to published guidelines 
with angiotensin II receptor blockers, angiotensin con-
verting enzyme inhibitors, beta-blockers, diuretics, oral 
anticoagulants, and flecainide, if appropriate 38,39. Five pa-
tients had prophylactic pace-maker (PM) implantation; in 
2 cases, an implantable cardioverter defibrillator (ICD) 
was subsequently applied.

Predictors of neurological 
worsening

A statistically significant decline between baseline 
and last visit was seen in the whole sample for all the 
clinical outcome measures; 54.5% of subjects showed de-
terioration in all the scales. A significant decline in global 
muscle force (total MRC scores) was found in 27 cas-
es (81.8%): loss of strength in LE was found in 78.6% 
of cases, and 66.6% worsened in UE with no significant 
difference between UE and LE (p  =  0.87 and 0.10, re-
spectively). The worsening occurred at mean age of 43.2 
y (± SD 13.2) in LE and of 43.9 y (± SD 13.3) in UE. A 
worsening in mRS and in MIRS was found in 60.6 and in 
63.6% of patients respectively. 

Expansion size

Table  II shows the measures of muscle strength, 
MIRS and disability scores obtained at baseline and at last 
follow-up in the whole cohort and in patient groups sub-
divided according to lower or higher than 200 CTG triplet 
repeats (i.e. E1 and E2/E3). The significance of clinical 
and functional scores in the whole cohort (p overall) and 
in those carrying genotype E1 were compared to pooled 
E2/E3 genotypes and estimated at the beginning and at 
the end of follow-up. The estimation of MRC, mRS and 

MIRS gave the following results: at baseline and at last 
assessment in group E1, neither MRC nor MIRS and dis-
ability scores worsened significantly (p > 0.05), whereas 
in E2/E3 groups the worsening in total MRC and MRC 
subdivided in UE and LE, in MIRS and mRS was statis-
tically significant (p = 0.002, 0.003 and below 0.001, re-
spectively). We further calculated clinical and functional 
scores at baseline and at end of follow-up between groups, 
and we found that groups E1 and E2/E3 were statistically 
different: basal p and final p expresses the significance of 
the comparison for each variable between the groups, E1 
on one side and E2/E3 on the other. 

We calculated with a Cox regression analysis the 
probability of surviving to worsening on MIRS in patients 
with different CTG expansion size: Kaplan-Meier curve 
is shown in Figure 1b (p = 0.016 at Log rank test). The 
latter result was confirmed by a logistic regression anal-
ysis, after adjustment with clinically relevant variables: 
higher than 200 CTG triplet repeat number had an inde-
pendent prognostic effect on worsening in MIRS (HR 
5.09, CI 1.34-19.36, p = 0.017) (Tab. III). Furthermore, 
we assessed the influence of genotypes on the probability 
of surviving to worsening in muscle strength assessed by 
total MRC, as shown in Fig 1d with Kaplan-Meier curve 
(p = 0.004 at Log rank). Figure 2a and 2c show the proba-
bility of being free from worsening in muscle strength for 
UE and LE in the three genotypes E1, E2, E3 (p < 0.001 
at Log rank), with the number at risk and of survivors 
belonging to each genotype in relation to age. The box 
plot in Figure 2d shows MIRS measurements at baseline 
and at 24, 48, 72 and 96 months; a significant difference 
was found between genotypes E1 vs E2, and E1 vs E3 
(p < 0.01). 

Baseline age 

Seventeen patients were older than 30.1 years; the 
oldest subjects carried either genotype E1 (7, 21.2%) or 
genotype E2 (9, 27.2%), and only 1 (3%) had genotype 
E3. At baseline, the youngest and the oldest subjects were 

Table III. Results from univariate and multivariate Cox regression analysis of worsening on MIRS (≥ 1 point).
 Worsening ≥ 1 point in MIRS 

  HR 95% CI P

Gender (female)
1.13 0.46-2.77 0.78

(0.55) (0.19-1.53) (0.25)

Age at onset (> 30.1 y)
0.26 0.10-0.68 0.006

(0.26) (0.09-0.78) (0.01)

CTG repeat number > 200 (i.e E2, E3)
3.9 1.28-11.8 0.016

(5.09) (1.34-19.36) (0.017)
HR: hazard ratio. 95% CI: 95% confidence interval. p: p-value. MIRS score. Age at onset > 30.1 years (y). CK: creatine kinase level 
≥ upper limit of normal. Genotypes are classified according to CTG repeat number. Adjusted values are reported in brackets. Signifi-
cance: p < 0.05 two tailed. Significant results are in bold.
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not significantly different as measured by MIRS, mRS 
and muscle strength both in total (p > 0.05) and in UE 
(p = 0.1) and LE (p = 0.09). 

Univariate Cox proportional hazard analysis showed 
that worsening in MIRS was significantly predicted by 
younger age at baseline. Kaplan Meier survival curves in 
Fig 1a show the probability of worsening on MIRS in sub-
jects aged either above or below the mean of 30.1 years 
(Log rank test p  =  0.003). Multivariate Cox regression 
analysis, as shown in Table III, confirmed lower risk of 
progression (HR 0.26, CI 0.09-0.78, p = 0.01) in the old-
est patients. This result was further validated by a logistic 
model with multiple imputed data, where old age of onset 
(OR 0.30, CI 0.15-0.59, p  <  0.001) and female gender 
(OR 0.15, CI 0.075-0.30, p = 0.001) showed a protective 
effect towards the risk of worsening on MIRS (Tab. IV).

Gender 

At the end of follow-up, muscle force in UE was di-
minished by 22% in male patients versus 17% in females. 
In LE, the decrease from baseline was 29% in males ver-
sus 23% in females. MIRS scores worsened by 17% in 
males versus 10% in females, and mRS decline reached 
50% in males versus 32% in females. However, the pro-
portion of worsening was never statistically significant 
between genders, and males did not differ from females 
in assessment scale scores at the end of follow-up (data 
not shown). 

Cardiac and vascular involvement 

In our cohort, during follow-up, cardiac involvement 
occurred in 75% of patients aged below 30.1 years vs 

Figure 1. Cox analysis and Log rank test. Fig 1a) Kaplan-Meier survival curves expressing the probability of worsen-
ing in MIRS from age of onset in subjects with age either above or below the mean age p = 0.003, at Log rank test; b) 
Kaplan-Meier survival curves expressing the probability of worsening in MIRS from age of onset in genotypes E1 or 
E2 and E3, p = 0.016 at Log rank test; c) Kaplan-Meier survival curves expressing the risk of NIV from age of onset in 
subjects with age above or below the mean age, p < 0.04 at Log rank test; d) Kaplan-Meier survival curves expressing 
the probability of worsening in MRC total scores in genotypes E1 or E2 and E3, p < 0.004 at Log rank test. 
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52.9% in older patients, without statistically significant 
difference between groups.

The presence of cardiac and vascular morbidities 
pooled together confirmed at 8-years’ follow-up a signif-
icant impact on worsening in MIRS scores (OR 3.57, CI 
2.00 -6.37, p < 0.002) (Tab. IV).

Progression to NIV 
NIV, either CPAP or BIPAP, was initiated during 

follow-up in 12 cases (36.4%) with equal occurrence 
between genders. The median age at NIV start was 
50.5 years (Range 33-54, IQR12.5; mean 48.0 ± 9.41) 
and the median time from onset/diagnosis to NIV 

was 195 months (Range 24- 553, IQR 200; mean 
214.9 ± 130.1). 

Expansion size and need for NIV

Median time to NIV in genotype E1 was 348 months 
versus 240 months in genotype E3. The times to start NIV 
differed significantly among genotypes E1 vs E3, and E2 
vs E3 (p < 0.05) as shown in Figure 2b. Regarding blood 
gas analysis, only pCO2 on last assessment differed in 
E2 and E3 group from basal pCO2 (p  =  0.04), where-
as among E1 patients the worsening was not significant 
(Tab. II). A significant difference between FVC value was 
detected between group E1, E2 and E3 already at baseline 

Figure 2. Cox analysis and Log rank test. a) and c) Kaplan-Meier survival curves expressing the probability of being 
free of worsening in strength, assessed by MRC in UE and in LE in the three genotypes. For both analysis p < 0.001, at 
Log rank test; Anova model: b) Box plot showing the time to NIV in months in the three genotypes. The boxes repre-
sent 25th, 50th and 75th percentiles. The diamond inside each box shows the median and the wriskers shows the range. 
Two comparaisons highlighted with lines are significant at TK comp test; d) Box plot showing the changes in MIRS at 
baseline and during follow-up at 24, 48, 72 and 96 months since onset in patients carrying different genotypes. The 
diamond inside each box shows the median and the wriskers show the range. Two comparisons highlighted with the 
lines are significant; p-value < 0.01.
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(p basal =  0.03), and more obviously on last assessment 
(p = 0.006), confirming that FVC is a reliable indicator of 
progression 31.

Influence of baseline age, gender and cardiac 
involvement on the need for NIV

Among the 12 patients who received NIV, 41% (5) 
were older and 58% (7) younger than mean age. The me-
dian survival time to NIV was 324 months (Range 88-
553) in the youngest, and 123 months (range 24-288) in 
the oldest subjects. Kaplan-Meier curve (Fig.  1c) indi-
cated that the age of onset influenced survival to NIV: 
younger patients showed longer survival, but higher risk 
of NIV requirement, as demonstrated in univariate (HR 
4.96, CI 1.07-22.8, p = 0.04) and multivariate Cox regres-
sion analysis (HR 7.54, CI 1.43-39.7, p = 0.01)(unshown 
results).

Regarding gender, the median time to NIV initiation 
did not show a statistically significant difference: 187 
months in males (range 55-553), and 217 months in fe-
males (range 24-362). 

The presence of cardiac involvement was inde-
pendently associated with an increased risk of NIV re-
quirement at 96 months, as resulted in MI data analysis 
(OR 11.5, CI 1.17-113.7, p = 0.03) (Tab. IV). 

Discussion 
In the present study we describe the effect of clinical 

and genetic parameters on neurological and respiratory 
outcome in a group of DM1 patients followed-up to 18 
years. 

Knowledge about the progression of strength decline 
is crucial in DM1 1-4,9,24-27. Only a few longitudinal studies 
of DM1 have documented quantitatively the decline of 
muscle strength with repeated measurements 9,25-27,42. We 
demonstrated a significant worsening at the end of fol-
low-up in all selected clinical outcome measures. Regard-

ing the progression in the distribution of strength loss, 
we could not find a statistically significant difference of 
decline in UE as compared to LE. This result differs from 
that obtained by other authors 1,9,25,27 and could be due to 
our sample size, to the key muscle group chosen, or to 
bias related to the measurement method. Interestingly, 
we recorded a difference in strength of UE and LE limbs 
among ventilated as compared to non-ventilated subjects 
(p = 0.01 and 0.02, respectively).

Role of expansion size 

Although caution should be kept in using CTG repeat 
size to predict future symptoms, there is reliable consen-
sus that patients with small CTG expansions generally 
have milder symptoms, whereas increased expansion 
size is broadly associated with earlier disease onset and 
increased clinical severity  1,4,8,9-12,24,27,30,31. Vivekanand et 
al. 31 suggested a cumulative influence on disease severity 
of size of trinucleotide repeat and length of patient expo-
sure to the expanded CTG, i.e. their age at presentation. 

In our study, we confirm a significant association be-
tween worsening in all outcome measures and expansion 
size, as shown by survival graphs in Figure 1b and 1d. 
Furthermore, patients with high number of CTG repeats 
showed lower muscle strength as well as worse disability 
scores at baseline. Moreover, we found a statistically sig-
nificant difference in extremity strength bewteen ventilat-
ed and non-ventilated subjects, meaning that respiratory 
impairment is linked to strength loss in the limbs 33. Rossi 
et al. 30 concluded that CTG expansion is an independent 
predictor of respiratory restriction, and Boussaïd et al. 2,3 
found that a higher CTG repeat number was associated 
with larger decreases over time in PFTs. Hawkins et al. 43 

highlighted the issue of central versus peripheral respi-
ratory control, where alveolar hypoventilation could be 
partially related to respiratory muscle weakness, and par-
tially to involvement of the respiratory center in the brain 
stem, causing chronic hypercapnia. On the contrary, Thil 

Table IV. Results from univariate and multivariate logistic regression analysis expressing the risk of NIV and of worsen-
ing on MIRS (≥ 1 point) as outcome.

 
 

NIV Worsening on MIRS (≥ 1 point)
OR 95% CI P OR 95% CI P

Gender (female)
1.1 0.26-4.54 0.89 0.35 0.20-0.59 < 0.001

(0.71) (0.13-3.74) 0.69 (0.15) (0.075-0.30) (< 0.001)

Age at onset (> 30.1 y)
0.53 0.12-2.2 0.39 0.34 0.10-0.60 < 0.001

(0.89) (0.16-4.72) 0.89 (0.30) (0.15-0.59) (0.001)

Cardiac /vascular comorbidities
12.1 1.31-111.2 0.028 3.73 2.15-6.48 < 0.001
(11.5) (1.17-113.7) (0.03) (3.57) (2.00-6.37) (< 0.002)

OR: odds ratio. 95% CI: 95% confidence interval. In brackets, adjusted results.
The last three columns display results obtained at 8-years’of follow-up with multiple imputation method (MI). (see methods for details) 
p significant < 0.05 two tailed. Significant results are in bold. 



Long term prognosis of DM1

117

et al.  44 found no association between longitudinal lung 
function impairment and number of CTG repeats or blood 
gas analysis. Our results on respiratory impairment con-
firm that CTG expansion size showed a significant effect 
on respiratory impairment and NIV need. 

Role of baseline age 

Different clinical phenotypes are recognized accord-
ing to age of onset. De Antonio et al. 24 provided strong 
evidence for a disease classification model based on five 
clinical forms; their data demonstrated that all forms of 
DM1 differ in terms of CTG expansion size, frequency 
of symptoms and age of onset of disease manifestations. 
In our cohort, all the patients were older than 14 years at 
the time of enrollment, therefore they could be included 
into juvenile or adult form of the disease. We made the 
choice of splitting our sample into two groups, based on 
age of onset. Our patients, either younger or older than 
mean age, were not different at baseline in MIRS and 
muscle strength scores. However, as shown by the surviv-
al curve (Fig. 1a), we found an expected effect of younger 
age on progression: longer survival to MIRS worsening 
in terms of age for older patients as compared to younger 
ones. Regarding NIV requirement as end point, youngest 
subjects exhibited higher risk of occurrence, but longer 
survival to the event. 

Effect of gender 

At baseline neither muscle strength measures nor 
disability scores significantly differed between genders, 
except for MIRS where females were significantly worse 
than males at baseline. The latter finding is interesting 
and could be due to an uneven prevalence of some clinical 
signs in males and females. According to Dogan et al. 8, 
men more frequently exhibit myotonia, cardiac signs, re-
strictive syndrome and muscle weakness, whereas wom-
en more often show cataracts, dysphagia, digestive tract 
dysfunction, thyroid disorders and obesity.

At the end of follow-up the change in strength, MIRS 
and disability scores did not differ statistically between 
genders; however, at 8-years of follow-up, the risk of 
worsening in MIRS was significantly lower in females, 
suggesting a different rate of progression. Gagnon et al. 25 
documented, in a 9-year study on 100 DM1 subjects, a 
higher loss in distal muscle groups with a decrease over 
50%. This significant loss of strength was found for both 
men and women separately; however, men had greater 
strength decline over time than women for all muscle 
groups, suggesting that the stronger the participants were 
at baseline, the more important was the strength loss at 
9 years. Hammaren et al.  26 pooled results from differ-
ent clinical phenotypes in a 5-years’ study on 43 patients 

with assessment only of lower limb strength: their female 
patients showed a statistically significant change at five 
years in hip flexors (-1.3%), whereas in males there was 
a significant decrease in all examined muscle groups. 
Mathieu et al.  42, in 50 DM1 subjects studied cross-sec-
tionally showed a decrease of 1.2-1.6% per year for prox-
imal muscle groups and of 2.0-3.0% per year for distal 
muscle groups with no significant difference between 
genders (0.99% in females and 1.54% in males per year).

Cardiac and vascular involvement 

Cardiac complications are the second leading cause 
of death in DM1  4,5,8,22,28, 30,31,37,45-47. Overall, the cardiac 
phenotype of DM1 is complex and includes an approx-
imately three-fold higher risk of sudden cardiac death 
compared to age-matched healthy controls.29,30 Metabolic 
abnormalities, including diabetes mellitus, hypertension, 
atherosclerosis, hyperlipidemia are known risk factors of 
anticipated mortality in DM1 4. Moreover, an autonomic 
nervous system dysfunction, diagnosed on the basis of 
heart rate variability and increased temporal dispersion 
of myocardial repolarization argues in favor of a heart in-
volvement in DM1 that might go beyond the known con-
duction system involvement  4. Cardiac arrhythmias are 
common in DM1 4,29,46 and have been shown by Kaminsky 
et al. 29 to have a broad correlation in severity with age, 
muscular impairment, male gender, lung involvement and 
extent of the molecular defect.

 Cardiac involvement in DM1patients occurs as a 
degenerative process, with progressive fibrosis and fatty 
replacement of the myocardium, which involves not only 
the specialized conduction system, but also other areas, 
initially unaffected, of the working atrial and ventric-
ular myocardium  46,47. As pointed out by Russo et al.  47 
this pathologic substrate facilitates conduction disorders 
and systolic dysfunction in populations with DM1. Sev-
eral clinical, metabolic and endocrine features of DM1 
phenotype usually affect the elderly, and signs of accel-
erated aging in DM1 are cardiac conduction disturbance 
and endocrine abnormalities, as glucose intolerance and 
dyslipidemia  29. Cardiac symptoms and signs and other 
vascular morbidities in our patients had an incidence sim-
ilar to previous reports 4,7,29,30. Another interesting finding 
to be further investigated was the increased risk for NIV 
requirement in patients with cardiac involvement, possi-
bly reflecting the interrelated multisystem nature of the 
disease 29,30.

Limitations of the study
Inherent limitations of this study lie in the design 

based on a retrospective analysis of clinical medical re-
cords although most of the patients were followed pro-
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spectively at our Center since the time of the diagnosis 
for a very long longitudinal care. A further limitation 
might the small sample size which is due the fact that 
we included only subjects with a diagnosis confirmed by 
genetic molecular testing in the subjects. However, our 
data are comprehensive and repeatidly validated by three 

neurologists 

Conclusions
By concluding, large CTG expansions and age of dis-

ease onset were significantly associated with neurologic 
and respiratory impairment during a follow-up period 
of more than 24  months. Moreover, our study suggests 
that females showed lower relative risk of neurological 
worsening at 8 years. Finally, multisystem involvement, 
especially through cardiac diseases, exerts a significant 
negative effect on neurological progression and respira-
tory impairment. These results should be confirmed in 
prospective trials on a larger population of DM1 patients. 

In a clinical setting, the management of DM1 pa-
tients should be carried out with a multidisciplinary ap-
proach which includes a periodic cardiac and respiratory 
assessment  4,29-31,46,47,51-54. Particular attention should be 
paid especially to those patients who carry large CTG 
expansions.

Disclosure statements

The authors declare no conflict of interest or sources 
of funding

The authors alone are responsible for the content and 
writing of the paper

The study was approved by the Ethic Committee 
AVEN of Modena.

Informed Consent was obtained from the patients in-
volved in the study.

References 
1	 Bouchard J-P, Cossette L, Bassez G, et al. Natural history of skel-

etal muscle involvement in myotonic dystrophy type 1: a retro-

spective study in 204 cases. J Neurol 2015;262:285-93. https://doi.

org/10.1007/s00415-014-7570-x

2	 Boussaïd G, Lofaso F, Santos DB, et al. Factors influencing com-

pliance with non-invasive ventilation at long-term in patients with 

myotonic dystrophy type 1: a prospective cohort. Neuromuscul 

Disord 2016;26:666-74. https://doi.org/10.1016/j.nmd.2016.07.014

3	 Boussaïd G, Wahbi K, Laforet P, et al. Genotype and other de-

terminants of respiratory function in myotonic dystrophy type 1. 

Neuromuscul Disord 2018;28:222-8. https://doi.org/10.1016/j.

nmd.2017.12.011

4	 Bucci E, Testa M, Licchelli L, et al. A 34-year longitudinal study 

on long-term cardiac outcomes in DM1 patients with normal ECG 

at baseline at an Italian clinical centre. J Neurol 2018;265:885-95. 

https://doi.org/10.1007/s00415-018-8773-3

5	 Chong-Nguyen C, Wahbi K, Algalarrondo V, et al. Association be-

tween mutation size and cardiac involvement in myotonic dystro-

phy type 1: an analysis of the DM1-Heart registry. Circ-Cardiovasc 

Genet 2017;10.

6	 Contardi S, Pizza F, Falzone F, et al. Development of a disabili-

ty scale for myotonic dystrophy type 1: functional disability scale 

for DM1 patients. Acta Neurol Scand 2012;125:431-8. https://doi.

org/10.1111/j.1600-0404.2011.01587.x

7	 Cudia P, Bernasconi P, Chiodelli R, et al. Risk of arrhythmia in 

type I myotonic dystrophy: the role of clinical and genetic vari-

ables. J Neurol Neurosurg Psychiatry 2009;80:790-3. https://doi.

org/10.1136/jnnp.2008.162594

8	 Dogan C, De Antonio M, Hamroun D, et al. Gender as a modifying 

factor influencing myotonic dystrophy type 1 phenotype severity 

and mortality: a Nationwide Multiple Databases cross-section-

al observational study. PLos One 2016;11:e0148264. https://doi.

org/10.1371/journal.pone.0148264

9	 Gagnon C, Chouinard MC, Laberge L, et al. Health supervision 

and anticipatory guidance in adult myotonic dystrophy type 1. 

Neuromuscul Disord 2010;20:847-51. https://doi.org/10.1016/j.

nmd.2010.08.006

10	 Mahadevan M, Tsilfidis C, Sabourin L, et al. Myotonic dystrophy 

mutation: an unstable CTG repeat in the 3’ untranslated region of 

the gene. Science 1992;255:1253-5. https://doi.org/10.1126/sci-

ence.1546325

11	 Meola G. Clinical aspects, molecular pathomechanisms and man-

agement of myotonic dystrophies. Acta Myol 2013;32:154-65.

12	 Thornton CA. Myotonic dystrophy. Neurol Clin 2014;32:705-19. 

https://doi.org/10.1016/j.ncl.2014.04.011

13	 Koch MC, Grimm T, Harley HG, et al. Genetic risks for children of 

women with myotonic dystrophy. Am J Hum Genet 1991;48:1084-91.

14	 Brunner HG, Nillesen W, van Oost BA, et al. Presymptomatic diag-

nosis of myotonic dystrophy. J Med Genet 1992;29:780-4. https://

doi.org/10.1136/jmg.29.11.780

15	 Fu YH, Pizzuti A, Fenwick RG Jr, et al. An unstable triplet re-

peat in a gene related to myotonic muscular dystrophy. Science 

1992;255:1256-8.

16	 Caskey CT, Pizzuti A, Fu YH, et al. Triplet repeat mutations in 

human disease. Science 1992;256:784-9. https://doi.org/10.1126/

science.1589758

17	 Redman JB, Fenwick RG Jr, Fu YH, et al. Relationship between 

parental trinucleotide GCT repeat length and severity of myotonic 

dystrophy in offspring. JAMA 1993;269:1960-5.

18	 Kanadia RN, Johnstone KA, Mankodi A, et al. Myotonic dystrophy 

type 1: role of CCG, CTC and CGG interruptions within DMPK 

alleles in the pathogenesis and molecular diagnosis. Science 

2003;302:1978-80. https://doi.org/10.1126/science.1088583

https://doi.org/10.1007/s00415-014-7570-x
https://doi.org/10.1007/s00415-014-7570-x
https://doi.org/10.1016/j.nmd.2016.07.014
https://doi.org/10.1016/j.nmd.2017.12.011
https://doi.org/10.1016/j.nmd.2017.12.011
https://doi.org/10.1007/s00415-018-8773-3
https://doi.org/10.1111/j.1600-0404.2011.01587.x
https://doi.org/10.1111/j.1600-0404.2011.01587.x
https://doi.org/10.1136/jnnp.2008.162594
https://doi.org/10.1136/jnnp.2008.162594
https://doi.org/10.1371/journal.pone.0148264
https://doi.org/10.1371/journal.pone.0148264
https://doi.org/10.1016/j.nmd.2010.08.006
https://doi.org/10.1016/j.nmd.2010.08.006
https://doi.org/10.1126/science.1546325
https://doi.org/10.1126/science.1546325
https://doi.org/10.1016/j.ncl.2014.04.011
https://doi.org/10.1136/jmg.29.11.780
https://doi.org/10.1136/jmg.29.11.780
https://doi.org/10.1126/science.1589758
https://doi.org/10.1126/science.1589758
https://doi.org/10.1126/science.1088583


Long term prognosis of DM1

119

19	 Brisson D, Houde G, St-Pierre J, et al. The pleiotropic expression of 

the myotonic dystrophy protein kinase gene illustrates the complex 

relationships between genetic, biological and clinical covariates of 

male aging. Aging Male 2002;5:223-32. 

20	 Hilton-Jones D. Myotonic dystrophy: forgotten aspects of an often 

neglected condition. Curr Opin Neurol 1997;10:399-401. 

21	 Tomé S, Gourdon G.Tomé S, et al. DM1 phenotype variabili-

ty and triplet repeat instability: challenges in the development of 

new therapies. Int J Mol Sci 2020;21:457. https://doi.org/10.3390/

ijms21020457

22	 Santoro M, Masciullo M, Silvestri G, et al. Myotonic dystrophy 

type 1: role of CCG, CTC and CGG interruptions within DMPK 

alleles in the pathogenesis and molecular diagnosis. Clin Genet 

2017;92:355-64. https://doi.org/10.1111/cge.12954

23	 Fu YH, Friedman DL, Richards S, et al. Decreased expression 

of myotonin-protein kinase messenger RNA and protein in adult 

form of myotonic dystrophy. Science 1993;260:235-8. https://doi.

org/10.1126/science.8469976

24	 De Antonio M. Dogan C, Hamroun D, et al. Unravelling the 

myotonic dystrophy type 1 clinical spectrum: a systematic regis-

try-based study with implications for disease classification. Revue 

Neurologique 2016:172:572-80. https://doi.org/10.1016/j.neu-

rol.2016.08.003

25	 Gagnon C, Petitclerc É, Kierkegaard M, et al. A 9-year follow-up 

study of quantitative muscle strength changes in myotonic dystro-

phy type 1. J Neurol 2018;265:1698-705. https://doi.org/10.1007/

s00415-018-8898-4

26	 Hammarén E, Kjellby-Wendt G, Lindberg C. Muscle force, balance 

and falls in muscular impaired individuals with myotonic dystrophy 

type 1: a five-year prospective cohort study. Neuromuscul Disord 

2015;25:141-8. https://doi.org/10.1016/j.nmd.2014.11.004

27	 Petitclerc É, Hébert LJ, Mathieu J, et al. Relationships between 

lower limb muscle strength impairments and physical limitations in 

DM1. J Neuromuscul Dis 2018;5:215-24. https://doi.org/10.3233/

JND-170291

28	 Groh WJ, Groh MR, Saha C, et al. Electrocardiographic abnormal-

ities and sudden death in myotonic dystrophy type 1. N Engl J Med 

2008;358:2688-97. https://doi.org/10.1056/NEJMoa062800

29	 Kaminsky P, Brembilla-Perrot B, Pruna L, et al. Age, conduc-

tion defects and restrictive lung disease independently predict 

cardiac events and death in myotonic dystrophy. Int J Cardiol 

2013;162:172-88. https://doi.org/10.1016/j.ijcard.2011.05.070

30	 Rossi S, Della Marca G, Ricci M, et al. Prevalence and predictor 

factors of respiratory impairment in a large cohort of patients with 

myotonic dystrophy type 1 (DM1): a retrospective, cross section-

al study. J Neurol SCI 2019;399:118-24. https://doi.org/10.1016/j.

jns.2019.02.012

31	 Vivekananda U, Turner C. A model to predict ventilator require-

ment in myotonic dystrophy type 1. Muscle Nerve 2019;59:683-7. 

https://doi.org/10.1002/mus.26471

32	 Monteiro R, Bento J, Gonçalves MR, et al. Genetics correlates with 

lung function and nocturnal ventilation in myotonic dystrophy. 

Sleep Breath 2013;17:1087-92. https://doi.org/10.1007/s11325-

013-0807-6

33	 Naddaf E, Milone M. Hereditary myopathies with early respirato-

ry insufficiency in adults: respiratory failure myopathies. Muscle 

Nerve 2017;56:881-6. https://doi.org/10.1002/mus.25602

34	 Wahbi K, Porcher R, Laforêt P, et al. Development and validation 

of a new scoring system to predict survival in patients with myo-

tonic dystrophy type 1. JAMA Neurol 2018;75:573. https://doi.

org/10.1001/jamaneurol.2017.4778

35	 Nugent A-M, Smith IE, Shneerson JM. Domiciliary-assisted venti-

lation in patients with myotonic dystrophy. Chest 2002;121:459-64. 

https://doi.org/10.1378/chest.121.2.459

36	 Hermans MCE, Pinto YM, Merkies ISJ, et al. Hereditary muscular 

dystrophies and the heart. Neuromuscul Disord 2010;20:479-92. 

https://doi.org/10.1016/j.nmd.2010.04.008

37	 Lau JK, Sy RW, Corbett A, Kritharides L. Myotonic dystrophy 

and the heart: a systematic review of evaluation and manage-

ment. Int J Cardiol 2015;184:600-8. https://doi.org/10.1016/j.ij-

card.2015.03.069

38	 Ponikowski P, Voors A, Anker S, et al. 2016 ESC Guidelines for 

the diagnosis and treatment of acute and chronic heart failure. The 

Task Force for the diagnosis and treatment of acute and chronic 

heart failure of the European Society of Cardiology (ESC) devel-

oped with the special contribution of the Heart Failure Association 

(HFA) of the ESC. Eur Heart J 2016;37:2129-200. https://doi.

org/10.1093/eurheartj/ehw128

39	 Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guidelines for 

the management of atrial fibrillation developed in collaboration with 

EACTS. The Task Force for the management of atrial fibrillation of 

the European Society of Cardiology (ESC) developed with the special 

contribution of the European Heart Rhythm Association (EHRA) of 

the ESC Endorsed by the European Stroke Organisation (ESO). Eur 

Heart J 2016;37:2893-962. https://doi.org/10.1093/eurheartj/ehw210

40	 Okkersen K, Monckton DG, Le N, et al. Brain imaging in myotonic 

dystrophy type 1: a systematic review. Neurology 2017;89:960-9. 

https://doi.org/10.1212/WNL.0000000000004300

41	 Lee KJ, Carlin JB. Multiple imputation for missing data: fully con-

ditional specification versus multivariate normal imputation. Am J 

Epidemiol 2010;171:624-32. https://doi.org/10.1093/aje/kwp425

42	 Mathieu J, Boivin H, Meunier D, et al. Assessment of a disease-spe-

cific muscular impairment rating scale in myotonic dystrophy. Neu-

rology 2001;56:336-40. https://doi.org/10.1212/WNL.56.3.336

43	 Hawkins AM, Hawkins CL, Abdul Razak K, et al. Respiratory dysfunc-

tion in myotonic dystrophy type 1: a systematic review. Neuromuscul 

Disord 2019;29:198-212. https://doi.org/10.1016/j.nmd.2018.12.002

44	 Thil C, Agrinier N, Chenuel B, et al. Longitudinal course of lung 

function in myotonic dystrophy type 1: short report. Muscle Nerve 

2017;56:816-8. https://doi.org/10.1002/mus.25604

https://doi.org/10.3390/ijms21020457
https://doi.org/10.3390/ijms21020457
https://doi.org/10.1111/cge.12954
https://doi.org/10.1126/science.8469976
https://doi.org/10.1126/science.8469976
https://doi.org/10.1016/j.neurol.2016.08.003
https://doi.org/10.1016/j.neurol.2016.08.003
https://doi.org/10.1007/s00415-018-8898-4
https://doi.org/10.1007/s00415-018-8898-4
https://doi.org/10.1016/j.nmd.2014.11.004
https://doi.org/10.3233/JND-170291
https://doi.org/10.3233/JND-170291
https://doi.org/10.1056/NEJMoa062800
https://doi.org/10.1016/j.ijcard.2011.05.070
https://doi.org/10.1016/j.jns.2019.02.012
https://doi.org/10.1016/j.jns.2019.02.012
https://doi.org/10.1002/mus.26471
https://doi.org/10.1007/s11325-013-0807-6
https://doi.org/10.1007/s11325-013-0807-6
https://doi.org/10.1002/mus.25602
https://doi.org/10.1001/jamaneurol.2017.4778
https://doi.org/10.1001/jamaneurol.2017.4778
https://doi.org/10.1378/chest.121.2.459
https://doi.org/10.1016/j.nmd.2010.04.008
https://doi.org/10.1016/j.ijcard.2015.03.069
https://doi.org/10.1016/j.ijcard.2015.03.069
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1212/WNL.0000000000004300
https://doi.org/10.1093/aje/kwp425
https://doi.org/10.1212/WNL.56.3.336
https://doi.org/10.1016/j.nmd.2018.12.002
https://doi.org/10.1002/mus.25604


Marco Mazzoli et al.

120

45	 Wahbi K, Babuty D, Probst V, et al. Incidence and predictors of sud-

den death, major conduction defects and sustained ventricular tach-

yarrhythmias in 1388 patients with myotonic dystrophy type 1. Eur 

Heart J 2016;38:751-8. https://doi.org/10.1093/eurheartj/ehw569

46	 Petri H, Vissing J, Witting N, et al. Cardiac manifestations of myo-

tonic dystrophy type 1. Int J Cardiol 2012;160:82-8. https://doi.

org/10.1016/j.ijcard.2011.08.037

47	 Russo V, Sperlongano S, Gallinoro E, et al. Prevalence of left ven-

tricular systolic dysfunction in myotonic dystrophy type 1: a sys-

tematic review. J Card Fail 2019:S1071-9164(19)30204-0. https://

doi.org/10.1016/j.cardfail.2019.07.548

48	 Lund M, Diaz LJ, Ranthe MF, et al. Cardiac involvement in myoton-

ic dystrophy: a nationwide cohort study. Eur Heart J 2014;35:2158-

64. https://doi.org/10.1093/eurheartj/ehu157

49	 Pfeffer G, Povitz M, Gibson GJ, et al. Diagnosis of muscle diseases 

presenting with early respiratory failure. J Neurol 2015;262:1101-

4. https://doi.org/10.1007/s00415-014-7526-1

50	 Poussel M, Thil C, Kaminsky P, et al. Lack of correlation between 

the ventilatory response to CO2 and lung function impairment 

in myotonic dystrophy patients: evidence for a dysregulation at 

central level. Neuromuscul Disord 2015;25:403-8. https://doi.

org/10.1016/j.nmd.2015.02.006

51	 Shneerson JM, Simonds AK. Noninvasive ventilation for chest wall 

and neuromuscular disorders. Eur Resp J 2002;20:480-7. https://

doi.org/10.1183/09031936.02.00404002

52	 Sansone VA, Gagnon C. 207th ENMC Workshop on chronic respira-

tory insufficiency in myotonic dystrophies: management and impli-

cations for research, 27-29 June 2014, Naarden, The Netherlands. 

Neuromuscul Disord 2015;25:432-42. https://doi.org/10.1016/j.

nmd.2015.01.011

53	 Ashizawa T, Gagnon C, Groh WJ, et al. Consensus-based care 

recommendations for adults with myotonic dystrophy type 

1. Neurol Clin Pract 2018;8:507-20. https://doi.org/10.1212/

CPJ.0000000000000531

54	 Meola G, Cardani R. Myotonic dystrophies: an update on clinical 

aspects, genetic, pathology, and molecular pathomechanisms.  Bio-

chim Biophys Acta 2015;1852:594-606. https://doi.org/10.1016/j.

bbadis.2014.05.019

https://doi.org/10.1093/eurheartj/ehw569
https://doi.org/10.1016/j.ijcard.2011.08.037
https://doi.org/10.1016/j.ijcard.2011.08.037
https://doi.org/10.1016/j.cardfail.2019.07.548
https://doi.org/10.1016/j.cardfail.2019.07.548
https://doi.org/10.1093/eurheartj/ehu157
https://doi.org/10.1007/s00415-014-7526-1
https://doi.org/10.1016/j.nmd.2015.02.006
https://doi.org/10.1016/j.nmd.2015.02.006
https://doi.org/10.1183/09031936.02.00404002
https://doi.org/10.1183/09031936.02.00404002
https://doi.org/10.1016/j.nmd.2015.01.011
https://doi.org/10.1016/j.nmd.2015.01.011
https://doi.org/10.1212/CPJ.0000000000000531
https://doi.org/10.1212/CPJ.0000000000000531
https://doi.org/10.1016/j.bbadis.2014.05.019
https://doi.org/10.1016/j.bbadis.2014.05.019

