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The myotonic dystrophies are the commonest cause of adult-onset muscular dystrophy. 
Phenotypes of DM1 and DM2 are similar, but there are some important differ-
ences, including the presence or absence of congenital form, muscles primarily 
affected (distal vs proximal), involved muscle fiber types (type 1 vs type 2 fibers), 
and some associated multisystemic phenotypes. There is currently no cure for the 
myotonic dystrophies but effective management significantly reduces the morbid-
ity and mortality of patients. For the enormous understanding of the molecular 
pathogenesis of myotonic dystrophy type 1 and myotonic dystrophy type 2, these 
diseases are now called “spliceopathies” and are mediated by a primary disorder 
of RNA rather than proteins. Despite clinical and genetic similarities, myotonic 
dystrophy type  1 and type  2 are distinct disorders requiring different diagnos-
tic and management strategies. Gene therapy for myotonic dystrophy type 1 and 
myotonic dystrophy type 2 appears to be very close and the near future is an excit-
ing time for clinicians and patients.

Key words: myotonic dystrophy type 2, DM2, proximal myotonic myopathy, PROMM, 
DMPK, CNBP

Introduction
The myotonic dystrophies are the more frequent muscle disorders in 

adulthood. So far 2 distinct entities have been described: myotonic dystro-
phy type 1 (DM1) and myotonic dystrophy type 2 (DM2).

In this article I review the discovery of the gene, the clinical features, 
pathogenetic and management of more recently described DM2. All find-
ings related mainly to clinical aspects, pathomolecular mechanisms, new 
guidelines of management have been updates to 2020.

Discovery of the genes
Myotonic dystrophies represent a group of dominantly inherited, mul-

tisystem (eye, heart, brain, endocrine, gastrointestinal tract, uterus, skin) 
diseases that share the core features of myotonia, muscle weakness, and 
early onset cataracts (before 50 years of age). The gene defect responsible 
for myotonic dystrophy described by Steinert on 1908, was discovered in 
1992 and was found to be caused by expansion of a CTG repeat in the 3’ 
untranslated region of myotonic dystrophy protein kinase gene (DMPK), a 
gene located on chromosome 19q13.3, encoding a protein kinase 1-3. After 
the discovery of this gene defect, DNA testing revealed a group of patients 
with dominantly inherited myotonia, proximal more than distal weakness, 
and cataracts; these patients were previously diagnosed as having myo-
tonic dystrophy of Steinert but lacked the gene defect responsible for this 
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disease. Subsequent clinical studies of kindreds with pa-
tients having these characteristics led to new diagnostic 
labels for these patients: myotonic dystrophy type 2  4, 
proximal myotonic myopathy (PROMM) 5,6, or proximal 
myotonic dystrophy (PDM) 7. Later studies demonstrated 
that many of the families identified as having myotonic 
dystrophy type 2, PROMM, or PDM had a single disorder 
that results from an unstable tetranucleotide CCTG repeat 
expansion in intron 1 of the nucleic acid-binding protein 
(CNBP) gene (previously known as zinc finger 9 gene, 
ZNF9) on chromosome 3q21 8,9.

Myotonic dystrophy of Steinert, the classical form of 
myotonic dystrophy that results from an unstable trinu-
cleotide repeat expansion on chromosome 19q13.3, was 
termed myotonic dystrophy type 1-DM1. Patients with the 
clinical picture of myotonic dystrophy type 2, PROMM, or 
PDM who have positive DNA testing for the unstable tetra-
nucleotide repeat expansion on chromosome 3q21 were 
classified as having myotonic dystrophy type  2 (DM2). 
Reliability of DNA testing to establish or to exclude the 
diagnosis of myotonic dystrophy type 1 is close to 100% 10. 
However, caution is necessary in the diagnosis of myoton-
ic dystrophy type 2. At present, much more information 
is available on the natural history of DM1 than DM2, but 
knowledge of myotonic dystrophy type 2 will increase at a 
rapid pace over the next several years.

Biological basis: pathomolecular 
mechanisms

Myotonic dystrophy type 2 results from an unsta-
ble tetranucleotide repeat expansion, CCTG in intron 1 
of the nucleic acid-binding protein (CNBP) gene (previ-
ously known as zinc finger 9 gene, ZNF9) on chromo-
some 3q21 8,9,11,12. The cause for the unstable expansion 
is unknown. In contrast to the (CTG)n repeat in myotonic 
dystrophy type 1, in myotonic dystrophy type  2/prox-
imal myotonic myopathy the (CCTG)n repeat is a part 
of the complex repetitive motif (TG)n(TCTG)n(CCTG)
n, and the (CCTG)n repeat tract is generally interrupted 
in healthy range alleles by 1 or more GCTG, TCTG, or 
ACTG motifs, whereas it is typically uninterrupted in the 
expanded alleles 9,11,13.

The size of the (CCTG)n repeat is below 30 repeats 
in normal individuals, whereas the range of expansion 
sizes in myotonic dystrophy type  2 patients is huge  13. 
The smallest reported mutations vary between 55 and 75 
CCTG 9,13 and the largest expansions have been measured 
to be about 11,000 repeats  9. The expanded myotonic 
dystrophy type 2 alleles show marked somatic instability, 
with significant increase in length over time 9,14, thus the 
threshold size of the disease-causing mutation remains to 
be determined. The size of the CCTG repeat appears to 

increase over time in the same individual, and, like myo-
tonic dystrophy type 1, this is a dynamic gene defect 14. 
These 2 genetic findings complicate the correlation be-
tween genotype and phenotype (Tab. I). The gene muta-
tion responsible for myotonic dystrophy type 2 appears 
to have arisen from a Northern European founder  11,12, 
but single-kindred Afghan 15 and Japanese 16 cases have 
been described. Both mutations are believed to have oc-
curred after migration out of Africa, between 120,000 
and 60,000 years ago. The age of the myotonic dystrophy 
type  2 founder mutation has been estimated at 4000 to 
12,000 years (about 200 to 540 generations) 11. The mo-
lecular pathomechanism leading to the manifestations of 
myotonic dystrophy type 2 is felt to be similar to that in 
myotonic dystrophy type 1 and relates to a toxic effect of 
the abnormally expanded RNA that accumulates in the 
muscle nuclei 17-21.

The fact that 2 repeat sequences located in entirely 
different genes can cause such similar disease features 
implies a common pathogenic mechanism. The clinical 
and molecular parallels between myotonic dystrophy 
type 1 and type 2 strongly suggest that the mutant RNAs 
containing the repeat expansions that accumulate in the 
cell nuclei as foci are responsible for the pathological 
features common to both disorders. It is now clear that 
the gain-of-function RNA mechanism is the predominant 
cause of myotonic dystrophy pathogenesis in which the 
CUG and CCUG repeats alter cellular function of sever-
al RNA-binding proteins. It has been demonstrated that 
mutant CUG and CCUG RNAs are very stable due to a 
deficiency of RNA helicase p68  22. The expanded CUG 
and CCUG RNA form hairpins, imperfect double-strand-
ed structures that lead to dysregulation of 2 important 
RNA-binding proteins: muscleblind like 1 (MBNL1) and 
CUG-binding protein 1 (CUGBP1), which are antagonist 
regulators of alternative splicing of various genes  23,24. 
Data demonstrate that MBNL1-containing foci in myo-
tonic dystrophy type 2 cells also sequester snRNPs and 
hnRNPs, splicing factors involved in the early phases of 
transcript processing 25,26, thus strengthening the hypoth-
esis that a general alteration of pre-mRNA posttranscrip-
tional pathway could be at the basis of the multifactori-
al phenotype of myotonic dystrophy type 2 patients. In 
myotonic dystrophies, the downregulation of MBNL1, 
due to its sequestration in mutant RNA foci, and the up-
regulation of CUGBP1 result in abnormal expression of 
embryonic isoforms in adult tissues. The alteration of 
pre-mRNA processing strengthens the hypothesis of a 
spliceopathy that leads to an expression of isoforms inad-
equate for a particular tissue or developmental stage 27,28. 
In both myotonic dystrophy type 1 and type 2, missplic-
ing of insulin receptor gene (INSR) was associated with 
insulin resistance. However, Renna and colleagues re-
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ported that post-receptor insulin signal transduction via 
both IRS1-Akt/PKB and Ras-ERK pathway is impaired 
in myotonic dystrophy skeletal muscle, thus contributing 
to insulin resistance observable in myotonic dystrophy 
type 1 and type 2 patients  29. Moreover, myotonic dys-
trophy skeletal muscle exhibits a lower expression of the 
insulin receptor in type 1 fibers, contributing to the de-
fective activation of the insulin pathway 30. It is now clear 
that the molecular pathomechanism of myotonic dystro-
phies is more complex than actually suggested 31.

miRNAs are small, noncoding RNA modulating gene 
expression at the posttranscriptional level, and their ex-
pression and intracellular distribution are deregulated in 
many human diseases, including muscular dystrophies 32-

36. Both in myotonic dystrophy type 1 and in myotonic 
dystrophy type 2 it has been demonstrated that the high-
ly regulated pathways of miRNA are altered in skeletal 
muscle, potentially contributing to myotonic dystrophy 
pathogenetic mechanisms 34-36. A deregulation of microR-
NA in skeletal muscle and plasma from myotonic dys-
trophy type 2 patients has been also reported  36,37. The 
identification of minimally invasive analytical biomark-
ers for myotonic dystrophies and the established potential 
of circulating miRNAs as prognostic and diagnostic bio-
markers are particularly important to monitor myotonic 
dystrophies progression and the effectiveness of new drug 
treatments. 

A novel molecular mechanism that may contribute 
to the pathogenesis of myotonic dystrophies has been de-
scribed by Zu and collaborators 38. RNA transcripts con-
taining expanded CAG or CUG repeats can be translated 
in the absence of a starting ATG, and this noncanonical 
translation, called repeat associated non-ATG transla-
tion (RAN-translation), occurs across expanded repeats 
in all reading frames to produce potentially toxic ho-
mopolymeric proteins 38,39. It has been demonstrated that 
RAN-translation also occurs across transcripts containing 
the myotonic dystrophy type 2 CCUG or CAGG expan-
sion mutation, producing tetra-repeat expansion proteins 
with a repeating Leu-Pro-Ala-Cys (LPAC) or Gln-Ala-
Gly-Arg (QAGR) motif 40. Both LPAC and QAGR RAN 

proteins accumulate in myotonic dystrophy type 2 human 
autopsy brains in distinct patterns. For LPAC, cytoplas-
mic aggregates are found in neurons, astrocytes, and glia 
in the gray matter regions of the brain. In contrast, QAGR 
RAN protein accumulation, which is nuclear, is found 
primarily in oligodendrocytes located in white matter re-
gions of the brain. Moreover, it has been evidenced that 
RAN protein accumulation can be modulated by MBNL1 
levels and that nuclear sequestration of CCUG, CUG, or 
CAG RNAs decrease steady-state levels of RAN pro-
teins 40. These data suggest that RAN-translation may be 
common to both myotonic dystrophy type 1 and type 2 
and that RAN proteins may be responsible for some of 
the CNS features of myotonic dystrophies.

Another open question in the field of myotonic dys-
trophies is to clarify the pathomechanisms underlying 
the phenotypic differences between myotonic dystrophy 
type 1 and type 2. Clinical signs in myotonic dystrophy 
type 1 and type 2 are similar, but there are some distin-
guishing features: myotonic dystrophy type 2 is generally 
less severe and lacks a prevalent congenital form. This 
suggests that other cellular and molecular pathways are 
involved besides the shared toxic-RNA gain of function 
hypothesized. An important step forward in understand-
ing the differences between myotonic dystrophy type 1 
and type 2 has been made. Indeed, rbFOX1 has been re-
ported as a novel RNA binding protein that specifically 
binds to expanded CCUG repeats, but not to expanded 
CUG repeats. rbFOX1 is enriched in skeletal muscle, 
heart, and brain and is involved in the regulation of var-
ious aspects of mRNA metabolism. In the study, it has 
been demonstrated that rbFOX1 co-localizes with CCUG 
RNA foci in muscle cells and skeletal muscle tissues of 
individuals with myotonic dystrophy type 2, but not with 
CUG RNA foci in myotonic dystrophy type 1 samples 41. 
Interestingly, rbFOX1 competes with MBNL1 for bind-
ing to CCUG expanded repeats, and its overexpression 
partly releases MBNL1 from sequestration within CCUG 
RNA foci in muscle cells. Furthermore, expression of rb-
FOX1 corrects alternative splicing alterations and rescues 
muscle atrophy, climbing, and flying defects caused by 

Table I. Etiology of DM1 and DM2.
DM1 DM2

Chromosomal locus 19q 13.3 3q 21.3
Gene DMPK ZNF9/CNBP
Inheritance Autosomal dominant Autosomal dominant
Mechanism CTG repeat expansion CCTG repeat expansion
Normal repeat size < 37 < 27
Pathologic repeat size > 50 > 75?
Expanded repeat range 50-4000 75-5000 -> 11000
Anticipation Yes -----
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expression of expanded CCUG repeats in a Drosophila 
model of myotonic dystrophy type 2 41.

Several studies have revealed a role for CNBP in 
myotonic dystrophy type 2. CNBP deletion in several ani-
mal models results in severe brain and muscle phenotypes 
and other abnormalities similar to those seen in myotonic 
dystrophy type 2 42-45. These defects can be rescued by re-
introduction of wild-type levels of CNBP, suggesting that 
a loss of CNBP function likely contributes to myotonic 
dystrophy type 2. Two reports using cell models describe 
a reduction of the rate of protein translation in myotonic 
dystrophy type 2 muscle cells due to a decrease of CNBP 
protein levels in myotonic dystrophy type  2 myoblasts 
and adult muscle 46 and due to the interaction of CCUG 
repeats with cytoplasmic multiprotein complexes, which 
dysregulate translation and degradation of proteins in 
patients  47. Sammons and colleagues report that CNBP 
activity is reduced in myotonic dystrophy type 2 human 
myoblasts leading to a decrease in CNBP activation of 
IRES-mediated translation of the human ODC and sug-
gest that CNBP activity may contribute to myotonic dys-
trophy type  2 phenotype  48. Moreover, the reduction of 
CNBP expression has been reported in myotonic dystro-
phy type 2 muscle biopsies but not in myotonic dystrophy 
type 1, thus explaining some of the phenotypic disparities 
between both types of myotonic dystrophies 49. Taken to-
gether, these data suggest that myotonic dystrophy type 2 
pathology may be due to a combination of an RNA gain 
of function and CNBP loss of function.

The role of CUGBP1 in myotonic dystrophy type 2 
is particularly intriguing, with contradictory results be-
ing reported 47,49-51. Cardani and colleagues demonstrated 
that this protein is overexpressed in muscle biopsies from 
patients affected by the adult classical form of myotonic 
dystrophy type 1 but not in muscle from myotonic dystro-
phy type 2 patients, suggesting that sequestration of MB-
NL1 evidently has a central role in splicing misregulation 
in both types of myotonic dystrophies, whereas CUGBP1 
overexpression might be an additional pathogenic mech-
anism in myotonic dystrophy type 1 not shared by myo-
tonic dystrophy type  2  49. However, it has been shown 
that MBNL1 overexpression in a mouse model of RNA 
toxicity (DM200) is not effective in reversing myotonic 
dystrophy type 1 phenotypes such as myotonia and cardi-
ac conduction abnormalities. Also, the mice do not show 
improvement in function assays such as grip strength or 
treadmill running, and MBNL1 overexpression notably 
increases muscle histopathology and results in variable 
rescue of a number of splicing targets 52.

Vihola and collaborators investigated the molecular 
basis of muscle weakness and wasting and the differences 
in muscle phenotype between myotonic dystrophy type 1 
and type 2. They identified differences in muscle gene ex-

pression and splicing between myotonic dystrophy type 1 
and type 2 patients. In particular, the aberrant splicing iso-
form of TNNT3 is twice as frequent in myotonic dystrophy 
type 2 compared to myotonic dystrophy type 1. Moreover, 
in myotonic dystrophy type 1 and type 2, a different protein 
expression pattern has been found in the highly atrophic 
fibers  53. Concerning myotonic dystrophy type  2, skel-
etal muscle phenotype has been studied in heterozygous 
Cnbp KO mice and in human muscle samples 54. The study 
demonstrates that CNBP protein expression is reduced in 
cytoplasm of myotonic dystrophy type 2 muscle fibers, and 
it is predominantly localized at membrane level where its 
interaction with α-dystroglycan is increased compared to 
controls. These findings suggest that alterations of CNBP 
in myotonic dystrophy type 2 might cause muscle atrophy, 
not only via misregulation of mRNA but also via pro-
tein-protein interactions with membrane proteins affecting 
myofiber membrane function 54.

Epidemiology
Myotonic dystrophy type  2 appears to have a lower 

prevalence than myotonic dystrophy type 1 and primarily af-
fects populations with a Northern European heritage 12. For 
myotonic dystrophy type 2, there are currently no established 
prevalence estimates; myotonic dystrophy type 2 is general-
ly thought to be rarer than myotonic dystrophy type 1, but 
large-scale population studies to confirm this have not been 
performed. In Germany, 267 mutation-verified molecular di-
agnoses were made between 2003 and 2005 compared with 
277 myotonic dystrophy type 1 diagnoses within the same 
period. These data suggest that myotonic dystrophy type 2 
appears to be more frequent than previously thought, with 
most myotonic dystrophy type 2 patients currently undiag-
nosed with symptoms frequently occurring in the elderly 
population 55. However, many patients in older generations 
with myotonic dystrophy type 1 or type 2 with milder symp-
toms are clearly undiagnosed. It is noteworthy that recessive 
mutations in the chloride channel gene CLCN1, which have 
a high frequency in the general population, can act as mod-
ifiers in patients with myotonic dystrophy type 2 disease by 
amplification of their myotonia 56-58. Meola’s group has iden-
tified myotonic dystrophy type 2 patients presenting an atyp-
ical phenotype characterized by early and severe myotonia 
without mutation on the CLCN1 gene but with mutations on 
SCN4A gene 59-61. Thus, both CLCN1 and SCN4A mutations 
may contribute to exaggerate the myotonia in myotonic dys-
trophy type 2 60.

Clinical manifestation
There are no distinct clinical subgroups in DM2, and 

clinical presentation comprises a continuum ranging from 
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early adult-onset severe forms to very late-onset mild 
forms that are difficult to differentiate from normal ag-
ing. Only 2 cases of neonatal forms have been reported 
so far in the literature: 1 of these patients had reduced in-
trauterine movements and muscle hypotonia after birth 62, 
and the second had only congenital talipes equinovarus 
without any other clinical sign 63. At present, there is no 
evidence of a congenital or childhood form of myotonic 
dystrophy type 2 14. The main difference in DM2 in com-
parison to DM1 is the absence of congenital form. Myo-
tonic dystrophy type 2 typically presents in adulthood and 
has variable manifestations such as early onset cataracts 
(less than 50 years of age), various grip myotonias, thigh 
muscle stiffness, muscle pain, and weakness (in hip flex-
ors, hip extensors, or long flexors of the fingers) 4-6,14,64-67. 
These complaints often appear between 20 and 50 years 
of age. Posterior subscapular cataract before 50 years 
of age is a characteristic feature of myotonic dystrophy 
type 2, and early onset cataract can be a presenting fea-
ture of the disease, preceding all other symptoms 68. Pain 
is a common as well as a highly relevant problem for ma-
ny patients with myotonic dystrophy type 2, with an esti-
mated lifetime prevalence of 76% and a negative effect on 
quality of life 69. Patients and their care providers ascribe 
the symptoms to overuse of muscles, “pinched nerves”, 
“sciatica”, arthritis, or fibromyalgia. In comparison to 
other chronic muscle disorder patients, myotonic dystro-
phy type 2 patients more frequently describe a pain that 

is sometimes reported to be exercise-related, tempera-
ture-modulated, and palpation-induced (Tab. II) 70. Young-
er patients may complain of stiffness or weakness when 
running up steps, whereas they infrequently complain of 
cramps. The muscle pain in myotonic dystrophy type 2 
has no consistent relationship to exercise or to the sever-
ity of myotonia found on clinical examination. The pain, 
which tends to come and go without obvious cause, usu-
ally fluctuates in intensity and distribution over the limbs. 
It can last for days to weeks. This pain seems qualitatively 
different from the muscle and musculoskeletal pain that 
occurs in patients with myotonic dystrophy type 1. In a 
study on qualitative as well as quantitative aspects of pain 
in patients with myotonic dystrophy type 2, it has been 
observed that mechanical hyperalgesia is the main find-
ing present in the rectus femoris, trapezius, and thenar, 
suggestive of at least a peripheral mechanism of pain 69. 
Pain appears to be most often located symmetrically in 
the proximal limbs 69. Myotonic dystrophy type 2 scored 
significantly lower than myotonic dystrophy type 1 on the 
bodily pain scale, indicating more body pain in myotonic 
dystrophy type 2. This finding has a high disease impact 
on physical as well as on mental health functioning 71, and 
on professional performance  72. A transcriptomic analy-
sis performed on 12 muscle biopsy specimens obtained 
from myotonic dystrophy type  2 patients has identified 
14 muscle genes significantly up- or down-regulated in 
myalgic patients compared to nonmyalgic myotonic dys-

Table II. Multisystemic aspects of adult onset DM2.
Brain • Similar visual-spatial executive function deficits to those present in DM1
Heart • Significant disturbances in conduction much less common than in DM1
Respiratory • Obstructive sleep apnea
Anesthesia • Limited information is available to determine if there is a significant and increased 

risk of general anesthesia. Recommended careful monitoring in postoperative pe-
riod until more information is published

Hypersomnia and fatigue • Excessive daytime sleepness is not as prominent in DM1
• Obstructive sleep apnea
• CNS and muscle related fatigue

Endocrine • Gonadal insufficiency
• Low testosterone
• Erectile dysfunction
• Insulin resistance
• Hyperlipidemia
• Hypothyroidism

Pregnancy • Limited information is available to determine if there is significant risk of complica-
tion during pregnancy and delivery

• Weakness and stiffness may worsen during pregnancy and improve following de-
livery

Muscle pain • Often a major simptoms, expecially in the arms and upper lower back
• Fluctuates in duration, location and intensity
• Can worsen with exercise and cold temperature
• Aches and stiffness
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trophy type 2 patients. These data support the idea that 
molecular changes in the muscles of myotonic dystrophy 
type 2 patients are associated with muscle pain and sug-
gest that muscle-specific molecular pathways might play 
a significant role in myalgia 73. 

Early in the presentation of myotonic dystrophy 
type  2, there is only mild weakness of hip extension, 
thigh flexion, and finger flexion. Myotonia of grip and 
thigh muscle stiffness varies from minimal to moderate 
severity over days to weeks. Direct percussion of forearm 
extensor and thenar muscles is the most sensitive clinical 
test for myotonia in myotonic dystrophy type 2. Myoto-
nia may appear only on electromyographic testing after 
examination of several muscles  14,64. Facial weakness is 
mild in myotonic dystrophy type 2 as is muscle wasting 
in the face and limbs (Fig. 1). Weakness of neck flexors is 
frequent. Trouble arising from a squat is common, espe-
cially as the disease progresses (Fig. 2). Calf muscle hy-
pertrophy occasionally is prominent (Fig. 3). Other man-
ifestations, such as excessive sweating, hypogonadism, 
glucose intolerance, cardiac conductions disturbances, 
cognitive alterations, and neuropsychological alterations, 
may also occur and worsen over time 6,14,65,74. Sleep com-
plaints and breathing disorders are also frequent in myo-
tonic dystrophy type 2 75.

A study on frequency and progression of cardiac and 
muscle involvement in a large cohort of patients with 
myotonic dystrophy type  2 demonstrated that the fre-
quency and severity of cardiac involvement and muscle 
weakness are reduced in myotonic dystrophy type 2 com-
pared to myotonic dystrophy type 1 and that progression 
is slower and less severe 76. Nevertheless, careful cardiac 
evaluation is recommended to identify patients at risk for 
potential cardiac major arrhythmia. A retrospective study 
comprised of 62 adult patients with myotonic dystrophy 

type  2 showed that cardiac conduction and rhythm de-
fects are relatively rare in myotonic dystrophy type 2, al-
though diastolic dysfunction is common, suggesting that 
regular ECG and echocardiography screening is needed 
in these patients  77. Cardiovascular magnetic resonance 

Figure 3. Calf hypertrophy in a patient affected by DM2.

Figure 1. Mild atrophy, grade 4 MRC proximal muscle 
weakness in upper limbs in a patient affected by DM2.

Figure 2. Moderate atrophy and weakness of proximal 
lower limbs (grade 3 MRC) with difficulty in arising from a 
chair in a patient affected by DM2.
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demonstrates that in myotonic dystrophy type 2 patients 
subclinical myocardial injury was already detectable in 
preserved left ventricular ejection fraction. Moreover, 
extracellular volume was also increased in regions with 
no focal fibrosis and myocardial fibrosis was related to 
conduction abnormalities 78.

Patients with both myotonic dystrophy type  1 and 
type 2 have lower scores on frontal lobe functioning tests 
compared to controls and have an increased prevalence of 
avoidant personality disorders 6. In a study aimed to ana-
lyze personality patterns in a cohort of myotonic dystro-
phy type 1 and type 2 patients, no significant personality 
impairments have been observed in patients with myoton-
ic dystrophy type 2, and the most common clinical symp-
toms observed in these patients were anxiety and soma-
tization  79. In patients with type 2 disease, conventional 
brain MRI findings can be entirely normal. However, in 
advanced stages or more severe cases, diffuse white-mat-
ter changes can be present although be less pronounced 
than or different to that in myotonic dystrophy type 1 80,81. 
It has been reported that the main transcranial sonography 
finding in myotonic dystrophy type 2 patients is brainstem 
raphe hypoechogenicity, which is associated with fatigue 
and excessive daytime sleepiness. In addition, substantia 
nigra hyperechogenicity and increased diameter of the 
third ventricle has been observed 82. The type of cognitive 
impairment that occurs in myotonic dystrophy type 2 is 
similar to but less severe than that of myotonic dystrophy 
type  1. A specific type of “avoidant” personality and a 
significant impairment in frontal lobe function (especially 
limited ability to perform executive functions) have been 
observed in myotonic dystrophy type  1 and type  2 pa-
tients, although these abnormalities were milder in myo-
tonic dystrophy type  2 patients  82. Similar observations 
have been reported in a study performed in a larger cohort 
of myotonic dystrophy type 2 patients  84. In conclusion 
there are clinical, neuropsychological, and neuroimaging 
data that support the hypothesis of central nervous system 
involvement also in myotonic dystrophy type 2 85.

Gastrointestinal manifestations are common in myo-
tonic dystrophy type 2 patients, affecting their quality of 
life. A study on progression of gastrointestinal manifes-
tations in these patients reports that during the 5 years 
of follow-up, the most common changes are the devel-
opment of trouble swallowing and constipation and that 
female patients demonstrate a greater risk of a gastroin-
testinal manifestation  86. A relatively high frequency of 
cholecystectomy on average before 45 years of age is also 
reported 86.

It has been reported that hearing impairment is a fre-
quent symptom in myotonic dystrophy type  2 patients 
and that the sensorineural hearing impairment is located 
in the cochlea 87. This suggests it is important to perform 

audiometry when hearing impairment is suspected in or-
der to propose early hearing rehabilitation with hearing 
aids when indicated.

In a study conducted on a large cohort of 307 genet-
ically-confirmed myotonic dystrophy type  2 patients, a 
profound gender and age influence on the phenotype has 
emerged, emphasizing that female gender and aging may 
be associated with a higher disease burden 88. Indeed, it 
appears that with aging, there is a tendency towards the 
worsening of weakness, whereas myalgia and myotonia 
tend to decrease. Females seem to be more severely af-
fected than men as they show more frequently muscle 
weakness, multisystem involvement, and need of using 
walking aids. This study suggests that these age- and gen-
der-specific differences should be considered in diagnos-
tics, management, and future clinical studies of myotonic 
dystrophy type 2.

It has been observed that metabolic syndrome is 
common in myotonic dystrophy type 2 patients but not 
more frequent than in healthy subjects. However, treat-
ment of metabolic disturbances may reduce cardiovascu-
lar complications and improve quality of life in patients 
with myotonic dystrophy type 2 89.

Body composition assessed by DEXA (dual-energy 
x-ray absorptiometry) reveals that patients with myotonic 
dystrophy type 1 and type 2 have similar total body mass, 
bone mineral content, fat mass, and lean tissue mass. Pa-
tients with myotonic dystrophy type 2 have less visceral 
fat deposition than those affected by myotonic dystrophy 
type 1. Also, right rib bone mineral density was lower in 
myotonic dystrophy type 2 patients 90.

Overall the prognosis for patients with myotonic dys-
trophy type 2 is more favorable than for individuals with 
myotonic dystrophy type 1. Patients usually have a slow-
er, less severe, and less widespread progression of muscle 
weakness and less muscle wasting. Does not seem to be a 
more severe phenotype associated with the homozygotic 
form of this disease 15. As in myotonic dystrophy type 1, 
patients with myotonic dystrophy type  2 who have an 
earlier onset of symptoms have an earlier onset of myo-
tonia and weakness  91. The natural history of myotonic 
dystrophy type 2 remains to be fully defined, but present 
information indicates that most patients have a normal 
lifespan. Respiratory failure, hypersomnia, and recurrent 
aspiration or pneumonia are not common in myotonic 
dystrophy type 2 72. Cardiac conduction disturbances oc-
cur  67, but they are less frequent compared to myotonic 
dystrophy type 1 92,93. An investigation using a variety of 
standard tests of autonomic function (response to Val-
salva maneuver, deep breathing, change in posture, grip, 
analysis of heart rate variability) reveals no major abnor-
malities in patients with myotonic dystrophy type 2 94.
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Diagnosis
The gold standard for establishing the diagnosis of 

myotonic dystrophy type 2/proximal myotonic myopathy 
is to demonstrate the presence of abnormal CCTG repeats 
in the 3q21 zinc finger protein 9 (ZNF9/CNBP) gene in-
volved with myotonic dystrophy type 2. 

Leucocyte DNA testing is also available for myoton-
ic dystrophy type 2, but previous DNA analysis for diag-
nosing myotonic dystrophy type 2 and proximal myoton-
ic myopathy may have missed as many as 20% of affected 
individuals 14. As for myotonic dystrophy type 1, a new 
ready to use genetic test has been validated to identify the 
myotonic dystrophy type  2 disease, with the advantage 
to reduce errors that can be introduced using homemade 
reagents 95. However, the myotonic dystrophy type 2 di-
agnostic odyssey is complicated by the difficulties to de-
velop an accurate, robust, and cost-effective method for a 
routine molecular assay 60.

A more practical tool for myotonic dystrophy type 2 
diagnosis than the complex genotyping procedure is via 
in situ hybridization detection of nuclear accumulations 
of CCUG-containing RNA in myotonic dystrophy type 2 
muscle biopsy using specific probes  21,96. Moreover, be-
cause MBNL1 is sequestered by mutant RNA foci, it is 
possible to visualize the nuclear accumulation of MBNL1 
by immunofluorescence on muscle sections. However, al-
though MBNL1 represents a histopathological marker of 
myotonic dystrophies, it does not allow one to distinguish 
between myotonic dystrophy type 1 and myotonic dys-
trophy type 2 96. Another tool to investigate muscle weak-
ness and wasting is muscle imaging with MRI. In type 2 
disease, early muscular changes develop in the anterior 
vastus group of thigh muscles, with relative sparing of 
the rectus femoris 98. The main aspects of multisystemic 
involvement are summarized in the Table II.

Management
In general, the management of myotonic dystrophy 

type 2 is similar to myotonic dystrophy type 1, but there 
is less need for supportive care like bracing, scooters, 
or wheelchairs. Cataracts require monitoring, and seri-
al monitoring of ECG is necessary to check for covert 
arrhythmia. Disturbances in cardiac rhythm are less fre-
quent in myotonic dystrophy type  2, but abnormalities 
do occur 14,67. Hypogonadism and insulin resistance need 
monitoring as in myotonic dystrophy type  1. Myotonia 
tends to be less marked and less troublesome in myoton-
ic dystrophy type 2, but in specific circumstances, espe-
cially if muscle stiffness is frequent and persistent, an-
ti-myotonia therapy with mexiletine is helpful. Cognitive 
difficulties also occur in myotonic dystrophy type 2, as in 

myotonic dystrophy type 1, and appear to be associated 
with decreased cerebral blood flow to frontal and anteri-
or temporal lobes 74 and decreased brain volume 94,99,100. 
The changes are less severe than in myotonic dystrophy 
type 1. Their etiology is unknown but may relate to the 
toxic effect of intranuclear accumulations of abnormally 
expanded RNA. Management of these brain symptoms is 
similar to that for myotonic dystrophy type 1.

A frequent and difficult problem in myotonic dystro-
phy type 2 is the peculiar muscle pain described earlier. 
The exact mechanism underlying the pain is unknown, 
and there is no well-established effective treatment. Car-
bamazepine or mexiletine along with nonsteroidal an-
ti-inflammatory medications ameliorate this pain in some 
patients. However, others with severe pain may require 
opiates on a regular basis to obtain relief. Fortunately, this 
peculiar muscle pain is not typical in myotonic dystrophy 
type 1. Guidelines on diagnosis and management have 
been published 98. Care considerations and management 
issues on the wide spectrum of disease manifestations in 
DM2 have been published recently by a Consortium of 
international Experts 101.

For pregnancy and anesthesia there are some special 
considerations.

Pregnancy

Studies of prenatal diagnosis using sensitive DNA 
testing for myotonic dystrophy type  2 myopathy  14 are 
theoretically possible and more information is likely to 
become available in near future. If a mother has myoton-
ic dystrophy type 2 with only minimal symptoms at the 
time of her pregnancy, she may have an increased risk 
of developing myotonia and weakness in the later stages 
of the pregnancy  14,102. In 1 study of 96 pregnancies in 
42 myotonic dystrophy type 2 women, it was found that 
21% of the women had their first myotonic symptoms 
during their pregnancy. Additionally, 17% of their preg-
nancies ended in miscarriages, and 27% ended in preterm 
labor 103. Two reports suggest that the symptoms that de-
velop during pregnancy reverse after delivery  14,102, but 
more information is necessary to make such a prediction 
with certainty.

Anesthesia

One study of a large number of individuals with myo-
tonic dystrophy type 2 has found no significant problems 
with the ability of patients to tolerate general anesthe-
sia  14. In a report of a large German patient cohort, the 
overall frequency of severe complications was 0.6% (2 of 
340). The overall lower risk seems to be predominantly 
related to the minor respiratory involvement in myotonic 
dystrophy type 2 than in myotonic dystrophy type 1 104.
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Conclusions
Twenty-eight years have passed since the (CTG)n re-

peat expansion mutation was discovered in patients with 
myotonic dystrophy type 1, and 19 years ago the (CCTG)
n mutation was identified in type  2 disease. Emerging 
data indicate that molecular pathomechanisms are much 
more complex than could have been envisioned when the 
respective mutations were just identified. RNA toxicity 
clearly has a major role, yet spliceopathy alone does not 
seem to fully account for all aspects of the multisystemic 
phenotype in myotonic dystrophies. Other pathomech-
anisms consistent with the toxic RNA model probably 
entail regulation of gene expression and translation and 
various cellular stress pathways and extend beyond the 
nucleus to the cytoplasm. Nevertheless, it is important to 
emphasize that despite clinical and genetic similarities, 
myotonic dystrophy type  1 and type  2 are distinct dis-
orders requiring different diagnostic and management 
strategies.

Although treatment of myotonic dystrophy type 1 
and myotonic dystrophy type  2 is currently limited to 
supportive therapies, new therapeutic approaches based 
on pathogenic mechanisms may become feasible in near 
future.

The future holds great promise for advances in trans-
lational research in DM2. The teamwork will expedite the 
development of targeted therapies and improve the lives 
of patients and their families 105.
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