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Abstract  

 

Background: Our goal was to identify the spectrum, severity, and frequency of systemic 

disorders in patients with myotonic dystrophy type 1 (MD1) and myotonic dystrophy type 2 

(MD2). 

Methods: The national registry of muscular dystrophies exists in the Czech Republic. Using 

questionnaires incorporated into the registry we monitored the various systemic symptoms of 

the disease. From the registry, we identified frequently observed symptoms in patients with 

myotonic dystrophy that was less reported in the literature. Based on the information obtained 

we focused mainly on identifying the fertility impairment in women, the character of pain, 

and myotonia assessment. 

Results: The MD1 females show a significant decrease of AMH values (anti-Müllerian 

hormone; a measure of ovarian reserve) compared with age-matched healthy controls. AMH 

levels were similar between females with MD2 and controls. The frequency of long-term 

muscle pain seems to be similar in both types of myotonic dystrophy and its frequency is 

about 55%. Also, the pain intensity is almost identical in both MD types. The PainDETECT 

questionnaire showed the presence of a neuropathic component of pain in more than half of 

the MD2 patients examined. QST (Quantitative Sensory Testing) has shown frequent 

occurrences of thermal and algic sensory abnormalities in MD2 patients. All MD1 patients 

and half of the MD2 patients exceeded the upper limit of normal relaxation time after 

voluntary contraction (which indicates the myotonia) using a commercially available 

dynamometer. 

Conclusions: We suggest decreased ovarian reserve in women with MD1, but not in MD2. 

Further, we found no significant differences in the frequency, quality, and severity of pain 

between the different types of the disease. The pain descriptors and sensitivity profile support 

the hypothesis that pain in MD2 is also likely to have a neuropathic component. A 

commercially available dynamometer provides a valid and reliable quantitative measure of 

grip myotonia suitable as part of routine examinations. 
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Abstrakt 

 

Úvod: Naším cílem bylo identifikovat spektrum, tíži a frekvenci systémových poruch u 

pacientů s myotonickou dystrofií typu 1 (MD1) a myotonickou dystrofií typu 2 (MD2). 

Metody: V České republice existuje národní registr svalových dystrofií. Pomocí dotazníků 

začleněných do registru jsme sledovali různé systémové příznaky onemocnění. Pomoci 

registru jsme následně u pacientů  myotonickou dystrofií identifikovali příznaky, které byly v 

literatuře v souvislosti s myotonickou dystrofii uváděny méně často. Na základě získaných 

informací jsme se zaměřili zejména na identifikaci poškození plodnosti žen, charakter bolesti 

a hodnocení myotonie. 

Výsledky: Ženy s MD1 vykazují významný pokles hodnot AMH (anti-Müllerian hormon; 

míra ovariální rezervy) ve srovnání se zdravými kontrolami odpovídajícího věku. Hladiny 

AMH byly podobné mezi ženami s MD2 a kontrolami. Frekvence dlouhodobé bolesti svalů se 

zdá být u obou typů myotonické dystrofie podobná a její frekvence je přibližně 55%. Intenzita 

bolesti je také téměř identická u obou typů MD. Dotazník PainDETECT ukázal přítomnost 

neuropatické složky bolesti u více než poloviny vyšetřovaných pacientů s MD2. QST 

(Quantitative Sensory Testing) prokázalo častý výskyt tepelných a algických senzorických 

abnormalit u MD2 pacientů. Použitím komerčně dostupného dynamometru všichni pacienti s 

MD1 a polovina pacientů s MD2 překročili horní hranici normální doby relaxace po 

provedené kontrakci (což indikuje myotonii). 

Závěr: Předpokládáme sníženou ovariální rezervu u žen s MD1, ale nikoliv u MD2. Dále 

jsme nezjistili žádné významné rozdíly ve frekvenci, druhu a míře bolesti mezi oběma typy 

onemocnění. Deskriptory bolesti a profil citlivosti podporují hypotézu, že bolest u pacientů s 

MD2 pravděpodobně bude mít také neuropatickou složku. Komerčně dostupný dynamometr 

poskytuje spolehlivé kvantitativní měřítko testování myotonie vhodné jako součást rutinních 

vyšetření. 

 

Klíčová slova: myotonická dystrofie, bolest, neuropatická bolest, plodnost, ovariální rezerva, 

myotonie 
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1. Introduction 

Myotonic dystrophy (MD) is the most common form of muscular dystrophy in adults. It is a 

multisystem disease characterized by slowly progressive weakness of the skeletal muscles, 

myotonia, and the further involvement of several organ systems. The disease is divided into 

forms: type 1 (MD1) and type 2 (MD2). The "classic" type of myotonic dystrophy first 

described Steinert and colleagues in 1909 and it was called Steinert's disease (now MD1). 

Myotonic dystrophy type 2 was described much later, in 1994, as a new dominant disorder 

with lacking the gene defect responsible for Steinert's disease and was called Proximal 

myotonic myopathy (PROMM) or proximal myotonic dystrophy (PDM) in Europe [1–3], or 

myotonic dystrophy type 2 in the United States (current designation) [1]. Thus, these are two 

different diseases that share several features and pathogenetic mechanisms with similar 

diagnostic approaches and therapeutic consequences. 

 

2. Prevalence 

The prevalence of the disease (combined for both MD types) is estimated to be 12.5 per 

100,000 inhabitants (1/8,000) [4]. Although worldwide estimates of prevalence vary widely 

between different geographical and background-specific populations, usually between 0.5 and 

18.1 per 100,000 [5–8]. MD1 occurs worldwide with a significantly higher incidence in some 

regions, like Quebec (158 cases per 100,000 population) or Basque Country (26.5 cases per 

100,000 population) [9,10]. The prevalence is thus especially high in the less densely 

populated areas or regions [8]. MD2 is more frequent in the Central European region and 

Northern Europe, with a high prevalence of MD2 mutations reported in the population of 

Finland: 54.6 per 100,000 inhabitants [5]. The authors of this study suggest that MD2 patients 

are under-diagnosed because the symptoms of the disease frequently occur in the elderly 

population that making the diagnosis more complicated [5]. Therefore, we can suppose that 

the real prevalence of MD2 is significantly higher than reported. In the Czech Republic, like 

in other countries of central Europe, the prevalence of MD2 is higher than MD1 according to 

data from the register [11].  

For many countries, myotonic dystrophy represents the most common inherited muscle 

disorder in adulthood, but regional variations exist in the prevalence and incidence of each 

type. In most of the population, type 1 MD appears to be more common than type 2 [12]. 

However, certain studies suggest that type 2 may be as common as type 1, and perhaps even 

more frequent, in particular in northern and Central European countries such as Finland, 

Germany, and Czech Republic [5,11–13]. 
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3. Genetics 

The disease has an autosomal dominant pattern of inheritance with two genetically distinct 

types of disease. In both forms, molecular genetic analysis indicates distinct microsatellite 

expansions that occur in the non-coding regions of certain genes, specifically expanded and 

unstable trinucleotide (CTG) repeat, localized to the 3’ untranslated region of the dystrophia 

myotonica-protein kinase (DMPK) gene on chromosome 19q13.3 (MD1) and expanded and 

unstable tetranucleotide (CCTG) repeat in nucleic acid-binding protein (CNBP) gene on 

chromosome 3q21.3 (MD2, previous known as the zinc finger 9 (ZNF9) gene) [14–16]. In 

both cases, the gene including the abnormal repeat expansion is transcribed into RNA 

(ribonucleic acid) but not translated into protein. The mutant RNA accumulates in the nucleus 

and disturbs the function of RNA-binding proteins, and this disrupts the function of many 

different genes, which affects a lot of cells and organs of the human body, giving rise to the 

extremely heterogeneous phenotype with multisystemic involvement typical for the MD [17]. 

The gene defect responsible for MD1 was found in 1992 [14,15] and later in 2001 for MD2 

[16]. 

 

4. Molecular pathomechanism  

The fact that two repeat sequences located in different genes cause so similar disease features 

suggests the same (or similar) pathogenic mechanism [18]. As mentioned above, the 

expansion mutations (CTG/CCTG) are transcribed and these mutant RNAs with repeat 

expansions accumulate in the cell nuclei as foci, called ribonuclear inclusion [19–21]. This 

gain-of-function RNA mechanism is responsible for the pathologic features common to both 

disorders [20]. The expanded transcripts (CUG/CCUG) form hairpins (imperfect double-

stranded structure), which lead to deregulation of important RNA-binding proteins, as 

muscleblind–like protein 1 – 3 (MBNL1 – 3), CUGBP/Elav-like family member 1 (CELF1), 

or CUG-binding protein 1 (CUGBP1) [18,21–23]. The result is the decrease of MBNL1 and 

increase of CELF1 or CUGBP1 activity that lead to misregulation of alternative splicing other 

genes and other changes of the muscle transcriptome, which plays a main role in the 

development of MD symptoms [18,22,24]. It was identified more than 30 genes whose 

splicing is affected [4]. This hypothesis of a “spliceopathy” is also strengthened by recent data 

demonstrated that MBNL1-containing foci in MD2 cells also sequester snRNPs and hnRNPs, 

the splicing factors involved in the early phases of transcript processing [21,23,24]. This mis-

splicing tends to revert the splicing pattern to comprise many embryonic splice variants [25]. 

Although the spliceopathy may not fully explain the multisystemic disease spectrum of MD, 
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the typical symptoms of the disease as myotonia, insulin resistance, and cardiac problems are 

correlated with the disruption of the alternative splicing of the muscle chloride channel ClC-1 

(chloride voltage-gated channel 1, CLCN1), sodium channel SCN4A (sodium channel type 4 

subunit alpha), the insulin receptor, or the cardiac troponin T [26–30]. The mechanism 

responsible for muscle weakness and wasting is more complex with multiple pathogenic ways 

of altered transcription, translation, and cell signaling [18]. Pathological splicing of the 

bridging integrator-1 (BIN1) pre-mRNA in skeletal muscle plays a role in the pathogenesis of 

muscle weakness, and it is more evident in the muscles of MD1 patients than in MD2 patients 

[31]. Abnormal splicing of some sarcomeric proteins such as LDB3 (LIM domain-binding 

protein 3), MYOM1 (myomesin 1), and MYH14 (Myosin Heavy Chain 14) has also been 

described [32–35]. Alternative splicing of the calcium channel subunit CAV1.1 (CACNA1S) 

is also involved in the pathogenesis of muscle weakness [36]. It has been also described 

microRNAs dysregulations by MBNL1 in the pathogenesis of MD contributing to alteration 

of skeletal muscle and heart tissue [37–39]. There are phenotypic differences between the two 

MD forms. The fact that MD1 and MD2 have clinical differences indicates that additional 

factors are contributing to the disease pathomechanism besides the misregulation of 

alternative splicing. The reason may be the changes in the expression of neighboring genes of 

DMPK and CNBP or evidence that abnormal ZNF9 levels in MD2 may be altered on multiple 

levels and make the differences between MD1 and MD2 [18,40,41]. Thus it is possible that 

apart from the RNA toxicity the respective gene loci are contributing in different ways to the 

phenotype. 

 

5. Genotype-phenotype correlations 

For MD1, there is a correlation between the expansion of CTG-repeats and the onset of 

symptoms as well as the severity of the disease, ranging from mild to severe [42,43]. 5 to 37 

CTG-repeats are physiologic and occur in healthy individuals [18]. An expansion of CTG-

repeats between 38 and 49 reflects the pre-mutation phenotype typically without clinical 

symptoms, but with the risk of having children with larger, pathologically expanded repeats 

[18,44]. An expansion between 50–100 CTG-repeats causes a mild phenotype of disease or 

could be asymptomatic into old age [45]. A classic “adult-onset” MD1 with mild to severe 

phenotype has an expansion of 50–1,000 CTG-repeats [18]. There is also a childhood/juvenile 

phenotype with early-onset disease and typically has >800 CTG-repeats [46]. In the case of 

MD1, there is the most severe congenital form of the disease with usually >1,000 CTG-

repeats [46]. These correlations between phenotype and number of repetitions in MD1 are 
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shown in table 1. It is important to know, that phenotypes and CTG-repeat sizes do not show 

a strict relationship and phenotypes may overlap [47,48]. It was also found that CTG-repeat 

size correlates more significantly with the age of onset and disease severity below 400 CTG 

repeats [49]. Another finding is that the repeat length can vary between different tissues 

significantly, so the correlation between CTG-repeat size and the severity of the disease can 

be observed in the blood (in leukocytes) but not in other organs like is a muscle, where the 

repeat lengths are shown to be larger with no correlation between the repeat size and the 

degree of weakness [50,51]. Permanent somatic instability with variation in different tissue 

and cell types creates inter-tissue and inter-cell variability in the number of repetitions causing 

somatic mosaicism [51,52]. Moreover, it seems that gene defects in MD are dynamic, and 

repeat size appears to increase over time in the same individual [53]. This complicates a 

prediction of the clinical development of patients as the repeat length is usually measured in 

DNA (deoxyribonucleic acid) gained from the blood. 

In the congenital form of MD1, these large expansions are almost always caused by maternal 

transmission, but although it may be unusual, the possibility of the paternal transmission of 

congenital form is also known and should be mentioned when counseling families with MD 

[42,54,55]. It is interesting about paternal transmission, described in one study, that all fathers 

whose status was known had small repeat sizes and/or were asymptomatic at the time of their 

child's birth [54]. 

In the case of MD1, we can observe the anticipation phenomenon, when CTG-repeats will 

expand in every following generation with an earlier onset of disease and a more severe 

phenotype in the next generations [48]. The cause of anticipation is the instability of triplets in 

germ cells [51]. It is significantly higher in maternal alleles (children with the congenital form 

of MD1 are almost exclusively born to affected mothers), on the contrary, instability in male 

alleles can lead rarely to shortening of the expanded segment [51,56,57]. Furthermore, the 

repeat instability leads to premature aging of almost all organs, so MD1 may be counted 

among the progeroid diseases [25,58]. 

The size of the CCTG repeat in normal individuals is below 30 repeats [59]. In MD2 the 

smallest reported mutations were found between 55-75 CCTG (however, it is uncertain 

whether there was a significantly greater degree of expansion in some tissues due to 

mosaicism) [16,59], usually, it is around 5,000 repetitions, and the largest expansions have 

been reported to be up about 11,000 repeats [16]. As well as in MD1, we can find the 

premutation extent of repetition in MD2, repetition between 23–33 shows significant 

instability in the European population [5,59]. In MD2 we don´t observe the correlation 
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between the expansion of CCTG-repeats and disease severity. There is also a missing of a 

congenital form and we don´t note the anticipation phenomenon [60]. 

Both types of MD are monoallelic dominant diseases, one mutated allele is enough for the full 

development of the disease. In general, the homozygous state of expansive autosomal 

dominant gene mutations does not change (not getting worse) the phenotype of the disease 

compared to the heterozygous state. It is very rare in MD and has so far been described in 

only a small number of patients of both types of disease, and the clinical character and course 

of disease did not differ from carriers of heterozygous monoallelic mutations [61–63]. 

 

6. Clinical features 

Clinically, this multisystemic disorder is characterized by muscular and high variability of 

extramuscular symptoms.  

The MD1 recognizes four main forms: congenital, an early-onset, adult-onset, and late-

onset/asymptomatic.  

The congenital form of MD1 is the most severe form of the disease with symptoms before 

birth as polyhydramnios and reduced fetal movement [64,65]. Children may be born as 

premature infants and at birth or in the first days after delivery the typical symptoms are 

hypotonia, severe generalized weakness, facial weakness with a weak cry and the inability to 

suck, hyporeflexia, contractures, or arthrogryposis [65]. One of the features of affected infants 

is facial dysmorphia, like carp mouth or "fish-shaped" upper lip, an inverted V-shaped upper 

lip which is characteristic of severe facial weakness, then ptosis, long neck, and face or 

temporal muscle atrophy [18]. Respiratory insufficiency with respiratory failure and 

cardiorespiratory complications dramatically reduced the survival of newborns with a 

mortality rate of 30–40% [66]. Children reach their motor skills usually with some delay, but 

almost all children can walk. Besides muscular symptoms, cognitive impairment, mental 

retardation, learning disability, apathy, autism, impaired attention, anxiety, and depression are 

common manifestations in the congenital form of MD1 [67–70]. Mental retardation and 

cerebral atrophy may even precede the development of muscle weakness [71]. Furthermore, 

other abnormalities are associated with the congenital form of MD such as hydrocephalus, 

inguinal or hiatus hernia, undescended testis, congenital dislocation of the hip and heart 

defect, congenital cataract, or cleft lip [72,73]. 

The early-onset form of MD1 includes childhood and juvenile form and consists of a 

spectrum of symptoms of both the congenital and the adult phenotypes. In childhood-onset 

form, the first clinical symptoms may manifest at age 1–10 years and age 10–20 for juvenile-



13 

 

onset form [44]. Some symptoms like learning difficulties may become before muscular 

symptoms [70]. For childhood or juvenile type of MD1 are not typical symptoms like prenatal 

abnormalities or muscular symptoms right after delivery. Mild facial weakness or some facial 

dysmorphia may occur [44]. The main symptoms in the childhood-onset form are speech and 

learning difficulties because of mental handicap and low intelligence quotient (IQ) [70]. A 

study on MD1 patients with childhood form showed that the full-scale IQ was significantly 

decreased and additional psychiatric symptoms such as anxiety disorder, mood disorder, and 

attention-deficit-hyperactivity disorder were frequent [70]. The typical muscular symptoms 

like distal weakness and clinical myotonia may be presented in adolescence. The early 

conduction abnormalities are frequently described in this form and annual electrocardiograms 

and electrophysiological studies should be a part of routine management [18]. 

The core features of classic adult-onset MD1 are described below. Typical muscle and 

extramuscular involvement described in this work in MD1 patients are related to the adult-

onset form of the disease. The first symptoms of classic MD1 usually arise between the ages 

of 20 and 30. 

Mildly affected patients with late-onset form (with a low number of CTG repeats) and only 

minimally symptoms of the disease may have their diagnosis delayed until they are around 

40 years old (the age of onset ranges between 20 and 70 years) [45]. Patients may have only 

limited symptoms like mild myotonia, cataracts, or diabetes mellitus only, or even they are 

asymptomatic with no evidence of myotonia when using EMG [45]. 

In MD2 there are no distinct clinical subgroups and congenital or early-onset form does not 

exist [53]. The clinical onset of MD2 typically occurs later than MD1, around the third to 

fourth decade. Many patients may be unrecognized for several years due to only mild or 

unspecific clinical symptoms like myalgia [74]. Patients with onset of muscle weakness at old 

age may not be indicated for neuromuscular investigations due to generally expected 

weakness in elderly patients. Consequently, the majority of MD2 patients could be 

undiagnosed because of mild, unspecific, or late onset of symptoms. Some MD2 patients 

could be asymptomatic even until old age and they are detected (genetically) after diagnosing 

the disease in another family member. MD2 has variable manifestations, such as early-onset 

cataracts, mild myotonia, thigh muscle stiffness, and muscle pain, as well as weakness. 

Because of comorbidities, such as cardiac and pulmonary complications, life expectancy 

usually in patients with classic MD1 phenotype is reduced [47]. Mortality and morbidity in 

MD thus significantly depend on these systemic involvements and requires early diagnosis 

and treatment of these comorbidities [75]. In MD1 patients the life expectancy is greatly 
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reduced, particularly in those with early onset of the disease and proximal muscular 

involvement [7]. The high mortality reflects the frequent respiratory diseases, cardiovascular 

diseases, neoplasms, and sudden deaths presumably from cardiac arrhythmias [7]. 

Both types of disease have many similar symptoms and findings, but some features allow 

clinical distinction between MD1 and MD2 [12,18]. This is shown in table 2. 

 

6.1. Muscle symptoms  

The typical MD1 phenotype is characterized by a distinctive combination of muscular 

symptoms, such as facial weakness with ptosis, grip myotonia, and distal muscle weakness 

with muscular atrophy. Clinical symptoms of MD2 patients have large phenotypic variability 

from asymptomatic patients to severe muscular weakness.  

The changes in muscles of patients with both types generally lead to muscle atrophy. Muscle 

atrophy is mostly present in MD1 and is located especially in the face, distal hands, and legs. 

In MD2 muscular atrophy is usually absent. In contrast to muscular atrophy, some muscles 

enlarge, because muscle tissue is replaced by fat and connective tissue [76]. The enlargement 

often develops in MD2 patients, is most notably in calf muscles (gastrocnemius), and is called 

calf pseudohypertrophy, or "false enlargement". Pseudohypertrophy in MD2 patients can also 

occur in the muscles of the thighs. 

 

6.1.1. Muscle weakness 

The disorder manifests as progressive muscle weakness. Muscle weakness is the main and 

one of the most frequently reported symptoms in MD1 and MD2 [48,77]. 

Patients with MD1 have predominantly distal muscle weakness with muscular atrophy. Distal 

weakness mainly involves finger flexors, wrist flexors, and foot extensors. This muscle 

weakness leads to difficulty with performing tasks requiring fine dexterity of the hands. Distal 

foot weakness with foot drop frequently leads to repeated falls and injuries [78]. Over time, 

muscle weakness progress, and patients may have a slow proximal progression of muscle 

weakness. Sometimes proximal muscle weakness can occur late in the disease course. 

Nevertheless, in many patients, proximal strength remains preserved despite significant distal 

weakness. Weakness and atrophy of facial muscles and ptosis cause the typical “myopathic 

face” of MD1 patients. This is a prominent feature of type 1 myotonic dystrophy, and this 

typical facial appearance may make an impression of a tired, sad, or emotionless patient [79]. 

Severe weakness of orbicularis oculi muscles causes ptosis and insufficient eyelid closure 

with the risk of recurrent conjunctivitis [12]. The weakness of oropharyngeal muscles causes 
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swallowing difficulties. Also, speech can be nasal and slurred due to the weakness of facial 

and oropharyngeal muscles [18]. The neck flexors are also commonly involved. The 

atrophying of temporal muscle and balding of the forehead completes the overall picture of a 

patient with MD1 [18].  

Muscle weakness in MD2 is typically proximal and axial, affecting more consistently the 

neck flexors, hip flexors, and hip extensors [53,77]. The long flexors of the finger muscles 

could be also affected in MD2 [18], but it is less affected than proximal muscles. Early in the 

onset of MD2, only mild weakness of hip or thigh flexion and extension could be present. 

Subsequently, the weakness usually slowly progresses. This predominantly proximal 

muscular involvement has been documented also by MRI studies that showed an early 

degeneration of the erector spinae and gluteus maximus muscles [80]. For MD2 patients is not 

typical facial muscle involvement like in MD1. 

Respiratory muscle weakness is frequent for MD1 patients but rarely occurs in MD2. Weak or 

inefficient respiratory muscles might not permit a normal ventilatory response to a hypoxic 

stimulus. It may leads in MD1 to recurrent pneumonia and chronic respiratory failure with the 

requiring of non-invasive ventilation [81]. Patients with advanced respiratory muscle 

weakness have an increased risk of post-operative complications such as acute respiratory 

failure and aspiration pneumonia [82]. Furthermore, the involvement of the respiratory 

muscles can predispose to breathing and oxygenation changes during sleep. Besides 

respiratory muscle weakness, hypoventilation may be also centrally mediated. When sleep 

and breathing in patients with myotonic dystrophy type 1 were compared with those in 

patients with nonmyotonic respiratory muscle weakness and control subjects, periods of 

hypoventilation and apneas occurred in those with myotonic dystrophy at higher incidences 

than in nonmyotonic patients who had the same degree of respiratory muscle weakness [83]. 

Other authors used transcortical and cervical magnetic stimulation in conjunction with phrenic 

nerve recordings, which demonstrated that more than 20% of patients with myotonic 

dystrophy have impaired central respiratory drive [84]. Also, the finding of neuronal loss in 

the dorsal central, ventral central, and subtrigeminal medullary nuclei in patients who exhibit 

alveolar hypoventilation, and the severe neuronal loss and gliosis in the tegmentum of the 

brainstem may support a central abnormality of breathing impairments in myotonic dystrophy 

type 1 [85,86]. Observations of decreased ventilatory response to hypoxic and hypercapnic 

stimuli [87] and extreme sensitivity to sedative drugs [88] could further support a central 

origin of the breathing impairments in myotonic dystrophy. These all findings add to evidence 

that respiratory muscle weakness alone does not account for abnormal breathing in patients 
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with myotonic dystrophy. Besides respiratory muscle weakness and the central origin of the 

breathing impairments, the obstructive changes and disorders may also contribute to 

hypoventilation. In MD1 patients the development of craniofacial structures could be 

impaired, as a result of muscle weakness, and patients experience more vertical facial growth, 

they have more narrowed maxillary arches and deeper palatal depths, which altogether can 

contribute to the development of obstructive respiratory problems [89]. 

 

6.1.2. Myotonia 

Myotonia is defined as delayed relaxation of skeletal muscle after voluntary muscle 

contraction or external mechanical stimulation (e.g. percussion) and thus reflects a state of 

muscle fiber hyperexcitability. Pathophysiological, myotonia is caused by permanent 

depolarization of sarcolemma due to impaired chloride or sodium ion channels of the muscle 

membrane. Although the definitive molecular basis for myotonia is unclear, it has been 

suggested that myotonia in myotonic dystrophy is caused by alterations in the expression of 

both chloride (CIC-1) and potassium (SK3) channels. Aberrant pre-messenger RNA splicing 

of the chloride channel ClC-1 due to misregulated MBNL1 and CUGBP1 results in loss of 

CIC-1 channel protein from the sarcolemma and this reduces transmembrane chloride 

conductance causing membrane hyperexcitability and myotonia [18,27]. Next to chloride 

channel dysfunction it appears to be the occurrence of increased expression of apamin-

sensitive small conductance calcium-activated potassium channel (SK3) in MD1 skeletal 

muscle [90,91] that are normally well expressed in developing or denervated skeletal muscles 

[92].  SK3 plays an important role in regulating membrane hyperpolarization in relationship 

to the intracellular calcium concentration and thus increased level of SK3 channels can 

contribute to myotonia [92]. 

Myotonia can be detected on electromyography (EMG) as spontaneous activity of motor units 

with a characteristic increase and decrease of frequency and amplitude of the signal (Figure 

1). These "myotonic discharges" create on EMG a unique sound similar to a motorcycle 

engine or chainsaw [93]. This activity on EMG could be observed also in clinically unaffected 

muscles [94]. Electrical myotonia can also be seen rarely in other circumstances: with certain 

drugs (cholesterol-lowering agents, cyclosporine, or colchicine, among others), in 

inflammatory myopathies, Pompe disease, hypothyroidism, myotubular myopathy, and 

chronic denervation [95,96]. 

Myotonia typically improves after repetitive movements (warm-up phenomenon) and it is 

usually observed in grip myotonia. Myotonia is usually exacerbated by cold.  
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In adult-onset MD1 patients myotonia is a frequent symptom, nearly as muscle weakness. The 

most frequent myotonia affects the fingers (grip myotonia), however other muscles could be 

also affected including the bulbar and facial muscles, causing problems with talking, chewing, 

swallowing, or eyelid opening [97]. In leg muscles, myotonia may complicate walking or 

running. Myotonia of respiratory musculature, in addition to muscle weakness, can affect 

pulmonary function resulting in dyspnea. Also, percussion myotonia during the investigation 

is a regular feature in MD1. In some patients, myotonia can seriously interfere with activities 

of daily living. 

In MD2 patients myotonia is often less apparent compared with patients with MD1 and is 

usually mild to moderate intensity with a little impact on the quality of life [97]. The clinical 

evidence of myotonia (grip or percussion) is observed on neurological examination only in a 

minority of MD2 patients. In the majority of patients, myotonia may only appear on 

electromyographic examination [46]. Nevertheless, we can find the occurrence of myotonia in 

MD2 patients in the literature about  25 and 75% [53,77,94]. This large range could be due to 

inconsistencies in the assessment of myotonia between a history of myotonia reported by 

patients and the clinical evidence of the myotonic phenomenon [12]. An even greater range of 

presence of myotonia is in the case of electrophysiological myotonia, which may be present in 

90% of patients [53].  

In some MD2 patients, we can observe severe myotonia. In these cases the additional 

mutations in ion channel genes CLCN1 and SCN4A should be identified, because these can 

act as phenotype modifiers enhancing the myotonic phenomenon in MD2 [98–100]. In MD2 

patients with co-segregating of CLCN1 mutation, the severity of myotonia appears to be more 

evident, thus these patients could be more easily identified than patients without the modifier 

allele [101]. 

The correlation between myotonia and CTG-repeat length in MD1 patients has contradictory 

reports. Whereas grip strength usually correlates negatively with CTG-repeat length, this is 

not necessarily true for myotonia, although a statistically significant correlation was also 

found [102,103]. There are also contradictory reports about the correlation between grip 

myotonia and pain. In the Suokas et al. study [104] patients with pain suffered a greater 

intensity of muscle stiffness than patients without pain. Nevertheless, other studies show no 

association between pain and the presence of myotonia [13,105]. 
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6.1.3. Pain 

Pain is common among patients with slowly progressive neuromuscular disorders. Its 

incidence has varied in the literature recording this process. Pain is reported in the various 

hereditary muscular disorders at an incidence of 60% - 83% [106–112]. The intensity and 

frequency of pain in progressive neuromuscular diseases are significantly higher than in the 

general population [111]. Many similarities in the nature and severity of such pain exist, but 

important differences have also been identified among the diagnostic groups of 

neuromuscular diseases [110]. Pain is often a symptom for patients with myotonic dystrophy. 

It may fluctuate over time and can be influenced by exercise, palpation, and cold temperature 

[104,113,114]. The comparison confirms that pain among patients with MD is more frequent 

than in the general population and also that pain among patients with MD2 is more frequent 

than in other chronic non-inflammatory muscle diseases [113]. Widely it is noted that the 

incidence of pain is higher in MD2 patients than in MD1 [12]. Nevertheless, it could be a 

result of questions about pain being prioritized in MD2 patients, because MD1 patients with 

more disabilities usually complain less of pain, as it is not in the foreground of the disease, 

unlike patients with MD2. Considering, the frequency of pain in both types might be 

surprisingly similar.  

Pain has been also reported as the first symptom of disease, namely in 11.1% of MD2 patients 

and 3.0% of MD1 patients, so pain is also an important indicator of the onset of MD [74]. 

Patients complain of various types of pain, myalgia, and cramps, most often located in the 

thighs, back, and proximal upper limbs [13].  

Although pain is a common clinical symptom in MD, the etiology of pain is unknown and is 

probably to be multifactorial. It is also not clear why the pain develops in some MD patients 

and others do not, or why the pain often occurs at the stage of the disease when there is no 

clinically manifest involvement of the muscular system [74]. One of the possible hypothesis 

of pain in MD may be, for example, an abnormal load on the musculoskeletal system due to 

muscle imbalance of weak muscle groups, or due to deep muscle myotonia, when long 

increased deep muscle tone depletes the muscles of this group and their antagonists [12,112]. 

Long-term muscle contraction in myotonia can also lead to hypoperfusion, lactate 

accumulation, a decrease in pH, and the release of other substances that can provoke the pain, 

such as bradykinin, adenosine triphosphate, and hydrogen ions [115]. Muscular imbalance 

due to weakness may lead secondary to myofascial pain or joint pain syndromes. Changes 

that are directly related to the pathophysiological process of the disease in its multisystem 

manifestation, where the accumulation of expanded transcribed RNA damages cellular 
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processes and affects the RNA splicing of other genes, could also contribute to pain 

[116,117]. This pathophysiological process may also increase nociception. Maybe all the 

mentioned mechanisms are rather hypothetical and clear evidence of their importance in the 

pathophysiology of pain for MD is not yet available. The nature of pain in patients with MD 

may be very variable. Some of the pain descriptors indicate the possibility of the neuropathic 

component of pain in MD patients. As one of the multisystem manifestations in MD, 

peripheral nerve involvement has also been described [118,119]. 

  

6.2. Extramuscular symptoms 

Myotonic dystrophy is a multisystem disorder witch often presents with a high variability of 

symptoms and multi-organ involvements, involving the cardiovascular, endocrine, central 

nervous, respiratory, gastrointestinal, ophthalmologic, or genitourinary systems. Some 

patients may have only non-specific extramuscular symptoms like fatigue or some 

gastrointestinal symptoms, and these varied symptoms could delay the diagnosis. As muscular 

weakness worsens over time, is observed relationships between organ dysfunctions and 

muscular impairment in MD1, and that MD1 patients with proximal weakness had a higher 

risk of multiple organ dysfunction [120]. 

It seems that multisystemic involvement in MD patients could reflect the appearance of 

accelerated aging [25]. Visible aging features such as cataracts, muscle weakness, and frontal 

baldness, but also less obvious features like cardiac arrhythmia, diabetes, or 

hypogammaglobulinemia suggest the hypothesis that MD could be a segmental progeroid 

disease [25]. In a recent study, authors compared the aging symptoms in MD to “typical” 

progeroid disorders which mimic physiological aging and are caused by mutations in nuclear 

envelope proteins, proteins involved in their processing, or DNA-repair proteins [25]. This 

analysis reveals many similarities of MD to progeroid syndromes linked to the nuclear 

envelope and had qualified MD on both clinical and molecular levels as a segmental 

progeroid disorder [25]. 

 

6.2.1. Cardiac Symptoms 

Cardiac involvement in MD is common and it is observed that frequency and severity of 

cardiac involvement are much severe and frequent in MD1 than in MD2 [121,122]. Clinical 

manifestations of cardiac involvement have a wide spectrum even among members of the 

same family [123]. Patients may present symptoms such as palpitations, chest pressure/pain, 
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dyspnea, dizziness, fatigue, presyncope, or syncope. Regardless, cardiac conduction 

disturbances may progress rapidly, and result in severe bradycardia or asystole [82]. 

In MD1 cardiac abnormalities include the spectrum of different conditions, like arrhythmias, 

conduction defects, dilated cardiomyopathies, heart failure, Brugada syndrome, ischemic 

heart disease, or mitral valve prolapse [75,124]. Histopathologic lesions of the cardiac 

conduction system observed in MD1 were fibrosis, fatty infiltration, and atrophy [125]. 

Fibrosis and fatty infiltration were observed in the sinus node, atrioventricular node and 

bundle, bundle branches, and ventricular myocardium [125]. Atrophy affects prominent 

atrioventricular bundle and bundle branches [125]. Cardiac involvement can contribute to 

sudden death and the risk of sudden cardiac death in the MD1 population is found out to be 

0.56% per year [125,126]. The most common cause of sudden cardiac death are 

bradyarrhythmias with asystole, bradycardia-induced ventricular fibrillation, ventricular 

tachycardia, or left ventricular systolic dysfunction [127,128]. 

Early and extensive involvement of the conduction system presents the major cardiac 

abnormality seen in MD1 [127]. Cardiac fibrosis and fatty infiltration of the heart affect the 

His–Purkinje system, the sino-atrial and atrioventricular nodes that cause the conduction 

block, ectopic activity, and re-entrant arrhythmias [127]. Atrial tachyarrhythmias (atrial 

tachycardia, atrial fibrillation, and atrial flutter) are the most common arrhythmias and arise 

probably due to regions of atrial fibrosis. Ventricular tachycardia and ventricular fibrillation 

due to re-entry circuits are caused by fibrotic foci, fatty infiltration, or triggered activity [126]. 

These changes can present as palpitations, syncope, and sudden cardiac death [126]. The 

meta-analysis of 1828 MD1 patients revealed the most common 1st degree AV block in 

28.2%, then prolonged ventricular systole period in 22.0%, prolonged QRS interval in 19.9%, 

frequent premature ventricular contractions in 14.6%, atrial fibrillation/flutter in 5.0%, right 

bundle branch block in 4.4%, left bundle branch block in 5.7% and non-sustained ventricular 

tachycardia in 4.1% [126]. Arrhythmias often require the implantation of pacemakers 

[121,129]. The prevalence of pacemaker and cardioverter-defibrillator implantations in MD1 

patients could be approximately 4 % and 1 %, respectively [126]. 

Structural cardiac abnormality like left ventricular hypertrophy, left ventricular dilatation, left 

ventricular systolic dysfunction or mitral valve prolapse was observed in MD1 with a 

prevalence between 14 – 20 %  [130,131]. Besides the left atrial enlargement and left 

ventricular non-compaction/hypertrabeculation have been observed in MD1 [130,132]. These 

structural abnormalities lead to cardiomyopathy with cardiac dysfunction and heart failure, 

and typically occur in the late stages of the disease [133]. Due to the structural cardiac 
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abnormalities, the left ventricular dyssynchrony with increased early diastolic cavity tension 

can reduce the flow of blood volume into the coronary arteries and causing subendocardial 

ischemia even in the absence of epicardial coronary disease [134]. Moreover, the global and 

regional coronary reserves can be impaired, also concerning the DNA mutation size, in 

asymptomatic MD1 patients due to impairment of vascular smooth muscle of the heart [135]. 

The severity of cardiac involvement in MD1 (sudden deaths, conduction defects, left 

ventricular dysfunction, and supraventricular arrhythmias) could be associated with the size of 

CTG expansion [126,136], however, some observations exude the correlation of CTG 

expansion with clinical cardiac disease [137,138]. The association between cardiac 

conduction disturbances and age, duration of neurological disease, and male gender seem to 

be more consistent than with CTG repeats [126,139]. Male gender and age were positively 

associated with arrhythmia and conduction abnormalities [126]. Moreover, the situation is 

complicated that skeletal and cardiac muscle DNA expansion lengths may be longer than 

peripheral blood leucocyte DNA [50]. 

In contrast with MD1, the prevalence of cardiac involvement in MD2 is not so high but is 

significantly more frequent than in the control population [121,140]. Cardiac abnormalities in 

MD2 are reported with a variation of 17% to 36% and include conductive defects (the first-

degree atrioventricular block or bundle branch block), systolic dysfunction, or 

supraventricular arrhythmias [121,129,140]. Also in MD2 myocardial fibrosis is related to 

conduction abnormalities like was described in MD1 [141]. When compared to MD1 patients, 

conductive defects seem to be less frequent, supraventricular arrhythmias have a similar 

prevalence and there is a trend towards more frequent left ventricular dysfunction in MD2 

patients [140]. Although severe cardiac arrhythmias with pacemaker implantation or sudden 

death have been also described in some MD2 patients [121,142], this is not a common feature. 

Cardiac involvement contributes significantly to the morbidity and mortality of the disease 

with premature death [127]. The life expectancy of patients with MD1 is reduced with a mean 

age at death of 53 years [7]. The cardiac origin as the cause of death is stated to be in 

approximately 30% of cases [7,143]. Moreover, it's dangerous, that early stages of cardiac 

involvement could be clinically silent. 

Based on all findings the systematic cardiac investigations should be recommended in MD 

patients to identify patients at risk for potential major cardiac involvement. It is recommended 

a follow-up through 24 h Holter monitoring and echocardiography [144]. In clinical routine, 

usually, echocardiography is used to assess heart function as a first-line method, nevertheless, 
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cardiovascular magnetic resonance can early detect the subclinical myocardial involvement 

still in preserved left ventricular ejection fraction [141]. 

 

6.2.2. Ocular symptoms 

The key feature and most frequent extramuscular manifestation of the disease is early-onset 

cataract observed in about 50–60% of patients, increasing with age [2,53,77,145]. Cataract 

could be the initial feature of the disease around in 8% of patients, however, even in 25% of 

MD2 patients cataract was reported to be the first symptom of the disease [53,74,146]. In 

many cases, even in mildly affected patients without any or minimal sign of muscular 

impairment, the history of cataract or cataract surgery often helps to the diagnosis of MD 

[145–148]. Thus the ophthalmologists can be the first physicians encountering these patients 

and especially in the cases of absence of other secondary causes of cataract, the 

ophthalmologists should refer these patients for neuromuscular evaluation. Cataracts appear 

identical in MD1 and MD2 and develop usually before 50 years of age [146]. In MD are 

commonly observed the posterior subcapsular or cortical type of cataract and lens opacities 

are visualized by slit-lamp eye examination [146]. In the lens cortex, fine iridescent opacities 

develop and later grow into a stellate cataract in the posterior subcapsular region [149]. When 

opacities more advanced, differentiation from other cortical cataracts become difficult [149]. 

When cataracts interfere with acuity, cataract removal with an intraocular lens implant is 

recommended. The phenomenon of recurrent posterior capsule opacification after cataract 

surgery is also possible and described in patients with MD [150]. 

Studies of global transcription performed on samples of the lens epithelium, identified in lens 

cells a role of mutant RNA in the activation of the innate immune response and interferon 

signaling pathways in MD1 and MD2 cataracts [149]. The mechanism of the pathophysiology 

of the cataract in MD1 could be also explained from the expansion of CTG triplets that 

decreases expression of the adjacent gene SIX5 whose transcripts are detected in the normal 

adult eye corneal epithelium and endothelium, lens epithelium, ciliary body epithelia, cellular 

layers of the retina and the sclera [151,152]. The authors thus hypothesized that the 

dysfunction of SIX5 is primarily responsible for the ophthalmic features of MD1 [151]. In the 

case of MD2, the cause of cataract is the "distant" toxicity of CCTG transcripts [153,154].  

In MD1 patients eyelid ptosis can be severe and obstruct vision. Surgical intervention may be 

required, however, blepharoplasty should be deferred as long as possible preventing the need 

for recurrent surgeries as muscle weakness progresses. Also, other ocular symptoms are 

described in MD1, include sluggish (weak) pupillary response to mydriatics, the high cup-to-
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disc ratio with retinal nerve fiber layer defect, external ophthalmoplegia, epiphora, pupillary 

light-near dissociation, retinal pigment epithelium changes, or ocular hypotony [155,156]. 

 

6.2.3. CNS Symptoms 

Several findings indicate a high frequency of central nervous system (CNS) involvement in 

myotonic dystrophy. Pathological findings in both types of disorder consist of white matter 

lesions and brain atrophy, while in particular anterior temporal white matter lesions were 

exclusively seen in MD1 patients [157–159]. Both types of MD are thus serious white matter 

diseases with a prominent callosal body and limbic system affection, while white matter 

changes dominate the extent of grey matter changes (Figure 2) [160]. Some authors described 

the correlation between changes in brain white matter and cognitive impairment in MD1 

[160,161]. Cognitive and psychiatric dysfunction such as reduced intelligence (low IQ), 

mental retardation, or behavioral disturbances are frequent symptoms in MD1, but more often 

may be seen in patients with congenital and early-onset forms of MD1 [69,162]. In childhood 

and juvenile form of MD1, we can also observe children with an autism spectrum disorder, an 

attention-deficit disorder with hyperactivity, and anxiety disorder [68,69,163]. For the classic 

adult-onset phenotype of MD1, the neuropsychological deficits are variable and recent 

publications show contradictory study results about the correlation of CTG-repeat size and 

neuropsychological deficits [67,164–166]. The study focused on personality in classic MD1 

indicates deviant personality regarding temperament and character of patients [167]. 

Moreover, patients may have obsessive-compulsive personality, passive-aggressive 

personality, schizotypic traits, dependent tendencies, or mood disorders [168]. In both patient 

groups of MD, there is a high incidence of avoidant personality trait disorder, such as 

reluctance to make new friends, carry out new activities, or take personal risks [162,168]. 

Avoidant personality disorders are stated to be the most common symptoms of personality 

disorders in MD1 [169]. A lot of studies in the literature provided evidence about the presence 

of depressive disorders in the MD1 population. In some studies, patients presented mild 

depressive symptomatology or depressiveness [160,170,171], in others moderate depressive 

symptomatology [172–174], while some authors in MD1 patients did not find any significant 

difference for depression [175].  

In addition, the myopathic face of MD1 patients triggers the general perception of cognitive 

deficiency and low educational level or may be confused with depressive symptoms 

[170,172]. Nevertheless, a recent study about the educational profile of a large cohort of 

young MD1 and MD2 patients shows rather normal general educational levels in patients with 
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myotonic dystrophy [79]. It is possible, that cognitive and concentration disturbances may 

occur later in the course of the disease in the context of a premature cognitive decline [164]. 

In MD2 patients mild cognitive and behavioral symptoms could be also present. The specific 

cognitive and behavioral profile with altered executive functions reduced attention and 

flexibility of thinking, and depression has been detected in these patients [159,162]. These 

neuropsychological disturbances in many cases may affect the ability to work and reduce the 

quality of life more than muscular symptoms [12]. Also, mental retardation in MD2 

individuals has been reported, but these occurrences may be rather accidental [53].  

It seems, that apathy is a frequent symptom in MD1 [172]. Apathy was determined to be 

associated with cognitive status and frontal lobe dysfunction independent of age, educational 

level, disease duration, CTG repeats, motor functional disability, fatigue, depression, and 

anxiety [172]. Anxiety or depression are common symptoms of various progressive diseases 

and may also contribute to functional impairment. It is still unclear whether depression in 

patients occurs as a direct result of brain dysfunction or secondarily due to disability or social 

isolation. 

Excessive daytime sleepiness (hypersomnia) and sleep disorders, in general, are frequently 

reported symptoms in MD. The most frequent sleep disorders in MD1 are hypersomnia, 

sleep-disordered breathing, central and obstructive sleep apneas, periodic limb movements, 

and a narcoleptic-like phenotype, whereas restless legs syndrome, sleep-disordered breathing, 

and REM sleep without atonia seem to be the most frequent sleep disorders in MD2 [176–

178]. Excessive daytime sleepiness may be attributed mostly to hypoventilation, but also it 

could be due to central dysregulation of sleep-wake modulation, poor sleep hygiene, or 

medication side effects [176]. Excessive daytime sleepiness also tends to persist despite 

successful treatment of sleep-disordered breathing in patients [179], thus supporting the 

hypothesis that hypersomnia is primarily caused by a central dysfunction of sleep regulation 

[179]. Although it was reported that subjective and objective daytime sleepiness in MD1 may 

be associated with the degree of muscular impairment [179], other authors showed that no 

clinical parameters appear to predict sleep apnea in MD1, but in MD2 the severity of sleep 

apnea was correlated with the degree of respiratory muscle involvement [180]. Pain as well 

may contribute to sleep fragmentation and excessive daytime sleepiness in MD2 [181]. 

Excessive daytime sleepiness is presented in about 70-80% of MD1 patients [179], while in 

MD2 hypersomnia is not so conclusive and the frequency of sleep complaints generally are 

about 60-70% [181]. 
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Until now, little is known about changes in CNS causing cognitive deficits. On a molecular 

basis, toxic RNA inclusions may be involved in CNS alterations, but still little is known about 

molecular defects causing highly variable CNS symptoms mainly in MD1 [182,183]. Using 

brain positron emission tomography it was shown that the cognitive impairment and specific 

behavioral profile in both types of MD could be associated with hypoperfusion in the frontal 

and parieto-occipital regions of the brain [162,184]. MD2 patients had a bilateral decrease in 

regional cerebral blood flow of the orbitofrontal and medial frontal cortex, whereas MD1 

patients had more widespread hypoperfusion that extended to the dorsolateral frontal cortex 

and subcortical regions [184]. It was also found that the impaired visual-spatial function in 

MD2 better correlates with a reduction in regional cerebral blood flow rather than with 

specific structural abnormalities observed on brain MRI [184]. On the other hand, there is also 

evidence that brain lesions in MD1 and MD2 consist of neurofibrillary tangles, which are 

neuropathological lesions globally referred to as tauopathies, thus a neurodegenerative disease 

that is characterized by intraneuronal protein aggregates of the microtubule-associated protein 

Tau in patient brains [182,185]. Moreover, several neurodegenerative diseases involve the 

dysregulation of splicing regulating factors and have been characterized as spliceopathies 

[182]. Although neurofibrillary tangles are observed in the MD brain, the question of whether 

MD is tauopathies remains a matter of debate. More likely it could be a result of the interplay 

between spliceopathy and tauopathy [182]. Nevertheless, this provides evidence that MD is 

not solely a muscular disease but that brain affection shares many similarities with tauopathies 

and other neurodegenerative diseases [185]. In summary, we can say that CNS dysfunction is 

most likely multifactorial. 

 

6.2.4. Endocrine symptoms 

Endocrine dysfunctions in myotonic dystrophy are frequent and the occurrence of endocrine 

abnormalities increases over time with the progression of the disease [186]. Endocrine 

abnormalities include insulin resistance with usually mild type-2 diabetes, thyroid 

dysfunction, hypogonadism, secondary hyperparathyroidism, or hyperlipidemia [186–189]. 

One of the major features of endocrine symptoms is the involvement of glucose metabolism 

with reduced insulin sensitivity and the development of type 2 diabetes mellitus or glucose 

intolerance [190]. The extent of insulin insensitivity varies in different studies for both types. 

In a cohort of 115 MD1 patients investigated for thyroid abnormalities, 13% of them had 

abnormal glucose tolerance results, and 25% had diabetes [191]. A much lower frequency of 

diabetes mellitus type 2, only 5%, revealed another extent study of endocrine function in 
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MD1 patients [192]. Other authors observed elevated basal insulin levels in 64 - 75% of MD2 

patients or diabetes mellitus type 2 in 32% of these patients [53,193]. The frequency of 

diabetes mellitus in MD2 patients thus seems to be higher than reported in MD1. 

Nevertheless, it is probably caused by the later onset of MD2. The mechanism of the 

pathophysiology of diabetes mellitus in MD is explained as the pathogenic effect of expanded 

messenger RNA (mRNA) when altered insulin-receptor splicing leads to insulin insensitivity 

and diabetes mellitus [29,30,194]. Moreover, the recent data indicate that post-receptor 

signaling abnormalities in skeletal muscle could also contribute to MD  insulin resistance 

regardless of alteration of insulin receptor splicing [195]. Not treated diabetes mellitus may 

complicate the disease above that by diabetic polyneuropathy with worsening of gait stability. 

Also could be the question of whether the increased frequency of diabetes mellitus type 2 is 

not influenced by other factors, such as metabolic syndrome with components like 

hypertension, central obesity, or hyperlipidemia. It was investigated that metabolic syndrome 

occurs in MD patients from 17% to 53% with a higher frequency in patients with MD2 

compared to MD1, most likely due to the later onset and diagnosis of MD2 [193,196]. 

Metabolic syndrome is an important risk factor for the development of cardio- and 

cerebrovascular events, and further contributes to the consequences of multiorgan 

involvement in MD. 

Thyroid abnormalities occur in MD with increased frequency and patients may acquire 

hypothyroidism or hyperthyroidism which may contribute to muscle weakness and fatigue. 

The functional failure of thyroid-stimulating hormone (TSH) secretion is common in MD 

[197,198]. In a big cohort of MD1 patients, the frequency of ultrasound goiter was about 

40%, ultrasound nodules 60%, thyroidectomies 14%, and macro-papillary thyroid carcinoma 

8% [191]. These and other authors also revealed in MD1 patients the thyroid dysfunction by 

abnormal thyroid function tests (7.8% of the patients had a TSH level below the lower limit 

and 13% above the upper limit of reference range; 50% of the patients had positive anti-

thyroid peroxidase antibody levels) [191,192]. Similar findings in MD2 showed high TSH 

values in 9% of patients [189]. 

Hypogonadism (low serum testosterone levels) is one of the better-described endocrine 

dysfunctions in myotonic dystrophy. Testicular and tubular atrophy, oligospermia or 

azoospermia, and increased follicle-stimulating hormone (FSH) and luteinizing hormone (LH) 

levels are common features described primarily in MD1 males with a frequency of 65–80% 

[199,200]. However, later primary hypogonadism was described to be common for both types 

of MD with a frequency of about 30 - 45% [53,192,201,202], even more, prevalent in the case 
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of the subclinical condition, that is elevated LH in presence of testosterone levels in the 

normal range [202]. Also, other authors confirmed that 38 - 51% of the MD1 patients have 

increased LH levels with low or normal testosterone levels, indicating absolute or relative 

androgen insufficiency [192,201]. Following the above, the FSH levels are also elevated in 

MD patients with reported frequency from 42% to 100% in type 2 and about 70% in type 1 

[53,189,202]. Also, Sertoli cell hormones AMH and inhibin B seem to be reduced in most 

male patients with MD with suggesting that Sertoli cell hormones might be reliable markers 

for the evaluation of male reproductive capacity in patients with MD [202]. Total testosterone 

levels could negatively correlate with CTG repeats number in patients with MD1 [202]. 

Although MD1 and MD2 differ for the genes disrupted in their pathogenesis, hormonal 

features of hypogonadism show similar findings for both types indicating a similar 

pathological mechanism.  It was described that CTG expansion in MD1 causes transcriptional 

silencing of the flanking Six5 allele, which has been demonstrated to results in a progressive 

decrease in testicular mass and that contributes to the male reproductive defects, because of a 

strict requirement of Six5 for both spermatogenic cell survival and spermiogenesis [203]. In 

healthy men generally, findings show that body composition could affect sex steroid hormone 

levels [204]. Similarly in MD was found that free testosterone levels were predicted by fat 

mass parameters, suggesting that increased adiposity might contribute with the genetic 

background to impair gonadal hormonal function also in patients with MD [202]. This proves 

the endocrinology study in MD1 patients that showed an increase in muscle mass and 

decrease in fat mass after testosterone administration thus demonstrate an improvement of 

body composition in patients with MD1 during the treatment of hypogonadism [205]. The 

increased fat mass in patients with MD could be considered a reflection of muscle‐to‐fat 

transdifferentiation [120]. Indeed, besides an increase of muscle fat mass, Italian researchers 

observed a significant increase in visceral fat mass as documented by increased abdominal 

adiposity, increased epicardial fat thickness, and increased prevalence of steatohepatitis in 

both patients with MD1 and MD2 [202]. These findings might suggest the effect of impaired 

muscle cells on the regulation of adipogenesis [202,206]. The increased adiposity might also 

determine the increase of serum estradiol and sex hormone-binding globulin (SHBG) levels 

[202]. Moreover, serum testosterone as well as AMH and inhibin B levels have been found 

reduced in men with metabolic syndrome [207,208].  

Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis is seen in MD1. The 

abnormal diurnal rhythms of adrenocorticotropic hormone (ACTH) and cortisol have been 

shown in several reports of MD1 patients [205,209,210]. There was demonstrated 
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exaggerated ACTH secretion after exogenous corticotropin-releasing hormone (CRH) 

stimulation, indicating dysregulation of ACTH secretion, and hyporesponsiveness of the 

adrenal cortex to ACTH stimuli [205,209,211]. It was speculated on the abnormality of 

dihydropyridine-insensitive Ca2+ transport in the corticotrophs of MD1 patients with the 

suggestion that abnormality of cellular Ca2+ transport may underlie the disturbances of 

hypothalamic-pituitary-adrenal axis function in this condition [209]. MD1 patients also have 

disturbed diurnal rhythms of proinflammatory cytokines, especially increased production of 

interleukin-6 and tumor necrosis factor-alpha that may influence HPA axis function at several 

sites [211,212]. These cytokines are produced in adipose tissue and involved in many 

metabolic functions [213]. That adiposity may contribute to these disturbances, which may be 

of importance for decreased adrenal androgen hormone production and metabolic, muscular, 

and neuropsychiatric dysfunction in MD1 [211]. Studies about the adrenocortical activity in 

MD2 are lacking. 

Hypercholesterolemia and hypertriglyceridemia are well-known conditions in both types of 

myotonic dystrophy and occurs up to around 60%, although it appears that hyperlipidemia is 

slightly more common in MD2 than in MD1 [189,193,201]. In the research of 115 MD1 

patients, it was documented that about 25% of patients received statins, which proves the high 

frequency of hyperlipidemia in this disease [191]. Although is widely known that statins can 

cause muscle problems in MD (and other muscle diseases), lipid-lowering drugs have to be 

prescribed because of the increased risk of cerebrovascular diseases in patients with 

hyperlipidemia. 

Secondary hyperparathyroidism with severe vitamin D deficiency is common in MD patients, 

rarely the primary hyperparathyroidism may occur too [187,188,192]. Therefore almost in all 

patients, hyperparathyroidism (increased parathyroid hormone) is associated with 

normocalcemia, rarely with hypercalcemia [187,192]. The most frequent hypovitaminosis D 

was found in a cohort of 115 MD1 patients investigated for thyroid abnormalities when a low 

vitamin D level was observed in about three-quarters of patients [191]. The direct correlation 

of vitamin D deficiency with the severity of genotype was also described [188]. Some of the 

MD1 patients have also hypophosphatemia associated with elevated parathyroid hormone 

levels [187]. The frequency of hyperparathyroidism is about 18% of patients without 

differences between MD types [187,192]. The exact mechanisms underlying vitamin D 

deficiency in MD is not clear. It has been suggested that the dysfunction of calcium 

metabolism in patients with MD1 could be because of renal parathyroid hormone (PTH) 

receptor dysfunction or disturbed intestinal calcium absorption [214,215]. Although some 
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studies sustain the hypothesis that cutaneous alterations, rather than malabsorption or liver 

dysfunction, might be responsible for vitamin D deficiency [188]. Vitamin D  participates in 

bone and muscle metabolism, thus in association with other endocrine alterations described 

herein, might contribute in different ways to the metabolic syndrome predisposition. In 

addition, it was found that hypovitaminosis D correlates with increased adiposity [187]. 

Moreover, hyperparathyroidism may contribute to fatigue and muscle impairment [187]. An 

early diagnosis of primary or secondary hyperparathyroidism could be useful to prevent 

calcium metabolism disorders and their consequences on bone and muscle tissues. 

Some studies showed that several endocrine abnormalities positively correlate with CTG 

triplet repeats in MD1. Numbers of CTG repeats correlated directly with plasma PTH, 

phosphate, LH, and tended to correlate with plasma testosterone in males [187,192].  

It is also supposed that both populations of MD have a decrease in select hematologic counts, 

such as red blood cells, platelets, or hemoglobin [189,201]. But there are not enough studies 

to confirm these findings. 

 

6.2.5. Reproductive symptoms 

Reproductive abnormalities are a well-recognized finding in myotonic dystrophy. In men with 

myotonic dystrophy type 1, reproductive problems due to a high prevalence of testicular 

atrophy and oligospermia or azoospermia are well-known manifestations of the disease [199]. 

Local smooth muscle degeneration, i.e. a dysfunction of the testicular peritubular myoid cells 

and the corpus cavernosum smooth muscle, together with hypogonadism has been suggested 

to contribute to the male's erectile dysfunction in MD1 [216]. Histological abnormalities 

include hyalinization, atrophy, fibrosis of seminiferous tubules, and reduced sperm numbers 

[203]. Erectile dysfunction is reported to be one of the consequences of androgen deficiency 

in hypogonadism due to testicular diseases [217], as well as in late-onset hypogonadism due 

to aging [218].  In MD1 it was reported that the occurrence of erectile dysfunction was found 

approximately in 2/3 of the MD1 patients and was independent of the age of patients,  but was 

correlated with other factors intrinsic to MD1, such as disease duration and severity and  CTG 

expansion [217,219]. In MD1 women, fertility also appears to be impaired. The reduced 

ovarian reserve was demonstrated by lower levels of anti-Müllerian hormone (AMH) in MD1 

women with clinically clear fertility impairment undergoing in vitro fertilization (IVF) [220], 

but also in the general MD1 female population [221]. Female patients with MD1 have also 

decreased ovarian sensitivity, with reduced response to ovarian stimulation and less favorable 

outcomes for IVF, suggesting poor ovarian condition [220,222,223]. Other findings show a 
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higher number of poor-quality embryos and lower pregnancy rates in MD1 women [224]. All 

the above confirms that decreased ovarian reserve is a general feature of MD1 female 

patients. In MD2 women, fertility appears to be preserved with normal AMH levels [221]. In 

MD2 men specific studies for fertility are lacking. 

Compared to the general population, there is a higher rate of ectopic pregnancies, spontaneous 

abortion, stillbirth, placenta previa, and preterm labor in MD1 [225,226]. Preterm labor or late 

miscarriages could be also present in MD2 [226,227]. Preterm deliveries are recorded in about 

31% of MD1 women, and less frequent (12.6%) in MD2 [226]. Polyhydramnios by a fetus 

with congenital MD1 may be the cause of pre-term labor [226]. Placenta previa, uterine 

muscle dysfunction, and muscle weakness can lead to prolonged labor or obstetric 

hemorrhage [225,226]. The delivery in patients with MD1 is more frequently by cesarean 

births (36.7%) and there are significantly more frequently abnormal fetal presentations 

(34.6%) [226]. 

Considering the possible influence of pregnancy on the disease course, the deterioration of 

symptoms of disease in pregnancy may occur in both types. This is mainly due to the effect of 

increased body weight on the patient's musculoskeletal system. 

 

6.2.6. Gastrointestinal Symptoms 

The involvement of the gastrointestinal tract in MD is frequent and may occur at any level 

from the pharynx to the anal sphincter, resulting from muscle involvement or myotonia 

involving the smooth or striated muscles of the gastrointestinal tract [228,229]. In the upper 

digestive tract, dysphagia, heartburn, regurgitation, and dyspepsia are the most common 

complaints, while in the lower tract, abdominal pain, bloating and changes in bowel habits are 

often reported [228,229]. Constipation or diarrhea, pseudo-constipation, or bloating are 

frequently reported symptoms in MD and these motility disorders are most likely caused by 

the involvement of smooth and striated muscles with reduction of gastrointestinal peristaltic 

movements [229,230]. Digestive symptoms may be the first sign of disease and may even 

precede significant muscle weakness [230]. For some patients, digestive symptoms are 

considered to be the most disabling consequence of the disease [228]. It seems a low 

correlation between the degree of skeletal muscle involvement and the presence and severity 

of gastrointestinal involvement. The drugs recommended for treating gastrointestinal 

complaints such as prokinetic, anti-dyspeptic drugs, and laxatives, are mainly aimed at 

correcting motility disorders [229].  
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Swallowing problems are typical for MD1 patients because of myotonia and weakness of 

oropharyngeal muscles or reduced esophageal motility [231]. Dysphagia is such a big risk for 

aspiration and cause of aspiration pneumonia. Also among MD2 patients, dysphagia is 

present, but it is generally mild and does not lead to weight loss or aspiration pneumonia 

[232]. 

There is a relatively frequent appearance of abnormally elevated liver enzyme levels gamma-

glutamyl transferase (GGT), aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), alkaline phosphatase (ALP), and lactate dehydrogenase (LD) in both types of MD 

[189,201,233,234]. The elevated levels of AST, ALT, and LD enzymes is caused, at least in 

part, by underlying muscle damage in MD and are associated with elevations of creatine 

kinase [201,233], whereas the elevation of GGT is suggested to be caused by cell membrane 

defect affecting the contractility of bile ductules and bile canaliculi [233,235]. Another 

interpretation is that the elevation of GGT levels represents dysfunction of the hepatocyte 

[201]. Delayed emptying of the gallbladder may increase the risk for gallstones [12].  

A rare gastrointestinal manifestation of MD could be disturbances of the pancreatobiliary 

system, resulting from the dysfunction of Oddi sphincter and gallbladder myotonia, which 

could lead to idiopathic pancreatitis [236,237]. Sphincter Oddi dysfunction results from 

spasms of both the distal common biliary duct and the duct of Wirsung [236]. 

 

6.2.7. Autoimmune diseases 

It has been hypothesized about the association between autoimmune laboratory dysfunction 

and MD2, but not MD1 [238]. The observations showed that the frequency of autoimmune 

diseases (21% vs 2%) and the frequency of autoantibodies (25% vs 2%) were both 

significantly higher in MD2 patients compared with MD1 patients [238]. Also, other authors 

reported in MD2 patients the low serum levels of immunoglobulin (Ig) G in 65 - 75% and 

IgM levels in 11 - 12%, but normal IgA levels [53,189]. The elevation of IgE values in 36% 

and low absolute lymphocyte counts in 54% of this cohort of patients were also found [189]. 

This could suggest an impaired immune response mechanism in MD2. However, marked 

decrement IgG levels only, but not so significant IgE, IgM levels, and not at all IgA level, 

could indicate selectively impairment of IgG via an RNA mediated process [189]. Some 

authors also associate a higher prevalence of autoimmune chronic gastritis and MD2 [239] 

with evidence of the significantly higher frequency of gastrointestinal symptoms and vitamin 

B12 deficiency among MD2 patients [228,238]. 
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The cause of autoimmune dysfunction is still being under research. The recent findings 

identify CNBP as an important regulator of interleukin-12 gene transcription and Th1 (T 

helper type 1) immunity [240]. Other similar observations identify CNBP acts as a key 

transcriptional regulator of sustained expression of interleukin-6, required for activating and 

maintaining the immune response [241]. Also, it has been demonstrated that the RNA 

alternative splicing factor MBNL1 is essential for normal thymus development and function, 

and deregulation of MBNL1 in myotonic dystrophy leads to thymic hyperplasia with 

thymocyte accumulation [242]. 

 

6.2.8. Kidney dysfunction 

Patients with MD1 could be at risk of renal dysfunction. Because muscle atrophy decreases 

the serum creatinine level, the renal function could be assessed using cystatin C, which also 

represents an indicator of kidney function, but one that is not affected by changes variables 

such as muscle volume, food intake, or exercise [243]. A recent paper found the high 

circulating cystatin C levels in MD1 patients, potentially predictive of subsequent kidney 

damage and failure [244]. Moreover, in two autopsies of forty years old cases, nephrosclerotic 

changes were observed that suggested a disease-specific pathomechanism for renal 

dysfunction in MD1 [244]. Therefore, renal function should be carefully monitored in patients 

with MD1. Also, another study that measured glomerular filtration rate showed a slight 

decrease in renal function of most MD1 patients [245]. The association between renal 

function and the number of CTG repeats, a marker of disease severity, shows contradictory 

results [244,245]. Polycystic disease of the kidneys was described in some families with MD1 

in the past before genetic testing [246]. Also, a very recent case reported the possibility of 

association MD1 with autosomal dominant polycystic kidney disease as a “double trouble” 

condition [247]. Nevertheless, this may be only a co-occurrence of two conditions. On the 

other hand, there is currently a growing consensus about the association of certain neoplasms 

and MD1 and consideration of polycystic kidney disease as a “tumor-like” disease because of 

some pathophysiological characteristics shared with cancer [248]. 

 

6.2.9. Orthopedic disorders 

Orthopedic problems may complicate already existing patients’ immobility due to muscle 

weakness. The most common orthopedic impairments are contractures, foot deformities, and 

spinal deformities in MD1 patients [249,250]. Contractures are typically located distally in the 

lower extremities, but can also occur in the hip or shoulder joints [249]. Spinal deformities 
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include scoliosis, hyperkyphosis, and a rigid spine with pathological chin-sternum distance 

[249]. 

 

6.2.10. Hearing Impairment 

Hearing impairment has been described in MD2 patients and showed that a mild to moderate 

hearing impairment was present to some degree in 62% of examined patients (mild in 39%, 

moderate in 21%, and severe in 2% of patients with MD2) [251]. The study suggests that 

sensorineural hearing impairment is located in the cochlea, significantly correlates with age, 

and may lead to early presbycusis [251]. This finding correlates with the considered 

interpretation of MD as premature aging diseases described above [25]. Similar results of 

cochlear impairment have been described also in MD1 patients, even in patients without 

evidence of hearing loss [252]. 

 

6.2.11. Cancer 

There is evidence that patients with myotonic dystrophy are at excess risk of cancer, although 

inconsistencies regarding affected anatomic sites persist [253–257]. Results of the survey 

from the UK MD1/MD2 registry showed 12.4% of at least one benign tumor and 6.2% at 

least one malignant tumor with the highest incidence of skin tumor, then breast and female 

reproductive system tumors, and confirm potential genetic contribution in tumor 

predisposition in myotonic dystrophy [255]. Almost all of the tumors in the mentioned survey 

occurred in MD1 patients [255]. Increased risk of tumors only in the MD1 subtype was also 

found in another study, where the history of the benign or malignant tumor was 10.4% [256]. 

Similar, even more frequent, findings of the prevalence of benign (21.2%) and malignant 

tumors (6.7%) have been published by Italian authors when the most common occurrence was 

the cancers of the skin (31.6%), thyroid (21.0%), ovary (10.5%), breast (10.5%), and uterine 

fibroid in women (37.6%) or pilomatricoma in men (28.6%) [257]. It was also found no 

association between tumor development and common cancer risk factors in MD1 patients, 

supporting a pathogenic link between tumors and MD itself [257]. Another study determined 

the increased oncologic risk in MD1 for gynecologic (ovary and endometrium), brain, and 

thyroid cancer and revealed significant downregulation of the microRNA-200c/141 tumor 

suppressor family [258]. Similarly, other studies showed an increased risk of thyroid cancer 

and choroidal melanoma and, possibly, testicular and prostate cancers [254] or cancers of the 

endometrium, brain, ovary, and colon [253] or testicular cancer, endometrial cancer, and non-

Hodgkin lymphoma [259]. It was also recommended careful evaluation of MD patients with 
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new central nervous system symptoms because of the high relative risk of MD-related brain 

tumors [260]. In accordance with the findings above the meta-analysis of 5 studies of cancer 

risks in MD showed the most significant risk for cancer of the endometrium and cutaneous 

melanoma in all studies [261]. 

 

6.2.12. Peripheral neuropathy 

Peripheral neuropathy is mostly caused by metabolic and endocrine dysfunctions. In the cause 

of myotonic dystrophy, there is a theory whether peripheral neuropathy is a direct 

multisystem manifestation of the disease [118,262], not the result of other organ 

involvements, like diabetes mellitus.  

The incidence of peripheral nerve involvement seems to be similar in both types of myotonic 

dystrophy, and criteria of polyneuropathy were described to be fulfilled in about 13% of 

patients with both types [119]. Some authors admit the presence of peripheral polyneuropathy 

in MD1, but this especially in later stages of the disease and with certain metabolic 

dysfunctions [263,264]. In MD2 the polyneuropathy is described to be subclinical, and no 

correlation was found between its presence and patient age or disease duration [119]. 

Therefore it mostly suggests, that affection of the peripheral nervous system is secondary to 

metabolic and endocrine dysfunctions [119]. Nevertheless, some authors admit the presence 

of peripheral neuropathy as one of the multisystemic manifestations of the disease [118]. 

 

6.2.13. Skin changes 

Skin abnormalities were described to be frequently observed in both types of MD with a 

significantly higher frequency of dysplastic nevi, alopecia, xerosis, and seborrheic dermatitis, 

and correlate with genotype severity and serum vitamin D levels [265]. Skin abnormalities are 

also regarded as indicators for premature aging [265]. Skin examination is therefore highly 

informative in these patients.  

 

The knowledge of all these extramuscular symptoms is important for their early identification. 

Most of these comorbid conditions are potentially treatable and early treatment improves 

clinical outcomes for this patient population. 

It is important to exclude another possible cause of organ dysfunction before assigning some 

patient symptoms to the multisystem manifestation of the disease. It is important also to keep 

in mind the possibility of a “double trouble” condition in patients affected by rare genetic 

diseases, especially when atypical clinical manifestations are observed [247]. The “additive" 
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mutations in MD patients can cause a more severe phenotype than expected, so we can 

mistakenly suppose these atypical clinical manifestations as a “more extended clinical 

spectrum” of multisystem disease. The coincidence of MD with other hereditary diseases with 

some additional mutations was recorded in the literature. It has been described MD1 

associated with facioscapulohumeral muscular dystrophy [266], Charcot-Marie-Tooth 

neuropathy [267], or polycystic kidney disease [247], and already described here co-

segregation of MD2 with ion channel genes CLCN1 or SCN4A mutations [98–101]. 

 

7. Quality of life 

The lives of patients with MD are affected by a variety of symptoms that have different levels 

of significance in different patients. 

Among MD1 patients the excessive daytime sleepiness, poor sleep quality, and fatigue are 

prominent complaints and have a significant impact on their quality of life [268,269]. 

Concurrently patients identified fatigue and limitations in mobility as the symptomatic themes 

that have the greatest effect on their lives [269]. Sleep-disordered breathing is a frequent 

manifestation in both forms of myotonic dystrophies, however more often in patients with 

MD1 [180]. Thus nocturnal hypoventilation represents the serious complication of disease 

with a significant impact on the quality of life, morbidity, and mortality [81,270]. 

Significant predictors of worse quality of life in MD2 patients are usually older age, worse 

muscle strength, and a higher level of fatigue [271]. The MD2 patients complain of the 

inability to do activities and fatigue as the most frequent symptom that impacts their lives 

[97,268]. Unemployment is therefore a common problem in these patients. The 

pathophysiology of fatigue is probably multifactorial with contributions of central nervous 

system dysfunction, muscle weakness, depression, thyroid dysfunction, or medications [268]. 

Also in MD2 sleep quality is poor, and is not explained by depression or other comorbidity 

but mainly due to sleep disturbances as a result of nocturnal pain [268]. 

Patients with MD1 have a reduced life expectancy and a mortality rate is approximately 7.3 

times higher than the age-matched general population [7]. Life expectancy is reduced due to 

increased comorbidities such as pneumonia, respiratory failure, cardiac arrhythmia, and 

neoplasia. The most frequent causes of death in MD1 are cardiorespiratory disorders that are 

responsible for 70% of the mortality in MD1 [7,143]. In particular, respiratory failure is the 

leading cause of death in MD1 patients [7]. Cardiac arrhythmias, especially heart block, are 

that the second most common cause of death in these patients [82]. The life expectancy of 

patients with MD2 is not expected to be reduced. 
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8. Diagnostics 

8.1. Laboratory tests 

Creatine kinase (CK) is an enzyme that exists in skeletal and heart muscle, and in other 

tissues, so CK blood levels can rise due to many causes. CK levels are often significantly 

elevated in neuromuscular conditions, including MD, because of leaks of the enzyme from the 

skeletal muscle tissue associated with degeneration. In some cases elevated CK levels can 

help to confirm a suspected muscular problem before disease symptoms are evident. It is 

important to note that patients with MD can have a wide range of elevated CK levels. In the 

early stages of MD, CK levels are much higher than in later stages, because muscle 

degeneration is more rapid in earlier stages. Later when more muscle tissue is replaced by 

fibrotic tissue the less degeneration occurs, thus lower CK levels are more common in the late 

stage of the disease. Therefore, the CK levels do not provide accurate information about the 

current disease status. In MD CK level is usually slightly increased, the maximum about 10 

times, in some patients can be even normal [6]. 

As for other hereditary genetic diseases, the verification of known mutation by genetic tests is 

the key diagnostic method in MD. The mutation can be confirmed by polymerase chain 

reaction (PCR) and Southern Blot analysis [272]. PCR analysis is used to detect repeat 

lengths less than 150 and Southern blot analysis or triplet-repeat primed PCR, or small-pool 

PCR to detect larger expansions with long repeats [272]. Predictive testing of relatives may 

help to find asymptomatic persons and thus help in family planning with the performance of 

prenatal and preimplantation diagnosis. The family history of the autosomal dominant 

transmission of disease (symptoms) is often distinctive enough to make a clinical diagnosis.  

It seems that patients with MD1 could have a higher level of tumor necrosis factor-alpha 

(TNF-α) [273]. It was described that it might be rather a simple marker of disease activity and 

might represent an adjunctive criterion for disease staging than play a role in the pathogenesis 

of MD [273]. Higher levels of TNF-α have also been found in Becker and Duchenne muscular 

dystrophy and may prove to be a useful marker of disease activity [127]. 

Sometimes the wide clinical spectrum of MD2 phenotype especially makes the clinical 

diagnosis more difficult. 

 

8.2. Muscle biopsy 

Muscle biopsy is not necessary for the diagnosis, but the histological features of muscle in 

MD are characteristic. The findings of muscle biopsy are very similar in both types of MD 

and show a high number of internal nuclei, increased fiber size variation, basophilic 
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regenerating fibers, splitting fibers, fibrosis, and adipose deposition [18,274,275]. All findings 

occur in varying degrees depending on the extent of muscle involvement [18]. In MD2 we can 

observe a predominant type 2 fiber atrophy in contrast to the type 1 atrophy in MD1, also 

central nucleation selectively affects type 2 fibers and the atrophic nuclear clumps express fast 

myosin isoform (type 2 fiber) [32,274–276]. All these findings above indicate that MD2 is 

predominantly a disease of type 2 myofibers [274,275]. Interestingly, severely atrophic fibers 

with pyknotic nuclear clumps observed also in neurogenic atrophy are frequently found in 

MD2 biopsy even before the occurrence of muscle weakness [32]. On the contrary in MD1, 

highly atrophic fibers and nuclear clumps are not present at earlier stages of MD1 muscle 

biopsy [32]. 

In MD-related cardiac disease have been reported nonspecific histopathological findings of 

the heart as interstitial fibrosis, degeneration, fatty infiltration, myocyte hypertrophy, variation 

in myocyte size, focal myocarditis with lymphocyte infiltration,  muscle fiber re-arrangement, 

or focal vacuolar myocyte degeneration [127,277,278].   

Inclusions formed by expanded RNA and MBNL proteins can also be observed in the tissues 

of MD1 and MD2 patients using in situ hybridization and immunofluorescence [279]. 

 

8.3. Electromyography 

The combination of myotonic discharges and myopathic reorganization of motor unit 

potentials on electromyography are characteristic for this disease. Myotonic discharges are 

pathognomic for MD and other muscle channelopathies and they represent a very valuable 

diagnostic method [95,96]. The myopathic pattern on electromyography may not be present in 

younger patients with MD1 or patients with MD2 at an earlier stage of the disease [6,95]. In 

patients with MD we can also find the combination of myotonic and complex repetitive 

discharges which reflect dystrophic changes of muscle fibers. 

 

8.4. MRI  

Myotonic dystrophy such as other dystrophies have often a characteristic pattern of muscle 

affliction on MRI. Those findings differ between both types but also show some overlap. In 

both types, we can find fatty infiltration of muscle tissue [280]. It also seems that some 

muscles in both types may be affected before weakness is clinically noted and vice versa 

[280]. 

MD1 is typically characterized by distal more than proximal muscle involvement showing 

predominant affliction of the soleus, medial gastrocnemius, and proximally the anterior thigh 
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compartment with relative sparing of the rectus femoris (Figure 3) [80,280,281]. The anterior 

compartment (tibialis anterior muscle) was observed with later involvement and the posterior 

tibialis muscle is spared [280]. MD1 patients show signs of fatty degeneration or oedematous 

changes in the affected muscles on muscular MRI [281].  

In contrast to MD1, patients with MD2 are less affected based on MRI findings [280]. 

Affected patients show more involvement of the proximal muscles especially with the 

affliction of the quadriceps (Figure 3) [280,281]. A whole-body MRI study including MD1 

and MD2 patients showed that most of the affected MD2 patients showed damage 

predominantly of the trunk muscles (such as the erector spinae and gluteus) and in some cases 

involvement of the proximal and lower leg muscles with sparing of the rectus femoris and 

gracilis muscles in all MD2 patients [80]. 

 

9. Management 

There are currently no curative or disease-modifying therapies, although clinical treatment 

trials have become more promising. There are potential strategies including genome editing, 

small molecule therapeutics, and antisense oligonucleotide-based therapies to target the 

pathogenesis of type 1 and type 2 myotonic dystrophies at the DNA, RNA, or downstream 

target level [282]. Antisense and other RNA-mediated technologies have been applied to 

target toxic-repeat mRNA transcripts to restore MBNL protein function in MD1 models, such 

as cells and mice, and humans. This technique has promising results in MD1 therapeutics by 

alleviating pathogenic phenotypes [183,282].  

To reduce the impact of muscular impairment and other systemic involvement we use 

periodic clinical surveillance. Currently, there is an increasing international consensus on the 

necessity of the existence of a multidisciplinary team to provide comprehensive and 

coordinated clinical care. A multidisciplinary approach consists of a team of neurologists, 

genetic counselors, pulmonologists, cardiologists, ophthalmologists, pediatricians, internists, 

and psychologists/psychiatrists [82]. Management focuses on genetic counseling, preserving 

function and independence, preventing cardiopulmonary and ophthalmologic complications. 

Genetic counseling is strongly recommended and should include education regarding 

inheritance, anticipation, or maternal bias. Intense prenatal care and counseling should be 

provided to female patients desiring to have children. Prenatal testing is available and can be 

performed before implantation or in utero [283].  

Monitoring of cardiorespiratory function with an electrocardiogram, echocardiogram, and 

spirometry is necessary on regular periods. An annual 12-lead electrocardiogram (ECG) and 
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echocardiogram (or cardiac MRI) every 2–5 years is recommended [82]. Symptomatic 

patients with a normal ECG should undergo a cardiologic investigation with extended cardiac 

monitoring [82]. A pacemaker or implantable defibrillator is recommended for patients with 

clinically significant cardiac abnormalities [284]. Spirometry should include the examination 

of seated and supine force vital capacity (FVC), and forced expiratory volume in 1 s (FEV1). 

If hypoventilation or pulmonary restriction is reported, a careful pulmonary examination 

should be performed. Also, polysomnography should be performed on all patients suspected 

of hypoventilation or apnea. Non-invasive positive-pressure ventilation should be tried for 

respiratory insufficiency, hypoventilation, or sleep apnea, and bilevel positive airway pressure 

is recommended for patients with respiratory muscle weakness [82]. Regular ophthalmologic 

examination is necessary for the early detection of cataracts [82]. Monitoring of endocrine 

function by blood sampling is also required in MD. Periodic glucose tests (fasting glucose 

tolerance test, glycosylated hemoglobin), lipids, liver function, and thyroid function testing 

should be performed. Males with testicular failure (erectile dysfunction, infertility) should be 

referred to specialists. Females with dysmenorrhea, irregular menstruation, or infertility 

should be referred to gynecology and obstetrics.  

An important part of care is the symptomatic treatment of pain, myotonia, or 

hypersomnolence. Muscular pain is a frequent and difficult problem in MD and for some 

patients is pain the most disabling symptom of the disease. Most of the patients usually use 

paracetamol, non-steroidal anti-inflammatory drugs, tramadol, or other opiates, but sometimes 

pain has a poor response to these common analgesics. Antineuralgic therapy should be 

initiated when there is no effect of common analgesics or pain appears to be neuropathic. In 

specific circumstances, antimyotonia therapy is helpful, especially if muscle stiffness is 

frequent and severe. Sodium channel blockers, such as mexiletine, phenytoin, procainamide, 

propafenone, flecainide, carbamazepine, and quinine, have been reported to improve 

myotonia [82].  Methylphenidate or modafinil could be tried for excessive daytime sleepiness 

[285,286]. Vitamin D supplementation is beneficial not only to patients with secondary 

hyperparathyroidism but also with primary hyperparathyroidism and coexisting vitamin D 

deficiency. 

Symptomatic treatment of muscle weakness includes occupational therapy, physical therapy, 

speech therapy, swallow evaluation, or assistive devices if necessary. A need for supportive 

care, such as a cane, walker, or wheelchairs, is more often in MD1. Regular low to moderate 

intensity strength training or aerobic exercise programs might optimize muscle and 

cardiorespiratory function and prevent additional atrophy and deconditioning in people with a 
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muscle disease [287]. However, there is insufficient evidence to conclude that exercise offers 

benefits in preserving muscle strength [287]. In patients with significant weight loss or 

malnutrition, consultation with nutrition specialists should be considered, or even feeding 

tube placement. Surgery is indicated for severe foot deformities or contractures in MD1 

patients [249]. 

As a rule, general anesthesia should be avoided and regional anesthesia should be used when 

possible [88]. Patients with advanced muscle weakness are at increased risk of perioperative 

acute respiratory failure. Therefore, pre-operative spirometry and cardiology assessment and 

careful perioperative cardiopulmonary monitoring are recommended. The need for post-

surgically intensive care unit admission even noninvasive ventilator assistance is possible. 

MD patients are not more susceptible to the development of malignant hyperthermia. MD1 

patients are more sensitive to the respiratory depressant effects of commonly used 

premedications, e.g. opioids and benzodiazepines [288]. If possible, it is recommended to 

avoid muscle relaxants altogether. When muscle relaxation is required, use non-depolarizing 

muscle relaxants and avoid a depolarizing muscle relaxant (succinylcholine), because of 

muscle rigidity and prolonged laryngospasm after succinylcholine administration [289]. The 

volatile anesthetic may exacerbate a patient’s cardiomyopathy, secondary to their myocardial 

depressive effects [88]. In addition to medications, the cold temperature may trigger 

myotonia, therefore, hypothermia during surgical procedures should be avoided [88].  

  



41 

 

10. Literature 

[1] Thornton CA, Griggs RC, Moxley RT. Myotonic dystrophy with no trinucleotide repeat expansion. 
Ann Neurol 1994;35:269–72. https://doi.org/10.1002/ana.410350305. 

[2] Ricker K, Koch MC, Lehmann-Horn F, Pongratz D, Otto M, Heine R, et al. Proximal myotonic 
myopathy: a new dominant disorder with myotonia, muscle weakness, and cataracts. Neurology 
1994;44:1448–52. https://doi.org/10.1212/wnl.44.8.1448. 

[3] Udd B, Krahe R, Wallgren-Pettersson C, Falck B, Kalimo H. Proximal myotonic dystrophy--a family 
with autosomal dominant muscular dystrophy, cataracts, hearing loss and hypogonadism: 
heterogeneity of proximal myotonic syndromes? Neuromuscul Disord 1997;7:217–28. 
https://doi.org/10.1016/s0960-8966(97)00041-2. 

[4] Udd B, Krahe R. The myotonic dystrophies: molecular, clinical, and therapeutic challenges. 
Lancet Neurol 2012;11:891–905. https://doi.org/10.1016/S1474-4422(12)70204-1. 

[5] Suominen T, Bachinski LL, Auvinen S, Hackman P, Baggerly KA, Angelini C, et al. Population 
frequency of myotonic dystrophy: higher than expected frequency of myotonic dystrophy type 2 
(DM2) mutation in Finland. Eur J Hum Genet 2011;19:776–82. 
https://doi.org/10.1038/ejhg.2011.23. 

[6] Harper PS. Myotonic dystrophy.3rd edition. London: Saunders; 2001. 
[7] Mathieu J, Allard P, Potvin L, Prévost C, Bégin P. A 10-year study of mortality in a cohort of 

patients with myotonic dystrophy. Neurology 1999;52:1658–62. 
https://doi.org/10.1212/wnl.52.8.1658. 

[8] Lindberg C, Bjerkne F. Prevalence of myotonic dystrophy type 1 in adults in western Sweden. 
Neuromuscul Disord 2017;27:159–62. https://doi.org/10.1016/j.nmd.2016.12.005. 

[9] Mathieu J, Prévost C. Epidemiological surveillance of myotonic dystrophy type 1: a 25-year 
population-based study. Neuromuscul Disord 2012;22:974–9. 
https://doi.org/10.1016/j.nmd.2012.05.017. 

[10] López de Munain A, Blanco A, Emparanza JI, Poza JJ, Martí Massó JF, Cobo A, et al. Prevalence of 
myotonic dystrophy in Guipúzcoa (Basque Country, Spain). Neurology 1993;43:1573–6. 
https://doi.org/10.1212/wnl.43.8.1573. 

[11] Vohanka S, Parmova O, Mazanec R, Strenkova J, Ridzon P, Ehler E, et al. Myotonic dystrophy in 
Czech Republic: data from the national registry. J Neurol Sci 2015;357:e347. 
https://doi.org/8.10.1016/j.jns.2015.08.1232. 

[12] Wenninger S, Montagnese F, Schoser B. Core Clinical Phenotypes in Myotonic Dystrophies. Front 
Neurol 2018;9:303. https://doi.org/10.3389/fneur.2018.00303. 

[13] Udd B, Meola G, Krahe R, Thornton C, Ranum LPW, Bassez G, et al. 140th ENMC International 
Workshop: Myotonic Dystrophy DM2/PROMM and other myotonic dystrophies with guidelines 
on management. Neuromuscul Disord 2006;16:403–13. 
https://doi.org/10.1016/j.nmd.2006.03.010. 

[14] Brook JD, McCurrach ME, Harley HG, Buckler AJ, Church D, Aburatani H, et al. Molecular basis of 
myotonic dystrophy: expansion of a trinucleotide (CTG) repeat at the 3’ end of a transcript 
encoding a protein kinase family member. Cell 1992;68:799–808. https://doi.org/10.1016/0092-
8674(92)90154-5. 

[15] Fu YH, Pizzuti A, Fenwick RG, King J, Rajnarayan S, Dunne PW, et al. An unstable triplet repeat in 
a gene related to myotonic muscular dystrophy. Science 1992;255:1256–8. 

[16] Liquori CL, Ricker K, Moseley ML, Jacobsen JF, Kress W, Naylor SL, et al. Myotonic dystrophy type 
2 caused by a CCTG expansion in intron 1 of ZNF9. Science 2001;293:864–7. 
https://doi.org/10.1126/science.1062125. 

[17] Ranum LPW, Cooper TA. RNA-mediated neuromuscular disorders. Annu Rev Neurosci 
2006;29:259–77. https://doi.org/10.1146/annurev.neuro.29.051605.113014. 

[18] Meola G. Clinical aspects, molecular pathomechanisms and management of myotonic 
dystrophies. Acta Myol 2013;32:154–65. 



42 

 

[19] Mankodi A, Lin X, Blaxall BC, Swanson MS, Thornton CA. Nuclear RNA foci in the heart in 
myotonic dystrophy. Circ Res 2005;97:1152–5. 
https://doi.org/10.1161/01.RES.0000193598.89753.e3. 

[20] Jiang H, Mankodi A, Swanson MS, Moxley RT, Thornton CA. Myotonic dystrophy type 1 is 
associated with nuclear foci of mutant RNA, sequestration of muscleblind proteins and 
deregulated alternative splicing in neurons. Hum Mol Genet 2004;13:3079–88. 
https://doi.org/10.1093/hmg/ddh327. 

[21] Perdoni F, Malatesta M, Cardani R, Giagnacovo M, Mancinelli E, Meola G, et al. RNA/MBNL1-
containing foci in myoblast nuclei from patients affected by myotonic dystrophy type 2: an 
immunocytochemical study. Eur J Histochem 2009;53:151–8. 
https://doi.org/10.4081/ejh.2009.151. 

[22] Kuyumcu-Martinez NM, Wang G-S, Cooper TA. Increased steady-state levels of CUGBP1 in 
myotonic dystrophy 1 are due to PKC-mediated hyperphosphorylation. Mol Cell 2007;28:68–78. 
https://doi.org/10.1016/j.molcel.2007.07.027. 

[23] Cardani R, Bugiardini E, Renna LV, Rossi G, Colombo G, Valaperta R, et al. Overexpression of 
CUGBP1 in skeletal muscle from adult classic myotonic dystrophy type 1 but not from myotonic 
dystrophy type 2. PLoS ONE 2013;8:e83777. https://doi.org/10.1371/journal.pone.0083777. 

[24] Osborne RJ, Thornton CA. RNA-dominant diseases. Hum Mol Genet 2006;15 Spec No 2:R162-
169. https://doi.org/10.1093/hmg/ddl181. 

[25] Meinke P, Hintze S, Limmer S, Schoser B. Myotonic Dystrophy-A Progeroid Disease? Front Neurol 
2018;9:601. https://doi.org/10.3389/fneur.2018.00601. 

[26] Philips AV, Timchenko LT, Cooper TA. Disruption of splicing regulated by a CUG-binding protein in 
myotonic dystrophy. Science 1998;280:737–41. https://doi.org/10.1126/science.280.5364.737. 

[27] Mankodi A, Takahashi MP, Jiang H, Beck CL, Bowers WJ, Moxley RT, et al. Expanded CUG repeats 
trigger aberrant splicing of ClC-1 chloride channel pre-mRNA and hyperexcitability of skeletal 
muscle in myotonic dystrophy. Mol Cell 2002;10:35–44. https://doi.org/10.1016/s1097-
2765(02)00563-4. 

[28] Charlet-B N, Savkur RS, Singh G, Philips AV, Grice EA, Cooper TA. Loss of the muscle-specific 
chloride channel in type 1 myotonic dystrophy due to misregulated alternative splicing. Mol Cell 
2002;10:45–53. https://doi.org/10.1016/s1097-2765(02)00572-5. 

[29] Savkur RS, Philips AV, Cooper TA. Aberrant regulation of insulin receptor alternative splicing is 
associated with insulin resistance in myotonic dystrophy. Nat Genet 2001;29:40–7. 
https://doi.org/10.1038/ng704. 

[30] Savkur RS, Philips AV, Cooper TA, Dalton JC, Moseley ML, Ranum LPW, et al. Insulin receptor 
splicing alteration in myotonic dystrophy type 2. Am J Hum Genet 2004;74:1309–13. 
https://doi.org/10.1086/421528. 

[31] Fugier C, Klein AF, Hammer C, Vassilopoulos S, Ivarsson Y, Toussaint A, et al. Misregulated 
alternative splicing of BIN1 is associated with T tubule alterations and muscle weakness in 
myotonic dystrophy. Nat Med 2011;17:720–5. https://doi.org/10.1038/nm.2374. 

[32] Vihola A, Bachinski LL, Sirito M, Olufemi S-E, Hajibashi S, Baggerly KA, et al. Differences in 
aberrant expression and splicing of sarcomeric proteins in the myotonic dystrophies DM1 and 
DM2. Acta Neuropathol 2010;119:465–79. https://doi.org/10.1007/s00401-010-0637-6. 

[33] Koebis M, Ohsawa N, Kino Y, Sasagawa N, Nishino I, Ishiura S. Alternative splicing of myomesin 1 
gene is aberrantly regulated in myotonic dystrophy type 1. Genes Cells 2011;16:961–72. 
https://doi.org/10.1111/j.1365-2443.2011.01542.x. 

[34] Rinaldi F, Terracciano C, Pisani V, Massa R, Loro E, Vergani L, et al. Aberrant splicing and 
expression of the non muscle myosin heavy-chain gene MYH14 in DM1 muscle tissues. Neurobiol 
Dis 2012;45:264–71. https://doi.org/10.1016/j.nbd.2011.08.010. 

[35] Lin X, Miller JW, Mankodi A, Kanadia RN, Yuan Y, Moxley RT, et al. Failure of MBNL1-dependent 
post-natal splicing transitions in myotonic dystrophy. Hum Mol Genet 2006;15:2087–97. 
https://doi.org/10.1093/hmg/ddl132. 



43 

 

[36] Tang ZZ, Yarotskyy V, Wei L, Sobczak K, Nakamori M, Eichinger K, et al. Muscle weakness in 
myotonic dystrophy associated with misregulated splicing and altered gating of Ca(V)1.1 calcium 
channel. Hum Mol Genet 2012;21:1312–24. https://doi.org/10.1093/hmg/ddr568. 

[37] Rau F, Freyermuth F, Fugier C, Villemin J-P, Fischer M-C, Jost B, et al. Misregulation of miR-1 
processing is associated with heart defects in myotonic dystrophy. Nat Struct Mol Biol 
2011;18:840–5. https://doi.org/10.1038/nsmb.2067. 

[38] Perbellini R, Greco S, Sarra-Ferraris G, Cardani R, Capogrossi MC, Meola G, et al. Dysregulation 
and cellular mislocalization of specific miRNAs in myotonic dystrophy type 1. Neuromuscul 
Disord 2011;21:81–8. https://doi.org/10.1016/j.nmd.2010.11.012. 

[39] Gambardella S, Rinaldi F, Lepore SM, Viola A, Loro E, Angelini C, et al. Overexpression of 
microRNA-206 in the skeletal muscle from myotonic dystrophy type 1 patients. J Transl Med 
2010;8:48. https://doi.org/10.1186/1479-5876-8-48. 

[40] Huichalaf C, Schoser B, Schneider-Gold C, Jin B, Sarkar P, Timchenko L. Reduction of the rate of 
protein translation in patients with myotonic dystrophy 2. J Neurosci 2009;29:9042–9. 
https://doi.org/10.1523/JNEUROSCI.1983-09.2009. 

[41] Raheem O, Olufemi S-E, Bachinski LL, Vihola A, Sirito M, Holmlund-Hampf J, et al. Mutant 
(CCTG)n expansion causes abnormal expression of zinc finger protein 9 (ZNF9) in myotonic 
dystrophy type 2. Am J Pathol 2010;177:3025–36. https://doi.org/10.2353/ajpath.2010.100179. 

[42] Brunner HG, Brüggenwirth HT, Nillesen W, Jansen G, Hamel BC, Hoppe RL, et al. Influence of sex 
of the transmitting parent as well as of parental allele size on the CTG expansion in myotonic 
dystrophy (DM). Am J Hum Genet 1993;53:1016–23. 

[43] Bouchard J-P, Cossette L, Bassez G, Puymirat J. Natural history of skeletal muscle involvement in 
myotonic dystrophy type 1: a retrospective study in 204 cases. J Neurol 2015;262:285–93. 
https://doi.org/10.1007/s00415-014-7570-x. 

[44] Ho G, Cardamone M, Farrar M. Congenital and childhood myotonic dystrophy: Current aspects of 
disease and future directions. World J Clin Pediatr 2015;4:66–80. 
https://doi.org/10.5409/wjcp.v4.i4.66. 

[45] Arsenault M-E, Prévost C, Lescault A, Laberge C, Puymirat J, Mathieu J. Clinical characteristics of 
myotonic dystrophy type 1 patients with small CTG expansions. Neurology 2006;66:1248–50. 
https://doi.org/10.1212/01.wnl.0000208513.48550.08. 

[46] Meola G. Clinical and genetic heterogeneity in myotonic dystrophies. Muscle Nerve 
2000;23:1789–99. https://doi.org/10.1002/1097-4598(200012)23:12<1789::aid-mus2>3.0.co;2-
4. 

[47] Turner C, Hilton-Jones D. Myotonic dystrophy: diagnosis, management and new therapies. Curr 
Opin Neurol 2014;27:599–606. https://doi.org/10.1097/WCO.0000000000000128. 

[48] De Antonio M, Dogan C, Hamroun D, Mati M, Zerrouki S, Eymard B, et al. Unravelling the 
myotonic dystrophy type 1 clinical spectrum: A systematic registry-based study with implications 
for disease classification. Rev Neurol (Paris) 2016;172:572–80. 
https://doi.org/10.1016/j.neurol.2016.08.003. 

[49] Hamshere MG, Harley H, Harper P, Brook JD, Brookfield JF. Myotonic dystrophy: the correlation 
of (CTG) repeat length in leucocytes with age at onset is significant only for patients with small 
expansions. J Med Genet 1999;36:59–61. 

[50] Thornton CA, Johnson K, Moxley RT. Myotonic dystrophy patients have larger CTG expansions in 
skeletal muscle than in leukocytes. Ann Neurol 1994;35:104–7. 
https://doi.org/10.1002/ana.410350116. 

[51] Monckton DG, Wong LJ, Ashizawa T, Caskey CT. Somatic mosaicism, germline expansions, 
germline reversions and intergenerational reductions in myotonic dystrophy males: small pool 
PCR analyses. Hum Mol Genet 1995;4:1–8. https://doi.org/10.1093/hmg/4.1.1. 

[52] Lavedan C, Hofmann-Radvanyi H, Shelbourne P, Rabes JP, Duros C, Savoy D, et al. Myotonic 
dystrophy: size- and sex-dependent dynamics of CTG meiotic instability, and somatic mosaicism. 
Am J Hum Genet 1993;52:875–83. 



44 

 

[53] Day JW, Ricker K, Jacobsen JF, Rasmussen LJ, Dick KA, Kress W, et al. Myotonic dystrophy type 2: 
molecular, diagnostic and clinical spectrum. Neurology 2003;60:657–64. 
https://doi.org/10.1212/01.wnl.0000054481.84978.f9. 

[54] Zeesman S, Carson N, Whelan DT. Paternal transmission of the congenital form of myotonic 
dystrophy type 1: a new case and review of the literature. Am J Med Genet 2002;107:222–6. 
https://doi.org/10.1002/ajmg.10141. 

[55] de Die-Smulders CE, Smeets HJ, Loots W, Anten HB, Mirandolle JF, Geraedts JP, et al. Paternal 
transmission of congenital myotonic dystrophy. J Med Genet 1997;34:930–3. 
https://doi.org/10.1136/jmg.34.11.930. 

[56] Ashizawa T, Dunne PW, Ward PA, Seltzer WK, Richards CS. Effects of the sex of myotonic 
dystrophy patients on the unstable triplet repeat in their affected offspring. Neurology 
1994;44:120–2. https://doi.org/10.1212/wnl.44.1.120. 

[57] Martorell L, Gámez J, Cayuela ML, Gould FK, McAbney JP, Ashizawa T, et al. Germline mutational 
dynamics in myotonic dystrophy type 1 males: allele length and age effects. Neurology 
2004;62:269–74. https://doi.org/10.1212/wnl.62.2.269. 

[58] Mateos-Aierdi AJ, Goicoechea M, Aiastui A, Fernández-Torrón R, Garcia-Puga M, Matheu A, et al. 
Muscle wasting in myotonic dystrophies: a model of premature aging. Front Aging Neurosci 
2015;7:125. https://doi.org/10.3389/fnagi.2015.00125. 

[59] Bachinski LL, Czernuszewicz T, Ramagli LS, Suominen T, Shriver MD, Udd B, et al. Premutation 
allele pool in myotonic dystrophy type 2. Neurology 2009;72:490–7. 
https://doi.org/10.1212/01.wnl.0000333665.01888.33. 

[60] Udd B, Meola G, Krahe R, Thornton C, Ranum L, Day J, et al. Report of the 115th ENMC 
workshop: DM2/PROMM and other myotonic dystrophies. 3rd Workshop, 14-16 February 2003, 
Naarden, The Netherlands. Neuromuscul Disord 2003;13:589–96. 
https://doi.org/10.1016/s0960-8966(03)00092-0. 

[61] Cerghet M, Tapos D, Serajee FJ, Mahbubul Huq AHM. Homozygous myotonic dystrophy with 
craniosynostosis. J Child Neurol 2008;23:930–3. https://doi.org/10.1177/0883073808314965. 

[62] Martorell L, Illa I, Rosell J, Benitez J, Sedano MJ, Baiget M. Homozygous myotonic dystrophy: 
clinical and molecular studies of three unrelated cases. J Med Genet 1996;33:783–5. 
https://doi.org/10.1136/jmg.33.9.783. 

[63] Schoser BGH, Kress W, Walter MC, Halliger-Keller B, Lochmüller H, Ricker K. Homozygosity for 
CCTG mutation in myotonic dystrophy type 2. Brain 2004;127:1868–77. 
https://doi.org/10.1093/brain/awh210. 

[64] Hsu CD, Feng TI, Crawford TO, Johnson TR. Unusual fetal movement in congenital myotonic 
dystrophy. Fetal Diagn Ther 1993;8:200–2. https://doi.org/10.1159/000263825. 

[65] Yee C, Choi S-J, Oh S, Ki C-S, Roh C-R, Kim J-H. Clinical characteristics of pregnancies complicated 
by congenital myotonic dystrophy. Obstet Gynecol Sci 2017;60:323–8. 
https://doi.org/10.5468/ogs.2017.60.4.323. 

[66] Wallgren-Pettersson C, Bushby K, Mellies U, Simonds A, ENMC. 117th ENMC workshop: 
ventilatory support in congenital neuromuscular disorders -- congenital myopathies, congenital 
muscular dystrophies, congenital myotonic dystrophy and SMA (II) 4-6 April 2003, Naarden, The 
Netherlands. Neuromuscul Disord 2004;14:56–69. https://doi.org/10.1016/j.nmd.2003.09.003. 

[67] Angeard N, Gargiulo M, Jacquette A, Radvanyi H, Eymard B, Héron D. Cognitive profile in 
childhood myotonic dystrophy type 1: is there a global impairment? Neuromuscul Disord 
2007;17:451–8. https://doi.org/10.1016/j.nmd.2007.02.012. 

[68] Ekström A-B, Hakenäs-Plate L, Samuelsson L, Tulinius M, Wentz E. Autism spectrum conditions in 
myotonic dystrophy type 1: a study on 57 individuals with congenital and childhood forms. Am J 
Med Genet B Neuropsychiatr Genet 2008;147B:918–26. https://doi.org/10.1002/ajmg.b.30698. 

[69] Douniol M, Jacquette A, Guilé J-M, Tanguy M-L, Angeard N, Héron D, et al. Psychiatric and 
cognitive phenotype in children and adolescents with myotonic dystrophy. Eur Child Adolesc 
Psychiatry 2009;18:705–15. https://doi.org/10.1007/s00787-009-0037-4. 



45 

 

[70] Douniol M, Jacquette A, Cohen D, Bodeau N, Rachidi L, Angeard N, et al. Psychiatric and cognitive 
phenotype of childhood myotonic dystrophy type 1. Dev Med Child Neurol 2012;54:905–11. 
https://doi.org/10.1111/j.1469-8749.2012.04379.x. 

[71] Spranger M, Spranger S, Tischendorf M, Meinck HM, Cremer M. Myotonic dystrophy. The role of 
large triplet repeat length in the development of mental retardation. Arch Neurol 1997;54:251–
4. https://doi.org/10.1001/archneur.1997.00550150017009. 

[72] Schara U, Schoser BGH. Myotonic dystrophies type 1 and 2: a summary on current aspects. 
Semin Pediatr Neurol 2006;13:71–9. https://doi.org/10.1016/j.spen.2006.06.002. 

[73] Schoser B, Timchenko L. Myotonic dystrophies 1 and 2: complex diseases with complex 
mechanisms. Curr Genomics 2010;11:77–90. https://doi.org/10.2174/138920210790886844. 

[74] Hilbert JE, Ashizawa T, Day JW, Luebbe EA, Martens WB, McDermott MP, et al. Diagnostic 
odyssey of patients with myotonic dystrophy. J Neurol 2013;260:2497–504. 
https://doi.org/10.1007/s00415-013-6993-0. 

[75] Bassez G, Lazarus A, Desguerre I, Varin J, Laforêt P, Bécane HM, et al. Severe cardiac arrhythmias 
in young patients with myotonic dystrophy type 1. Neurology 2004;63:1939–41. 
https://doi.org/10.1212/01.wnl.0000144343.91136.cf. 

[76] Kornegay JN, Childers MK, Bogan DJ, Bogan JR, Nghiem P, Wang J, et al. The Paradox of Muscle 
Hypertrophy in Muscular Dystrophy. Phys Med Rehabil Clin N Am 2012;23:149–xii. 
https://doi.org/10.1016/j.pmr.2011.11.014. 

[77] Montagnese F, Mondello S, Wenninger S, Kress W, Schoser B. Assessing the influence of age and 
gender on the phenotype of myotonic dystrophy type 2. J Neurol 2017;264:2472–80. 
https://doi.org/10.1007/s00415-017-8653-2. 

[78] Jiménez-Moreno AC, Raaphorst J, Babačić H, Wood L, van Engelen B, Lochmüller H, et al. Falls 
and resulting fractures in Myotonic Dystrophy: Results from a multinational retrospective survey. 
Neuromuscul Disord 2018;28:229–35. https://doi.org/10.1016/j.nmd.2017.12.010. 

[79] Stahl K, Wenninger S, Schüller A, Montagnese F, Schoser B. [Educational and Professional 
Qualifications of Adults With Myotonic Dystrophies - A Misleading Perception by the Myopathic 
Face?]. Fortschr Neurol Psychiatr 2016;84:211–6. https://doi.org/10.1055/s-0042-104193. 

[80] Kornblum C, Lutterbey G, Bogdanow M, Kesper K, Schild H, Schröder R, et al. Distinct 
neuromuscular phenotypes in myotonic dystrophy types 1 and 2 : a whole body highfield MRI 
study. J Neurol 2006;253:753–61. https://doi.org/10.1007/s00415-006-0111-5. 

[81] Sansone VA, Gagnon C, participants of the 207th ENMC Workshop. 207th ENMC Workshop on 
chronic respiratory insufficiency in myotonic dystrophies: management and implications 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. 

[82] Smith CA, Gutmann L. Myotonic Dystrophy Type 1 Management and Therapeutics. Curr Treat 
Options Neurol 2016;18:52. https://doi.org/10.1007/s11940-016-0434-1. 

[83] Gilmartin J, Cooper B, Griffiths C, Walls T, Veale V, Stone T, et al. Breathing during sleep in 
patients with myotonic dystrophy and non-myotonic respiratory muscle weakness. The Quarterly 
Journal of Medicine 1991;78. https://pubmed.ncbi.nlm.nih.gov/1670061/ (accessed December 
24, 2020). 

[84] Zifko U, Hahn A, Remtulla H, George C, Wihlidal W, Bolton C. Central and peripheral respiratory 
electrophysiological studies in myotonic dystrophy. Brain : A Journal of Neurology 1996;119 ( Pt 
6). https://doi.org/10.1093/brain/119.6.1911. 

[85] Ono S, Kanda F, Takahashi K, Fukuoka Y, Jinnai K, Kurisaki H, et al. Neuronal loss in the medullary 
reticular formation in myotonic dystrophy: a clinicopathological study. Neurology 1996;46:228–
31. https://doi.org/10.1212/wnl.46.1.228. 

[86] Ono S, Kurisaki H, Sakuma A, Nagao K. Myotonic dystrophy with alveolar hypoventilation and 
hypersomnia: a clinicopathological study. J Neurol Sci 1995;128:225–31. 
https://doi.org/10.1016/0022-510x(94)00244-i. 

[87] Carroll JE, Zwillich CW, Weil JV. Ventilatory response in myotonic dystrophy. Neurology 
1977;27:1125–8. https://doi.org/10.1212/wnl.27.12.1125. 



46 

 

[88] Mangla C, Bais K, Yarmush J. Myotonic Dystrophy and Anesthetic Challenges: A Case Report and 
Review. Case Rep Anesthesiol 2019;2019. https://doi.org/10.1155/2019/4282305. 

[89] Staley R, Se S, Hanson J, Nowak A. Craniofacial development in myotonic dystrophy. The Cleft 
Palate-Craniofacial Journal : Official Publication of the American Cleft Palate-Craniofacial 
Association 1992;29. https://doi.org/10.1597/1545-1569_1992_029_0456_cdimd_2.3.co_2. 

[90] Renaud JF, Desnuelle C, Schmid-Antomarchi H, Hugues M, Serratrice G, Lazdunski M. Expression 
of apamin receptor in muscles of patients with myotonic muscular dystrophy. Nature 
1986;319:678–80. https://doi.org/10.1038/319678a0. 

[91] Kimura T, Takahashi MP, Okuda Y, Kaido M, Fujimura H, Yanagihara T, et al. The expression of ion 
channel mRNAs in skeletal muscles from patients with myotonic muscular dystrophy. Neurosci 
Lett 2000;295:93–6. https://doi.org/10.1016/s0304-3940(00)01598-6. 

[92] Favero M, Jiang D-J, Chiamulera C, Cangiano A, Fumagalli GF. Expression of small-conductance 
calcium-activated potassium channels (SK3) in skeletal muscle: regulation by muscle activity. J 
Physiol 2008;586:4763–74. https://doi.org/10.1113/jphysiol.2008.156588. 

[93] Sunohara N, Tomi H, Nakamura A, Arahata K, Nonaka I. Myotonia congenita with painful muscle 
cramps. Intern Med 1996;35:507–11. https://doi.org/10.2169/internalmedicine.35.507. 

[94] Young NP, Daube JR, Sorenson EJ, Milone M. Absent, unrecognized, and minimal myotonic 
discharges in myotonic dystrophy type 2. Muscle Nerve 2010;41:758–62. 
https://doi.org/10.1002/mus.21615. 

[95] Preston DC, Shapiro BE. Electromyography and Neuromuscular Disorders E-Book: Clinical-
Electrophysiologic Correlations (Expert Consult - Online). Elsevier Health Sciences; 2012. 

[96] Hahn C, Salajegheh MK. Myotonic disorders: A review article. Iran J Neurol 2016;15:46–53. 
[97] Heatwole C, Johnson N, Bode R, Dekdebrun J, Dilek N, Hilbert JE, et al. Patient-Reported Impact 

of Symptoms in Myotonic Dystrophy Type 2 (PRISM-2). Neurology 2015;85:2136–46. 
https://doi.org/10.1212/WNL.0000000000002225. 

[98] Cardani R, Giagnacovo M, Botta A, Rinaldi F, Morgante A, Udd B, et al. Co-segregation of DM2 
with a recessive CLCN1 mutation in juvenile onset of myotonic dystrophy type 2. J Neurol 
2012;259:2090–9. https://doi.org/10.1007/s00415-012-6462-1. 

[99] Bugiardini E, Rivolta I, Binda A, Soriano Caminero A, Cirillo F, Cinti A, et al. SCN4A mutation as 
modifying factor of myotonic dystrophy type 2 phenotype. Neuromuscul Disord 2015;25:301–7. 
https://doi.org/10.1016/j.nmd.2015.01.006. 

[100] Parmová O, Voháňka S, Fajkusová L, Stehlíková K. Co-occurrence of mutations in the gene 
ZNF9 (myotonic dystrophy type 2) and in the gene CLCN1 (myotonia congenita) in one family. 
Cesk Slov Neurol N 2013;76/109(5):648–51. 

[101] Suominen T, Schoser B, Raheem O, Auvinen S, Walter M, Krahe R, et al. High frequency of co-
segregating CLCN1 mutations among myotonic dystrophy type 2 patients from Finland and 
Germany. J Neurol 2008;255:1731–6. https://doi.org/10.1007/s00415-008-0010-z. 

[102] Andersen G, Ørngreen MC, Preisler N, Colding-Jørgensen E, Clausen T, Duno M, et al. Muscle 
phenotype in patients with myotonic dystrophy type 1. Muscle Nerve 2013;47:409–15. 
https://doi.org/10.1002/mus.23535. 

[103] Hogrel J-Y, Ollivier G, Ledoux I, Hébert LJ, Eymard B, Puymirat J, et al. Relationships between 
grip strength, myotonia, and CTG expansion in myotonic dystrophy type 1. Ann Clin Transl Neurol 
2017;4:921–5. https://doi.org/10.1002/acn3.496. 

[104] Suokas KI, Haanpää M, Kautiainen H, Udd B, Hietaharju AJ. Pain in patients with myotonic 
dystrophy type 2: a postal survey in Finland. Muscle Nerve 2012;45:70–4. 
https://doi.org/10.1002/mus.22249. 

[105] van Engelen BGM, de Leeuw FE. The neglected brain in myotonic dystrophy types 1 and 2. 
Neurology 2010;74:1090–1. https://doi.org/10.1212/WNL.0b013e3181d8c382. 

[106] Guy-Coichard C, Nguyen DT, Delorme T, Boureau F. Pain in hereditary neuromuscular 
disorders and myasthenia gravis: a national survey of frequency, characteristics, and impact. J 
Pain Symptom Manage 2008;35:40–50. https://doi.org/10.1016/j.jpainsymman.2007.02.041. 



47 

 

[107] Delorme T, Boureau F, Eymard B, Laforet P, Cottrel F. Clinical study of chronic pain in 
hereditary myopathies. Eur J Pain 2004;8:55–61. https://doi.org/10.1016/S1090-3801(03)00076-
4. 

[108] Kalkman JS, Schillings ML, van der Werf SP, Padberg GW, Zwarts MJ, van Engelen BGM, et al. 
Experienced fatigue in facioscapulohumeral dystrophy, myotonic dystrophy, and HMSN-I. J 
Neurol Neurosurg Psychiatry 2005;76:1406–9. https://doi.org/10.1136/jnnp.2004.050005. 

[109] Cavel-Greant D, Lehmann-Horn F, Jurkat-Rott K. The impact of permanent muscle weakness 
on quality of life in periodic paralysis: a survey of 66 patients. Acta Myol 2012;31:126–33. 

[110] Jensen MP, Abresch RT, Carter GT, McDonald CM. Chronic pain in persons with 
neuromuscular disease. Arch Phys Med Rehabil 2005;86:1155–63. 
https://doi.org/10.1016/j.apmr.2004.11.028. 

[111] Abresch RT, Carter GT, Jensen MP, Kilmer DD. Assessment of pain and health-related quality 
of life in slowly progressive neuromuscular disease. Am J Hosp Palliat Care 2002;19:39–48. 
https://doi.org/10.1177/104990910201900109. 

[112] Jensen MP, Hoffman AJ, Stoelb BL, Abresch RT, Carter GT, McDonald CM. Chronic pain in 
persons with myotonic dystrophy and facioscapulohumeral dystrophy. Arch Phys Med Rehabil 
2008;89:320–8. https://doi.org/10.1016/j.apmr.2007.08.153. 

[113] George A, Schneider-Gold C, Zier S, Reiners K, Sommer C. Musculoskeletal pain in patients 
with myotonic dystrophy type 2. Arch Neurol 2004;61:1938–42. 
https://doi.org/10.1001/archneur.61.12.1938. 

[114] Meola G, Moxley RT. Myotonic dystrophy type 2 and related myotonic disorders. J Neurol 
2004;251:1173–82. https://doi.org/10.1007/s00415-004-0590-1. 

[115] Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring depression. 
Arch Gen Psychiatry 1961;4:561–71. 

[116] Meola G, Cardani R. Myotonic Dystrophy Type 2: An Update on Clinical Aspects, Genetic and 
Pathomolecular Mechanism. J Neuromuscul Dis 2015;2:S59–71. https://doi.org/10.3233/JND-
150088. 

[117] Moshourab R, Palada V, Grunwald S, Grieben U, Lewin GR, Spuler S. A Molecular Signature of 
Myalgia in Myotonic Dystrophy 2. EBioMedicine 2016;7:205–11. 
https://doi.org/10.1016/j.ebiom.2016.03.017. 

[118] Leonardis L. Peripheral neuropathy in patients with myotonic dystrophy type 2. Acta Neurol 
Scand 2017;135:568–75. https://doi.org/10.1111/ane.12635. 

[119] Nojszewska M, Łusakowska A, Szmidt-Salkowska E, Gaweł M, Lipowska M, Sułek A, et al. 
Peripheral nerve involvement in myotonic dystrophy type 2 - similar or different than in 
myotonic dystrophy type 1? Neurol Neurochir Pol 2015;49:164–70. 
https://doi.org/10.1016/j.pjnns.2015.04.008. 

[120] Kaminsky P, Poussel M, Pruna L, Deibener J, Chenuel B, Brembilla-Perrot B. Organ 
dysfunction and muscular disability in myotonic dystrophy type 1. Medicine (Baltimore) 
2011;90:262–8. https://doi.org/10.1097/MD.0b013e318226046b. 

[121] Sansone VA, Brigonzi E, Schoser B, Villani S, Gaeta M, De Ambroggi G, et al. The frequency 
and severity of cardiac involvement in myotonic dystrophy type 2 (DM2): long-term outcomes. 
Int J Cardiol 2013;168:1147–53. https://doi.org/10.1016/j.ijcard.2012.11.076. 

[122] Flachenecker P, Schneider C, Cursiefen S, Ricker K, Toyka KV, Reiners K. Assessment of 
cardiovascular autonomic function in myotonic dystrophy type 2 (DM2/PROMM). Neuromuscul 
Disord 2003;13:289–93. https://doi.org/10.1016/s0960-8966(02)00277-8. 

[123] Finsterer J, Stöllberger C, Keller H. Arrhythmia-related workup in hereditary myopathies. J 
Electrocardiol 2012;45:376–84. https://doi.org/10.1016/j.jelectrocard.2012.02.003. 

[124] Wahbi K, Algalarrondo V, Bécane HM, Fressart V, Beldjord C, Azibi K, et al. Brugada syndrome 
and abnormal splicing of SCN5A in myotonic dystrophy type 1. Arch Cardiovasc Dis 
2013;106:635–43. https://doi.org/10.1016/j.acvd.2013.08.003. 



48 

 

[125] Nguyen HH, Wolfe JT, Holmes DR, Edwards WD. Pathology of the cardiac conduction system 
in myotonic dystrophy: a study of 12 cases. J Am Coll Cardiol 1988;11:662–71. 
https://doi.org/10.1016/0735-1097(88)91547-1. 

[126] Petri H, Vissing J, Witting N, Bundgaard H, Køber L. Cardiac manifestations of myotonic 
dystrophy type 1. Int J Cardiol 2012;160:82–8. https://doi.org/10.1016/j.ijcard.2011.08.037. 

[127] Lau JK, Sy RW, Corbett A, Kritharides L. Myotonic dystrophy and the heart: A systematic 
review of evaluation and management. Int J Cardiol 2015;184:600–8. 
https://doi.org/10.1016/j.ijcard.2015.03.069. 

[128] Bhakta D, Groh MR, Shen C, Pascuzzi RM, Groh WJ. Increased mortality with left ventricular 
systolic dysfunction and heart failure in adults with myotonic dystrophy type 1. Am Heart J 
2010;160:1137–41, 1141.e1. https://doi.org/10.1016/j.ahj.2010.07.032. 

[129] Ha AH, Tarnopolsky MA, Bergstra TG, Nair GM, Al-Qubbany A, Healey JS. Predictors of atrio-
ventricular conduction disease, long-term outcomes in patients with myotonic dystrophy types I 
and II. Pacing Clin Electrophysiol 2012;35:1262–9. https://doi.org/10.1111/j.1540-
8159.2012.03351.x. 

[130] Bhakta D, Lowe MR, Groh WJ. Prevalence of structural cardiac abnormalities in patients with 
myotonic dystrophy type I. Am Heart J 2004;147:224–7. 
https://doi.org/10.1016/j.ahj.2003.08.008. 

[131] Gottdiener JS, Hawley RJ, Gay JA, DiBianco R, Fletcher RD, Engel WK. Left ventricular 
relaxation, mitral valve prolapse, and intracardiac conduction in myotonia atrophica: assessment 
by digitized echocardiography and noninvasive His bundle recording. Am Heart J 1982;104:77–
85. https://doi.org/10.1016/0002-8703(82)90644-5. 

[132] Finsterer J, Stöllberger C, Wegmann R, Janssen L a. J. Acquired left ventricular 
hypertrabeculation/noncompaction in myotonic dystrophy type 1. Int J Cardiol 2009;137:310–3. 
https://doi.org/10.1016/j.ijcard.2008.05.066. 

[133] Verhaert David, Richards Kathryn, Rafael-Fortney Jill A., Raman Subha V. Cardiac Involvement 
in Patients With Muscular Dystrophies. Circulation: Cardiovascular Imaging 2011;4:67–76. 
https://doi.org/10.1161/CIRCIMAGING.110.960740. 

[134] Lindqvist P, Mörner S, Olofsson BO, Backman C, Lundblad D, Forsberg H, et al. Ventricular 
dysfunction in type 1 myotonic dystrophy: electrical, mechanical, or both? Int J Cardiol 
2010;143:378–84. https://doi.org/10.1016/j.ijcard.2009.03.084. 

[135] Annane D, Merlet P, Radvanyi H, Mazoyer B, Eymard B, Fiorelli M, et al. Blunted coronary 
reserve in myotonic dystrophy. An early and gene-related phenomenon. Circulation 
1996;94:973–7. https://doi.org/10.1161/01.cir.94.5.973. 

[136] Chong-Nguyen C, Wahbi K, Algalarrondo V, Bécane HM, Radvanyi-Hoffman H, Arnaud P, et al. 
Association Between Mutation Size and Cardiac Involvement in Myotonic Dystrophy Type 1: An 
Analysis of the DM1-Heart Registry. Circ Cardiovasc Genet 2017;10. 
https://doi.org/10.1161/CIRCGENETICS.116.001526. 

[137] Marchini C, Lonigro R, Verriello L, Pellizzari L, Bergonzi P, Damante G. Correlations between 
individual clinical manifestations and CTG repeat amplification in myotonic dystrophy. Clin Genet 
2000;57:74–82. https://doi.org/10.1034/j.1399-0004.2000.570112.x. 

[138] Merlevede K, Vermander D, Theys P, Legius E, Ector H, Robberecht W. Cardiac involvement 
and CTG expansion in myotonic dystrophy. J Neurol 2002;249:693–8. 
https://doi.org/10.1007/s00415-002-0692-6. 

[139] Sabovic M, Medica I, Logar N, Mandić E, Zidar J, Peterlin B. Relation of CTG expansion and 
clinical variables to electrocardiogram conduction abnormalities and sudden death in patients 
with myotonic dystrophy. Neuromuscul Disord 2003;13:822–6. https://doi.org/10.1016/s0960-
8966(03)00138-x. 

[140] Wahbi K, Meune C, Bécane HM, Laforêt P, Bassez G, Lazarus A, et al. Left ventricular 
dysfunction and cardiac arrhythmias are frequent in type 2 myotonic dystrophy: a case control 
study. Neuromuscul Disord 2009;19:468–72. https://doi.org/10.1016/j.nmd.2009.04.012. 



49 

 

[141] Schmacht L, Traber J, Grieben U, Utz W, Dieringer MA, Kellman P, et al. Cardiac Involvement 
in Myotonic Dystrophy Type 2 Patients With Preserved Ejection Fraction: Detection by 
Cardiovascular Magnetic Resonance. Circ Cardiovasc Imaging 2016;9. 
https://doi.org/10.1161/CIRCIMAGING.115.004615. 

[142] Schoser BGH, Ricker K, Schneider-Gold C, Hengstenberg C, Dürre J, Bültmann B, et al. Sudden 
cardiac death in myotonic dystrophy type 2. Neurology 2004;63:2402–4. 
https://doi.org/10.1212/01.wnl.0000147335.10783.e4. 

[143] Wj G, Mr G, C S, Jc K, Z S, E C, et al. Electrocardiographic abnormalities and sudden death in 
myotonic dystrophy type 1. The New England Journal of Medicine 2008;358. 
https://doi.org/10.1056/NEJMoa062800. 

[144] Wj G, D B. Arrhythmia management in myotonic dystrophy type 1. JAMA 2012;308. 
https://doi.org/10.1001/jama.2012.6807. 

[145] Voermans NC, Erasmus CE, Ockeloen CW, Van Engelen BG, Eggink CA. Primary cataract as a 
key to recognition of myotonic dystrophy type 1. Eur J Ophthalmol 2015;25:e46-49. 
https://doi.org/10.5301/ejo.5000565. 

[146] Papadopoulos C, Kekou K, Xirou S, Kitsiou-Tzeli S, Kararizou E, Papadimas GK. Early onset 
posterior subscapular cataract in a series of myotonic dystrophy type 2 patients. Eye (Lond) 
2018;32:622–5. https://doi.org/10.1038/eye.2017.280. 

[147] Rakočević-Stojanović V, Perić S, Pešović J, Senćanić I, Božić M, Šviković S, et al. Genetic testing 
of individuals with pre-senile cataract identifies patients with myotonic dystrophy type 2. Eur J 
Neurol 2017;24:e79–80. https://doi.org/10.1111/ene.13401. 

[148] Medica I, Teran N, Volk M, Pfeifer V, Ladavac E, Peterlin B. Patients with primary cataract as a 
genetic pool of DMPK protomutation. J Hum Genet 2007;52:123–8. 
https://doi.org/10.1007/s10038-006-0091-4. 

[149] Rhodes JD, Lott MC, Russell SL, Moulton V, Sanderson J, Wormstone IM, et al. Activation of 
the innate immune response and interferon signalling in myotonic dystrophy type 1 and type 2 
cataracts. Hum Mol Genet 2012;21:852–62. https://doi.org/10.1093/hmg/ddr515. 

[150] Garrott HM, Walland MJ, O’Day J. Recurrent posterior capsular opacification and 
capsulorhexis contracture after cataract surgery in myotonic dystrophy. Clin Experiment 
Ophthalmol 2004;32:653–5. https://doi.org/10.1111/j.1442-9071.2004.00919.x. 

[151] Winchester CL, Ferrier RK, Sermoni A, Clark BJ, Johnson KJ. Characterization of the Expression 
of DMPK and SIX5 in the Human Eye and Implications for Pathogenesis in Myotonic Dystrophy. 
Human Molecular Genetics 1999;8:481–92. https://doi.org/10.1093/hmg/8.3.481. 

[152] Klesert TR, Cho DH, Clark JI, Maylie J, Adelman J, Snider L, et al. Mice deficient in Six5 develop 
cataracts: implications for myotonic dystrophy. Nat Genet 2000;25:105–9. 
https://doi.org/10.1038/75490. 

[153] Day JW, Ranum LPW. RNA pathogenesis of the myotonic dystrophies. Neuromuscul Disord 
2005;15:5–16. https://doi.org/10.1016/j.nmd.2004.09.012. 

[154] Day JW, Ranum LPW. Genetics and molecular pathogenesis of the myotonic dystrophies. Curr 
Neurol Neurosci Rep 2005;5:55–9. https://doi.org/10.1007/s11910-005-0024-1. 

[155] Kang MJ, Yim HB, Hwang HB. Two cases of myotonic dystrophy manifesting various 
ophthalmic findings with genetic evaluation. Indian J Ophthalmol 2016;64:535–7. 
https://doi.org/10.4103/0301-4738.190157. 

[156] Burian HM, Burns CA. Ocular changes in myotonic dystrophy. Am J Ophthalmol 1967;63:22–
34. https://doi.org/10.1016/0002-9394(67)90577-6. 

[157] Kornblum C, Reul J, Kress W, Grothe C, Amanatidis N, Klockgether T, et al. Cranial magnetic 
resonance imaging in genetically proven myotonic dystrophy type 1 and 2. J Neurol 
2004;251:710–4. https://doi.org/10.1007/s00415-004-0408-1. 

[158] Franc DT, Muetzel RL, Robinson PR, Rodriguez CP, Dalton JC, Naughton CE, et al. Cerebral and 
muscle MRI abnormalities in myotonic dystrophy. Neuromuscul Disord 2012;22:483–91. 
https://doi.org/10.1016/j.nmd.2012.01.003. 



50 

 

[159] Schneider-Gold C, Bellenberg B, Prehn C, Krogias C, Schneider R, Klein J, et al. Cortical and 
Subcortical Grey and White Matter Atrophy in Myotonic Dystrophies Type 1 and 2 Is Associated 
with Cognitive Impairment, Depression and Daytime Sleepiness. PLoS ONE 2015;10:e0130352. 
https://doi.org/10.1371/journal.pone.0130352. 

[160] Minnerop M, Weber B, Schoene-Bake J-C, Roeske S, Mirbach S, Anspach C, et al. The brain in 
myotonic dystrophy 1 and 2: evidence for a predominant white matter disease. Brain 
2011;134:3530–46. https://doi.org/10.1093/brain/awr299. 

[161] Caso F, Agosta F, Peric S, Rakočević-Stojanović V, Copetti M, Kostic VS, et al. Cognitive 
impairment in myotonic dystrophy type 1 is associated with white matter damage. PLoS ONE 
2014;9:e104697. https://doi.org/10.1371/journal.pone.0104697. 

[162] Meola G, Sansone V, Perani D, Scarone S, Cappa S, Dragoni C, et al. Executive dysfunction and 
avoidant personality trait in myotonic dystrophy type 1 (DM-1) and in proximal myotonic 
myopathy (PROMM/DM-2). Neuromuscul Disord 2003;13:813–21. 
https://doi.org/10.1016/s0960-8966(03)00137-8. 

[163] Goossens E, Steyaert J, De Die-Smulders C, Willekens D, Fryns JP. Emotional and behavioral 
profile and child psychiatric diagnosis in the childhood type of myotonic dystrophy. Genet Couns 
2000;11:317–27. 

[164] Modoni A, Silvestri G, Pomponi MG, Mangiola F, Tonali PA, Marra C. Characterization of the 
pattern of cognitive impairment in myotonic dystrophy type 1. Arch Neurol 2004;61:1943–7. 
https://doi.org/10.1001/archneur.61.12.1943. 

[165] Winblad S, Lindberg C, Hansen S. Cognitive deficits and CTG repeat expansion size in classical 
myotonic dystrophy type 1 (DM1). Behav Brain Funct 2006;2:16. https://doi.org/10.1186/1744-
9081-2-16. 

[166] Sugiyama A, Sone D, Sato N, Kimura Y, Ota M, Maikusa N, et al. Brain gray matter structural 
network in myotonic dystrophy type 1. PLoS ONE 2017;12:e0187343. 
https://doi.org/10.1371/journal.pone.0187343. 

[167] Winblad S, Lindberg C, Hansen S. Temperament and character in patients with classical 
myotonic dystrophy type 1 (DM-1). Neuromuscul Disord 2005;15:287–92. 
https://doi.org/10.1016/j.nmd.2004.12.003. 

[168] Delaporte C. Personality patterns in patients with myotonic dystrophy. Arch Neurol 
1998;55:635–40. https://doi.org/10.1001/archneur.55.5.635. 

[169] Minier L, Lignier B, Bouvet C, Gallais B, Camart N. A Review of Psychopathology Features, 
Personality, and Coping in Myotonic Dystrophy Type 1. J Neuromuscul Dis 2018;5:279–94. 
https://doi.org/10.3233/JND-180310. 

[170] Winblad S, Jensen C, Månsson J-E, Samuelsson L, Lindberg C. Depression in Myotonic 
Dystrophy type 1: clinical and neuronal correlates. Behav Brain Funct 2010;6:25. 
https://doi.org/10.1186/1744-9081-6-25. 

[171] Rakocevic-Stojanovic V, Peric S, Madzarevic R, Dobricic V, Ralic V, Ilic V, et al. Significant 
impact of behavioral and cognitive impairment on quality of life in patients with myotonic 
dystrophy type 1. Clin Neurol Neurosurg 2014;126:76–81. 
https://doi.org/10.1016/j.clineuro.2014.08.021. 

[172] Gallais B, Montreuil M, Gargiulo M, Eymard B, Gagnon C, Laberge L. Prevalence and 
correlates of apathy in myotonic dystrophy type 1. BMC Neurol 2015;15:148. 
https://doi.org/10.1186/s12883-015-0401-6. 

[173] Peric’ S, Rakocevic-Stojanovic V, Stevic Z, Basta I, Pavlovic S, Vujanac V, et al. Health-related 
quality of life in patients with myotonic dystrophy type 1 and amyotrophic lateral sclerosis. Acta 
Neurol Belg 2010;110:71–7. 

[174] Peric S, Pavlovic A, Ralic V, Dobricic V, Basta I, Lavrnic D, et al. Transcranial sonography in 
patients with myotonic dystrophy type 1. Muscle Nerve 2014;50:278–82. 
https://doi.org/10.1002/mus.24162. 



51 

 

[175] Rose MR, Sadjadi R, Weinman J, Akhtar T, Pandya S, Kissel JT, et al. Role of disease severity, 
illness perceptions, and mood on quality of life in muscle disease. Muscle Nerve 2012;46:351–9. 
https://doi.org/10.1002/mus.23320. 

[176] Romigi A, Franco V, Placidi F, Liguori C, Rastelli E, Vitrani G, et al. Comparative Sleep 
Disturbances in Myotonic Dystrophy Types 1 and 2. Curr Neurol Neurosci Rep 2018;18:102. 
https://doi.org/10.1007/s11910-018-0903-x. 

[177] Lam EM, Shepard PW, St Louis EK, Dueffert LG, Slocumb N, McCarter SJ, et al. Restless legs 
syndrome and daytime sleepiness are prominent in myotonic dystrophy type 2. Neurology 
2013;81:157–64. https://doi.org/10.1212/WNL.0b013e31829a340f. 

[178] Shepard P, Lam EM, St Louis EK, Dominik J. Sleep disturbances in myotonic dystrophy type 2. 
Eur Neurol 2012;68:377–80. https://doi.org/10.1159/000342895. 

[179] Dauvilliers YA, Laberge L. Myotonic dystrophy type 1, daytime sleepiness and REM sleep 
dysregulation. Sleep Med Rev 2012;16:539–45. https://doi.org/10.1016/j.smrv.2012.01.001. 

[180] Bianchi MLE, Losurdo A, Di Blasi C, Santoro M, Masciullo M, Conte G, et al. Prevalence and 
clinical correlates of sleep disordered breathing in myotonic dystrophy types 1 and 2. Sleep 
Breath 2014;18:579–89. https://doi.org/10.1007/s11325-013-0921-5. 

[181] Romigi A, Maestri M, Nicoletta C, Vitrani G, Caccamo M, Siciliano G, et al. Sleep Complaints, 
Sleep and Breathing Disorders in Myotonic Dystrophy Type 2. Curr Neurol Neurosci Rep 
2019;19:9. https://doi.org/10.1007/s11910-019-0924-0. 

[182] Caillet-Boudin M-L, Fernandez-Gomez F-J, Tran H, Dhaenens C-M, Buee L, Sergeant N. Brain 
pathology in myotonic dystrophy: when tauopathy meets spliceopathy and RNAopathy. Front 
Mol Neurosci 2014;6:57. https://doi.org/10.3389/fnmol.2013.00057. 

[183] Goodwin M, Mohan A, Batra R, Lee K-Y, Charizanis K, Fernández Gómez FJ, et al. MBNL 
Sequestration by Toxic RNAs and RNA Misprocessing in the Myotonic Dystrophy Brain. Cell Rep 
2015;12:1159–68. https://doi.org/10.1016/j.celrep.2015.07.029. 

[184] Meola G, Sansone V, Perani D, Colleluori A, Cappa S, Cotelli M, et al. Reduced cerebral blood 
flow and impaired visual-spatial function in proximal myotonic myopathy. Neurology 
1999;53:1042–50. https://doi.org/10.1212/wnl.53.5.1042. 

[185] Fernandez-Gomez F, Tran H, Dhaenens C-M, Caillet-Boudin M-L, Schraen-Maschke S, Blum D, 
et al. Myotonic Dystrophy: an RNA Toxic Gain of Function Tauopathy? Adv Exp Med Biol 
2019;1184:207–16. https://doi.org/10.1007/978-981-32-9358-8_17. 

[186] Dahlqvist JR, Ørngreen MC, Witting N, Vissing J. Endocrine function over time in patients with 
myotonic dystrophy type 1. Eur J Neurol 2015;22:116–22. https://doi.org/10.1111/ene.12542. 

[187] Passeri E, Bugiardini E, Sansone VA, Valaperta R, Costa E, Ambrosi B, et al. Vitamin D, 
parathyroid hormone and muscle impairment in myotonic dystrophies. J Neurol Sci 
2013;331:132–5. https://doi.org/10.1016/j.jns.2013.06.008. 

[188] Terracciano C, Rastelli E, Morello M, Celi M, Bucci E, Antonini G, et al. Vitamin D deficiency in 
myotonic dystrophy type 1. J Neurol 2013;260:2330–4. https://doi.org/10.1007/s00415-013-
6984-1. 

[189] Heatwole C, Johnson N, Goldberg B, Martens W, Moxley R. Laboratory abnormalities in 
patients with myotonic dystrophy type 2. Arch Neurol 2011;68:1180–4. 
https://doi.org/10.1001/archneurol.2011.191. 

[190] Matsumura T, Iwahashi H, Funahashi T, Takahashi MP, Saito T, Yasui K, et al. A cross-sectional 
study for glucose intolerance of myotonic dystrophy. J Neurol Sci 2009;276:60–5. 
https://doi.org/10.1016/j.jns.2008.08.037. 

[191] Ben Hamou A, Espiard S, Do Cao C, Ladsous M, Loyer C, Moerman A, et al. Systematic thyroid 
screening in myotonic dystrophy: link between thyroid volume and insulin resistance. Orphanet 
Journal of Rare Diseases 2019;14:42. https://doi.org/10.1186/s13023-019-1019-3. 

[192] Ørngreen MC, Arlien-Søborg P, Duno M, Hertz JM, Vissing J. Endocrine function in 97 patients 
with myotonic dystrophy type 1. J Neurol 2012;259:912–20. https://doi.org/10.1007/s00415-
011-6277-5. 



52 

 

[193] Vujnic M, Peric S, Calic Z, Benovic N, Nisic T, Pesovic J, et al. Metabolic impairments in 
patients with myotonic dystrophy type 2. Acta Myol 2018;37:252–6. 

[194] Morrone A, Pegoraro E, Angelini C, Zammarchi E, Marconi G, Hoffman EP. RNA metabolism in 
myotonic dystrophy: patient muscle shows decreased insulin receptor RNA and protein 
consistent with abnormal insulin resistance. J Clin Invest 1997;99:1691–8. 
https://doi.org/10.1172/JCI119332. 

[195] Renna LV, Bosè F, Iachettini S, Fossati B, Saraceno L, Milani V, et al. Receptor and post-
receptor abnormalities contribute to insulin resistance in myotonic dystrophy type 1 and type 2 
skeletal muscle. PLoS One 2017;12:e0184987. https://doi.org/10.1371/journal.pone.0184987. 

[196] Vujnic M, Peric S, Popovic S, Raseta N, Ralic V, Dobricic V, et al. Metabolic syndrome in 
patients with myotonic dystrophy type 1. Muscle Nerve 2015;52:273–7. 
https://doi.org/10.1002/mus.24540. 

[197] Steinbeck KS, Carter JN. Thyroid Abnormalities in Patients with Myotonic Dystrophy. Clinical 
Endocrinology 1982;17:449–56. https://doi.org/10.1111/j.1365-2265.1982.tb01612.x. 

[198] Fukazawa H, Sakurada T, Yoshida K, Kaise N, Kaise K, Nomura T, et al. Thyroid Function in 
Patients with Myotonic Dystrophy. Clinical Endocrinology 1990;32:485–90. 
https://doi.org/10.1111/j.1365-2265.1990.tb00889.x. 

[199] Vazquez JA, Pinies JA, Martul P, De los Rios A, Gatzambide S, Busturia MA. Hypothalamic-
pituitary-testicular function in 70 patients with myotonic dystrophy. J Endocrinol Invest 
1990;13:375–9. https://doi.org/10.1007/BF03350681. 

[200] Kim WB, Jeong JY, Doo SW, Yang WJ, Song YS, Lee SR, et al. Myotonic Dystrophy Type 1 
Presenting as Male Infertility. Korean J Urol 2012;53:134–6. 
https://doi.org/10.4111/kju.2012.53.2.134. 

[201] Heatwole CR, Miller J, Martens B, Moxley RT. Laboratory abnormalities in ambulatory 
patients with myotonic dystrophy type 1. Arch Neurol 2006;63:1149–53. 
https://doi.org/10.1001/archneur.63.8.1149. 

[202] Passeri E, Bugiardini E, Sansone VA, Pizzocaro A, Fulceri C, Valaperta R, et al. Gonadal failure 
is associated with visceral adiposity in myotonic dystrophies. Eur J Clin Invest 2015;45:702–10. 
https://doi.org/10.1111/eci.12459. 

[203] Sarkar PS, Paul S, Han J, Reddy S. Six5 is required for spermatogenic cell survival and 
spermiogenesis. Hum Mol Genet 2004;13:1421–31. https://doi.org/10.1093/hmg/ddh161. 

[204] Gates MA, Mekary RA, Chiu GR, Ding EL, Wittert GA, Araujo AB. Sex Steroid Hormone Levels 
and Body Composition in Men. J Clin Endocrinol Metab 2013;98:2442–50. 
https://doi.org/10.1210/jc.2012-2582. 

[205] Takeshima K, Ariyasu H, Ishibashi T, Kawai S, Uraki S, Koh J, et al. Myotonic dystrophy type 1 
with diabetes mellitus, mixed hypogonadism and adrenal insufficiency. Endocrinol Diabetes 
Metab Case Rep n.d.;2018:pii: 17-0143. https://doi.org/10.1530/EDM-17-0143. 

[206] Wu J, Boström P, Sparks LM, Ye L, Choi JH, Giang A-H, et al. Beige Adipocytes are a Distinct 
Type of Thermogenic Fat Cell in Mouse and Human. Cell 2012;150:366–76. 
https://doi.org/10.1016/j.cell.2012.05.016. 

[207] Robeva R, Tomova A, Kirilov G, Kumanov P. Anti-Müllerian hormone and inhibin B levels 
reflect altered Sertoli cell function in men with metabolic syndrome. Andrologia 2012;44 Suppl 
1:329–34. https://doi.org/10.1111/j.1439-0272.2011.01185.x. 

[208] Chin K-Y, Ima-Nirwana S, Mohamed IN, Aminuddin A, Ngah WZW. Total testosterone and sex 
hormone-binding globulin are significantly associated with metabolic syndrome in middle-aged 
and elderly men. Exp Clin Endocrinol Diabetes 2013;121:407–12. https://doi.org/10.1055/s-
0033-1345164. 

[209] Hockings GI, Grice JE, Crosbie GV, Walters MM, Jackson RV. Altered hypothalamic-pituitary-
adrenal axis responsiveness in myotonic dystrophy: in vivo evidence for abnormal 
dihydropyridine-insensitive calcium transport. J Clin Endocrinol Metab 1993;76:1433–8. 
https://doi.org/10.1210/jcem.76.6.8388880. 



53 

 

[210] Buyalos RP, Jackson RV, Grice GI, Hockings GI, Torpy DJ, Fox LM, et al. Androgen response to 
hypothalamic-pituitary-adrenal stimulation with naloxone in women with myotonic muscular 
dystrophy. J Clin Endocrinol Metab 1998;83:3219–24. https://doi.org/10.1210/jcem.83.9.5078. 

[211] Johansson A, Carlström K, Ahrén B, Cederquist K, Krylborg E, Forsberg H, et al. Abnormal 
cytokine and adrenocortical hormone regulation in myotonic dystrophy. J Clin Endocrinol Metab 
2000;85:3169–76. https://doi.org/10.1210/jcem.85.9.6794. 

[212] Jones TH, Kennedy RL. Cytokines and hypothalamic-pituitary function. Cytokine 1993;5:531–
8. https://doi.org/10.1016/s1043-4666(05)80001-8. 

[213] Orban Z, Remaley AT, Sampson M, Trajanoski Z, Chrousos GP. The differential effect of food 
intake and beta-adrenergic stimulation on adipose-derived hormones and cytokines in man. J 
Clin Endocrinol Metab 1999;84:2126–33. https://doi.org/10.1210/jcem.84.6.5747. 

[214] Konagaya Y, Konagaya M, Mano Y, Takayanagi T, Tomita A. Evaluation of renal parathyroid 
hormone receptor function in myotonic dystrophy. J Neurol Sci 1985;70:339–46. 
https://doi.org/10.1016/0022-510x(85)90175-3. 

[215] Yoshida H, Oshima H, Saito E, Kinoshita M. Hyperparathyroidism in patients with myotonic 
dystrophy. J Clin Endocrinol Metab 1988;67:488–92. https://doi.org/10.1210/jcem-67-3-488. 

[216] Mastrogiacomo I, Bonanni G, Menegazzo E, Santarossa C, Pagani E, Gennarelli M, et al. 
Clinical and hormonal aspects of male hypogonadism in myotonic dystrophy. Ital J Neurol Sci 
1996;17:59–65. https://doi.org/10.1007/BF01995710. 

[217] Peric S, Nisic T, Milicev M, Basta I, Marjanovic I, Peric M, et al. Hypogonadism and erectile 
dysfunction in myotonic dystrophy type 1. Acta Myol 2013;32:106–9. 

[218] Wang C, Nieschlag E, Swerdloff R, Behre HM, Hellstrom WJ, Gooren LJ, et al. Investigation, 
treatment and monitoring of late-onset hypogonadism in males: ISA, ISSAM, EAU, EAA and ASA 
recommendations. Eur J Endocrinol 2008;159:507–14. https://doi.org/10.1530/EJE-08-0601. 

[219] Antonini G, Clemenzi A, Bucci E, De Marco E, Morino S, Di Pasquale A, et al. Hypogonadism in 
DM1 and its relationship to erectile dysfunction. J Neurol 2011;258:1247–53. 
https://doi.org/10.1007/s00415-011-5914-3. 

[220] Srebnik N, Margalioth EJ, Rabinowitz R, Varshaver I, Altarescu G, Renbaum P, et al. Ovarian 
reserve and PGD treatment outcome in women with myotonic dystrophy. Reprod Biomed Online 
2014;29:94–101. https://doi.org/10.1016/j.rbmo.2014.03.013. 

[221] Parmova O, Vlckova E, Hulova M, Mensova L, Crha I, Stradalova P, et al. Anti-Müllerian 
hormone as an ovarian reserve marker in women with the most frequent muscular dystrophies. 
Medicine (Baltimore) 2020;99:e20523. https://doi.org/10.1097/MD.0000000000020523. 

[222] Dechanet C, Castelli C, Reyftmann L, Coubes C, Hamamah S, Hedon B, et al. Myotonic 
dystrophy type 1 and PGD: ovarian stimulation response and correlation analysis between 
ovarian reserve and genotype. Reprod Biomed Online 2010;20:610–8. 
https://doi.org/10.1016/j.rbmo.2010.02.003. 

[223] Sahu B, Ozturk O, Deo N, Fordham K, Ranierri M, Serhal P. Response to controlled ovarian 
stimulation and oocyte quality in women with myotonic dystrophy type I. J Assist Reprod Genet 
2008;25:1–5. https://doi.org/10.1007/s10815-007-9193-y. 

[224] Feyereisen E, Amar A, Kerbrat V, Steffann J, Munnich A, Vekemans M, et al. Myotonic 
dystrophy: does it affect ovarian follicular status and responsiveness to controlled ovarian 
stimulation? Hum Reprod 2006;21:175–82. https://doi.org/10.1093/humrep/dei310. 

[225] Hopkins AN, Alshaeri T, Akst SA, Berger JS. Neurologic disease with pregnancy and 
considerations for the obstetric anesthesiologist. Semin Perinatol 2014;38:359–69. 
https://doi.org/10.1053/j.semperi.2014.07.004. 

[226] Awater C, Zerres K, Rudnik-Schöneborn S. Pregnancy course and outcome in women with 
hereditary neuromuscular disorders: comparison of obstetric risks in 178 patients. Eur J Obstet 
Gynecol Reprod Biol 2012;162:153–9. https://doi.org/10.1016/j.ejogrb.2012.02.020. 

[227] Rudnik-Schöneborn S, Schneider-Gold C, Raabe U, Kress W, Zerres K, Schoser BGH. Outcome 
and effect of pregnancy in myotonic dystrophy type 2. Neurology 2006;66:579–80. 
https://doi.org/10.1212/01.wnl.0000198227.91131.1e. 



54 

 

[228] Tieleman AA, van Vliet J, Jansen JBMJ, van der Kooi AJ, Borm GF, van Engelen BGM. 
Gastrointestinal involvement is frequent in Myotonic Dystrophy type 2. Neuromuscul Disord 
2008;18:646–9. https://doi.org/10.1016/j.nmd.2008.05.010. 

[229] Bellini M, Biagi S, Stasi C, Costa F, Mumolo MG, Ricchiuti A, et al. Gastrointestinal 
manifestations in myotonic muscular dystrophy. World J Gastroenterol 2006;12:1821–8. 
https://doi.org/10.3748/wjg.v12.i12.1821. 

[230] Brunner HG, Hamel BC, Rieu P, Höweler CJ, Peters FT. Intestinal pseudo-obstruction in 
myotonic dystrophy. J Med Genet 1992;29:791–3. https://doi.org/10.1136/jmg.29.11.791. 

[231] Ercolin B, Sassi FC, Mangilli LD, Mendonça LIZ, Limongi SCO, de Andrade CRF. Oral motor 
movements and swallowing in patients with myotonic dystrophy type 1. Dysphagia 2013;28:446–
54. https://doi.org/10.1007/s00455-013-9458-9. 

[232] Tieleman AA, Knuijt S, van Vliet J, de Swart BJM, Ensink R, van Engelen BGM. Dysphagia is 
present but mild in myotonic dystrophy type 2. Neuromuscul Disord 2009;19:196–8. 
https://doi.org/10.1016/j.nmd.2008.12.002. 

[233] Kalafateli M, Triantos C, Tsamandas A, Kounadis G, Labropoulou-Karatza C. Abnormal liver 
function tests in a patient with myotonic dystrophy type 1. Ann Hepatol 2012;11:130–3. 

[234] Rönnemaa T, Alaranta H, Viikari J, Tilvis R, Falck B. Increased activity of serum gamma-
glutamyltransferase in myotonic dystrophy. Acta Med Scand 1987;222:267–73. 
https://doi.org/10.1111/j.0954-6820.1987.tb10669.x. 

[235] Achiron A, Barak Y, Magal N, Shohat M, Cohen M, Barar R, et al. Abnormal liver test results in 
myotonic dystrophy. J Clin Gastroenterol 1998;26:292–5. https://doi.org/10.1097/00004836-
199806000-00016. 

[236] Kello N. Idiopathic Pancreatitis as a Rare Gastrointestinal Manifestation of Myotonic 
Muscular Dystrophy. Cureus 2018;10:e2373. https://doi.org/10.7759/cureus.2373. 

[237] Pezzilli R, Mauloni PA. Acute Pancreatitis Associated With Myotonic Dystrophy Type I. 
Pancreas 2019;48:e63–4. https://doi.org/10.1097/MPA.0000000000001366. 

[238] Tieleman AA, den Broeder AA, van de Logt A-E, van Engelen BGM. Strong association 
between myotonic dystrophy type 2 and autoimmune diseases. J Neurol Neurosurg Psychiatry 
2009;80:1293–5. https://doi.org/10.1136/jnnp.2008.156562. 

[239] Sicurelli F, Mignarri A, Cardani R, Mondelli M, Carluccio A, Marino D, et al. Myotonic 
dystrophy type 2 and autoimmune chronic gastritis: an incidental association? Neurol Sci 
2011;32:1249–50. https://doi.org/10.1007/s10072-011-0782-2. 

[240] Chen Y, Sharma S, Assis PA, Jiang Z, Elling R, Olive AJ, et al. CNBP controls IL-12 gene 
transcription and Th1 immunity. J Exp Med 2018;215:3136–50. 
https://doi.org/10.1084/jem.20181031. 

[241] Lee E, Lee TA, Kim JH, Park A, Ra EA, Kang S, et al. CNBP acts as a key transcriptional regulator 
of sustained expression of interleukin-6. Nucleic Acids Res 2017;45:3280–96. 
https://doi.org/10.1093/nar/gkx071. 

[242] Sznajder ŁJ, Scotti MM, Shin J, Taylor K, Ivankovic F, Nutter CA, et al. Loss of MBNL1 induces 
RNA misprocessing in the thymus and peripheral blood. Nat Commun 2020;11:2022. 
https://doi.org/10.1038/s41467-020-15962-x. 

[243] Viollet L, Gailey S, Thornton DJ, Friedman NR, Flanigan KM, Mahan JD, et al. Utility of cystatin 
C to monitor renal function in Duchenne muscular dystrophy. Muscle Nerve 2009;40:438–42. 
https://doi.org/10.1002/mus.21420. 

[244] Matsumura T, Saito T, Yonemoto N, Nakamori M, Sugiura T, Nakamori A, et al. Renal 
dysfunction can be a common complication in patients with myotonic dystrophy 1. J Neurol Sci 
2016;368:266–71. https://doi.org/10.1016/j.jns.2016.07.036. 

[245] Aldenbratt A, Lindberg C, Svensson MK. Reduced renal function in patients with Myotonic 
Dystrophy type 1 and the association to CTG expansion and other potential risk factors for 
chronic kidney disease. Neuromuscul Disord 2017;27:1038–42. 
https://doi.org/10.1016/j.nmd.2017.08.002. 



55 

 

[246] Emery AE, Oleesky S, Williams RT. Myotonic dystrophy and polycystic disease of the kidneys. 
J Med Genet 1967;4:26–8. https://doi.org/10.1136/jmg.4.1.26. 

[247] Nicoletti T, Chiurazzi P, Castori M, Perna A, Silvestri G. Myotonic dystrophy type 1 
cosegregating with autosomal dominant polycystic kidney disease type 2. Neurol Sci 
2020;41:3761–3. https://doi.org/10.1007/s10072-020-04534-y. 

[248] Yu T-M, Chuang Y-W, Yu M-C, Chen C-H, Yang C-K, Huang S-T, et al. Risk of cancer in patients 
with polycystic kidney disease: a propensity-score matched analysis of a nationwide, population-
based cohort study. Lancet Oncol 2016;17:1419–25. https://doi.org/10.1016/S1470-
2045(16)30250-9. 

[249] Schilling L, Forst R, Forst J, Fujak A. Orthopaedic Disorders in Myotonic Dystrophy Type 1: 
descriptive clinical study of 21 patients. BMC Musculoskelet Disord 2013;14:338. 
https://doi.org/10.1186/1471-2474-14-338. 

[250] Canavese F, Sussman MD. Orthopaedic manifestations of congenital myotonic dystrophy 
during childhood and adolescence. J Pediatr Orthop 2009;29:208–13. 
https://doi.org/10.1097/BPO.0b013e3181982bf6. 

[251] van Vliet J, Tieleman AA, van Engelen BGM, Bassez G, Servais L, Béhin A, et al. Hearing 
impairment in patients with myotonic dystrophy type 2. Neurology 2018;90:e615–22. 
https://doi.org/10.1212/WNL.0000000000004963. 

[252] Pisani V, Tirabasso A, Mazzone S, Terracciano C, Botta A, Novelli G, et al. Early subclinical 
cochlear dysfunction in myotonic dystrophy type 1. Eur J Neurol 2011;18:1412–6. 
https://doi.org/10.1111/j.1468-1331.2011.03470.x. 

[253] Gadalla SM, Lund M, Pfeiffer RM, Gørtz S, Mueller CM, Moxley RT, et al. Cancer risk among 
patients with myotonic muscular dystrophy. JAMA 2011;306:2480–6. 
https://doi.org/10.1001/jama.2011.1796. 

[254] Win AK, Perattur PG, Pulido JS, Pulido CM, Lindor NM. Increased cancer risks in myotonic 
dystrophy. Mayo Clin Proc 2012;87:130–5. https://doi.org/10.1016/j.mayocp.2011.09.005. 

[255] Alsaggaf R, Wang Y, Marini-Bettolo C, Wood L, Nikolenko N, Lochmüller H, et al. Benign and 
malignant tumors in the UK myotonic dystrophy patient registry. Muscle Nerve 2018;57:316–20. 
https://doi.org/10.1002/mus.25736. 

[256] Das M, Moxley RT, Hilbert JE, Martens WB, Letren L, Greene MH, et al. Correlates of tumor 
development in patients with myotonic dystrophy. J Neurol 2012;259:2161–6. 
https://doi.org/10.1007/s00415-012-6476-8. 

[257] Bianchi MLE, Leoncini E, Masciullo M, Modoni A, Gadalla SM, Massa R, et al. Increased risk of 
tumor in DM1 is not related to exposure to common lifestyle risk factors. J Neurol 
2016;263:492–8. https://doi.org/10.1007/s00415-015-8006-y. 

[258] Fernández-Torrón R, García-Puga M, Emparanza J-I, Maneiro M, Cobo A-M, Poza J-J, et al. 
Cancer risk in DM1 is sex-related and linked to miRNA-200/141 downregulation. Neurology 
2016;87:1250–7. https://doi.org/10.1212/WNL.0000000000003124. 

[259] Abbott D, Johnson NE, Cannon-Albright LA. A population-based survey of risk for cancer in 
individuals diagnosed with myotonic dystrophy. Muscle Nerve 2016;54:783–5. 
https://doi.org/10.1002/mus.25145. 

[260] Gadalla SM, Pfeiffer RM, Kristinsson SY, Björkholm M, Landgren O, Greene MH. Brain tumors 
in patients with myotonic dystrophy: a population-based study. Eur J Neurol 2016;23:542–7. 
https://doi.org/10.1111/ene.12886. 

[261] Emparanza JI, López de Munain A, Greene MH, Matheu A, Fernández-Torrón R, Gadalla SM. 
Cancer phenotype in myotonic dystrophy patients: Results from a meta-analysis. Muscle Nerve 
2018;58:517–22. https://doi.org/10.1002/mus.26194. 

[262] Hermans MCE, Faber CG, Vanhoutte EK, Bakkers M, Baets MHD, Die‐Smulders CEM de, et al. 
Peripheral neuropathy in myotonic dystrophy type 1. Journal of the Peripheral Nervous System 
2011;16:24–9. https://doi.org/10.1111/j.1529-8027.2011.00313.x. 



56 

 

[263] Peric S, Stojanovic VR, Nikolic A, Kacar A, Basta I, Pavlovic S, et al. Peripheral neuropathy in 
patients with myotonic dystrophy type 1. Neurol Res 2013;35:331–5. 
https://doi.org/10.1179/1743132812Y.0000000144. 

[264] Bae JS, Kim O-K, Kim S-J, Kim BJ. Abnormalities of nerve conduction studies in myotonic 
dystrophy type 1: primary involvement of nerves or incidental coexistence? J Clin Neurosci 
2008;15:1120–4. https://doi.org/10.1016/j.jocn.2007.11.002. 

[265] Campione E, Botta A, Di Prete M, Rastelli E, Gibellini M, Petrucci A, et al. Cutaneous features 
of myotonic dystrophy types 1 and 2: Implication of premature aging and vitamin D homeostasis. 
Neuromuscul Disord 2017;27:163–9. https://doi.org/10.1016/j.nmd.2016.11.004. 

[266] Masciullo M, Iannaccone E, Bianchi MLE, Santoro M, Conte G, Modoni A, et al. Myotonic 
dystrophy type 1 and de novo FSHD mutation double trouble: a clinical and muscle MRI study. 
Neuromuscul Disord 2013;23:427–31. https://doi.org/10.1016/j.nmd.2013.02.002. 

[267] Hodapp JA, Carter GT, Lipe HP, Michelson SJ, Kraft GH, Bird TD. Double trouble in hereditary 
neuropathy: concomitant mutations in the PMP-22 gene and another gene produce novel 
phenotypes. Arch Neurol 2006;63:112–7. https://doi.org/10.1001/archneur.63.1.112. 

[268] Tieleman AA, Knoop H, van de Logt A-E, Bleijenberg G, van Engelen BGM, Overeem S. Poor 
sleep quality and fatigue but no excessive daytime sleepiness in myotonic dystrophy type 2. J 
Neurol Neurosurg Psychiatry 2010;81:963–7. https://doi.org/10.1136/jnnp.2009.192591. 

[269] Heatwole C, Bode R, Johnson N, Quinn C, Martens W, McDermott MP, et al. Patient-reported 
impact of symptoms in myotonic dystrophy type 1 (PRISM-1). Neurology 2012;79:348–57. 
https://doi.org/10.1212/WNL.0b013e318260cbe6. 

[270] Ho G, Widger J, Cardamone M, Farrar MA. Quality of life and excessive daytime sleepiness in 
children and adolescents with myotonic dystrophy type 1. Sleep Med 2017;32:92–6. 
https://doi.org/10.1016/j.sleep.2016.12.005. 

[271] Rakocevic Stojanovic V, Peric S, Paunic T, Pesovic J, Vujnic M, Peric M, et al. Quality of life in 
patients with myotonic dystrophy type 2. J Neurol Sci 2016;365:158–61. 
https://doi.org/10.1016/j.jns.2016.04.018. 

[272] Yum K, Wang ET, Kalsotra A. Myotonic Dystrophy: Disease Repeat Range, Penetrance, Age of 
Onset, and Relationship Between Repeat Size and Phenotypes. Curr Opin Genet Dev 2017;44:30–
7. https://doi.org/10.1016/j.gde.2017.01.007. 

[273] Mammarella A, Ferroni P, Paradiso M, Martini F, Paoletti V, Morino S, et al. Tumor necrosis 
factor-alpha and myocardial function in patients with myotonic dystrophy type 1. J Neurol Sci 
2002;201:59–64. https://doi.org/10.1016/s0022-510x(02)00193-4. 

[274] Schoser BGH, Schneider-Gold C, Kress W, Goebel H-H, Reilich P, Koch MC, et al. Muscle 
pathology in 57 patients with myotonic dystrophy type 2. Muscle Nerve 2004;29:275–81. 
https://doi.org/10.1002/mus.10545. 

[275] Pisani V, Panico MB, Terracciano C, Bonifazi E, Meola G, Novelli G, et al. Preferential central 
nucleation of type 2 myofibers is an invariable feature of myotonic dystrophy type 2. Muscle 
Nerve 2008;38:1405–11. https://doi.org/10.1002/mus.21122. 

[276] Vihola A, Bassez G, Meola G, Zhang S, Haapasalo H, Paetau A, et al. Histopathological 
differences of myotonic dystrophy type 1 (DM1) and PROMM/DM2. Neurology 2003;60:1854–7. 
https://doi.org/10.1212/01.wnl.0000065898.61358.09. 

[277] Turkbey EB, Gai N, Lima JAC, van der Geest RJ, Wagner KR, Tomaselli GF, et al. Assessment of 
cardiac involvement in myotonic muscular dystrophy by T1 mapping on magnetic resonance 
imaging. Heart Rhythm 2012;9:1691–7. https://doi.org/10.1016/j.hrthm.2012.06.032. 

[278] Uemura N, Tanaka H, Niimura T, Hashiguchi N, Yoshimura M, Terashi S, et al. 
Electrophysiological and histological abnormalities of the heart in myotonic dystrophy. Am Heart 
J 1973;86:616–24. https://doi.org/10.1016/0002-8703(73)90338-4. 

[279] Mankodi A, Teng-Umnuay P, Krym M, Henderson D, Swanson M, Thornton CA. Ribonuclear 
inclusions in skeletal muscle in myotonic dystrophy types 1 and 2. Ann Neurol 2003;54:760–8. 
https://doi.org/10.1002/ana.10763. 



57 

 

[280] Peric S, Maksimovic R, Banko B, Durdic M, Bjelica B, Bozovic I, et al. Magnetic resonance 
imaging of leg muscles in patients with myotonic dystrophies. J Neurol 2017;264:1899–908. 
https://doi.org/10.1007/s00415-017-8574-0. 

[281] Wattjes MP, Kley RA, Fischer D. Neuromuscular imaging in inherited muscle diseases. Eur 
Radiol 2010;20:2447–60. https://doi.org/10.1007/s00330-010-1799-2. 

[282] LoRusso S, Weiner B, Arnold WD. Myotonic Dystrophies: Targeting Therapies for Multisystem 
Disease. Neurotherapeutics 2018;15:872–84. https://doi.org/10.1007/s13311-018-00679-z. 

[283] Esposito G, Ruggiero R, Savarese M, Savarese G, Tremolaterra MR, Salvatore F, et al. Prenatal 
molecular diagnosis of inherited neuromuscular diseases: Duchenne/Becker muscular dystrophy, 
myotonic dystrophy type 1 and spinal muscular atrophy. Clin Chem Lab Med 2013;51:2239–45. 
https://doi.org/10.1515/cclm-2013-0209. 

[284] Groh WJ, Groh MR, Saha C, Kincaid JC, Simmons Z, Ciafaloni E, et al. Electrocardiographic 
abnormalities and sudden death in myotonic dystrophy type 1. N Engl J Med 2008;358:2688–97. 
https://doi.org/10.1056/NEJMoa062800. 

[285] Puymirat J, Bouchard J-P, Mathieu J. Efficacy and tolerability of a 20-mg dose of 
methylphenidate for the treatment of daytime sleepiness in adult patients with myotonic 
dystrophy type 1: a 2-center, randomized, double-blind, placebo-controlled, 3-week crossover 
trial. Clin Ther 2012;34:1103–11. https://doi.org/10.1016/j.clinthera.2012.03.060. 

[286] Turner C, Hilton-Jones D. The myotonic dystrophies: diagnosis and management. J Neurol 
Neurosurg Psychiatry 2010;81:358–67. https://doi.org/10.1136/jnnp.2008.158261. 

[287] Voet NB, van der Kooi EL, Riphagen II, Lindeman E, van Engelen BG, Geurts AC. Strength 
training and aerobic exercise training for muscle disease. Cochrane Database Syst Rev 
2010:CD003907. https://doi.org/10.1002/14651858.CD003907.pub3. 

[288] Veyckemans F, Scholtes J-L. Myotonic dystrophies type 1 and 2: anesthetic care. Paediatr 
Anaesth 2013;23:794–803. https://doi.org/10.1111/pan.12120. 

[289] Thiel RE. The myotonic response to suxamethonium. Br J Anaesth 1967;39:815–21. 
https://doi.org/10.1093/bja/39.10.815. 

[290] Stålberg E, van Dijk H, Falck B, Kimura J, Neuwirth C, Pitt M, et al. Standards for quantification 
of EMG and neurography. Clinical Neurophysiology 2019;130:1688–729. 
https://doi.org/10.1016/j.clinph.2019.05.008. 

[291] Liu L, Liu H-M, Liu Z-J, Zhang L-W, Gu W-H, Wang R-B. Myotonic Dystrophy Type 1 Associated 
with White Matter Hyperintense Lesions: Clinic, Imaging, and Genetic Analysis. Chin Med J (Engl) 
2015;128:1412–4. https://doi.org/10.4103/0366-6999.156812. 

 

  



58 

 

11. Used shortcuts 

ACTH - adrenocorticotropic hormone 

ALP - alkaline phosphatase 

ALT - alanine aminotransferase  

AMH values - anti-Müllerian hormone 

AST - aspartate aminotransferase  

ClC-1, CLCN1 - muscle-specific chloride voltage-gated channel 1 

CELF1 - CUGBP/Elav-like family member 1 

CNBP - nucleic acid-binding protein gene 

CNS - central nervous system  

CRH - corticotropin-releasing hormone 

CUGBP1 - CUG-binding protein 1 

DNA - deoxyribonucleic acid 

DMPK - dystrophia myotonica-protein kinase gene  

ECG - electrocardiogram 

EMG - electromyography 

FEV1 - forced expiratory volume in 1 s  

fMRI - functional magnetic resonance imaging 

FSH - follicle-stimulating hormone 

FVC - force vital capacity 

GGT - gamma-glutamyl transferase 

HPA - hypothalamic-pituitary-adrenal 

Ig - immunoglobulin 

mRNA - messenger RNA 

IQ - intelligence quotient 

LD - lactate dehydrogenase 

LH - luteinizing hormone 

MBNL1 - muscleblind–like protein 1 

MD - Myotonic dystrophy  

MD1 - Myotonic dystrophy type 1 

MD2 - Myotonic dystrophy type 2 

MRI - magnetic resonance imaging 

PCR - polymerase chain reaction 

PDM - Proximal myotonic dystrophy 
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PROMM - Proximal myotonic myopathy  

PTH - parathyroid hormone 

RNA - ribonucleic acid 

TSH - thyroid-stimulating hormone 

QST - Quantitative Sensory Testing 

SCN4A - sodium channel type 4 subunit alpha 

SK3 - calcium-activated potassium channel 

ZNF9 - zinc finger 9 gene 
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12. List of tables 

Table 1. Genotype-phenotype correlations in MD1. Correlations between phenotype and 

number of repetitions in MD1. 

Phenotype Number of 

CTG-repeats 

Age of 

manifestation 

Symptoms 

pre-mutation 

phenotype 

38 – 49  - typically without clinical 

symptoms, risk of having children 

with larger expanded repeats 

mild phenotype,  

late-onset form 

50 – 100  20 – 70  mild myotonia, cataracts 

classic 

phenotype,  

adult-onset form 

50 – 1000  20 – 30  distal weakness, clinical myotonia, 

cataracts, other extramuscular 

symptoms  

early-onset form: 

childhood and 

juvenile 

50 – 1000 

(typically  

> 800) 

childhood:1 – 10  

juvenile:10 – 20  

learning difficulties, low 

intelligence quotient 

congenital form > 1000 from the birth severe generalized and facial 

weakness, facial dysmorphia, 

respiratory insufficiency, cognitive 

impairment, mental retardation 

 

 

Table 2. Comparison of clinical manifestations between MD1 and MD2. 

 MD1 MD2 

General features  

Age of onset Depends on CTG-repeat-size, 

from birth to adulthood, usually 

20-40 years  

usually 30-50 years, but can be 

10-60 years 

Family history anticipation phenomenon 

(increasing severity of 

symptoms throughout 

generations) 

no evidence for anticipation, 

variability in symptoms 

Congenital form present absent 

Core features  

Myopathic face yes no 

Forehead balding yes  no 

Muscle symptoms  

Muscle weakness predominant distal  predominant proximal and 

axial 
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Facial and jaw weakness, 

ptosis 

frequent usually absent 

Bulbar symptoms, 

dysphagia 

frequent, nasal speech 

 

usually absent, only dysphagia 

Respiratory muscles 

weakness 

frequent exceptional 

Sternocleidomastoid 

weakness 

significant present, but less significant 

Muscle atrophy early  usually absent 

Calf hypertrophy absent present 

Myotonia severe (typically in adults) mild or none, usually in <50% 

Myalgia yes, but usually less reported usually  

Systemic features  

Cataracts present present 

Cognitive disorders prominent not apparent 

Cardiac arrhythmias present less often 

Daytime sleepiness frequent  unusually 

Life expectancy reduced normal range 
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13. List of figures 

 

Figure 1. Myotonic discharge. The electrical activity of one muscle fibre. „Waxing and 

waning“ appearance caused by fluctuation of amplitude and frequency (maximum firing rates 

of 40–100 Hz) [290].  

 

 

 

Figure 2. The axial brain magnetic resonance images in a patient with MD1. (a-d) White 

matter hyperintense lesions in both subcortical and periventricular areas, single or confluent; 

(e-f) Areas of high signal in the subcortical white matter of the anterior temporal lobes 

(arrows) [291]. 
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Figure 3. Muscle MRI of lower extremities [281]. (A) MD1 is typically characterized by 

distal more than proximal muscle involvement showing predominant affliction of the soleus, 

medial gastrocnemius, and proximally the anterior thigh compartment with relative sparing of 

the rectus femoris. (B) MD2 shows more involvement of the proximal muscles with the 

affliction of the quadriceps and sparing of the rectus femoris and gracilis muscles. Arrows 

show predominant affliction.  
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15.1. Parmova O, Vlckova E, Hulova M, Mensova L, Crha I, Stradalova P, 

Kralickova E, Jurikova L, Podborska M, Mazanec R, Dusek L, Jarkovsky J, 
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PMID: 32502004 

 

This was the first study that extends findings of reduced ovarian reserve, as demonstrated by 

lower levels of anti-Müllerian hormone, to the general MD1 women population, i.e. not only 

those women with clinically clear fertility impairment, that undergoing in vitro fertilization. 

This was also the first study evaluating female fertility using AMH concentration in women 

with the other most frequent types of muscular dystrophy, i.e. in MD2, FSHD and cDMD. 

 

Some muscular dystrophies may have a negative impact on fertility. In addition to 

symptomatic muscle involvement, other systems and organs are affected in muscular 

dystrophies, often including the reproductive and endocrine systems, which may negatively 

affect fertility. In men with myotonic dystrophy type 1 (MD1), reproductive problems due to 

a high prevalence of testicular atrophy and oligospermia or azoospermia are well-known 

manifestations of the disease. In MD1 women, fertility impairment is also considered highly 

https://www.csnn.eu/casopisy/ceska-slovenska-neurologie/archiv-cisel/2019-3-3
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probable. But only limited and inconsistent data exist concerning the fertility of women 

patients with other muscular dystrophies, ie, myotonic dystrophy type 2 (MD2) or FSHD, or 

carriers of Duchenne muscular dystrophy mutations (cDMD). A decreased ovarian reserve is 

one of the factors assumed to be involved in fertility impairment. AMH (anti-Müllerian 

hormone) is considered the best measure of ovarian reserve. 

The purpose of this study was to compare the ovarian reserve expressed as AMH values in 

women with the most frequent types of muscular dystrophy and those of healthy volunteers. 

Methods:  A total of 70 females with muscular dystrophies and 86 age-matched healthy 

controls were included in this prospective matched-case control study. The group of patients 

with muscular dystrophies consisted of 21 women with myotonic dystrophy type 1 (MD1), 25 

women with myotonic dystrophy type 2 (MD2), 12 women with facioscapulohumeral 

muscular dystrophy (FSHD), and 12 female carriers of Duchenne muscular dystrophy 

mutations (cDMD). The inclusion criteria were: age between 18 and 44 years, presence of 

both ovaries, and regular menstrual cycles of between 25 and 35 days. The women had not 

used hormones or oral contraceptive pills within the three months before participation. In the 

patient group, a confirmed diagnosis of muscular dystrophy was also an inclusion criterion. 

Non-optimal compensation of thyroid disease was an exclusion criterion, but patients or 

controls with well-compensated thyroid disease, confirmed by normal thyroid-stimulating 

hormone (TSH) levels and free thyroxine (FT4) levels, were included in the study. An 

enzymatically amplified 2-site immunoassay was used to measure serum AMH level. 

Results: The MD1 group was the only one to shows a significant decrease of AMH values 

(median 0.7ng/mL; range 0 – 4.9ng/mL) compared with age-matched healthy controls 

(p<0.01). Our study also extends these results to the general MD1 population (ie, not only 

those women with clinically clear fertility impairment reported previously in the literature 

[220]). Furthermore, the level ofAMH in our patients was very similar to that of the patients 

undergoing IVF in the previously reported study (median 0.7 ng/mL, range 0–4.9 in our study 

vs median 0.9 ng/mL, range 0.17–5.6 in the study cited), which confirms that decreased 

ovarian reserve is a general feature of MD1 female patients. AMH levels were similar 

between patients and controls in terms of females with MD2 p=0.98), FSHD (p=0.55), and 

cDMD (p=0.60). Apart from absolute AMH values, the number of patients/controls with 

AMH values outside the indicated reference range (age-related AMH nomogram) was also 

evaluated. In a similar fashion to absolute AMH values, the only significant differences were 

found between patients with MD1 and their healthy controls (p˂0.01), while in all the other 

diagnoses of interest the proportion of abnormal AMH values was similar to the age-matched 
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control groups. Significant relationships between AMH and age were disclosed in all groups 

of patients and the group of healthy controls (p˂0.0001). We also tested the relation of disease 

and AMH with age as a covariate, and disease still plays a statistically significant role for the 

AMH in the case of MD1 and MD2. 

Conclusions: This study suggests decreased ovarian reserve in women with MD1, but not in 

MD2, FSHD, and cDMD. The results of this study add important considerations for MD1 

patients. Women and family members should be informed about the possibility of 

prematurely decreasing ovarian function and the high risk of impaired fertility, thus providing 

an opportunity for realistic reproductive planning. 
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1. Introduction

Muscular dystrophies constitute a group of inherited neuromus-
cular diseases with progressive muscle involvement. In the Czech
population, the most common forms are Duchenne and Becker’s
muscular dystrophy, myotonic dystrophy, facioscapulohumeral
muscular dystrophy (FSHD) and limb-girdle muscular dystro-
phies. In addition to symptomatic muscle involvement, other
systems and organs are affected in muscular dystrophies, often
including the reproductive and endocrine systems, which may
have a negative impact on fertility. In men with myotonic
dystrophy type 1 (MD1), reproductive problems due to a high
prevalence of testicular atrophy and oligospermia or azoosper-
mia are well-known manifestations of the disease.[1] In MD1
women, fertility impairment is also considered highly probable.[2]

To the best knowledge of the authors, only limited and
inconsistent data exist concerning the fertility of women patients
with other muscular dystrophies, ie, myotonic dystrophy type 2
(MD2) or FSHD, or carriers of Duchenne muscular dystrophy
mutations (cDMD).
Decreased ovarian reserve is considered 1 of the most

important factors in female fertility impairment.[3] Ovarian
reserve may be assessed by measuring basal female sex hormones
(follicle stimulating hormone [FSH], luteinizing hormone [LH],
and estradiol), inhibin B, and anti-Müllerian hormone (AMH),
and/or by antral follicle count. AMH is considered 1 of the most
important markers of fertility in women.[4,5]

AMH is a glycoprotein produced by the gonads, specifically the
granulosa cells of the ovarian follicles. AMH is secreted by the
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granulosa cells in primary, secondary, pre-antral and early antral
follicles, and the number of these follicles to grow appears to be
related to the size of the resting primordial follicle pool.[6,7] AMH
is therefore a useful endocrine marker and currently the best
available measure of ovarian reserve.[7,8] The primary role of
AMH is to inhibit the recruitment of follicles, thus preventing
premature depletion of the follicle pool.[8] The dynamics of AMH
levels change throughout life due the decline of the quantity and
quality of the ovarian follicle pool.[9,10] Different initial sizes of
the follicle pool and variations in the pace of follicle pool
depletion between individuals mean that major differences in
AMH levels are evident in women of the same chronological
age.[11] Among other things AMH measurement is useful in
prediction of a woman’s future reproductive lifespan.[7,8]

The purpose of this study was to compare the ovarian reserve
expressed as AMH values in women with the most frequent types
of muscular dystrophy and those of healthy volunteers.
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2. Methods

A total of 70 females with muscular dystrophies and 86 healthy
controls were included in this prospective matched-case control
study, carried out in the period between January 2017 and May
2018. The group of patients with muscular dystrophies consisted
of 21 women with MD1, 25 women with MD2, 12 women with
FSHD and 12 women with cDMD. The inclusion criteria were:
age between 18 and 44 years, presence of both ovaries, and
regular menstrual cycles of between 25 and 35 days. The women
had not used hormones or oral contraceptive pills within the 3
months prior to participation. In the patient group, confirmed
diagnosis of muscular dystrophy was also an inclusion criterion.
Non-optimal compensation of thyroid disease was an exclusion
criterion, but patients or controls with well-compensated thyroid
disease, confirmed by normal thyroid-stimulating hormone
(TSH) levels and free thyroxine (FT4) levels, were included in
the study (Table 1). Patients were recruited from the national
registry of muscular dystrophies and were investigated in 2
neuromuscular centres. The diagnosis of all patients recruited
into the study was confirmed by means of molecular genetic
testing (PCR, Southern blot, multiplex ligation-dependent probe
amplification). Considering the different age distribution in
particular diagnosis-related subgroups (Table 1), specific control
groups were created for each patient subgroup to achieve optimal
age-matching, using the propensity score method in R software
with MatchIt package. Detailed data concerning these subgroups
appear in Table 1. The content of the particular control
subgroups was: 42 healthy controls to 21 women with MD1
(2:1 ratio), 25 healthy controls to 25 females with MD2 (1:1
ratio), 36 healthy controls to 12 females with FSHD (3:1 ratio)
and 12 healthy controls to 12 carriers of Duchenne muscular
dystrophy (1:1 ratio). The optimal ratio was set individually for
each dataset on the basis of sufficient standardized difference
between the groups analyzed after matching. All patients and
controls were Caucasians. The study was approved by local
ethics committee before the study began. Informed consent was
obtained from all subjects.
AMH levels were measured in serum samples using the

Beckman Coulter Access 2 immunoassay system. The Access
AMH assay is a simultaneous 1-step immuno-enzymatic
(“sandwich”) assay. Its design parameters include a limit of
detection of �0.02ng/mL (0.14pmol/L) and a Limit of
Quantitation of �0.08ng/mL (0.57pmol/L). All blood samples
2
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for the evaluation of AMH were examined in the same
laboratory. The serum level of FT4 was also established in all
patients and controls.
The Medical Research Council scale was used to assess the

severity of muscle weakness. This scale evaluates the muscle
strength of a total of 18 muscles (muscle groups), routinely using
a scale ranging from 0 to 5 points for each muscle (group) for a
total maximum of 170 points. Certain muscles groups were
counted twice because of bilateral assessments.[12]

Body mass index was calculated from the weight and height
established on initial examination.
The distribution of AMH, the outcomes and the covariates of

interest are presented as median and range for continuous
variables and the absolute/relative frequencies for categorical
variables. Comparison of particular groups was performed by
means of the Mann-Whitney U test with respect to non-normal
distribution of the data. The Spearman correlation test was used
for correlation analyses. The Chi-square test was employed to
compare categorical data between the groups. We tested
relation of each disease and AMH with age as covariate using
general linear model. Statistical significance was considered as
P< .05. Statistical analysis was performed using Statistica 12
software.
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3. Results

Demographic and clinical data of all the patient subgroups and
their controls are summarized in Table 1. No relevant differences
emerged between patients with any diagnosis of interest and
relevant control groups in terms of age, body mass index or
history of thyroid disease. Any thyroid disease was well-
compensated in all the subjects included, as documented by
evaluation of FT4 serum levels, which was in normal range in all
patients and controls. Patients withMD2 had shorter duration of
the disease with respect to higher age of disease onset in this
group, which is a feature typical of MD2 (compared with MD1).
The clinical severity of the disease (expressed as medical research
council sum score) showed highest variability in FSHDpatients in
particular (ranging from asymptomatic to moderate muscle
impairment). The severity of disease in MD1 and MD2 was
mostly mild, which might be anticipated with respect to the age of
groups. All the carriers of Duchenne muscular dystrophy
mutations were asymptomatic.
Table 2 summarizes the AMH levels in each of the patient

subgroups and the comparison with relevant healthy controls.
The MD1 group was the only 1 to show a significant decrease of
AMH values compared with age-matched healthy controls.
Apart from absolute AMH values, the number of patients/
controls with AMH values outside the indicated reference range
(age-related AMH nomogram)[13] was also evaluated. In similar
fashion to absolute AMH values, the only significant differences
were found between patients with MD1 and their healthy
controls, while in all the other diagnoses of interest the
proportion of abnormal AMH values was similar to the age-
matched control groups.
The results of the relationship between AMHand age appear in

Table 2. Significant relationships between AMH and age were
disclosed in all groups of patients and in the group of healthy
controls. We tested relation of disease and AMH with age as
covariate and disease still plays statistically significant role for the
AMH in the case of MD1 and MD2 (P< .05).
3
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4. Discussion
Fertility disorders are a frequent and increasing problem in the
general population, affecting approximately 8% to 12% of
reproductive-age couples worldwide.[14] Adequate ovarian
reserve is 1 of the most important factors to impact upon female
fertility. Several current studies have demonstrated that serum
AMH concentration best represents the ovarian reserve and can
thus be considered the most suitable predictor of female
fertility.[4,5] This is supported by the number of studies showing
a strong correlation between serum AMH levels and follicle
count.[15,16] AMH has therefore come into widespread use in
studies addressing reduced fertility in women.[17,18] About 10%
of healthy controls in our study had low AMH levels, which
nicely corresponds to the expected prevalence of fertility
problems in the general fertile population mentioned above.
AMH level changes throughout life, while inter-individual
variability is wide due to differences in initial follicle pool
capacities and the pace of follicle pool depletion.[7] Levels of
AMH serum decline with increasing chronological age, and
therefore age-related AMH nomograms, have been established
by a number of studies.[10,13,19] The current study confirmed that
AMH levels are inversely correlated with age in all groups of
patients and controls.
The key finding here is that a decrease of AMH concentration

occurred in females with type 1 myotonic dystrophy compared
with the control group and the established normal range of
AMH. This finding indicates a reduced ovarian reserve and the
possibility of reduced fertility potential in women with MD1.
Only few reports indicate a decrease of fertility in muscular
dystrophies. Almost all of them concentrate on MD1. Based on
these studies, fertility in women with MD1 appears to be
impaired. Female patients with MD1 have decreased ovarian
sensitivity, with reduced response to ovarian stimulation and less
favourable outcomes for in vitro fertilization (IVF), suggesting
poor ovarian condition.[2,20–22] Reduced ovarian reserve, as
demonstrated by lower levels of AMH, was revealed in a recent
study, to date the only 1 to determine AMH levels in MD1
females.[2] This study points out that women with MD1
undergoing IVF have significantly lower AMH compared with
controls (also undergoing IVF for other reasons). Our study
extends these results to the general MD1 population (ie, not only
those women with clinically clear fertility impairment). Further-
more, the level of AMH in our patients was very similar to that of
the patients undergoing IVF in the above-mentioned study
(median 0.7 ng/mL, range 0–4.9 in our study vs median 0.9ng/
mL, range 0.17–5.6 in the study cited), which clearly confirms
that decreased ovarian reserve is a general feature ofMD1 female
patients. Decreased ovarian reserve was also observed in another
study, where the day-3 FSH, estradiol, antral follicle count and
number of oocytes retrieved were lower in MD1 patients,
although fertilization rate and embryo quality were similar when
compared with women who had undergone IVF and intra-
cytoplasmic sperm injection in response to male infertility.[22]

Another authors report a higher number of poor-quality embryos
and lower pregnancy rates in MD1 women.[21] There are also
certain studies that suggest no differences in the pregnancy rate
for MD1 females.[20,23] In summary, most of studies mentioned
found decreased ovarian reserve in MD1 females, while others
measured parameters resulted in different findings.
To the best of the authors’ knowledge, this is the first study

evaluating female fertility by means of AMH concentration in
patients with the other most frequent types of muscular
4

dystrophy, ie, in MD2, FSHD, and cDMD. No significant
decrease of AMH levels was found in any of these patient groups
when compared with age-matched healthy controls and the
established normal range of AMH in the general population. No
specific data are available on female fertility in MD2 and FSHD.
The carriers of X-linked diseases, including Duchenne muscular
dystrophy, have been used as a control group in a study with
MD1 females; normal response to ovarian stimulation was found
21, which is fully in the line with the observations herein.
In addition to the clear dependence of AMH level on age

mentioned above, various other factors may influence AMH
concentration. Undiagnosed and untreated thyroid disease can be
a cause of infertility, and anovulation is typically seen in women
with thyroid hypofunction.[24] To exclude the influence of
thyroid dysfunction on reproduction, this study measured the
TSH and FT4 level in all the women involved. The concentration
of TSH and FT4 in serum was normal in all patients and controls
and thyroid dysfunction thus does not appear to represent a
factor with potential significant influence on AMH levels.
Most studies maintain that AMH does not change significantly

in the course of the menstrual cycle.[25] According to the
automated Access AMH assay, AMH levels appear to be
relatively stable across the menstrual cycle.[26] In the studies that
created AMH nomograms, AMH measurement was also
performed independently of the menstrual cycle.[13,19] For this
reason, the authors did not perform blood collections for AMH
testing at any specific phase of the menstrual cycle.
Several studies described the relationship between AMH and

gonadotrophins. Elevated levels of AMH suppress FSH secre-
tion[27] and also it was shown that AMH has a strong inhibitory
effect on cyclic follicular recruitment in vivo by reducing the
follicle sensitivity to FSH.[28] But on the other hand it was
demonstrated a stimulatory effect of AMH on the expression of
the FSH b-chain gene in gonadotrope-derived cell lines in
pituitary with an increasing the secretion of FSH without
affecting LH levels.[29] AMH also induces LH secretion by
stimulating the activity of the hypothalamic Gonadotropin-
releasing hormone (GnRH) neurons, which express AMH
receptors.[30] However, it has been also documented, that GnRH
lowers serum AMH levels and increase the gonadotrophins (FSH
and LH).[31] So relationship between AMH and the hypotha-
lamic–pituitary–gonadal axis is more complex, but shows the
important role of AMH in the regulation of fertility by
influencing the hypothalamic-pituitary function. Abnormalities
of hypothalamic–pituitary–gonadal axis with secondary hypo-
gonadism or combined form of primary and secondary
hypogonadism have been reported in some MD1 patients.[32]

To the best of the authors’ knowledge, this is the first study
evaluating fertility by means of AMH concentration in patients
with the most frequent types of muscular dystrophy and the first
study to use AMH determination for other dystrophies beyond
MD1. This is also the first study to evaluate fertility by means of
AMH concentration in the general population of female MD1
patients (not limited to a selected population with clear fertility
impairment).
The small sample of patients constitutes a weakness of this

study, although the authors investigated almost all of the women
of fertile age listed in the national registry. Further studies are
therefore needed to confirm or question our findings. This study
presents the partial results of an extensive female fertility study of
those of who suffer from muscle dystrophies, presenting the
ovarian reserve as 1 of the factors that reflects women’s fertility.
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MD1 is a complex disorder caused by the DNA expansion in
myotonic dystrophy protein kinase gene. Expression of the
mutated gene gives rise to an expanded repeat RNA that is
retained in the nucleus and is directly toxic to cells in affected
tissue. Although the mechanism of the deleterious effects of this
expansion disease on the gonads is not known, it is possible that
the expanded RNA also accumulates in ovarian cells and thus
may have a negative impact on the ovarian function.[2] Although
the MD2 is also an expansion disease like MD1 caused by the
DNA expansion in cellular nucleic acid-binding protein gene, the
expression of the mutated gene with expanded repeat RNA seems
to be less pronounced inMD2 leading to a milder presentation of
the multisystemic disorder with smaller number of affected
tissues. MD2 also manifests often later at the end of the
reproductive age of a woman, which could also be 1 of the
reasons of normal AMH levels.
The results of this study add important considerations for

MD1 patients. Women and family members should be informed
about the possibility of prematurely decreasing ovarian function
and high risk of impaired fertility, thus providing an opportunity
for realistic reproductive planning.
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myotonia assessment with a commercially available dynamometer in myotonic 

dystrophy types 1 and 2. Muscle Nerve. 2019; 59(4):431-435. doi: 
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This was the first study that demonstrated the commercially available dynamometer as a 

simple method for quantitative assessment of myotonia during routine examinations and as an 

outcome measure in clinical trials. 

 

Myotonia is a cardinal symptom of myotonic disorders, including myotonic dystrophies and 

nondystrophic myotonias. Myotonia can vary from mild to severe and may constitute a 

substantial disability. In some cases exist inconsistencies in the assessment of myotonia 

between a history of myotonia reported by patients and the clinical evidence of the myotonic 

phenomenon.  

The objective of this study was to develop a simple method for quantitative assessment of 

myotonia in patients with myotonic dystrophy type 1 and type 2 (MD1; MD2), to compare the 

myotonia severity, and to correlate this objective outcome with a subjective scale, the 

Myotonia Behaviour Scale (MBS). Relaxation time (RT) after maximum voluntary 

contraction is currently the variable most frequently employed in the assessment of myotonia. 

Methods: A commercially available dynamometer was used for all measurements. The 

relaxation time after the voluntary contraction was measured in 20 patients with MD1, 25 

patients with MD2, and 35 healthy controls. Relaxation time was measured from the 

dominant hand for all participants. Patients were asked to perform a contraction at a 

previously defined force, hold it for 3 s, and then release the grip as fast as possible. Three 

sets of measurements (trials) were performed with 10-min intervals of rest between trials. 

Each trial consisted of 6 voluntary contractions with an approximately 10-s rest period 

between each contraction. 

Results: The average relaxation time was 0.17 s in controls, 2.96 s in patients with MD1, and 

0.4 s in patients with MD2. The upper limit of normal, as well as the maximum in the control 

group, was 0.27 s. All MD1 patients exceeded this limit (the minimum in the MD1 group was 

0.33 s). In the MD2 group, 13 patients (52%) were below this limit; nevertheless, only 5 of 

them reported having myotonia. The correlation between relaxation time and MBS score was 

significant, 0.627 in patients with MD1 and 0.581 in patients with MD2.  
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Conclusion: This method provides a valid and reliable quantitative measure of grip myotonia 

suitable as an outcome measure in clinical trials and as part of routine examinations to gather 

data on the natural history of myotonic disorders. 
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ABSTRACT: Introduction: The objective of this study was to
develop a simple method for quantitative assessment of myotonia
in patients with myotonic dystrophy type 1 (DM1) and DM2, to
compare the myotonia severity, and to correlate this objective
outcome with a subjective scale, the Myotonia Behaviour Scale
(MBS). Methods: A commercially available dynamometer was
used for all measurements. The relaxation time after voluntary
contraction was measured in 20 patients with DM1, 25 patients
with DM2, and 35 healthy controls. Results: The average relaxa-
tion time was 0.17 s in controls, 2.96 s in patients with DM1, and
0.4 s in patients with DM2. The correlation between relaxation
time and MBS score was significant, 0.627 in patients with DM1
and 0.581 in patients with DM2. Discussion: Our method provides
a valid and reliable quantitative measure of grip myotonia suitable
as an outcome measure in clinical trials and as part of routine
examinations to gather data on the natural history of myotonic
disorders. Muscle Nerve XX: 000–000, 2018.

Muscle Nerve 000: 000–000, 2019

Myotonia is an abnormal delay in muscle relaxation
after contraction. It is caused by increased excitabil-
ity of the muscle fibers, leading to repetitive action
potentials in response to stimulation. It is a cardinal
symptom of myotonic disorders, including myotonic
dystrophies and the nondystrophic myotonias. Although
the most typical symptom of myotonia is difficulty in
releasing a forceful handgrip, facial muscles, tongue,
and other bulbar muscles may also be affected, resulting
in problems with talking, chewing, and swallowing. Myo-
tonia can vary from mild to severe and may constitute a
substantial disability, leading to significant deterioration
in quality of life.1

Development of a safe and effective drug treatment
for myotonia that might be routinely employed remains
the subject of current research. A Cochrane review2 and
its most recent amendment from 2009 concluded that
trials reported as of 30 July 2009 were generally small
and of poor quality. One aspect crucial to any clinical
trial is reliable determination of the treatment effect;

among the issues identified in the studies covered by
the Cochrane review was the lack of a conclusive
method for the quantitation of myotonia.
Relaxation time (RT) after maximum voluntary

contraction is currently the variable most frequently
employed in the assessment of myotonia. It may be
measured by stopwatch or, more accurately, by spe-
cialized equipment and computerized protocols.
Because repeated contraction and relaxation may
temporarily improve myotonia (the “warm-up phe-
nomenon”), it may influence results, depending on
the duration and frequency of muscle contraction
set for the test.
A computerized approach to the quantitation of

myotonia in patients with myotonic dystrophy type
1 (DM1) employing a handgrip dynamometer was
published in 2007.3 The dynamometer produced an
analog signal that was sent to a computer via an
analog-to-digital transducer, and, subsequently, the
RT was analyzed by customized software. This
method was then used by the same authors to dem-
onstrate the effect of mexiletine in a clinical trial4

and tested in nondystrophic myotonias.5 A later
study (with lamotrigine) employed the Myotonia
Behaviour Scale (MBS),6 which consists of 6 state-
ments from which the patient has to choose 1, rang-
ing from asymptomatic (score 0) to severe (score 5)
myotonia. This study used a stopwatch to measure
the duration of myotonia.7 In 2017, the authors of
an open-label trial with ranolazine similarly chose
stopwatch and subjective grading of stiffness severity
by participants.8 The computerized approach3 requires
special equipment that is not available in most centers,
possibly explaining the choice of subjective ques-
tionnaires and less accurate measurement using
stopwatches by other authors.
We sought to develop a simple method of quantitat-

ing myotonia using a commercially available dyna-
mometer and to prove it suitable as an outcome
measure in clinical trials and as part of routine exami-
nations. Our objectives were to assess the reliability of
the method, strength of correlation between RT and
MBS, and differences of both RT and MBS between
patients with DM1 and DM2.

MATERIALS AND METHODS
Study Participants. All study participants gave written
informed consent, and all study procedures received approval
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from the institutional review board at the University Hospital,
Brno. In total, 80 participants were enrolled, 20 patients with
DM1, 25 patients with DM2, and 35 healthy controls (C). All
patients were recruited from the Neuromuscular Centre of
the University Hospital, Brno during routine visits in the
period July 2017–March 2018. All patients were over 18 years,
and all diagnoses had been genetically confirmed. Healthy
controls were free of any known muscle disease and had no
acute medical problems. Their recruitment was targeted at an
equal distribution of age groups. All patients completed a
Czech version of the MBS questionnaire.9

Measurements. The protocol of myotonia measurement
was based on the approach described by Moxley et al.3 in
2007. A commercially available handgrip dynamometer
(DynX; MD Systems, Westerville, Ohio) was used for all
measurements.

Patients were seated upright in a chair that permitted
standardized arm positioning with the forearm in a neutral
position and the wrist extended. Relaxation time after vol-
untary contraction was measured from the dominant hand
for all participants. Patients were asked to perform a con-
traction at a previously defined force, hold it for 3 s, and
then release the grip as fast as possible. They were asked to
keep their fingers on the handles of the dynamometer
throughout the measurement to eliminate the use of finger
and wrist extensors to release grip. Three sets of measure-
ments (trials) were performed with 10-min intervals of rest
between trials. Each trial consisted of 6 voluntary contrac-
tions with an approximately 10-s rest period between each
contraction.

The strength of voluntary contraction was set close to maxi-
mum, but target forces were established to ensure that each
attempt was based on the same value. Prior to RT measure-
ment, patients were encouraged to perform a maximal volun-
tary contraction in real-time mode, and the actual force after
3 s was recorded. The target force was then defined as 75% of
the previously recorded maximal force. The 75% level
(a figure selected after repeated testing among healthy volun-
teers) established the highest possible force that each partici-
pant was able to exert throughout. In the course of all
attempts, patients were asked to exceed the target force for 3 s
in visual response to an arrow on the display of dynamometer.
Relaxation time was then automatically measured (by using a
built-in feature of the dynamometer), from target force to
10% of target force.

Statistical Analysis. Data were analyzed in SPSS version
23 (IBM, Armonk, New York). Severity of myotonia was calcu-
lated as the mean RT from 100% to 10% of target force
(RT100–10) of the first squeeze in each trial. The same value
was used to correlate the severity of myotonia with MBS score
by using the Spearman correlation coefficient. Additional con-
tractions were collected to analyze warm-up phenomenon,
determined as a difference between the mean RT for the first
squeeze and subsequent squeezes, and tested by using the Wil-
coxon signed-rank test. Intraclass correlation coefficients
(ICC; two-way random, average measures) were used to assess
the inter-trial variability of the first squeezes in each group.
Coefficients of variation (the ratio of standard deviation to the
mean of 3 trials) were calculated to allow comparison of our
simplified method to the original method because these vari-
ables had been used in previous studies.3,5 In consideration of
the lack of data normality, a Kruskal–Wallis test with a post hoc
series of Mann–Whitney tests with Bonferroni corrections were

employed to analyze the differences in RT and maximal force
among DM1, DM2, and healthy controls. All other differences
between DM1 and DM2 were assessed with Mann–Whitney
tests. Data obtained from healthy controls were used to deter-
mine the upper limit of normal RT, calculated as a 0.95 quan-
tile of the values.

RESULTS
Study Participants. Basic descriptive characteristics of
the study participants are presented in Table 1. No age
difference appeared between healthy controls and each
group of patients, but a significant difference between
DM1 and DM2 (P < 0.0001) emerged. Sex did not dif-
fer among groups. The mean age of onset differed sig-
nificantly (P < 0.0001), whereas the mean duration of
disease did not differ (P = 0.451).

Myotonia Quantitation. The results of RT100–10 are
presented in Table 1 and Figure 1. Significant dif-
ferences were found among all groups. The upper
limit of normal as well as the maximum in the con-
trol group was 0.27 s. All DM1 patients exceeded
this limit (the minimum in DM1 group was 0.33 s).
In the DM2 group, 13 patients (52%) were below
this limit; nevertheless, only 5 of them reported hav-
ing myotonia.

Intertrial Variability. The variability of RT100–10 in
each of the 3 trials is illustrated in Figure 2. The
ICCs were 0.945 (DM1), 0.931 (DM2), and 0.437
(C). The intertrial variation coefficients of RT100–10

were 22% (DM1), 29% (DM2), and 28% (C).

Myotonia Behaviour Scale. All but 4 patients (all of
them DM1) completed the MBS questionnaire. The
mean MBS scores were 2.6 (DM1) and 1.6 (DM2).
The minimum (score 0) and maximum (score 4)
were the same in both myotonia groups. The differ-
ence between MBS in the 2 groups was statistically
significant (P = 0.043), even though Figure 3 clearly
shows that patients with DM1 generally reported
lower MBS than those with DM2 in relation to value
of RT100–10. For example, the mean RT100–10 in

Table 1. Comparison of basic characteristics, relaxation time,
and maximal force in study participants.*

Variable Controls DM1 DM2

Age, y 46.8 (24, 89) 38.9 (24, 59) 53.1 (18, 74)
Sex, % 60 W, 40 M 70 W, 30 M 80 W, 20 M
Age of onset, y na 21.1 35.9
Duration of

disease, y
na 17.8 17.1

RT100–10, s 0.17 (0.07, 0.27) 2.96 (0.33, 9.00) 0.40 (0.10, 1.80)
RT100–10, SD 0.05 2.41 0.35
Maximal force, kg 21.9 (8.2, 37.1) 9.4 (3.3, 22.0) 15.0 (3.3, 41.3)
Maximal force, SD 7.7 2.4 8.7

DM, myotonic dystrophy; W, women; M, men; na, not applicable;
RT100–10, relaxation time from 100% to 10% of target force.

*Values are mean (minimum, maximum), except when indicated as SD.
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patients with an MBS score of 3 was 3.0 s in DM1
and 0.5 s in DM2 (both groups consisted of 7 patients).
There was a significant correlation between MBS score
and RT100–10, with Spearman correlation coefficients of
0.627 (P = 0.001) in DM1 and 0.581 (P = 0.003) in
DM2 (Fig. 3A,B).

Warm-up Phenomenon. An analysis of the warm-up
phenomenon is presented in Figure 4. Differences
in RT100–10 were at their greatest between first and
second voluntary contractions in both DM1 and
DM2 (1.54-s decline in DM1, with P < 0.0001; 0.14-s
decline in DM2, with P = 0.02). Although the differ-
ences between second and sixth voluntary contrac-
tions were still significant in DM1 (0.77 s, with
P = 0.004), there was no further decline in DM2
(−0.02 s). Relaxation time from 100% to 10% of tar-
get force remained unchanged with consecutive con-
tractions in the control group.

Maximal Force. The results for maximal force are
presented in Table 1. Significant differences in maxi-
mal force emerged among all groups.

DISCUSSION

This study introduces a quantitative measure of
hand-grip myotonia suitable both for clinical trials
and routine examination. It exhibited low intertrial
variability and significant correlation with a subjec-
tive scale assessing myotonia. More pronounced myo-
tonia with more extensive warm-up phenomenon
was demonstrated for the DM1 subgroup compared
with the DM2 subgroup.
The main advantage of this method is the com-

mercial availability of the dynamometer and the ease
of postacquisition processing of data. Data are stored
in a nonvolatile memory archive and can be trans-
ferred to a computer by using a USB connector and
downloaded via automated software (provided freely
by the manufacturer) as a simple spreadsheet of RT
in relation to 10% steps in the target force. Data
from the last test can be also directly displayed on
the device.
The use of target force is also a considerable depar-

ture from the original method, which employed relax-
ation time after maximum voluntary contraction, a
variable that might change from squeeze to squeeze.
The force of maximal voluntary contraction might be
affected by the motivation of the patient, particularly
in consecutive measurements, so the results might be
less consistent. This study examined RT in terms of a
target force that remained the same throughout test-
ing. In addition, the patients in the current study
were asked to maintain grip for 3 s above the line of
target force from which the RT was to be measured,
thus eliminating any fluctuation in maximal force
and also eliminating the requirement to choose a
starting point for decline. Only 1 patient was unable
to exert the required force repeatedly and, because

FIGURE 1. Relaxation time in healthy controls and patients with
DM1 and DM2. The box plot indicates the 25th percentile,
median, and 75th percentile. The circles represent outliers, and
the asterisk represents extreme outliers. The dashed line repre-
sents the upper limit of normal calculated as a 0.95 quantile of
the values in healthy controls. DM, myotonic dystrophy.

FIGURE 2. Intertrial variability of relaxation time of first squeezes in DM1, DM2, and healthy controls. Each number on the x-axis repre-
sents 1 participant from each group. DM, myotonic dystrophy.
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it occurred during the first trial, we simply reset the
target force and repeated the measurement.

Even though we studied only intertrial variability,
ICC for both DM1 and DM2 groups proved to be
extremely high (0.945 and 0.931, respectively). The low
ICC for healthy controls (0.437) can be explained by
the very homogeneous values of RT100–10 in this group.
The coefficient of variation in this study was very similar
to that obtained by the original method3 (23.1% in
controls and 33.2% in DM1 in the original method
vs. 28% in controls and 22% in DM1 here), even
though the patients were not fasting and a pegboard
was not used to stabilize the arm as was the case in orig-
inal study. Furthermore, the mean relaxation time
from 90% to 5% of maximal force was quite similar
(0.37 s in controls and 2.42 s in DM1) compared with
our results for RT100–10 (0.17 s in controls and 2.96 s in
DM1). In the method that was employed here, the
upper limit of normal was able to distinguish all DM1
patients, whereas, in the original method, 4 of the
25 patients with DM1 remained below the limit.

Simultaneous objective and subjective evaluation
of myotonia severity also proved an advantage of this

study. The correlation between RT100–10 and subjec-
tive MBS was significant. Only 1 DM1 patient rated
MBS at 0, even though his RT100–10 was 2.8 s. The
patient said explicitly that the current severity of his
myotonia was nothing compared with that of a year
ago. The study also demonstrated that MBS cannot
be compared across different diseases because
patients with DM1 generally reported lower MBS
compared with those with DM2.
The prevalence of DM2 in the Czech population is

much higher than that of DM1.10 This is in agree-
ment with several other studies,11,12 suggesting that
DM2 might be underdiagnosed because the symp-
toms frequently occur in the elderly population.
Myotonic dystrophy 2 is generally milder, with proxi-
mal weakness. This study confirmed that the average
muscle force in patients with DM2 was significantly
higher than that in patients with DM1 and demon-
strated that the myotonia is less severe and the
warm-up phenomenon less pronounced in DM2.
This study has some limitations. As previously

discussed, a fixed target force was set throughout
testing, which renders analysis of peak force and
warm-up phenomenon of peak force impossible. All
time values are rounded to one-tenth of 1 s, and the
apparatus must be manually set to target force for
each squeeze, which is not easy to accomplish when
analyzing warm-up phenomenon (in the 10 s between
squeezes). No group of nondystrophic myotonias was
included, so it can only be assumed that the method
described here may also be used for such a group.
In conclusion, the method detailed above provides

a valid and reliable quantitative measure of grip myo-
tonia in patients with DM1 and DM2. It is simple,
requiring only a commercially available dynamome-
ter and no other special equipment. Each trial takes
about 1 min, but, after taking into consideration the

FIGURE 4. Warm-up phenomenon in healthy controls and
patients with DM1 and DM2. DM, myotonic dystrophy; RT100–10,
relaxation time from 100% to 10% of target force.

A B

FIGURE 3. Correlation between relaxation time and MBS in patients with DM1 (A) and DM2 (B). DM, myotonic dystrophy; MBS, Myoto-
nia Behaviour Scale.

4 Myotonia in DM1 and DM2 MUSCLE & NERVE Month 2019



10-min intervals between the 3 trials, it takes about
35 min of a patient’s time. We propose that it could
be used as an outcome measure in clinical trials
investigating drug treatments for myotonia. Its sim-
plicity may also permit it to be used as a routine
examination in gathering data on the natural history
of myotonic disorders.

Ethical Publication Statement: We confirm that we have read the
Journal’s position on issues involved in ethical publication and
affirm that this report is consistent with those guidelines.
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This pilot study supports the hypothesis and similar previously published findings of the 

possibility of thin-fiber dysfunction in patients with myotonic dystrophy type 2, and thus the 

possibility of the presence of a neuropathic component of pain in this patient group. 

 

Patients with myotonic dystrophy may suffer from variable types of pain and some 

descriptors suggest the involvement of a possible neuropathic pain component in MD 

patients. The aim of the study was to evaluate the occurrence of neuropathic pain descriptors 

and sensory abnormalities in patients with myotonic dystrophy type 2 and to disclose the 

presence of some psychological abnormalities as potentially relevant psychological factors in 

chronic pain conditions.  

Patients and methods: A group of 23 patients with MD2 (20 women, 3 men; mean age 53.5 

± 11.0 years, range 33–70 years) suffering from chronic pain and a group of 24 age- and 

gender-matched healthy controls (20 women, 4 men; mean age 51.9 ± 8.9 years, range 36–68 

years) were examined using the PainDETECT questionnaire and the Neuropathic Pain 

Symptom Inventory questionnaire (NPSI), a comprehensive protocol of quantitative sensory 

testing (QST) and a battery of self-reported psychological tests. All examined patients 

reported unpleasant painful sensations of the limbs and torso lasting more than 3 months. The 

exclusion criteria were diabetes mellitus or impaired glucose tolerance, as well as the 

anamnestic occurrence of any other risk factors for polyneuropathy except mild 

hypothyroidism, which was well compensated in all cases. 

Results: Based on the PainDETECT questionnaire, the presence of a neuropathic component 

of pain was evaluated as possible or probable in more than half of the patients. According to 

the NPSI questionnaire, the most frequently described spontaneous pain in patients with MD2 

was squeezing. Very frequently, two-thirds of patients also described brief pain attacks of 

stabbing quality and abnormal sensations (pins and needles and/ or tingling) in the painful 

area. QST in lower legs showed significantly more frequent hypoesthesia for cold and 

hyperalgesia for mechanical pain stimuli and also a higher incidence of paradoxical heat 

sensation. Patients with MD2 showed significantly more frequent depression and pain 

catastrophizing.  

https://www.csnn.eu/casopisy/ceska-slovenska-neurologie/archiv-cisel/2019-3-3
https://www.csnn.eu/casopisy/ceska-slovenska-neurologie/archiv-cisel/2019-3-3
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Conclusion: The pain descriptors evaluated by PainDETECT and NPSI questionnaires, and 

sensory profile assessed by the QST protocol performed in this pilot study support the 

hypothesis that pain in MD2 patients probably has a neuropathic component. 
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Neuropatická komponenta bolesti u pacientů 
s myotonickou dystrofií 2. typu: pilotní studie

Neuropathic pain component in patients  
with myotonic dystrophy type 2: a pilot study

Souhrn
Cíl: Bolest u myotonické dystrofie (MD) může mít variabilní charakter a ně kte ré deskriptory poukazují 
na možný podíl neuropatické komponenty bolesti u pacientů s MD. Cílem práce bylo zhodnocení 
výskytu deskriptorů neuropatické bolesti a senzitivních abnormit u pacientů s myotonickou 
dystrofií 2. typu (MD2) a posouzení ně kte rých psychologických faktorů významných v rozvoji 
chronické bolesti. Soubor a metodika: Skupina 23 pacientů s chronickou bolestí a geneticky 
potvrzenou MD2 a skupina 24 zdravých dobrovolníků obdobného věku a pohlaví byly vyšetřeny 
pomocí dotazníků PainDETECT a Neuropathic Pain Symptom Inventory (NPSI), komplexního 
protokolu kvantitativního testování senzitivity (quantitative sensory testing; QST) a baterie 
sebehodnotících psychologických testů. Výsledky: Dotazník PainDETECT poukázal na možnou či 
pravděpodobnou přítomnost neuropatické komponenty bolesti u více než poloviny pacientů. 
Podle dotazníku NPSI je spontánní bolest u MD2 pacientů nejčastěji svíravá, velmi časté jsou krátké 
záchvaty bodavé bolesti a téměř dvě třetiny pacientů vnímají brnění či mravenčení. QST prokázalo 
častý výskyt abnormit termického a algického čití, a to zejména na dolních končetinách. Pacienti 
s MD2 vykazovali také statisticky významně vyšší míru deprese a katastrofizace bolesti. Závěr: 
Deskriptory bolesti zachycené v rámci dotazníků PainDETECT a NPSI a senzitivní profil stanovený 
pomocí QST protokolu podporují v provedeném pilotním projektu hypotézu, že bolest u MD2 má 
pravděpodobně také neuropatickou komponentu. 

Abstract
Aim: Patients with myotonic dystrophy (MD) may suffer from variable types of pain and some 
descriptors suggest the involvement of a possible neuropathic pain component in MD patients. 
The aim of the study was to evaluate the occurrence of neuropathic pain descriptors and sensory 
abnormalities in patients with myotonic dystrophy type 2 (MD2) and to disclose the presence 
of some psychological abnormalities as potentially relevant psychological factors in chronic 
pain conditions. Patients and methods: A group of 23 patients with MD2 suffering from chronic 
pain and a group of 24 age- and gender-matched healthy controls were examined using the 
PainDETECT questionnaire and the Neuropathic Pain Symptom Inventory questionnaire (NPSI), 
a comprehensive protocol of quantitative sensory testing (QST) and a battery of self-reported 
psychological tests. Results: Based on the PainDETECT questionnaire, the presence of a neuropathic 
component of pain was evaluated as possible or probable in more than half of the patients. 
According to the NPSI questionnaire, the most frequently described spontaneous pain in patients 
with MD2 was squeezing. Very frequently, two thirds of patients also described brief pain attacks 
of stabbing quality and abnormal sensations (pins and needles and/ or tingling) in the painful area. 
QST in lower legs showed significantly more frequent hypoesthesia for cold and hyperalgesia for 
mechanical pain stimuli and also higher incidence of paradoxical heat sensation. Patients with 
MD2 showed significantly more frequent depression and pain catastrophizing. Conclusion: The 
pain descriptors evaluated by PainDETECT and NPSI questionnaires, and sensory profile assessed 
by the QST protocol performed in this pilot study support the hypothesis that pain in MD2 patients 
probably has a neuropathic component. 
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Úvod 
Chronická bolest je celosvětově závažný 
zdravotní problém. Studie provedené v růz-
ných zemích dokazují, že chronickou bolestí 
trpí 10–30 % dospělé populace [1–3]. U ner-
vosvalových chorob se chronická bolest vy-
skytuje dokonce u 60–80 % pacientů [4–6]. 
Intenzita a frekvence bolesti u progresivních 
neuromuskulárních chorob je podle prove-
dených studií významně vyšší než v běžné 
populaci [7]. 

Myotonická dystrofie (MD) je nejčastější 
svalovou dystrofií v dospělém věku a dru-
hou nejčastější svalovou dystrofií obecně. 
Jde o autozomálně dominantní multisysté-
mové onemocnění s progresivní degenerací 
kosterních svalů. Hlavními projevy jsou pro-
gredující svalová slabost, myotonie a charak-
teristická multiorgánová postižení jako kata-
rakta projevující se v mladším věku, poruchy 
srdečního rytmu a kardiomyopatie, kogni-
tivní deficit, endokrinní poruchy, postižení 
gastrointestinálního traktu, únava, ospalost 
aj. Rozeznáváme dvě základní formy cho-
roby s odlišným genetickým podkladem, 
a to myotonickou dystrofii typ 1 a myoto-
nickou dystrofii typ 2 (MD2). Bolest u MD 
je častým a závažným příznakem choroby 
a její výskyt se pohybuje mezi 50–75 % [6,8–
10]. Etiologie bolesti u MD není dosud spo-
lehlivě objasněna a je pravděpodobně mul-
tifaktoriální. Jako jeden z multisystémových 
projevů u MD je popisováno i postižení peri-
ferních nervů [11,12]. 

Cílem této pilotní studie bylo zhodno-
tit možný podílu neuropatické kompo-
nenty bolesti u pacientů s MD2 prostřed-
nictvím posouzení charakteristik bolesti 
a senzitivních abnormit (jejichž hodnocení 
patří k nejvýznamnějším a nejčastěji užíva-
ným dia gnostickým metodám ve výzkumu 
neuropatické bolesti) a posouzení ně kte rých 
psychologických charakteristik těchto pa-
cientů jako potenciálně významných faktorů 
v rozvoji bolesti. 

Soubor a metodika
V rámci prezentované studie jsme vyšet-
řili 23 pacientů s MD2 (potvrzenou mo-
lekulárně-geneticky v centru moleku-
lární bio logie a genové terapie FN Brno) 
a chronickou bolestí (20 žen; průměrný věk 
53,5 ± 11,0 let, rozmezí 33–70 let) a skupinu 
24 zdravých dobrovolníků obdobného věku 
a pohlaví (20 žen; průměrný věk 51,9 ± 8,9 let, 
rozmezí 36–68 let). Všichni vyšetření pa-
cienti s MD2 byli chodící, z toho 22 pacientů 
(95,7 %) mělo známky svalové slabosti, která 

byla typicky lokalizována v kořenových sva-
lech horních (Hkk) a dolních (Dkk) konče-
tin, šíjových svalech nebo akrálních svalech 
Dkk. Při hodnocení svalové síly pomocí Me-
dical Research Council sum score (identická 
se svalovým testem dle Jandy) byla ve vy-
šetřovaném souboru průměrná hodnota 
skóre 163,7 ± 4,9 (maximální dosažitelné 
skóre při plné svalové síle ve všech hodno-
cených svalových skupinách dosahuje hod-
noty 170 [13]), což odpovídá lehkému stupni 
svalového postižení, které je charakteris-
tické pro MD2. Průměrný věk v době prv-
ních projevů choroby byl 38,3 ± 11,9 let (roz-
mezí 15–65 let). Všichni vyšetření pacienti 
udávali nepříjemné bolestivé pocity konče-
tin a trupu trvající déle než 3 měsíce. Detailní 
popis distribuce a intenzity bolesti je sou-
částí výsledkové části práce. Osmnáct vy-
šetřených pacientů (78,3 %) mělo klinické 
projevy myotonie (poruchy svalové dekon-
trakce). V rámci standardního klinického vy-
šetření nevykazovali pacienti změny myo-
tatických reflexů ani změny polohocitu, 
pohybocitu či vibrační nebo taktilní citlivosti 
jako známky postižení silných nervových 
vláken. Vylučujícím kritériem pro zařazení 
do souboru byl diabetes mellitus či porucha 
glukózové tolerance a také anamnestický vý-
skyt jakýchkoli jiných rizikových faktorů po-
lyneuropatií kromě mírné hypotyreózy, která 
byla přítomna u 6 z 23 pacientů (26,1 %) 
a byla ve všech případech medikamen-
tózně kompenzována. Z ostatních sledo-
vaných systémových příznaků MD byla pří-
tomna katarakta (17/ 23 pacientů), poruchy 
srdečního rytmu (6/ 23 pacientů), postižení 
reprodukčních orgánů či infertilita (3/ 23 pa-
cientů) a hyperhidróza (11/ 23 pacientů). Vět-
šina vyšetřených pacientů užívala dlouho-
době analgetika, a to nejčastěji nesteroidní 
antirevmatika (52,2 %), méně často tramadol 
(17,4 %) nebo kombinaci obojího (4,3 %). Část 
pacientů (26,1 %) navzdory popisované in-
tenzitě bolestí žádná analgetika pravidelně 
neužívala. Současně žádný z pacientů neu-
žíval antineuralgickou terapii, protože bolest 
u MD není standardně vnímána jako bolest 
neuropatická. Čtyřicet osm hodin před pro-
vedením studie neužili pacienti analgetika. 
V souboru zdravých dobrovolníků neměl ani 
jeden ze zařazených jedinců bolesti konče-
tin či trupu ani známky polyneuropatie, sva-
lové slabosti nebo myotonie. 

Pacienti i dobrovolníci vyplnili dotazník 
PainDETECT a validovanou českou verzi do-
tazníku Neuropathic Pain Symptom Inven-
tory (NPSI) [14–16]. Dotazník PainDETECT 

je primárně určen pro dia gnostiku neuro-
patické bolesti a umožnuje stanovení míry 
pravděpodobnosti výskytu neuropatické 
komponenty bolesti u daného pacienta. Zo-
hledňuje výskyt typických symptomů neu-
ropatické bolesti, jejich intenzitu, průběh ob-
tíží a jejich vyzařování do dalších částí těla. 
Při dosažení skóre 0–12 bodů je výskyt neu-
ropatické komponenty nepravděpodobný. 
Skóre 13–18 bodů představuje nejedno-
značný výsledek, kdy je přítomnost neuro-
patické komponenty bolesti možná. Při hod-
notách skóre 19 a více je výskyt neuropatické 
komponenty bolesti u daného pacienta vy-
soce pravděpodobný (> 90 %). NPSI dotaz-
ník je zaměřen na popis charakteru bolesti 
vyšetřovaného v posledních 24 h. Intenzita 
bolesti je hodnocena pomoci škály Numeric 
Rating Scale (NRS) v rozsahu 0–10 bodů, kde 
„0“ představuje „žádnou bolest“ a „10“ zna-
mená „nejhorší představitelnou bolest“. 

Dále jsme u pacientů a dobrovolníků po-
drobně vyšetřili senzitivní profil s použitím 
české verze komplexního protokolu kvanti-
tativního testování senzitivity (Quantitative 
Sensory Testing; QST) zavedeného němec-
kou pracovní skupinou pro výzkum neuropa-
tické bolesti (Der Deutsche Forschungsver-
bund Neuropathischer Schmerz [DFNS], 
The German Research Network on Neuro-
pathic Pain) [17,18]. QST je standardizovaná 
metoda k posouzení somatosenzitivních 
funkcí kvantifikací percepce široké škály sen-
zitivních a algických modalit [19]. QST pro-
tokol reflektuje funkci silných (A-beta) i ten-
kých nervových vláken (A-delta i C) a patří 
mezi klíčové metody v dia gnostice neuropa-
tické bolesti. Vyšetření jsme provedli na Hkk 
a Dkk, a to vždy jednostranně na končetině, 
kde pacienti udávali větší bolesti. Vyhodno-
tili jsme senzitivní prahy (tj. nejnižší intenzitu 
dané modality, jež u vyšetřovaného subjektu 
vyvolá percepci podnětu) a prahy algické (tj. 
nejnižší intenzitu dané modality, která u vy-
šetřovaného vede k vyvolání bolestivého 
vjemu). U všech vyšetřených pacientů i dob-
rovolníků jsme v rámci QST protokolu vyšet-
řili senzitivní práh pro teplo (warm detection 
threshold), chlad (cold detection threshold) 
a také tzv. neutrální teplotní rozsah (ther-
mal sensory limen), tedy teplotní rozmezí, 
v němž pacient vnímá teplotu jako neut-
rální. Hodnoceny byly dále vibrační čití (vib-
ration detection threshold), senzitivní práh 
pro mechanickou kožní citlivost (mechani-
cal detection threshold), algický práh pro os-
trou mechanicky vyvolanou bolest (mecha-
nical pain threshold) a hlubokou tlakovou 
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bolest (pressure pain threshold; PPT), sen-
zitivitu pro ostrou mechanicky vyvolanou 
bolest (mechanical pain sensitivity), časo-
vou sumaci ostrých mechanicky vyvolaných 
bolestivých podnětů hodnocenou po-
mocí tzv. wind-up ratio (WUR), termo algický 
práh pro teplo (heat pain thresh old) a chlad 
(cold pain threshold), výskyt tzv. paradox-
ního vnímání chladu jako tepla (paradoxical 
heat sensation) a mechanickou dynamickou 
alodyniiPC.

Stanovení těchto modalit umožňuje vy-
tvořit tzv. senzitivní profil poskytující kom-
plexní přehled o senzitivní percepci u da-
ného pacienta. 

Všichni pacienti a zdravé kontroly také vy-
plnili baterii sebehodnotících psychologic-
kých testů. ke zhodnocení příznaků deprese 
byl použit dotazník Beck Depression Inven-
tory (BDI) [20]. ke zhodnocení katastrofizace 
bolesti byla použita škála Pain Catastrophi-
zing Scale (PCS) [21]. 

Statistická analýza
Statistické výpočty byly provedeny pomocí 
softwaru Microsoft Excel (Microsoft Corpo-
ration, Redmont, WA, USA) a programu Sta-
tistica 12 (StatSoft s.r.o., Praha, Česká repub-
lika). Data získaná z dotazníků PainDETECT, 
NPSI, BDI a PCS byla normálně distribuována. 
Pro jejich srovnání mezi pacienty a kontro-
lami byl použit nepárový t-test, ke zviditel-
nění rozložení hodnot byly použity průměry 
a směrodatné odchylky. Data získaná z mě-
řených charakteristik QST nevykazovala nor-
mální distribuci, pro srovnání jednotlivých 
parametrů QST mezi kontrolní skupinou 
a skupinou pacientů byl použit Mann-Whit-
neyův U Test a ke zviditelnění rozložení hod-
not byly použity mediány a percentily. Vedle 
absolutních hodnot prahů vyjádřených v pů-
vodních měrných jednotkách (°C, kPa, mN 
apod.) byly jednotlivé QST parametry vyjá-
dřeny také formou tzv. Z-skóre, tedy počtu 
směrodatných odchylek od průměrné hod-
noty prahu v příslušné věkové kategorii pub-
likovaného normativního souboru (obr. 1,2). 
kladné hodnoty Z-skóre přitom představují 
zvýšenou citlivost pro danou modalitu, zá-
porné hodnoty naopak citlivost sníženou.

kategoriální data jsou znázorněna pomocí 
absolutních (relativních) četností. Pro srov-
nání kategoriálních dat (frekvence výskytu 
abnormit typu ano/ ne) mezi skupinou zdra-
vých kontrol a skupinou pacientů byl použit 
chí-kvadrát test. Pro korelaci mezi celkovým 
počtem QST abnormit a sumárním NPSI skóre 
byl použit Pearsonův korelační koeficient. 

Výsledky
Charakteristika bolesti
Všichni pacienti udávali výskyt bolestí na 
Dkk, a to distálně a ve více než 90 % pří-
padů současně proximálně v oblasti stehen. 
Téměř dvě třetiny pacientů měly bolesti i na 
Hkk, a to častěji proximálně v oblasti paží 
(tab. 1). Většinou se jednalo o bolest syme-
trickou. Bolest byla nejčastěji vyvolána fyzic-
kou aktivitou a/ nebo chladem. klidové bo-

lesti vykazovala více než polovina pacientů. 
Průměrná intenzita bolesti udávaná pa-
cienty při základním anamnestickém vyšet-
ření byla dle NRS škály 5,2 ± 1,3.

Vyhodnocení dotazníku PainDETECT
Dotazník PainDETECT prokázal možnou 
nebo pravděpodobnou přítomnost neuro-
patické komponenty bolesti u více než polo-
viny pacientů s MD2 (tab. 2). Nejintenzivnější 

kontroly
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Obr. 1. Kvantitativní testování senzitivity na horních končetinách: Z-skóre.  
Data jsou prezentována jako medián (bod) a rozsah neodlehlých hodnot (whisker). Šipka 
ukazuje parametry, jejichž hodnoty vykazují statisticky významné rozdíly mezi kontrolní 
skupinou a pacienty s MD2 (s uvedením hodnoty statistické významnosti). 
CDT – senzitivní práh pro chlad; CPT – termoalgický práh pro chlad; HPT – termoalgický práh 
pro teplo; MD2 – myotonická dystrofie 2. typu; MDT – senzitivní práh pro mechanickou kožní 
citlivost; MPS – senzitivita pro ostrou, mechanicky vyvolanou bolest; MPT – algický práh pro 
ostrou, mechanicky vyvolanou bolest; PPT – algický práh pro hlubokou tlakovou bolest;  
TSL – teplotní rozsah, vnímaný jako neutrální; VDT – senzitivní práh pro vibrační čití; WDT – 
senzitivní práh pro teplo; WUR – časová sumace ostrých mechanicky vyvolaných bolesti-
vých podnětů
Fig. 1. Quantitative sensory testing of the upper limb: Z-score. 
The data are presented as a median (point) and a non-outlier range (whisker). The arrow 
shows parameters with statistically significant differences between the control group 
and MD2 patients (indicating a statistically significant value).
CDT – cold detection threshold; CPT – cold pain threshold; HPT – heat pain threshold; MD2 – 
myotonic dystrophy type 2; MDT – mechanical detection threshold; MPS – mechanical pain 
sensitivity; MPT – mechanical pain threshold; PPT – pressure pain threshold; TSL – thermal 
sensory limen; VDT – vibration detection threshold; WDT – warm detection threshold;  
WUR – wind-up ratio
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bolesti byly lokalizovány ve stehnech a lýt-
kách, méně pak v chodidlech. Průměrná in-
tenzita bolesti dle NRS škály tohoto dotaz-
níku dosahovala hodnot 5,4 ± 1,3 (tab. 2). 

Vyhodnocení dotazníku NPSI
Dotazník NPSI, vytvořený primárně za úče-
lem detailního popisu charakteru bolesti, 
prokázal alespoň jeden z deskriptorů typic-
kých pro neuropatickou bolest s jedinou 

výjimkou u všech vyšetřovaných pacientů 
s MD2. Většina pacientů popisovala bolesti 
spontánní chronické (87 % pacientů) a sou-
časně krátké záchvatovité bolesti (82,6 % 
pacientů). Spontánní bolest byla nejčastěji 
svíravá. Méně častá byla bolest vyvolaná, 
i když i tu uvádělo až 65,2 % pacientů. Nej-
častěji byly bolesti u pacientů vyvolané či 
zhoršené tlakem (43,5 %) nebo kontaktem 
s chladem či teplem (39,1 %). Abnormální 

pocity jako brnění a mravenčení uvádělo 
78,3 % pacientů. Průměrná intenzita udá-
vané bolesti v jednotlivých položkách byla 
střední (NRS 5,2 až 6,4) (tab. 3). Jedno z de-
rivovaných skóre české verze dotazníku (tzv. 
NPSIcz- D

 skóre vytvořené autory na podkladě 
diskriminační analýzy [15]) umožňuje i dis-
kriminaci pacientů s neuropatickou a noci-
ceptivní bolestí (i když k tomuto účelu nebyl 
dotazník primárně vytvořen). V našem sou-
boru byla při použití tohoto skóre bolest kla-
sifikována jako neuropatická u 22 pacientů 
(95,7 %) a nociceptivní u 1 pacienta (4,3 %), 
a resp. jako periferní neuropatická u 20 pa-
cientů (87,0 %) a spontánní nociceptivní 
u 3 pacientů (13 %). 

Vyhodnocení QST protokolu
kvantitativní testování senzitivity prokázalo 
na Hkk u pacientů s MD2 oproti zdravým 
kontrolám signifikantně častější hyperalgezii 
pro mechanické algické podněty a sníženou 
časovou sumaci mechanických algických 
podnětů (tab. 4 a obr. 1). Rozdíl druhého 
ze jmenovaných parametrů byl však prav-
děpodobně podmíněn spíše abnormálním 
zvýšením jeho hodnot u ně kte rých jedinců 

kontroly
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Obr. 2. Kvantitativní testování senzitivity na dolních končetinách: Z-skóre. 
Data jsou prezentována jako medián (bod) a rozsah neodlehlých hodnot (whisker). Šipka 
ukazuje parametry, jejichž hodnoty vykazují statisticky významné rozdíly mezi kontrolní 
skupinou a MD2 pacienty (s uvedením hodnoty statistické významnosti). 
CDT – senzitivní práh pro chlad; CPT – termoalgický práh pro chlad; HPT – termoalgický práh 
pro teplo; MD2 – myotonická dystrofie 2. typu; MDT – senzitivní práh pro mechanickou kožní 
citlivost; MPS – senzitivita pro ostrou, mechanicky vyvolanou bolest; MPT – algický práh pro 
ostrou, mechanicky vyvolanou bolest; PPT – algický práh pro hlubokou tlakovou bolest;  
TSL – teplotní rozsah, vnímaný jako neutrální; VDT – senzitivní práh pro vibrační čití; WDT – 
senzitivní práh pro teplo; WUR – časová sumace ostrých mechanicky vyvolaných bolesti-
vých podnětů
Fig. 2. Quantitative sensory testing of the lower limb: Z-score. 
The data are presented as a median (point) and a non-outlier range (whisker). The arrow 
shows parameters with statistically significant differences between the control group 
and MD2 patients (indicating a statistically significant value).
CDT – cold detection threshold; CPT – cold pain threshold; HPT – heat pain threshold; MD2 – 
myotonic dystrophy type 2; MDT – mechanical detection threshold; MPS – mechanical pain 
sensitivity; MPT – mechanical pain threshold; PPT – pressure pain threshold; TSL – thermal 
sensory limen; VDT – vibration detection threshold; WDT – warm detection threshold;  
WUR – wind-up ratio

Tab. 1. Charakteristiky bolesti  
u pacientů s MD2.  

Charakteristiky 
bolesti

Pacienti s MD2 
s bolestí  
(n = 23)1

lokalizace bolesti

Hkk proximálně 
(paže)

14 (60,9 %)

Hkk distálně (před-
loktí, ruce)

13 (56,5 %)

Dkk proximálně 
(stehna)

21 (91,3 %)

Dkk distálně (lýtka, 
nohy)

23 (100 %)

faktory vyvolávající/
zhoršující bolest

chlad 15 (65,2 %)

teplo 3 (13,0 %)

fyzická aktivita 17 (73,9 %)

klidové bolestí 13 (56,5 %)

1 Hodnoty jsou uvedeny jako absolutní 
(relativní) frekvence.  
Dkk – dolní končetiny; Hkk – horní kon-
četiny; MD2 – myotonická dystrofie 
2. typu 
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v souboru zdravých kontrol. Na Dkk nebyly 
rozdíly časové sumace bolestivých podnětů 
mezi oběma skupinami významně odlišné, 
u pacientů s MD2 jsme zde však zachytili vý-
znamně častější hypestézii pro chlad (a to 
zejména při relativním vyjádření hodnot 
ve vztahu k věkově stratifikovaným datům 
(obr. 2) a hraničně i při hodnocení absolut-
ních hodnot prahů – tab. 5). Významně čas-
tější byla u pacientů s MD2 také hyperalgezie 
pro mechanické algické podněty a výskyt 
paradoxního vnímání chladných podnětů 
jako teplých či horkých (tab. 5 a obr. 2). Při 
vyjádření individuálních hodnot jednotli-
vých parametrů ve vztahu k věkově stratifi-
kovaným normativním datům (formou tzv. 
Z-skóre) byla na Dkk patrná také signifikantní 
hypestezie pro teplo: abnormální termický 
práh pro teplo byl prokázán u 11 z 23 vyšet-
řených pacientů s MD2. Rozdíly absolutních 
hodnoty termických prahů pro teplo mezi 
MD2 pacienty a zdravými kontrolami však 
nedosáhly statistické významnosti, pravdě-
podobně z důvodu určitých malých rozdílů 
ve věkové distribuci pacientů mezi oběma 
skupinami a menšího počtu jedinců v obou 
skupinách (tab. 5). Dále byl patrný trend k šir-
šímu teplotnímu rozsahu, v němž pacienti 
vnímali tepelně neutrální vjem. Ani rozdíly 
tohoto parametru mezi zdravými kontrolami 
a pacienty s MD2 však nedosáhly statistické 
významnosti (tab. 5 a obr. 2). 

Celkový počet QST abnormit na Hkk 
nebyl u pacientů s MD2 významně odlišný 
ve srovnání s kontrolní skupinou (p = 0,76). 
Tento rozdíl však byl velmi vysoce významný 
na Dkk, kde celkový počet QST abnormit 
u pacientů s MD2 více než dvojnásobně pře-
sáhl počet abnormit zachycených ve sku-
pině zdravých kontrol (p < 0,001, data de-
tailně neuvedena). 

 
Vyhodnocení psychologických 
dotazníků
V sebehodnotících psychologických do-
taznících vykazovali pacienti s bolestí při 
MD2 statisticky významně vyšší míru de-
prese a katastrofizace bolesti (tab. 6). 

Diskuze
Bolest u MD je poměrně častým klinickým pří-
znakem, mechanizmus jejího vzniku však není 
přesně znám a je pravděpodobně multifak-
toriální. Není také jasné, proč u ně kte rých MD 
pacientů dojde k rozvoji bolesti a u jiných ne 
nebo proč bolest často vzniká ve stadiu one-
mocnění, kdy ještě nedošlo ke klinicky mani-
festnímu postižení svalového systému [22]. 

Jednou z možných hypotéz vzniku bolesti 
u MD může být například abnormální zátěž 
pohybového aparátu v důsledku svalové 
dysbalance při oslabení ně kte rých svalových 

skupin nebo při myotonii hlubokých svalů, 
kdy dlouhodobě zvýšený tonus hlubokého 
svalstva vyčerpává svaly této skupiny i jejich 
antagonisty [6]. Dlouhodobá kontrakce svalu 

Tab. 2. Hodnoty jednotlivých položek dotazníku PainDETECT u pacientů s MD2 
s bolestí.   

Parametr
Pacienti s MD2 s bolestí (n = 23)

Počet pacientů1 Intenzita bolesti2

aktuální intenzita bolesti 4,0 (2,1)4

největší intenzita bolesti během minulých 4 týdnů 7,8 (1,6)4

průměrná intenzita bolesti během minulých 4 týdnů 5,4 (1,3)4

lokalizace největší bolesti:

stehna 10 (43,5 %)

lýtka 9 (39,1 %)

chodidla 4 (17,4 %)

vyzařování bolesti

ano 10 (43,5 %)

ne 13 (56,5 %)

průběh bolesti:

trvalá bolest s mírnými výkyvy 2 (8,7 %)

trvalá bolest s občasnými záchvaty silné bolesti 6 (26,1 %)

záchvaty silné bolesti, mezi nimi bez bolesti 14 (60,9 %)

časté záchvaty silné bolesti, mezi nimi trvalá bolest 1 (4,3 %)

charakter bolesti: 

pálivá bolest 15 (65,2 %) 2,3 (0,9)5

pocit brnění, šimrání, mravenčení 13 (56,5 %) 3,2 (1,5)5

bolest vyvolaná lehkým pohyblivým dotekem 5 (21,7 %) 1,6 (0,8)5

vystřelující záchvaty silné bolesti 11 (47,8 %) 2,8 (0,9)5

bolest vyvolaná chladem nebo teplem 16 (69,6 %) 3,6 (1,1)5

pocit znecitlivění 15 (65,2 %) 2,5 (0,7)5

bolest vyvolaná lehkým stálým tlakem 16 (69,6 %) 3,1 (0,9)5

celkové PainDETECT skóre3

neuropatická komponenta bolesti je 
nepravděpodobná

11 (47,8 %)

neuropatická komponenta bolesti může být 
přítomna

7 (30,4 %)

neuropatická komponenta bolesti je 
pravděpodobná

5 (21,7 %)

1 Hodnoty jsou uvedeny jako absolutní (relativní) frekvence.    
2 Průměry (směrodatné odchylky) nenulových hodnot daného parametru. 
3  Vypočteno z otázek zaměřených na vyzařování bolesti, její průběh a charakter (v souladu 
s originální verzí dotazníku dle Freynhagena [16]).   

4  Hodnoceno pomocí NRS škály v rozsahu 0–10 bodů.   
5  Hodnoceno pomocí 6bodové verbální škály bolesti, každému verbálnímu deskriptoru in-
tenzity je přidělena určitá číselná hodnota (vůbec ne = 0; takřka vůbec = 1; málo = 2;  
středně = 3; silně = 4; velmi silně = 5).   

MD2 – myotonická dystrofie 2. typu    



6

NEUROPATICká kOMPONENTA BOLESTI U PACIENTů S MyOTONICkOU DySTROFIí 2. TyPU: PILOTNí STUDIE

Cesk Slov Ne urol N 2019; 82/ 115(3): 1– 10

průkaz jejich významu v patofyziologii bo-
lesti u MD není dosud k dispozici. 

Charakter bolestí u pacientů s MD může 
být velmi variabilní. Při použití jednoho 
z nejčastěji užívaných dotazníků zaměře-
ných na deskriptory bolesti (McGill Pain 
Questionnaire) udávali pacienti s MD v jedné 
z publikovaných studií bolest trhavou (šku-
bavou), tupou, bodavou, tíživou, křečovitou, 
vyčerpávající nebo bolest charakteru nepří-
jemných pocitů ve svalech, jako je napětí, 
citlivost [10]. Ně kte ré ze zmíněných deskrip-
torů ukazují na možnou neuropatickou kom-
ponentu bolesti u pacientů s MD. Možnost 
neuropatické komponenty bolesti u pa-
cientů s MD podporuje i vyhodnocení vý-
sledků dotazníků PainDETECT a NPSI v naší 
studii. Dotazník PainDETECT, vytvořený cí-
leně za účelem identifikace neuropatické 
komponenty smíšených bolestí, prokázal při 
použití cut-off hodnot doporučených autory 
dotazníku neuropatickou komponentu bo-
lesti jako možnou či pravděpodobnou u více 
než poloviny našeho souboru MD2 pa-
cientů. Dotazník přitom dle recentních studií 
vykazuje u pacientů se smíšenou (např. radi-
kulární) bolestí spíše nižší senzitivitu a řada 
autorů doporučuje snížení hodnoty cut-off. 
V nedávno publikované studii zaměřené na 
pacienty s radikulární bolestí vykazoval do-
tazník nejlepší dia gnostickou validitu při cut-
-off hodnotě 11, ani pak však senzitivita ne-
přesáhla 70 % [25]. Velmi podobné závěry 
poskytuje jiná recentně publikovaná studie 
zaměřená na výskyt neuropatické kompo-
nenty bolesti u různých typů vertebrogen-
ních onemocnění (vč. subakutní radikulopa-
tie a lumbální stenózy) [26]. Uvedené závěry 
proto naznačují, že reálný výskyt neuropa-
tické komponenty smíšených bolestí je prav-
děpodobně ještě vyšší, než prokazuje dotaz-
ník PainDETECT prostřednictvím původně 
doporučených cut-off hodnot. Při použití 
cut-off 11, doporučovaného v Eppingově 
studii, by v našem souboru pacientů byla 
neuropatická komponenta bolesti proká-
zána dokonce u 14 pacientů (60,1 %). 

Velmi podobné výsledky naznačuje 
i druhý z použitých dotazníků, tedy NPSI, vy-
tvořený primárně za účelem detailního po-
pisu klinických symptomů neuropatické bo-
lesti. Alespoň ně kte ré z deskriptorů, které 
jsou využívány v tomto dotazníku a pouka-
zují na možný neuropatický charakter bo-
lesti, jsme prokázali téměř u všech vyšetřo-
vaných pacientů. Žádný z těchto deskriptorů 
však samozřejmě není pro neuropatickou 
bolest zcela specifický a může se vyskyto-

multisystémové manifestace, kdy akumu-
lace expandované transkribované ribonuk-
leové kyseliny (RNA) poškozuje buněčné 
procesy a ovlivňuje sestřih RNA dalších de-
sítek genů [24]. Důsledkem tohoto patofy-
ziologického řetězce může být i zvýšení no-
cicepce. Všechny zmiňované mechanizmy 
jsou však spíše hypotetické a jednoznačný 

při myotonii může vést i k hypoperfuzi, vy-
plavení laktátu, poklesu hodnoty pH a uvol-
nění dalších látek, které mohou provokovat 
bolest, jako jsou bradykinin, adenosintrifos-
fát a ionty vodíku [20]. Na vzniku bolesti by 
se tak dle této hypotézy mohly podílet také 
změny, které přímo souvisejí s patofyziolo-
gickým řetězcem této choroby v rámci její 

Tab. 3. Hodnoty jednotlivých položek NPSI dotazníku, celkového NPSI skóre a užíva-
ných dílčích NPSI škál u MD2 pacientů s bolestí. 

Parametr
Pacienti s MD2 s bolestí (n = 23)

Počet pacientů1 Intenzita bolesti 
(NRS)2

Q1: spontánní pálivá bolest 10 (43,5 %) 5,3 (2,7)

Q2: spontánní svíravá bolest 13 (56,5 %) 5,8 (2,6)

Q3: spontánní tlaková bolest 11 (47,8 %) 5,5 (2,9)

Q4: počet hodin se spontánní bolestí / 24 h
< 1
1–3
4–7
8–12
neustále

7 (30,4 %)
3 (13 %)
2 (8,7 %)
6 (26,1 %)
5 (21,7 %)

Q4: 1 a více hod se spontánní bolesti / 24 h 16 (69,6 %)

Q5: krátké záchvaty bolesti jako elektrické šoky 7 (30,4 %) 5,6 (2,5)

Q6: krátké záchvaty bodavé bolesti 16 (69,6 %) 5,6 (2,6)

Q7: počet krátkých záchvatu bolesti / 24 h 
žádné
1–5
6–10
11–20
> 20

4 (17,4 %)
10 (43,5 %)
4 (17,4 %)
1 (4,3 %)
4 (17,4 %)

Q7: 1 a více krátkých záchvatů bolesti / 24 h 19 (82,6 %)

Q8: provokace/zhoršení bolesti dotykem 6 (26,1 %) 5,2 (2,5)

Q9: provokace/zhoršení bolesti tlakem 10 (43,5 %) 6,0 (3,0)

Q10: provokace/zhoršení bolesti chladem 9 (39,1 %) 6,4 (2,3)

Q11: mravenčení 15 (65,2 %) 6,3 (3,2)

Q12: brnění 15 (65,2 %) 6,1 (3,0)

trvalá bolest (Q1, Q2, Q3)3 20 (87,0 %) 5,5 (2,4)

záchvatovitá bolest (Q5, Q6)3 19 (82,6 %) 5,3 (2,7)

vyvolaná bolest (Q8, Q9, Q10)3 15 (65,2 %) 5,6 (2,6)

parestezie/dysestezie (Q11, Q12)3 18 (78,3 %) 5,9 (3,0)

celkové NPSI skóre4 22 (95,7 %) 29,5 (21,8) 

1 Hodnoty jsou uvedeny jako absolutní (relativní) frekvence. 
2 Vypočteno jako průměry (směrodatné odchylky) z nenulových hodnot daného parametru.
3 Dílčí NPSI škály jsou vypočtené jako součet relevantních položek (uvedených v závorce). 
4  Celkové NPSI skóre je vypočteno jako součet položek Q1–Q3, Q5–Q6 a Q8–Q12 a dosahuje 
hodnot v rozmezí 0–100. 

MD2 – myotonická dystrofie 2. typu; NPSI – Neuropathic Pain Symptom Inventory; NRS – Nu-
meric Rating Scale
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pohlaví) souboru pacientů s MD2. Shodou 
okolností však byl při naplnění uvedených 
kritériích výběru do souboru zařazen vyšší 
počet kontrol (5) s abnormálně zvýšenou ča-
sovou sumací. Tento rozdíl proto nelze inter-
pretovat jako průkaz snížené časové sumace 
u pacientů s MD2 (kde byly hodnoty tohoto 
parametru u všech pacientů v buď mezích 
normy, nebo dokonce s abnormálně zvýše-
nou časovou sumací). 

Pouze jediná dosud publikovaná studie 
hodnotila kvantitativní testování senzitivity 
u pacientů s MD2 [29]. Srovnatelně s našimi 
výsledky kolektiv německých autorů popsal 
ve své studii pokles algického prahu pro os-
trou mechanicky vyvolanou bolest u pa-
cientů s MD2. Zajímavé zjištění v německé 
studii však bylo to, že pokles algického 
prahu byl přítomen u obou skupin pacientů 
s MD2 bez rozdílu, zda pacienti bolest po-
pisovali či nikoliv, zatímco vnímání bolesti-
vých podnětů (hypersenzitivita) a časová su-

gického prahu (tedy hyperalgezii) pro ost-
rou mechanicky vyvolanou bolest. S popsa-
nou hyperalgezii pro mechanické algické 
podněty je však v rozporu průkaz relativně 
snížené WUR, která byla zachycena na Hkk 
u MD2 pacientů při srovnání se zdravými 
dobrovolníky. Tento rozdíl je však pravdě-
podobně podmíněn spíše náhodným vý-
skytem vyššího počtu zdravých kontrol s ab-
normálně zvýšenou časovou sumací v této 
distribuci v našem kontrolním souboru. Pa-
cienti kontrolního souboru pro tuto studii 
byli vybráni z větší skupiny zdravých kont-
rol, jejíž nálezy byly publikovány [18]. V kaž-
dém souboru zdravých dobrovolníků se vy-
skytuje určitý počet jedinců s abnormálním 
nálezem testovaných parametrů (při nasta-
vení norem pomocí 5. a 95. percentilu jde 
o 10 % hodnot kontrolního souboru). Výběr 
kontrol do tohoto užšího souboru byl pro-
veden za účelem zajištění co nejlepší shody 
s demografickými charakteristikami (věk, 

vat i u ně kte rých pacientů s bolestí noci-
ceptivní. Většina pacientů nicméně vykazo-
vala kombinaci více zmíněných deskriptorů 
bolesti a také výskyt doprovodných senzi-
tivních symptomů charakteru mravenčení 
a/ nebo brnění, což dále podporuje hypo-
tézu možného podílu neuropatické kom-
ponenty bolesti u pacientů s MD2. Obecně 
je pro odlišení neuropatické a nociceptivní 
bolesti pomocí tohoto dotazníku nutné vy-
užít právě specifickou kombinaci zmíně-
ných deskriptorů, kterou poskytuje např. 
pro tento účel vytvořené diskriminační 
skóre (NPSIcz-D

) [15]. S použitím tohoto skóre 
byl neuropatický charakter bolesti proká-
zán u 22 pacientů s MD2 (95,7 %). Periferní 
neuropatická bolest byla tímto způsobem 
konfirmována u 20 pacientů (87 %). Výskyt 
neuropatické komponenty bolestí by tak 
s použitím tohoto dotazníku byl dokonce 
ještě vyšší než u dotazníku PainDETECT. Tyto 
hodnoty je však nutné brát s určitou rezer-
vou, protože se nejedná o originální zamě-
ření dotazníku NPSI. 

U 47,8 % pacientů byla dle dotazníku Pain-
DETECT neuropatická komponenta bo-
lesti hodnocena jako nepravděpodobná. 
U těchto pacientů je tedy zřejmě dominující 
podíl bolesti nociceptivní. Pravděpodobnou 
nociceptivní komponentu bolesti podpo-
ruje i časté užívání nesteroidních antirevma-
tik, které bylo v naší studii zjištěno v hodno-
ceném souboru pacientů s MD2 a bolestí, 
i když většinou pouze s částečným efektem. 
Bolest u pacientů s MD se tak jeví jako bolest 
smíšeného typu s variabilním podílem noci-
ceptivní a neuropatické komponenty u růz-
ných pacientů. 

komplexní QST protokol je v rámci vý-
zkumných projektů zaměřených na neuro-
patickou bolest standardně využíván pro 
potřeby objektivizace poruch senzitivní per-
cepce v oblasti bolesti jako jednoho z vý-
znamných pilířů nutných pro stanovení dia-
gnózy neuropatické bolesti [18,27,28]. 

V naší studii jsme u vyšetřených pacientů 
s MD2 zachytili na Dkk především změny 
v termických modalitách QST (hypestezii pro 
chlad a trend k hypestezii pro teplo a širšímu 
teplotnímu rozmezí, které pacient vnímá jako 
teplotně neutrální). Současně bylo přítomno 
paradoxní vnímání chladných podnětů jako 
tepla, tedy porucha diskriminace chladných 
podnětů, které pacient vnímá jako teplé či 
horké. Při vyhodnocení mechanických algic-
kých parametrů QST testovaných pomocí 
kalibrovaných špendlíků vykazovali pacienti 
s MD2 na Hkk i Dkk signifikantní pokles al-

Tab. 4. Kvantitativní testování senzitivity na horních končetinách: základní hodnoty.

QST parametr1 Pacienti s MD2 (n = 23) Kontrolní skupina (n = 24) p2

CDT –1,6 (–2,8; –0,8) –1,4 (–3,4; –0,9) 0,283

WDT 1,9 (1,1; 4,8) 1,8 (1,0; 3,2) 0,259

TSL 3,7 (1,9; 8,0) 3,2 (2,1; 6,2) 0,246

CPT 11,2 (2,9; 28,2) 13,5 (0,0; 26,5) 0,157

HPT 47,1 (39,0; 50,0) 45,5 (37,2; 50,0) 0,292

PPT 503,3 (284,7; 921,0) 573,3 (388,8; 859,4) 0,544

MPT 18,4 (5,8; 223,4) 40,8 (12,3; 121,2) 0,014

MPS 1,6 (0,2; 34,3) 3,2 (0,5; 6,1) 0,292

WUR 1,6 (1,0; 6,4) 3,8 (1,2; 6,9) 0,038

MDT 0,3 (0,2; 5,9) 0,4 (0,2; 1,4) 0,503

VDT 8,0 (7,7; 8,0) 8,0 (7,1; 8,0) 0,745

PHS 0,0 (0,0; 0,0) 0,0 (0,0; 0,0) 0,328

DMA 0,0 (0,0; 0,0) 0,0 (0,0; 0,0) 0,992

1  Data jsou uvedena jako medián (5.–95. percentil).   
2  Srovnání hodnot jednotlivých QST parametrů mezi pacienty s MD2 a zdravými dobrovolníky 
bylo provedeno pomocí Mann-Whitneyova U testu. 

CDT – senzitivní práh pro chlad (cold detection threshold); CPT – termoalgický práh pro chlad 
(cold pain threshold); DMA – dynamická mechanická alodynie (dynamic mechanic allody-
nia); HPT – termoalgický práh pro teplo (heat pain threshold); MD2 – myotonická dystro-
fie 2. typu; MDT – senzitivní práh pro mechanickou kožní citlivost (mechanical detection  
threshold); MPS – senzitivita pro ostrou, mechanicky vyvolanou bolest (mechanical pain 
sensitivity); MPT – algický práh pro ostrou, mechanicky vyvolanou bolest (mechanical pain 
thresh old); PHS – paradoxní vnímání chladných podnětů jako horkých (paradoxial heat sensa-
tion); PPT – algický práh pro hlubokou tlakovou bolest (pressure pain threshold); QST – kvan-
titativní testování senzitivity (quantitative sensory testing); TSL – teplotní rozsah, vnímaný jako 
neutrální (thermal sensory limen); VDT – senzitivní práh pro vibrační čití (vibration detection 
threshold); WDT – senzitivní práh pro teplo (warm detection threshold); WUR – časová su-
mace ostrých mechanicky vyvolaných bolestivých podnětů (wind-up ratio)
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studii [29] bylo snížení algického prahu pro 
PPT. V naší skupině vyšetřených pacientů 
s MD2 jsme významné změny tohoto para-
metru překvapivě nezaznamenali. Pravdě-
podobným vysvětlením je významně vyšší 
počet svalů, na nichž byl v německé stu-
dii [29] PPT testován (a to vč. řady svalů proxi-
málních). V naší studii byl tento parametr vy-
šetřen pouze v rozsahu obvykle testovaném 
v rámci DFNS/ QST protokolu. Nálezy tohoto 
parametru nejsou tedy vzhledem k rozdíl-
nému rozsahu vyšetření mezi oběma stu-
diemi srovnatelné. 

Naše výsledky naopak prokázaly zřetelný 
trend k výskytu abnormit termického čití, 
který nebyl zachycen autory publikované ně-
mecké práce [29]. Tyto změny v našem sou-
boru by mohly poukazovat na možnou dys-
funkci tenkých nervových vláken, a jsou tedy 
v korelaci s charakterem bolesti prokazova-
ným pomocí dotazníkových nástrojů. Senzi-
tivní profil pacientů s bolestí při MD2 je velmi 
podobný profilu, který je prokazován u pa-
cientů s fibromyalgií. Podobně jako pacienti 
v našem MD2 souboru vykazují i jedinci s fib-
romyalgií generalizovanou přecitlivělost na 
mechanické algické podněty, zatímco mo-
dality doteku jsou obvykle ne ovlivněny [30]. 
Bolest u fibromyalgie je podle recentních 
studií alespoň u části pacientů podmí-
něna postižením tenkých nervových vlá-
ken [8,23,31], přičemž dysfunkce tenkých 
nervových vláken se u těchto pacientů ma-
nifestuje právě hypestezií pro termické pod-
něty [31]. Bolest při fibromyalgii a MD má při-
tom řadu podobných rysů a často obdobný 
charakter. Průkazem této skutečnosti je stu-
die, v níž byla v náhodně vyšetřeném sou-
boru šedesát tří pacientů, kteří byli sledováni 
pro fibromyalgii, u dvou pacientů geneticky 
verifikována MD2 [32]. 

V souhrnu tedy QST nálezy podporují kon-
cept možné poruchy funkce tenkých vláken 
u pacientů s MD, což svědčí pro přítomnost 
neuropatické komponenty bolesti u této 
dia gnostické jednotky.

Vyhodnocením sebehodnotících psycho-
logických dotazníků jsme u pacientů s bo-
lestí při MD2 prokázali významně vyšší vý-
skyt depresivních symptomů a vyšší míru 
katastrofizace bolesti. Zjištěné výsledky však 
neumožňují rozlišit, zda se zmíněné psycho-
logické charakteristiky vztahují k základnímu 
onemocnění (MD2) nebo jsou asociovány 
s bolestí. U MD bývá obvykle popisováno 
zvýšené riziko deprese (podobně jako u ji-
ných chronických onemocnění), a to ze-
jména vzhledem k progresivnímu charakteru 

vané studie nebyla v našem souboru na sku-
pinové úrovni prokázána. Na individuální 
úrovni však byla přítomna u řady našich pa-
cientů (5/ 23 pacientů na Hkk, 4/ 23 pacientů 
na Dkk), což lze v souladu se snížením algic-
kých prahů očekávat. Nejvýznamnější proká-
zanou abnormitou QST v uvedené německé 

mace bolesti byly zvýšeny pouze ve skupině 
pacientů s přítomností bolesti. V naší studii 
jsme vyšetřovali pouze pacienty s bolestí, 
a k případným změnám senzitivní percepce 
u pacientů bez bolesti se tedy nemůžeme 
vyjádřit. Hypersenzitivita pro mechanické 
algické podněty popisovaná autory cito-

Tab. 5. Kvantitativní testování senzitivity na dolních končetinách: základní hodnoty.

QST parametr1 Pacienti s MD2 (n = 23) Kontrolní skupina (n = 24) p2

CDT  –6,7 (–12,5; –1,4) –4,0 (–8,6; –2,3) 0,064

WDT 11,3 (3,8; 15,9) 8,4 (3,7; 14,2) 0,307

TSL 19,2 (6,4; 25,4) 12,6 (6,0; 21,2) 0,085

CPT 17,8 (0,0; 26,1) 11,6 (0,0; 26,3) 0,406

HPT 48,3 (45,0; 50,0) 47,4 (41,2; 50,0) 0,717

PPT 540,0 (300,0; 964,0) 593,3 (409,5; 1133,7) 0,205

MPT 11,3 (5,7; 118,6) 48,5 (7,2; 126,7) 0,051

MPS 1,3 (0,4; 25,4) 2,6 (0,4; 18,2) 0,413

WUR 2,7 (1,2; 5,9) 2,5 (1,3; 7,4) 0,602

MDT 0,8 (0,3; 6,6) 0,9 (0,4; 6,4) 0,67

VDT 8,0 (5,3; 8,0) 8,0 (7,0; 8,0) 0,551

PHS 0,0 (0,0; 3,0) 0,0 (0,0; 1,0) 0,03

DMA 0,0 (0,0; 0,0) 0,0 (0,0; 0,0) 0,349

1  Data jsou uvedena jako medián (5.–95. percentil).   
2  Srovnání hodnot jednotlivých QST parametrů mezi pacienty s MD2 a zdravými dobrovolníky 
bylo provedeno pomocí Mann-Whitneyova U testu. 

CDT – senzitivní práh pro chlad (cold detection threshold); CPT – termoalgický práh pro chlad 
(cold pain threshold); DMA – dynamická mechanická alodynie (dynamic mechanic allody-
nia); HPT – termoalgický práh pro teplo (heat pain threshold); MD2 – myotonická dystrofie 
2. typu; MDT – senzitivní práh pro mechanickou kožní citlivost (mechanical detection thresh-
old); MPS – senzitivita pro ostrou, mechanicky vyvolanou bolest (mechanical pain sensitivity); 
MPT – algický práh pro ostrou, mechanicky vyvolanou bolest (mechanical pain threshold); 
PHS – paradoxní vnímání chladných podnětů jako horkých (paradoxial heat sensation); PPT – 
algický práh pro hlubokou tlakovou bolest (pressure pain threshold); QST – kvantitativní tes-
tování senzitivity (quantitative sensory testing); TSL – teplotní rozsah, vnímaný jako neutrální 
(thermal sensory limen); VDT – senzitivní práh pro vibrační čití (vibration detection threshold); 
WDT – senzitivní práh pro teplo (warm detection threshold); WUR – časová sumace ostrých 
mechanicky vyvolaných bolestivých podnětů (wind-up ratio)

Tab. 6. Nálezy sebehodnotících psychologických dotazníků a jejich srovnání mezi 
kontrolní skupinou a pacienty s MD2. 

Dotazník1 Pacienti s MD2 (n = 23) Kontrolní skupina (n = 24) p2

BDI 17,7 (10,3) 5,9 (4,4) <0,001

PCS 18,9 (12,3) 0,0 (0,0) <0,001

1 Data jsou prezentována jako průměr (směrodatná odchylka).
2 Srovnání jednotlivých dotazníků mezi pacienty s MD2 a zdravými kontrolami, provedené po-
mocí nepárového t-testu.
BDI – Beck Depression Inventory; MD2 – myotonická dystrofie 2. typu; PCS – Pain Catastro-
phizing Scale
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EMG vyšetření a kožní bio psie či korneální 
konfokální mikroskopie a/ nebo specifických 
modalit evokovaných potenciálů zaměře-
ných na hodnocení funkce tenkých nervo-
vých vláken a/ nebo navazujících nociceptiv-
ních drah). Doplnění popisovaných modalit 
bude též provedeno v popisované navazu-
jící studii. 

Určitým limitem zjištěných nálezů je také 
validace použitých dotazníků. Jediným 
v českém jazyce validovaným dotazníkem 
pro dia gnostiku neuropatické bolesti je do-
tazník NPSI (Šrotová et al 2015). Tento dotaz-
ník je však primárně zaměřen pouze na de-
tailní popis neuropatické bolesti, a nikoli na 
její diskriminaci oproti bolesti nociceptivní. 
k tomuto účelu byl proto v provedené studii 
využit dotazník PainDETECT. Tento dotazník 
je v českých podmínkách rutinně využíván 
v klinické praxi, a to navzdory skutečnosti, 
že jeho česká verze nebyla validována. Va-
lidační studie tohoto dotazníku nyní pro-
bíhá na pracovišti autorů. V jejím úvodu byla 
ověřena využitelnost komerčně distribuo-
vané verze dotazníku metodou zpětného 
překladu („forward-backward translation“) 
a nebyl shledán rozpor s verzí originální. Do-
tazník je tedy využitelný v komerčně distri-
buované verzi, jeho validací se nyní inten-
zivně zabýváme. Obdobně dotazník Pain 
Catastrophizing Scale se ve výzkumné praxi 
používá dlouhodobě. Česká verze dotazníku 
je dostupná na oficiálních stránkách tvůrců 
testu. Překlad proběhl formou „forward- 
-back ward translation“, avšak dotazník ne-
prošel žádnou oficiální validační studií. 

V neposlední řadě může určitý limit před-
stavovat i cílené zaměření použitých dia-
gnostických nástrojů na neuropatickou 
bolest a menší pozornost věnovaná no-
ciceptivní komponentě bolestí. Pro tento 
účel by zřejmě bylo v navazujících studiích 
vhodné využít k detailní fenotypizaci pa-
cientů také dotazníky, které lépe reflektují 
nociceptivní komponentu bolesti.

Závěr
Deskriptory bolesti u pacientů s MD2 v pou-
žitých dotaznících, a částečně i senzitivní pro-
fil těchto pacientů stanovený pomocí QST 
podporují hypotézu, že bolest u MD2 má 
také neuropatickou komponentu. Pacienti 
s bolestí při MD2 vykazují vyšší míru depre-
sivní symptomatiky a katastrofizace bolesti. 
Provedená studie však neumožňuje rozlišit, 
zda se změny těchto psychologických cha-
rakteristik vztahují k bolesti či k základní dia-
gnóze jako takové. 

tohoto onemocnění a jeho omezené tera-
peutické ovlivnitelnosti [33,34]. kromě aso-
ciace se základním onemocněním byl však 
popsán i zvýšený výskyt depresivní sympto-
matiky u pacientů s bolestí při MD2 [8]. V pří-
padě, že se změny psychologických cha-
rakteristik vztahují k bolesti, také není jasné, 
zda jsou tyto změny důsledkem bolestivého 
stavu nebo jeho příčinou (což opět nelze 
ze stávajících dat validně odlišit). Obě si-
tuace jsou podle dosud publikovaných stu-
dií možné a poměrně časté: metaanalýza 
56 studií zaměřená na vzájemný vztah bo-
lesti a deprese u různých onemocnění pro-
kázala průměrný výskyt bolesti u depresiv-
ních stavů přibližně v 65 %. Naopak výskyt 
deprese u pacientů s bolestí se u různých kli-
nických jednotek pohyboval v širokém roz-
mezí mezi 13 a 85 % [35]. Pro zpřesnění inter-
pretace změn popsaných psychologických 
charakteristik v rozvoji bolesti při MD2 by 
proto bylo třeba vyšetřit pomocí identic-
kých dotazníků pacienty s MD2, kteří bo-
lesti nemají, a optimálně také dlouhodobě 
sledovat pacienty s bolestí při MD2 a vyše-
třit je pomocí používaných dotazníků opa-
kovaně v různých stadiích onemocnění (což 
umožní ozřejmit, zda jsou zvýšená míra de-
prese a další specifické psychologické cha-
rakteristiky u pacientů patrné již před roz-
vojem bolesti nebo se objevují až v jejím  
důsledku).

Omezení studie
Určitým omezením prezentované studie je 
malý rozsah hodnocené skupiny pacientů 
a absence „kontrolní“ skupiny pacientů 
s MD2 bez bolesti. Omezený rozsah testo-
vané skupiny je podmíněn skutečností, že 
jde o vzácné onemocnění, navíc často aso-
ciované s řadou komorbidit vč. endokrin-
ních onemocnění (např. diabetes mellitus), 
které představovaly vylučující kritérium pro 
vstup do této studie (aby nebyly výsledky 
zkresleny případnými jinými typy bolesti – 
např. při diabetické polyneuropatii). Navý-
šení počtu pacientů v testované skupině je 
tedy obtížně realizovatelné. Větší rozsah tes-
tovaného vzorku pacientů by přitom prav-
děpodobně zvýšil statistickou významnost 
zachycených rozdílů a zlepšil by tak vali-
ditu výstupů. Doplnění kontrolní skupiny 
bude realizováno v rámci navazujícího pro-
jektu, který v současnosti probíhá na praco-
višti autorů. Výsledky této pilotní studie by 
bylo vhodné ověřit rovněž prostřednictvím 
objektivních metod konfirmujících postižení 
silných a tenkých nervových vláken (tedy 
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16. Summary 

Myotonic dystrophy is the most common form of muscular dystrophy in adults. It is a 

multisystem disease characterized by slowly progressive weakness of the skeletal muscles, 

myotonia, and the further involvement of several organ systems. Clinically, this multisystemic 

disorder is characterized by muscular and high variability of extramuscular symptoms. The 

typical MD1 phenotype is characterized by a distinctive combination of muscular symptoms, 

such as facial weakness with ptosis, grip myotonia, and distal muscle weakness with muscular 

atrophy. Clinical symptoms of MD2 patients have large phenotypic variability from 

asymptomatic patients to severe muscular weakness. Myotonic dystrophy presents with a high 

variability of symptoms and multi-organ involvements, involving the cardiovascular, 

endocrine, central nervous, respiratory, gastrointestinal, ophthalmologic, or genitourinary 

systems. We identified frequently observed symptoms in patients with myotonic dystrophy 

that were less reported in the literature. Based on the information obtained we focused mainly 

on identifying the fertility impairment in myotonic dystrophy, the character of pain, and 

myotonia assessment. 

Reproductive abnormalities are a well-recognized finding in myotonic dystrophy because of 

the involvement of reproductive and endocrine systems. In MD1 women, fertility impairment 

is considered highly probable. But only limited and inconsistent data existed concerning the 

fertility of women patients with myotonic dystrophy type 2. A decreased ovarian reserve is 

one of the factors assumed to be involved in fertility impairment. AMH is considered the best 

measure of ovarian reserve. In our study, we confirmed that MD1 females show a significant 

decrease of AMH values, moreover our study extends these results to the general MD1 

population (ie, not only those women with clinically clear fertility impairment reported 

previously in the literature). AMH levels were similar between females with MD2 and 

controls. Therefore we suggest decreased ovarian reserve in women with MD1, but not in 

MD2. 

Pain is often a symptom for patients with myotonic dystrophy. It may fluctuate over time and 

can be influenced by exercise, palpation, and cold temperature. Patients complain of various 

types of pain, myalgia, and cramps, most often located in the thighs, back, and proximal upper 

limbs. The etiology of pain in MD is unknown and is probably to be multifactorial. An 

abnormal load on the musculoskeletal system due to muscle imbalance of weak muscle 

groups, or due to deep muscle myotonia, could be one of the causes of pain. Nevertheless, 

some of the pain descriptors indicate the possibility of the neuropathic component of pain in 

MD patients. We found that the frequency of long-term muscle pain seems to be similar in 
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both types of myotonic dystrophy and its frequency is about 55%. Also, the pain intensity 

seems to be identical in both MD types. The PainDETECT questionnaire showed the presence 

of a neuropathic component of pain in more than half of the MD2 patients examined in our 

study. QST (Quantitative Sensory Testing) has shown frequent occurrences of thermal and 

algic sensory abnormalities. Altogether we found no significant differences in the frequency, 

quality, and severity of pain between the different types of the disease. The pain descriptors 

and sensitivity profile support the hypothesis that pain in MD2 is also likely to have a 

neuropathic component. 

Myotonia is defined as delayed relaxation of skeletal muscle after voluntary muscle 

contraction or external mechanical stimulation (e.g. percussion) and thus reflects a state of 

muscle fiber hyperexcitability. Pathophysiological, myotonia is caused by permanent 

depolarization of sarcolemma due to impaired chloride or sodium ion channels of the muscle 

membrane. In MD1 patients myotonia is a frequent symptom, nearly as muscle weakness. In 

MD2 patients myotonia is often less apparent compared with patients with MD1 and is 

usually mild to moderate intensity. The clinical evidence of myotonia (grip or percussion) is 

observed on neurological examination only in a minority of MD2 patients. Nevertheless, we 

can find a large range of reported occurrences of myotonia in MD2 patients. This could be 

due to inconsistencies in the assessment of myotonia between a history of myotonia reported 

by patients and the clinical evidence of the myotonic phenomenon. Even severe myotonia 

could be observed in some MD2 patients. In our study, we focused on myotonia assessment 

by a commercially available dynamometer. All MD1 patients and half of the MD2 patients 

exceeded the upper limit of normal relaxation time after voluntary contraction (which 

indicates the myotonia) using a dynamometer. Therefore a commercially available 

dynamometer provides a valid and reliable quantitative measure of grip myotonia suitable as 

part of routine examinations to gather data on the natural history of myotonic disorders. 
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