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Abstract Neuropsychological examinations in myotonic

dystrophy (DM) patients show a great variability of results

from a condition of intellectual disability to the subtle

cognitive impairments. It is unclear if different clusters of

neuropsychological deficits appear in different phenotypes

of DM, or if there are patients with no cognitive deficit at

all. The aim of this study is to assess cognitive impairments

among patients with different phenotypes of DM type 1

(DM1) and type 2 (DM2), and to potentially define cog-

nitive clusters in these disorders. Study comprised 101

DM1 and 46 DM2 adult patients who were genetically

confirmed. Patients underwent analysis of five cognitive

domains (visuospatial, executive, attention, memory and

language). Virtually all DM1 patients had cognitive defect

with approximately 2–3 cognitive domains affected. On the

other hand, one-third of DM2 patients had completely

normal neuropsychological findings, and in other two-

thirds approximately 1–2 domains were affected. Cluster

analysis showed that in both diseases visuospatial and

executive dysfunctions seemed to be the main cognitive

defects, while memory and language impairments appeared

in more severe phenotypes. Our results showed that a

single form of DM1 or DM2 may consist of several

cognitive clusters. Understanding of cognitive impairments

in DM is very important to follow positive and side effects

in ongoing and future clinical trials.
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Introduction

Myotonic dystrophies (DM) are autosomal dominant mul-

tisystemic disorders that affect various tissues, including

the brain [1]. Pathological expansion of CTG repeats in

DM1 and CCTG repeats in DM2 cause impaired alterna-

tive splicing of pre-messenger RNAs for various proteins,

including the TAU and NMDA [2]. Brain tissue from

patients with DM1 and DM2 lack TAU-immunoreactivity

neurofibrillary tangles (NFTs) containing TAU-E2 and

TAU-E3 [3]. Other molecular mechanisms may also be

responsible for CNS symptoms in DM.

Neuroimaging studies on DM1 patients showed reduc-

tion of the brain gray and white matter volume, white

matter hyperintense lesions and microstructural changes of

the white matter [4–7]. Previous studies showed less pro-

nounced gray matter loss in DM2 brain, while white matter

was similarly impaired in both diseases [4–6]. It seems that

white matter tracts’ damage and disruption of complex

neuronal networks are responsible for cognitive and

behavioral symptoms in DM [7, 8] and recently it has been

showed that alteration of brain connectomics fit well with

the cognitive deficits [9].

Cognitive impairments in DM1 depend on the age at

onset of the disease. Congenital patients have mental

retardation, while those with onset in the childhood have

learning disabilities due to lower IQ, the attention deficit/
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hyperactivity disorder, autistic behavior, visuospatial

impairment, lack of interest and inhibition [10]. Adult-

onset DM1 patients have dysexecutive syndrome and

visuospatial deficit, while verbal functions and memory

seem to be age dependent [11–14]. Late-onset DM1

patients were reported to have predominantly age-depen-

dent memory deficit [13].

Cognitive involvement is less pronounced in DM2.

Main findings are executive dysfunction and certain degree

of episodic memory impairment [11–15]. Congenital and

childhood phenotypes of DM2 as well as mental retarda-

tion were not described. There were no comparisons of

cognitive findings regarding age at onset of DM2.

Neuropsychological examinations in DM patients show

a great variability of results from a condition of intellectual

disability to the subtle impairments [6, 14]. Thus, reported

results for a group as a whole are not applicable for indi-

vidual cases. It is also unclear if different clusters of neu-

ropsychological deficits appear, or if there are DM patients

with no cognitive deficit at all. Axford et al. [16] reported

that definition of affected cognitive domains is needed for

different groups of DM patients.

The aim of this study was to assess cognitive impair-

ments among patients with different phenotypes of DM1

and DM2, and to potentially define cognitive clusters in

these disorders.

Patients and method

This retrospective study comprised 101 DM1 and 46 DM2

adult patients that were tested at the Department for Neu-

ropsychology of the Neurology Clinic, Clinical Centre of

Serbia at the University of Belgrade from January, 2007

until December, 2014. Approval was received from the

Ethics Committee of the School of Medicine, University of

Belgrade. All patients signed informed consent.

Clinical and electrophysiological diagnosis in all patients

was confirmed by triplet repeat primed polymerase chain

reaction (TR-PCR) [17]. In bothDM1 andDM2patients, age

at onset was determined by the structured clinical interview

with patients. DM1 patients were divided into four pheno-

types: childhood-onset DM1 (cDM1) with age at onset from

one to ten years, juvenile-onset DM1 (jDM1) with age at

onset from ten to 20 years, adult-onset DM1 (aDM1) with

age at onset between 20 and 40 years, and finally late DM1

(lDM1) with onset after age of 40. Patients with congenital

DM1 were excluded from the study. We divided DM2

patients into two phenotypes: adult-onset DM2 (aDM2) with

age at onset between 20 and 40 years and late DM2 (lDM2)

with onset after age of 40. This division was not previously

used, but we hypothesized it is appropriate due to the simi-

larities between DM1 and DM2.

Severity of muscular involvement in DM1 was analyzed

using the Muscular Impairment Rating Scale (MIRS) [18].

Since MIRS is not applicable in DM2, we added strength of

the weakest muscle of proximal/distal muscle groups of the

arms/legs [0–5 scale according to the Medical Research

Council (MRC) scale], with maximum score being 20.

Following muscle groups were tested: shoulder abductors

and adductors, elbow flexors and extensors, wrist and fin-

ger flexor and extensors, hip flexors, extensors, abductors

and adductors, knee flexors and extensors, plantar and

dorsal ankle and toe flexors. Muscle strength was docu-

mented based on manual muscle testing by neurologist

(V.R.S).

Patients underwent analysis of five cognitive domains

(visuospatial, executive, attention, memory and language)

performed by experienced neuropsychologists (V.I., A.P).

Testing was performed in the morning after breakfast and

lasted for approximately one hour and a half. Raven

Standard Progressive Matrices (RSPM) [19] were used as a

measure of general intellectual level. Global cognitive

status was assessed using the Mini Mental State Exami-

nation (MMSE) and Addenbrooke’s Cognitive Examina-

tion-Revised (ACE-R) [20]. Digit Span and Block Design

subtests from the Serbian version of the Wechsler Adult

Intelligence Scale-Revised (WAIS-R) were used, and

scaled scores below six were considered abnormal [21].

For other neuropsychological tests, results were considered

abnormal if they were one standard deviation (SD) below

or above the mean value of healthy population according to

the following references: the Rey Auditory Verbal Learn-

ing Test (RAVLT) [22], copy and recall of the Rey–

Osterrieth Complex Figure (ROCF) [23], Trail Making

Test A and B (TMT-A and TMT-B) [23], Wisconsin Card

Sorting Test (WCST) (number of achieved categories)

[23], the Boston Naming Test (BNT) [24] and the semantic

verbal fluency (SF) [21]. Visuospatial deficit was defined

as an achievement of one SD below norm on both Block

Design and copy of ROCF tests, or two SDs below norm on

any of these. Executive dysfunction was defined as follows:

scores one SD below norm on both WCST and TMT-B, or

two SDs below norm on any of these. Attention deficit was

defined as an achievement one SD below norm on both

Digit Span and TMT-A, or two SDs below norm on any of

these tests. Memory impairment was considered if patients

scored one SD below norm on both copy of ROCF and

RAVLT recognition, or two SDs below norm on any of

these tests. Impaired language function was defined as a

result one SD below norm on both BNT and CF tests, or

two SDs below norm on any of these tests.

Normality of data was tested by the Kolmogorov–

Smirnov test. v2 Test, Mann–Whitney U test, Kruskal–

Wallis test, Student t test and ANOVA were used to

compare sociodemographic and clinical parameters
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between patient groups, as appropriate. We did not com-

pare raw results on each neuropsychological test since

norms depend on gender, age and education, and patient

groups were not matched for these parameters. Thus, v2

test was used to assess differences in the number of sub-

jects that were one and two SDs below norm on each test

and to compare proportions of patients with affection of

each psychological domain. Hierarchical cluster analysis

was applied to form groups with impairment of similar

cognitive domains within each form of the diseases. Sig-

nificant testing was two sided, and level of statistical sig-

nificance of 0.05 was corrected for multiple comparisons.

Results

Main sociodemographic and clinical features of investi-

gated patients are presented in Tables 1 and 2. Results of

neuropsychological testing are given in Table 3 and Fig. 1.

Patients with DM2 had significantly better results on

RSPM, as a measure of general intellectual level. ACE-R

results were the worst in patients with aDM1 and lDM1.

Number of impaired cognitive domains was less in DM2

(range 1–2) than in DM1 (range 2–4). Visuospatial dys-

function was more common in DM1 patients ([75%) but

also present in approximately half of DM2 patients.

Executive dysfunction was also more common in DM1.

Attention deficit was the least common impairment in all

DM1 groups. Memory impairment was the most prominent

in patients with lDM1. The same applied to language

dysfunction, although this was not of statistical

significance.

Results of cluster analysis are shown in Fig. 2. We

identified two cognitive clusters among patients with

cDM1: cluster A with predominant visuospatial impair-

ment and more severe cluster B with visuospatial, execu-

tive, memory and language deficits. These two clusters did

not differ in any of the sociodemographic and clinical

parameters. In patients with jDM1 three clusters were

found: A with executive/attentional deficit, B with visu-

ospatial impairment, and C with both executive and

visuospatial deficit as well as possible affection of memory

and language. Differences in sociodemographic and clini-

cal parameters were not observed between these three

clusters. In aDM1 patients, we also identified three clus-

ters: A with dominant visuospatial impairment, B mostly

with language impairment, and cluster C visuospatial and

memory impairment. Patients in cluster A were younger

than patients in clusters B and C (37.8 ± 9.2 vs.

47.6 ± 8.1 vs. 48.7 ± 6.3 years, p = 0.003). aDM1

patients in cluster A also had shorter duration of disease

than patients in clusters B and C (10.0 ± 6.1, 21.3 ± 8.4,

20.9 ± 7.9 years, p = 0.003). All of our patients with

lDM1 were grouped into the same cluster with affection of

almost all domains.

Regarding DM2 adult phenotype, patients were clus-

tered as follows: normal cognitive findings, visuospatial

impairment, and multiple domains affection. Late DM2

were grouped in normal cluster and multiple domain

impairment. Clusters did not differ regarding sociodemo-

graphic and clinical features neither in aDM2, nor in lDM2.

Discussion

In this study, we intended to organize heterogeneous pat-

tern of cognitive impairment in DM1 and DM2, since this

was previously suggested as necessary by experts in the

field [16, 25].

Virtually all our DM1 patients had certain cognitive

defect with approximately 2–3 cognitive domains affected.

Visuospatial impairment seems to be the main cognitive

defect with prevalence of 75–86% among different DM1

phenotypes. This is in accordance with previous results that

showed poorer achievement in DM1 patients compared to

HCs, with half or more patients having results below norms

[12, 13, 25, 26]. Visuospatial dysfunction might have a

significant influence on patient’s everyday life including

spacial orientation, driving, reading maps, inability to

perform jobs that requests construction, etc. [11]. In line

with this, we previously found that visuospatial defect

Table 1 Main

sociodemographic and clinical

features of investigated patients

DM1 DM2

N 101 46

Gender (% males)* 54.5 28.3

Age (years, mean ± SD)* 41.8 ± 11.3 50.7 ± 10.9

Duration of disease (years, mean ± SD)* 18.4 ± 9.5 14.3 ± 12.1

MIRS (mean ± SD) 3.3 ± 0.7 –

MRC (mean ± SD) – 18.3 ± 2.6

MIRS Muscular Impairment Rating Scale, MRC Medical Research Council

* p\ 0.05
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significantly influenced quality of life of jDM1 patients

[27].

Executive dysfunction was the second most common

cognitive impairment in DM1 with 60–79% of our patients

being affected. Accordingly, previous studies reported

worse results on WCST in DM1 patients compared to HCs,

with approximately two-thirds of patients having scores

below norms [11, 25], while results on TMT-B were below

Table 2 Comparison of sociodemographic and clinical features between different phenotypes of DM1 and DM2

cDM1 jDM1 aDM1 lDM1 aDM2 lDM2

N 14 27 52 8 32 14

Gender* (% males) 85.7 51.9 51.9 25.0 31.2 21.4

Age* (years, mean ± SD) 30.6 ± 9.6 36.4 ± 10.0 45.3 ± 8.6 56.6 ± 6.7 48.6 ± 12.0 55.6 ± 5.3

Onset of disease* (years, mean ± SD) 6.9 ± 2.7 16.5 ± 3.0 27.9 ± 5.3 45.1 ± 5.7 30.9 ± 6.4 48.8 ± 5.6

Duration of disease* (years, mean ± SD) 23.7 ± 10.5 19.9 ± 9.7 17.3 ± 8.5 11.5 ± 8.2 17.3 ± 13.0 7.4 ± 5.1

MIRS (mean ± SD) 3.1 ± 0.8 3.3 ± 0.7 3.3 ± 0.7 3.1 ± 0.6 – –

MRC (mean ± SD) – – – – 18.6 ± 2.6 17.6 ± 2.8

Education (years, mean ± SD) 10.5 ± 1.5 11.3 ± 2.9 11.0 ± 2.2 9.5 ± 2.7 11.7 ± 3.2 10.8 ± 3.3

cDM1 childhood-onset DM1, jDM1 juvenile-onset DM1, aDM1 adult-onset DM1, lDM1 late-onset DM1, aDM2 adult-onset DM2, lDM2 late-

onset DM2, MIRS Muscular Impairment Rating Scale, MRC Medical Research Council

* p\ 0.05

Table 3 Results on

neuropsychological testing in

patients with DM1 and DM2

cDM1 jDM1 aDM1 lDM1 aDM2 lDM2

RSPM*, % 10–40, 20 20–35, 20 34–56, 0 5–20, 0 27–7, 0 12–8, 0

MMSE, % 13–23 26–19 49–10 8–50 32–6 14–7

ACE-R*, % 11–36 20–30 35–63 5–80 29–13 12–25

Block design, % 13–46 24–42 44–46 7–43 31–10 14–14

ROCF copy*, % 14–21, 71 24–17, 58 44–39, 48 7–14, 71 31–36, 10 14–21, 29

Visuospatial function*, % 14–86 24–75 45–76 7–86 31–45 14–50

TMT-B 14–7, 50 24–16, 21 49–18, 41 8–25, 50 30–17, 27 14–7, 21

WCST categories*, % 13–8, 69 22–14, 46 39–18, 51 5–0, 60 29–3, 7 13–8, 23

Executive functions*, % 14–79 26–50 44–66 7–71 28–32 14–43

Digit span, % 13–23 26–31 44–16 8–25% 23–4 9–11

TMT-A, % 14–14, 29 25–20, 12 49–16, 18 8–12, 50 30–17, 17 14–7, 14

Attention, % 14–36 26–19 46–33 8–62 26–35 11–27

RAVLT recognition*, % 14–21, 14 26–11, 24 49–18, 26 8–0, 88 31–13, 13 14–7, 14

ROCF recall*, % 14–36, 29 24–29, 12 44–36, 9 7–42, 14 31–6, 3 14–0, 14

Memory*, % 14–36 24–38 46–46 8–88 31–19 14–21

BNT 14–14, 43 22–14, 36 41–10, 51 5–0, 80 29–21, 28 13–8, 38

Category fluency 14–21, 7 25–12, 8 47–6, 2 8–0, 12 32–6, 3 14–14, 0

Language, % 14–43 22–46 42–50 5–80 29–31 13–38

Number of domains* 2.8 ± 1.2 2.2 ± 1.3 2.8 ± 1.2 3.6 ± 1.1 1.6 ± 1.4 1.8 ± 1.9

Results on each neuropsychological test are presented as follows: number of tested patients—% of patients

that are one SD below norm, % of patients that are two SDs below norm; for Digit Span and Block Design

results are presented as percentage of patients with scaled score below 6; for MMSE cut-off value of 24 and

for ACE-R of 82 were used; results for each cognitive domain are presented as percentage of patients with

impairment in this domain as defined in the ‘‘Patients and method’’ section

cDM1 childhood-onset DM1, jDM1 juvenile-onset DM1, aDM1 adult-onset DM1, lDM1 late-onset DM1,

aDM2 adult-onset DM2, lDM2 late-onset DM2, RSPM Raven Standard Progressive Matrices, MMSE Mini

Mental State Examination, ACE-R Addenbrooke’s Cognitive Examination, RAVLT Rey Auditory Verbal

Learning Test, ROCF Rey–Osterrieth Complex Figure, TMT-A Trail Making Test A, TMT-B Trail Making

Test B, WCST Wisconsin Card Sorting Test, BNT Boston Naming Test, SF semantic verbal fluency

p\ 0.05 corrected for multiple comparisons; * p\ 0.003 for comparison of each test; * p\ 0.01 for

comparison of each neuropsychological domain; p\ 0.05 for comparison of domains number
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norm in 33–87% of DM1 subjects depending on the study

[13]. It is of note that executive dysfunction in our cohort

was usually a part of a more severe cognitive cluster in

cDM1, jDM1 and aDM1, and often associated with certain

level of visuospatial impairment. Thus, it is possible that

bad achievement on executive function tests might be at

least partially explained by visuospatial defect. Visuospa-

tial defect suggests affection of the right hemisphere,

especially parietal lobe which has very well developed

links with other lobes including prefrontal, which

anatomically might explain influence of visuospatial

impairment on executive dysfunction. Executive dysfunc-

tion reduces initiative, planning abilities and decision

making, leads to apathy and inactivity which may have

significant influence on quality of life in DM1 patients.

This was confirmed in a paper by Antonini et al. [28]. More

recently, a reduced disease awareness which interferes with

different physical and life domains has also been shown

[29].

Memory and language impairments were observed

almost exclusively in more severe clusters among cDM1,

jDM1 and aDM1 patients. aDM1 subjects with older age

and longer duration of disease were more susceptible to

memory and language defects which suggest that these

impairments are probably caused by degenerative process,

vascular and/or metabolic dysfunction. Furthermore,

patients with lDM1, as the oldest group, had the affection

of multiple cognitive domains including the highest

prevalence of memory impairment (more than 80%). In our

study, these patients had normal general intellectual level

which suggests normal brain development. However, they

scored very poor on cognitive screening tests that are tools

for identification of mild cognitive impairment and

dementia, as well as on all tests for specific cognitive

domains. This is in accordance with previous research that

showed memory and naming function decline during time

in DM1 subjects [30, 31]. Furthermore, Sansone et al.

showed age-dependent memory deficit suggesting demen-

tia in patients with lDM1 with only 50–150 CTG repeats

[31]. A recent paper indicated that DM1 patients scored

cognitively worse at 5-year follow-up compared to baseline

which was associated with a younger age at onset and

longer duration of disease [32]. Altogether, these findings

support a possible degenerative brain processes in DM1.

In our study, there were no differences in cognitive

achievements between aDM2 and lDM2, thus our division

on these two phenotypes seems to be inappropriate.

Patients with DM2 had generally better neuropsychological

results in comparison to DM1 subjects. General intellectual

level was lower than normal in only about 8% of DM2

patients. Screening tests for dementia showed cognitive

decline in up to 25% of them. This is in accordance with

previous studies that reported normal general intellectual

level in DM2 and less than one-fourth of them with cog-

nitive decline diagnosed with dementia screening tests

[10, 14].

Number of affected cognitive domains in DM2 was less

than in DM1. There are only few studies that investigated

neuropsychological performance in DM2 so far, and all of

them included small number of patients (between 9 and 22)

[4–6, 11, 12, 15, 30]. Some authors stated that described

neuropsychological impairment in DM2 is subtle and not

Fig. 1 Results on

neuropsychological testing in

different phenotypes of DM1

and DM2. Results are shown as

a percentage of patients with

cognitive deficit in each domain

(visuospatial, executive,

attention, memory and

language). *p\ 0.05 for

difference between patient

groups in each cognitive domain
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clinically relevant [5, 12]. Our previous research demon-

strated lesser degree of cognitive impairment in 34 DM2

patients compared to the same number of age- and gender-

matched aDM1 subjects [14]. Cluster analysis showed that

not all patients with DM2 have cognitive impairment, but

even one-third of them had completely normal neuropsy-

chological findings.

Similar to DM1, visuospatial impairment seems to be

the main cognitive defect in DM2 patients, with prevalence

of approximately 50%. Executive dysfunction was the

second most common cognitive deficit in DM2 with

32–43% of our patients affected, and it was usually a part

of a more severe cognitive cluster in DM2, and almost

always associated with a certain level of visuospatial

impairment. Both visuospatial and executive dysfunctions

were less common in DM2 than in DM1 which is in

accordance with previous studies [5, 6, 14, 30]. However,

intradimensional/extradimensional set shifting test showed

similar results in both DM1 and DM2 suggesting a sig-

nificant dysfunction of frontostriatal circuits [14].

Memory and language deficits were less common in

DM2 than in DM1 and usually present in a more severe

cognitive cluster. Contrary to DM1, verbal memory was

impaired more than visuospatial. Memory deficit has been

previously described in DM2 patients [4, 14, 30] signaling

that besides frontal lobes, temporal lobes and hippocampi

are also affected.

Our results showed that a single phenotype of DM1 or

DM2 may consist of several cognitive clusters. Further-

more, these clusters may be similar among different phe-

notypes. It means that some other factors besides age at

onset of disease might have influence on cognitive

Fig. 2 Clusters of cognitive

profiles among different

phenotypes of DM1 and DM2.

V visuospatial function,

E executive functions,

A attention, M memory,

L language. Gray rectangle

impairment of corresponding

cognitive domain. Patients with

aDM2 were clustered as

follows: A normal

neuropsychological findings,

B visuospatial impairment,

C affection of multiple

cognitive domains. lDM2

patients were grouped into two

clusters: A normal, B multiple

domains affection. Clusters did

not differ regarding

sociodemographic and clinical

features neither in aDM2, nor in

lDM2
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achievement. We failed to identify sociodemographic and

clinical parameters that can differentiate between clusters,

except for age in a DM1. A large cross-sectional study

from the DM-scope nationwide registry has recently shown

that gender is a modifying factor influencing DM1 phe-

notype severity and mortality [33]. Other factors may also

be responsible: genes close to DMPK gene (DMWD,

SIX5), gene modifiers, repeat-associated non-ATG (RAN)

translation, microRNA, micro- and macrostructural brain

changes, metabolic factors, environmental factors, etc.

Influence of central manifestations on quality of life was

demonstrated in DM1 [27, 28], but this issue remains

uninvestigated in DM2. We suppose that cognitive deficit

might cause poorer education, worse working position and

salary, and consequently worse social participation.

Our research has several limitations. Although all

patients were genetically confirmed using RP-PCR,

Southern blot with repeats number was not performed in all

of them. Furthermore, this analysis was not always per-

formed at the same moment when neuropsychological

testing, thus we did not include this factor in the analysis.

The second limitation is that we divided patients into

phenotypes based on age at onset only, while some authors

defined lDM1 using age at onset, muscular weakness and

CTG repeats number. Relatively pronounced muscular

impairment in our lDM1 patients may be partly explained

by a long duration of disease in this subgroup. Another

limitation is represented by a difference in gender fre-

quency in DM1 and DM2 groups (54 vs. 28% males,

respectively). This could be an important bias, because

already mentioned data from the large French national

registry showed that the sex is a modifying factor, at least

for DM1. In particular, men had more cognitive impair-

ment, lower educational level and they more commonly

work in a specialized environment. In addition, males were

more affected in their social and economic life compared to

women [33].

Significant limitation of the study is a lack of neu-

roimaging data. This is mostly due to the retrospective

nature of our research. Majority of analyzed patients were

neuropsychologically tested as a regular part of clinical

investigation of DM1 patients in our hospital. However,

subgroups of subjects were analyzed as a part of different

research protocols including neuroimaging, and these data

were previously published. Our recent study using mag-

netic resonance imaging showed correlation between cog-

nitive deficits and white matter involvement in DM1

(including hyperintensities and microstructural damage)

[7]. Another research group also showed significant asso-

ciations between structural and functional brain changes.

Correlations of morphological MRI results with clinical

findings were found for reduced flexibility of thinking and

atrophy of the left secondary visual cortex in DM1 and of

distinct subcortical brain structures in DM2 [8]. In addi-

tion, in DM2, depression was associated with brainstem

atrophy, while daytime sleepiness correlated with volume

decrease in the middle cerebellar peduncles, pons/midbrain

and the right medio-frontal cortex [8]. Furthermore, tran-

scranial sonography showed correlation of brainstem raphe

hypoechogenicity with depression and fatigue in our DM1

patients, and with fatigue and excessive daytime sleepiness

in our DM2 patients [34, 35]. Accordingly, Krogias and

colleagues found a relation between mesencephalic raphe

echogenicity and excessive daytime sleepiness in their DM

patients [36]. Studies on correlation between neuroimaging

data and cognitive performances are still lacking in DM1,

DM2, and especially comparing DM1 and DM2, thus fur-

ther research in this field is welcome.

Conclusions

Virtually all DM1 patients have cognitive defect with

approximately two to three cognitive domains affected. On

the other hand, one-third of DM2 patients have completely

normal neuropsychological findings, and in other two-

thirds of patients approximately one or two domains are

affected. In both diseases, visuospatial and executive dys-

functions seem to be the main cognitive defects, while

memory and language defects appear in more severe phe-

notypes. Our results showed that a single form of DM1 or

DM2 may consist of several cognitive clusters. Under-

standing of these impairments is very important to follow

positive and side effects in ongoing and future clinical

trials.
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