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eMethods. Genetic, neuropsychological, and MRI assessments 
1. Genetic assessment 

Normal and proto-mutated alleles were analysed using “touch down” PCR on DNA 
obtained from peripheral blood leukocytes (PBL). Briefly, 50 pg of PBL-DNA were amplified in 
a 20-l volume with fluorescent labelled primer 101 and primer 102. Reactions were cycled 
through eight rounds at 94°C - 30’’, 68°C - 30’’ (-1° C per cycle) and 72°C – 30’’, followed by 
30 rounds at 94°C - 30’’, 60°C - and 72°C – 30’’. PCR products were then analysed using an 
Abi-Prism 310 Genetic Analyzer. Determination of expanded alleles was performed on 10 pg of 
PBL DNA, which underwent XL-PCR1 and 1% agarose gel electrophoresis. PCR products were 
analysed by Southern blotting with subsequent hybridization to a 32P radiolabeled (CTG) 7-
oligonucleotide probe and detected using autoradiography. 

 
2. Neuropsychological battery 

The neuropsychological assessment included the following tests: a) Mini Mental State 
Examination (MMSE)2,3; b) Rey’s 15 Word List (Immediate and 15-min Delayed recall)4 to 
assess episodic verbal memory; c) Rey's complex Figure (20-min Delayed recall)5, to assess 
visuo-spatial episodic memory; d) Digit span and Corsi forward Block Tapping task6  as 
measures of short-term memory; e) Naming objects subtests of the BADA7 (“Batteria per 
l’Analisi dei Deficit Afasici”, Italian for “Battery for the analysis of aphasic deficits”)  to assess 
language abilities; f) Raven's Coloured Progressive Matrices4 to assess reasoning; g) Copy of 
simple drawings with and without landmarks4 and Copy of Complex Rey's Figure5, to evaluate 
constructional abilities; h) Semantic and Phonological Word Fluency4,6, Modified Card Sorting 
Test8, Trail Making Test (parts A and B)9 to explore executive functions. Italian normative data 
were used for all tests for both score adjustment (sex, age and education) and to define normality 
cut-off scores (95% tolerance interval).  
Statistical analyses for cognitive measures: 

A series of One-way ANOVAs were used to test for between-group differences in 
cognitive performance (p values < 0.004 after Bonferroni’s correction). Additionally, in the 
patient group, MMSE scores  were correlated with CTG triplet expansion, age, age of clinical 
onset, level of formal education, MIRS (p values < 0.01 after Bonferroni’s correction).  

 
3. Principal component analysis 
 

Principal component analysis (PCA)10 is a multivariate statistical procedure that uses 
orthogonal transformations to convert a set of observations of potentially correlated variables 
into a set of values of linearly uncorrelated variables, which are defined as “principal 
components”. The number of principal components may be either less than or equal to the 
number of original variables. This transformation is defined in such a way that the first principal 
component has the largest possible variance (that is, accounts for as much of the variability in the 
data as possible), and each succeeding component has the highest variance possible under the 
constraint that it must be orthogonal to (i.e., uncorrelated with) the preceding components. In 
every principal component, each studied subject obtains a single 'score' (i.e., component score) to 
which all original variables contribute. The “weight” of the component score is the eigenvector 
coefficient that determines how 'important' each original variable is for a specific component. 
Higher values in the component score indicate a greater contribution of the variable. In the 
present study, we used PCA to reduce, for each patient, three different variables (derived from 



the “three points code” of MMPI-2) into a single component that combines all features of the 
original personality measurements.  
We defined this component as CTc (=“code-type” components score) and we used it for 
correlation analyses.  

 
 

4. MRI Acquisition 

The parameters of each MRI acquisition were as follows: (1) Dual-echo TSE (repetition 
time [TR]=6.190msec, echo time [TE]=12/109 msec); (2) FLAIR (TR=8.170msec, TE=96 msec, 
inversion time [TI]=2.100 msec); (3) 3D MDEFT (TR=1338 ms, TE=2.4 ms, 
Matrix=256x224x176, in–plane FOV=250x250 mm2, slice thickness=1 mm); (4) T2* weighted 
EPI sensitized to BOLD contrast (TR=2080 ms, TE=30 ms, 32 axial slices parallel to AC-PC 
line, matrix=64x64, pixel size=3x3 mm2, slice thickness=2.5 mm, flip angle:70°). BOLD EPIs 
were collected during rest for a 7 min and 20 s period, resulting in a total of 220 volumes. During 
this acquisition, subjects were instructed to keep their eyes closed, not to think of anything in 
particular, and not to fall asleep. 

5. Image Analysis for RS-fMRI 

The first 4 volumes of each fMRI time series were discarded to allow for T1 equilibration 
effects then corrected for head motion (using the standard SPM8 realignment algorithm), 
compensation for slice-dependent time shifts and co-registration with the corresponding 
MDEFT. Each MDEFT-image was segmented using the standard SPM8 algorithm and the 
resulting grey matter images used to compute each participants total grey matter volume. 
Segmentation derived normalization parameters were used to normalize the motion and slice-
time corrected EPI images to Montreal Neurological Institute (MNI) coordinates. EPI images 
were then filtered using a phase-insensitive band-pass filter (pass band 0.01– 0.08 Hz) to reduce 
effects of low frequency drift and high frequency physiological noise then smoothed with an 8 
mm3 FWHM 3D Gaussian Kernel. Using GIFT, ICA analysis was employed to identify 20 
independent components. Briefly, GIFT first concatenated the individual data across time then 
produced a computation of subject specific components and time courses. The toolbox then 
performed the following analysis in 3 steps for all subjects grouped together: (1) data reduction, 
(2) application of the FastICA algorithm, and (3) back-reconstruction for each individual subject. 
The resulting maps were converted to Z-scores then components reviewed to identify the DMN11 
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eTable. Performance obtained by DM1 patient and control groups on neuropsychological testing 

 

Domain 

 

DM1 patients 

N=27 

 

Controls 

N=16 

 

P Value a 
 

Test/subtest 

 

 

 

 

 

 

 

 

Cognitive efficiency 

   

MMSE2,3(normal cut-off > 23.8) 28.3 (1.6) - - 

 

Verbal episodic long-term memory 
 

15-Words List4: 

   -Immediate recall (cut-off > 28.5) 

  -Delayed recall (cut-off > 4.6) 

 

46.0 (6.7) 

10.1 (3.0) 

46.2 (11.2) 

10.7 (3.1) 

 

NS 

NS 

 

 

Visuo-spatial episodic long-term memory 
   

Complex Rey's Figure5: 

   -Delayed recall (cut-off > 6.3) 

 

15.0 (7.4) 

 

19.9 (5.3) 

 

NS 



 

 

Verbal short-term memory 
   

Digit span6 (cut-off > 3.7) 5.4 (2.3) 6.0 (1.1) NS 

 

 

Visuo-spatial short-term memory 
   

Corsi span6 (cut-off > 3.5) 4.2 (0.8) 5.5 (0.8) NS 

 

 

Language 
   

Naming of objects7 (cut-off > 22) 28.7 (1.4) 28.0 (2.0) NS 

 

 

Reasoning 
   

Raven's Coloured Progressive Matrices4 (cut-off 

>18.9) 

25.1 (7.3) 33.5 (2.5) <.001 

 

Constructional praxis 
   



Copy of simple drawings4 (cut-off > 7.1) 9.1 (3.1) 12 (0.0) .003 

Copy of drawings with landmarks4 (cut-off > 61.8) 59.5 (16.8) 68.1 (2.5) NS 

 

Copy of Complex Rey's Figure5 (cut-off > 23.7) 27.9 (9.8) 35.0 (1.0) NS 

 

 

Executive functions 
   

Phonological Word Fluency4 (cut-off > 17.3) 29.2 (7.9) 38.2 (10.0) NS 

 

Semantic Word Fluency6 (cut-off >7.2) 18.6 (6.2) - - 

Trail Making Test8 

   -A 

   -B 

   -B-A 

 

50.4 (30.0) 

119.6 (84.9) 

67.8 (55.8) 

 

44.8 (15.5) 

106.1 (42.2) 

61.5 (40.5) 

 

NS 

NS 

NS 

 

Modified Card Sorting Test9 

   -Criteria achieved (cut-off > 4.2) 

 

5.4 (1.5) 

 

6.0 (0.0) 

 

NS 



   -Perseverative errors 4.1 (6.5) 6.1 (2.3) NS 

     

a One-way ANOVA (Bonferroni’s correction for multiple comparisons setting the P level at < .004). 

Abbreviations: DM1= Myotonic dystrophy type 1; NS, not significant. 

For each group of studied subjects, the table shows the performance scores [Means (SDs)] obtained on 

neuropsychological testing. For each administered test appropriate adjustments for gender, age and education were 

applied according to the Italian normative data. Available cut-off scores of normality (> 95% of the lower tolerance 

limit of the normal population distribution) are also reported for each test.  

 


