
Supplementary Information - methods 

 

Measures 

 

Disease status 

Patients were scanned on a 3-Tesla whole-body MRI (General Electric Signa HDxt), as described 

previously.1 Lesion load and whole-brain volume were calculated as indicators of cerebral damage. A 

3D fluid attenuated inversion recovery (FLAIR) sequence (repetition time: 8000 ms, echo time: 125 

ms, inversion time: 2350 ms, slice thickness: 1.20 mm, in-plane resolution: 0.98x0.98mm) was 

acquired for white matter lesion detection. A 3D T1-weighted fast-spoiled gradient echo (repetition 

time: 7.8 ms, echo time: 3.0 ms, inversion time: 450 ms, flip angle: 12°, slice thickness: 1.20 mm, in-

plane resolution: 0.90x0.90 mm) was acquired for the calculation of brain volumes.  

White matter lesions were quantified by applying auto-segmentation (i.e. k-nearest neighbor 

classification) on the FLAIR and 3D T1 sequences.2 Lesion load was calculated based on these 

segmentations. By using an automated lesion-filling technique (LEAP), lesions were filled on the 3D 

T1 sequence.3 Next, whole-brain volume was computed with SIENAX,4 using FSL 

(http://www.fmrib.ox.ac.uk/fsl). To correct lesion load and whole-brain volume for head size, the V-

scaling factor derived by SIENAX was used, resulting in normalized volumes.    

 

Neuropsychological examination 

Cognitive function was measured with a test battery based on the MACFIMS.5 Verbal memory was 

assessed with the Dutch version of the California Verbal learning Test version 2 (CVLT-II), and we 

used the total recall over all five trials, the long-delayed recall and recognition as outcome measures.6 

Visuospatial memory was assessed with the Brief Visuospatial Memory Test-Revised (BVMT-R) using 

the total score of the three trials, the delayed recall and delayed recognition.7 Processing speed was 

measured with the Symbol Digit Modalities Test (SDMT), of which the total number of correctly 

substituted symbols within 90 seconds was registered,8 and the Stroop Color-Word Test, using the 

time to complete cards I and II.9 Within the executive function domain, verbal fluency was measured 

with the Controlled Oral Word Association Test (COWAT; total score of three letters),10 and response 

inhibition with the interference score of the Stroop Color-Word Test (card III minus the mean of cards I 

and II).9  



Consistent with Amato et al.11 and previous publications from our group,12 individual cognitive 

test scores were adjusted for the effects of age, sex and education when appropriate based on a 

normative sample of Dutch healthy controls. These corrected scores were subsequently converted into 

z-scores based on the same normative sample. Accordingly, these z-scores were transformed into 

(sub-)domain-specific z-scores (i.e. verbal memory, visuospatial memory, processing speed, verbal 

fluency, response inhibition) as well as one composite score for overall cognitive functioning (i.e. 

average of all z-scores) based on a normative sample of healthy controls.11, 12 Higher z-scores 

represent better performance. Patients were classified as cognitively impaired (CI) if they scored at 

least 1.5 SDs below the mean of the healthy controls on at least 20% of the test scores (this 

corresponded to 3 deviant scores out of 11 test scores), as recommended in previous studies.13, 14 

Patients who did not fulfill these criteria were classified as cognitively preserved (CP).  

 

Patient-reported outcomes 

The Multiple Sclerosis Neuropsychological Questionnaire patient version (MSNQ-P) measured 

cognitive complaints.15 The MSNQ-P consists of 15 items describing cognitive complaints, and scores 

range from 0 to 60. The Hospital Anxiety and Depression Scale measured symptoms of anxiety and 

depression.16 Both scales contain seven items and scores on each scale range from 0 to 21. The 

subscale ‘subjective experience of fatigue’ of the Checklist Individual Strength-20-r assessed the level 

of fatigue.17 This subscale consists of eight items and the total score ranges from 0 to 56. The Athens 

Insomnia Scale measured sleep disturbances.18 This questionnaire consists of eight items and scores 

range between 0 and 24. For all of the aforementioned questionnaires, higher scores indicate more 

symptoms. The Utrecht Coping List measured the patients’ coping style, which consists of the 

subscales active problem solving (seven items; scores range 0-28), palliative reaction (eight items; 

scores range 0-32), avoidance (eight items; scores range 0-32), seeking social support (six items; 

scores range 0-24), passive reaction pattern (seven items; scores range 0-28), expressing emotions 

(three items; scores range 0-12), and reassuring thoughts (five items; scores range 0-20).19 Subscales 

were analyzed separately. Higher scores indicate that a patient predominantly adopts a specific coping 

style. The MS Quality of Life Questionnaire-54 measured physical and mental quality of life. The 

physical and mental quality of life indexes, which consist of eight and five subscales respectively, were 



included as well as the pain subscale. Scores on all three outcomes could range between 0 and 100, 

and higher scores represent better quality of life.20   
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