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Additional file 1 - Methods 

Questionnaires 

The PSQI [1] assesses sleep quality and disturbances retrospectively over a four-week 
period. Nineteen individual items rated on a four point scale (0–3) generate seven 
component scores: subjective sleep quality, sleep latency, sleep duration, habitual sleep 
efficiency, sleep disturbances, use of sleep-inducing medication, and daytime dysfunction. 
The sum of the component scores yields one global score, which can range from 0 to 21. 
The higher the global score, the lower the sleep quality. A cut-off value of five was used to 
differentiate good from poor sleepers [2, 3]. 

The MFIS [4] consists of 21 items selected from the Fatigue Impact Scale [5], a 
multidimensional scale developed to assess the perceived impact of fatigue on a variety of 
daily activities. The items are rated on a five point scale (0–4) and make up three subscales 
(physical, cognitive, and psychosocial). A total MFIS score can be calculated by adding the 
scores of the subscales. All items are scaled so that higher scores indicate a greater impact 
of fatigue on a patient’s activities. 

The SF-36 [6], a health survey with 36 items rated on a six-point scale (1–6), includes one 
multi-item scale that assesses eight health concepts: 1) limitations in physical activities 
because of health problems; 2) limitations in social activities because of physical or 
emotional problems; 3) limitations in usual role activities because of physical health 
problems; 4) bodily pain; 5) general mental health (psychological distress and well-being); 6) 
limitations in usual role activities because of emotional problems; 7) vitality (energy and 
fatigue); and 8) general health perceptions. Each scale is directly transformed into a scale 
ranging from 0 to 100. 

The ESS [7] is an eight-question survey providing a measure of a patient’s general level of 
daytime sleepiness, or his/her average sleep propensity in daily life. Each item is rated on a 
four-point scale (0–3). The total ESS score is the sum of eight item scores and can range 
between 0 and 24.The higher the score, the higher the person’s level of daytime sleepiness. 

The HADS [8] was used to record depression and anxiety. It is a fourteen-item scale with 
seven items relating to anxiety and seven relating to depression. Each item on the 
questionnaire is scored from 0–3, and total scores for anxiety or depression can range from 
0 to 21. The cut-off point for depression or anxiety is 8/21. 



The HSAL [9] determines the multidimensional sensation of pain in adult patients with acute 
or chronic pain. Using 37 pain adjectives, affective and sensory pain quality are recorded on 
a seven point scale. The quantification of pain is based on the following four dimensions: 
pain suffering, pain intensity, fear of pain, and rhythm of pain. 

The IRLSSG rating scale [10] is a self-administered tool consisting of 10 questions evaluating 
the severity of symptoms in people suffering from RLS. Each question has a five-level 
response scale (0–4), with the total score ranging from 0 to 40. 

The MSFC [11] comprises quantitative functional measures of three key clinical dimensions 
of MS: leg function/ambulation assessed with a timed 25-foot walk test, arm/hand function 
assessed with the nine-hole peg test, and cognitive function assessed with the Paced 
Auditory Serial Addition Test. Scores on component measures are converted to standard 
scores (z-scores), which are averaged to form a single MSFC score. 

The EDSS [12] is a widely used scale to assess the grade of disability in patients with MS. 
The neurological functions of the patients are evaluated in eight separate functional systems 
from which the grade of disability will be derived on a scale from 0 (no disability) to 10 
(death). 

Training of investigators 

Study investigators were obliged to attend an online training presentation prior to enrolment 
of patients. The training provided detailed information about the aims and course of the 
study as well as the process of electronic data documentation. 

Data collection 

All data were entered into electronic case report forms (eCRFs) and saved in an electronic 
data capture system (EDC system). At the baseline visit, the investigators documented 
demographic data (age, gender, race, body mass index [BMI]), employment status, 
educational level, and medical history. Medical history comprised the date of the first clinical 
event suggestive of MS, the date of initial diagnosis including McDonald or Poser criteria, the 
number of further demyelinating events/relapses, and concomitant diseases of special 
interest (sleep disorders, RLS, depression or anxiety, fatigue, chronic pain including 
headache). Betaferon® administration and concomitant medication were documented at all 
visits. The disease course (number of further demyelinating events/relapses with date of 
onset) including changes in disease course (change from RRMS to secondary progressive MS 
and number of further demyelinating events/relapses since the previous visit with date of 
onset), and adverse events were documented at all follow-up visits. The EDSS was 
documented at all visits, while the MSFC was documented at baseline and at the one-year 
and two-year follow-ups. All outcome variables were documented at all study visits. 

Patient-reported outcomes were documented using questionnaires (PSQI, ESS, SF-36, MFIS, 
HADS, IRLSSG rating scale, HSAL; see section “Outcome variables”), collected by the 



investigator and sent to the contract research organization (CRO), where the data were 
double-entered into the eCRF. 

Patients with available data at baseline as well as at least one post-baseline visit were 
included in the full analysis set (FAS). 
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