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Rationale and background  Cognitive impairment is a potential consequence of MS, and may 

detrimentally affect many aspects of daily life. Cognitive functioning is 

likely attributed to a variety of factors and mechanisms. There are first 

indications that physical activity (PA) has a positive impact on cognitive 

functioning in patients with MS. 

Research question and objectives The primary objective of the study was to investigate the relationship 

between PA and cognitive function in Betaferon®-treated patients with 

RRMS. Secondary objectives were to account for potentially confounding 

factors, such as vitamin D supplementation, depressive symptoms, fatigue, 

pain, health-related quality of life and employment status. 

Study design This study was an international, prospective, company-sponsored, non-

interventional, non-randomized cohort study. Patients were observed 

longitudinally over a 24-months period with visits at baseline and 

approximately every six months, as it is routine at the participating sites. 

Setting The study was conducted in 133 sites worldwide (Europe, Asia, Africa and 

South America). 

Subjects and study size, including 

dropouts 

1121 patients were enrolled in the study. However, for 7 patients no 

Betaferon® intake was documented, for 3 patients the informed consent was 

missing, and 12 patients were enrolled from a site that cancelled the study 

contract. These 22 patients were excluded from the safety analysis set 

(SAF), which comprised 1099 patients. Another 430 patients were 

excluded from the primary efficacy set (PES) due to missing SDMT scores 

at the final or at the initial and final visit. Thus, the PES contained 669 

patients. 

Variables and data sources Primary outcome variables were cognitive function and physical activity. 

Cognitive function was assessed by the Symbol Digit Modalities Test 

(SDMT), and for a subtotal of patients in addition by the California Verbal 

Learning Test (CVLT) and the Brief Visuospatial Memory Test – Revised 

(BVMT-R). The cognitive tests were administered to the patients only at 

the initial and the final visit after approximately 24 months. Physical 
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activity was assessed by the Baecke questionnaire, and also by means of a 

patient diary at each visit. 

Secondary outcome variables were functional mobility and fitness, as 

determined by the 2-minute walk test (2MWT), depressive 

symptomatology, as measured by the Center for Epidemiological Studies 

Depression Scale (CES-D), fatigue, as measured by the Fatigue Scale for 

Motor and Cognitive Functions (FSMC), Health-Related Quality of Life 

(HRQoL), as measured by the 12-Item Short Form Health Survey (SF-12), 

pain, as measured by the Pain Visual Analogue Scale (Pain VAS), 

disability (EDSS), vitamin D level and supplementation, and adverse 

events as recorded in the CRF by the physician. These variables were 

determined at each visit. 

All patient-based data required for the aims of this study were collected by 

the investigator and documented in the eCRF in a pseudonymized manner. 

The self-report questionnaires (CES-D, FSMC, pain VAS, SF-12) and the 

PA dairy were collected by the physician and sent to the CRO to be entered 

in the eCRF by double data entry. 

Results The median age of the 1099 patients was 37 years (IQR: 30 – 47 years). 

Most patients had a secondary or college/university education (> 40 % 

each) and the median duration of education was 13 years (IQR: 11 – 15 

years). The employment status was stable during the observational period 

(92.6% of patients had no change and only 1.6% had a negative change). 

The median duration from the first clinical event until the initial visit of the 

study was 52.5 months (IQR: 17.9 – 118.8 months), from the time of MS 

diagnosis until the initial visit of the study it was 28.5 months (IQR: 6 – 

80.1 months). The median duration from the start of Betaferon® treatment 

until the initial visit was 10.6 months (IQR: 1.2 – 47.3 months). Most 

patients used a Betaferon® dose of 250 µg without any dose modifications 

or interruptions during the observational period (around 90%). The median 

EDSS score was 2 (IQR: 1 – 3) at study entry as well as at the final visit. 

About 1/3 (n=380, 34.6%) of patients did not complete the study, mainly 

because patients were lost to follow-up (n=102, 26.8%), switched to 

another therapy (n=75, 19.7%), had adverse events  (n=59, 15.5%) or 

withdrew their informed consent (n=47, 12.4 %). 

Most patients had a moderate level of physical activity (test scores between 

2 and 2.99) at all visits without major changes during the study, as assessed 

by means of the Baecke questionnaire. Around half had a moderate level of 

work and leisure PA and about 40% had a moderate level of sport PA. At 

the initial visit, the majority of patients (n=404, 39.8%) showed a moderate, 

284 patients (28%) showed a low and 124 patients (12.2%) showed a high 

level of sport PA. Lower sport scores at the initial visit were associated 

with lower leisure scores, retirement and housekeeping as well as severe 

fatigue (multivariate ordinal logistic regression model). There were also no 

major changes in physical activity as determined by a patient diary 

(according to Bouchard) in line with the results of the Baecke 

questionnaire. Energy expenditure was evaluated to be in the range of 42 to 

45 kcal/kg body weight/day for all visits. Primary and secondary endpoint 
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data were shown for the total patient population as well as per sport PA 

subgroup (high, moderate, low and missing baseline PA according to 

Baecke sport score). Patients with a higher level of baseline PA also scored 

higher in each of the three PA categories (Baecke) at all visits and had a 

higher energy expenditure (calculated based on the patient diary). 

Median SDMT scores remained stable during the observational period of 

24 months with 45 at both the initial and the final visit (IQR at initial visit: 

34 – 56, and at final visit: 32 -55). Patients with higher levels of baseline 

PA achieved higher test scores than patients with lower levels. Fatigue at 

baseline and female gender were identified as potential predictors for a 

decline in cognitive functioning during the observational period (in a 

univariate and multivariate logistic regression model, respectively). By 

means of the spearman rank correlation, a positive correlation between 

cognitive functioning (SDMT) and PA (Baecke sport score) was found, as 

well as between cognitive functioning and years of education, health-

related quality of life (physical and mental functioning) as well as the 2-

minute walking test. A negative correlation was found between cognitive 

functioning and age, disease duration, baseline EDSS score, depression, 

fatigue as well as pain. 

The CVLT and the BVMT-R were administered to only a subset of 

patients. Median CVLT scores slightly increased from 55 at the initial visit 

to 57 at the final visit. Patients with a moderate level of baseline PA 

achieved the highest test scores as well as the highest learning slope in this 

test. The median total recall in the BVMT-R was 31 at the initial visit and 

32 at the final visit. Visuospatial learning was 2 at both visits. The baseline 

PA level was missing for the great majority of patients, who performed the 

BVMT-R. 

Patients with a higher level of baseline PA had less severe symptoms of 

depression and fatigue, less pain and a better physical and mental health, as 

determined by self-report questionnaires. These patients also walked a 

longer distance in the 2-minute walk test and had a higher employment 

rate. 

Serum 25(OH)D level examinations were carried out for less than 20% of 

patients at the initial visit, and for slightly over 10% at the final visit. More 

than half of these patients had serum 25(OH)D levels of less than 50 

nmol/L at the initial visit, which in MS has been found to be associated 

with higher disease and MRI activity. At the final visit, the proportion of 

patients was below 1/6. About 1/5 took vitamin D supplementation at the 

initial visit, at the final visit almost 1/4. The median supplemented dose 

was 1000 IU per day. Stratified analyses showed that vitamin D 

supplementation at baseline was associated with better cognitive 

functioning (higher SDMT scores). 

Treatment-emergent adverse events (TEAEs) were observed in less than 

30% of patients (n=321, 29.2%) with a total of 632 documented events. 

Most commonly observed were influenza-like illness, headache, fatigue 

and MS relapse. A relation to Betaferon® treatment was documented for 

14% of patients (n=154) with a total of 235 drug-related events. Here, in 
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addition to influenza-like illness and headache, injection site reactions were 

most commonly observed. The Betaferon® dose was not changed for most 

events (for about 2/3 of TEAEs and for about half of drug-related TEAEs). 

For some events Betaferon® was withdrawn (for 17.7% of TEAEs and for 

37.5% of drug-related TEAEs). Drug-related TEAEs for which Betaferon® 

was withdrawn belonged to the following system organ classes: general 

disorders and administrative side conditions (42 events), musculoskeletal 

and connective tissue disorders (12 events), skin and subcutaneous 

disorders (8 events), investigations (8 events), psychiatric disorders 

(7 events), hepatobiliary disorders (6 events), gastrointestinal disorders 

(1 event), immune system disorders (1 event), infections and infestations 

(1 event), reproductive system and breast disorders (1 event), and vascular 

disorders (1 event). For a minor proportion of events Betaferon® was 

interrupted (for 4% of TEAEs and for 6.8% of drug-related TEAEs) or its 

dose was reduced (for 1.6% of TEAEs and for 3.4% of drug-related 

TEAEs). Most patients with AEs have recovered (57% of patients with 

TEAEs and 64.9% of patients with drug-related TEAEs). Some patients 

have not recovered (24.9% of patients with TEAEs and 15.6% of patients 

with drug-related TEAEs), are recovering (10.3% of patients with TEAEs 

and 12.3% of patients with drug-related TEAEs), or have recovered with 

sequelae (2.2% of patients with TEAEs and 2% of patients with drug-

related TEAEs). A total of 45 serious TEAEs were observed in 38 patients 

(3.5%). The most frequently observed serious event was MS relapse. More 

than 90% of events were classified as serious because a hospitalization was 

necessary or prolonged. The Betaferon® dose was not changed for most 

serious events (68.9%) and the majority of patients with serious events 

have recovered (86.8%). One serious event (myocardial infarction) was 

fatal, which was classified as not related to the treatment. A causal or 

potentially causal relationship was considered by the investigators for 4 

patients with serious adverse events (drug-induced liver injury, injection 

site abscess, depression, metrorrhagia). 

Discussion Patients with a higher level of physical activity achieved higher test scores 

for cognitive functioning than patients with lower levels. Test scores for 

cognitive functioning were positively correlated with PA during the 

observational period as determined by the Spearman rank correlation, 

supporting emerging evidence that PA may positively affect cognitive 

functioning in patients with RRMS. Moreover, patients with a higher level 

of PA suffered less frequently from depression, fatigue and pain, were in 

better health (physically and mentally) and more frequently employed. 

Thus, an increase of PA may be a promising strategy to counteract MS-

associated cognitive decline, as well as depression, fatigue, pain and a poor 

health-related quality of life. 

Despite on average low vitamin D levels in patients, who had their vitamin 

D level examined, only a minor proportion of patients received vitamin D 

supplementation. These patients scored higher in cognitive tests than 

patients without supplementation. 
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Marketing Authorization Holder(s) Bayer AG 

Names and affiliations of principal 

investigators 

Contact details of the principal and/or coordinating investigators for each 

country and site participating in the study are listed in a stand-alone 

document (see Annex 1: List of stand-alone documents, which is available 

upon request).  

  




