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Abstract 

Background: Multiple Sclerosis (MS) patients are faced with complex risk-benefit profiles of disease-modifying drugs 

(DMDs) when making treatment decisions. For effective shared decision-making, MS patients should understand the 

risks and benefits of DMDs and make treatment decisions based on personal preferences. 

Methods: This is an inclusive systematic review to primarily assess current understanding of MS patients for 

information about DMDs provided during the standard healthcare system. The secondary aim assesses MS patients’ 

preferences for specific risks and benefits of treatments. A systematic search was conducted using PubMed, Embase 

and Google Scholar. A total of 22 studies were reviewed across both aims. Relevant quantitative and qualitative data 

was extracted by two authors. A narrative synthesis was conducted due to heterogeneity of research findings. 

Results: There was a trend for DMD risks to be generally underestimated and DMD benefits to be generally 

overestimated by MS patients. Treatments that could potentially offer substantial symptom improvement, delay in 

disease progression, or reduction in relapses were preferred even at the expense of higher risks. 

Conclusions: Many patients’ experience of information during the standard healthcare system does not provide 

satisfactory understanding of the risks and benefits of DMDs. Effective ways to communicate risk and benefit DMD 

information when making shared treatment decisions needs to be identified. Patient preferences of DMD risks and 

benefits should also be taken into account. 
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1. Introduction  

Multiple sclerosis (MS) is a chronic immunological disease of the central nervous system which progresses at 

different rates between individuals [1,2]. Disease-modifying drugs (DMDs) are treatments which can delay the 

progression of MS, but often present complex profiles of risks and benefits [3]. DMDs typically provided at the earlier 

stages of MS are selected for their long-term safety profiles and minimal monitoring requirements, and are generally 

referred to as first-line treatments [4]. The efficacy of these therapies are modest [5]. More aggressive DMDs may be 

considered when initial therapies are not effective. These DMDs generally offer superior efficacy but also higher 

probabilities of adverse effects, which can range from flu-like symptoms to fatal conditions such as leukemia or 

progressive multifocal leukoencephalopathy (PML) [3,6–9]. MS patients are thus faced with complex risk-benefit 

profiles when deciding on the best course of treatment. 

A shared decision-making approach is particularly suited for a chronic condition such as MS, where there is great 

complexity and uncertainty about suitable treatments for an individual [10,11]. This approach is defined as the 

shared and proactive exchange of information between health professionals and patients, when making treatment 

decisions during consultations [12–14]. Effective shared decision-making in MS should improve patients’ 

understanding of the risks and benefits of DMDs and allow patients to make treatment decisions in accordance with 

their personal values, which will likely improve patient engagement in the decision-making process [15,16]. 

Evidence-based information about DMDs should be effectively communicated during consultations based on the 

shared decision-making approach, since many MS patients seek autonomy during treatment decisions [17,18]. 

Autonomous patients desire accurate information about treatments, which includes current research findings about 

DMD risks and benefits [19,20]. If accurate information is not provided during consultations, it is likely that 

autonomous patients will seek information beyond the health care system that may be inaccurate or outdated. The 

benefits of providing clear and accurate treatment information to patients is also evident beyond initial treatment 

decision. One such benefit is improvement in treatment adherence, as patients with accurate understanding of 

treatment risk-benefit profiles are less likely to discontinue treatment due to unrealistic optimistic expectations 

[21,22]. Hence, it is important to determine whether MS patients sufficiently understand the complex risk-benefit 

profiles of DMDs when information is provided during the standard healthcare system.  
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It is also important to elicit patient values and preferences in order for shared decision-making to work effectively 

[16]. Patient preference in the shared decision-making context is generally defined as patient’s choice of treatment 

based on available treatment options [14,23]. Preference for certain risks and benefits that treatments offer may be 

a sensitive predictor of patient’s preferred choice of treatment. For instance, patients are likely to choose a 

treatment compatible with the level of risks they are willing to take [24,25] and may be more likely to forgo the 

benefits of long-term survival for the benefits of an improved quality of life [26]. In a recent review, MS patients’ 

perception of treatment risks was also found to greatly impact patients’ treatment decisions with their neurologists 

during the shared decision-making process [27]. For this reason, it is important to identify the extent to which 

patient preferences for both the risks and benefits that DMDs typically offer can influence MS patients’ treatment 

decision. 

To the best of our knowledge, the present systematic review is the first to gather evidence on MS patients’ 

understanding and preferences for risks and benefits of treatments. The primary aim will evaluate MS patients’ 

understanding of risk and benefit information for DMDs acquired during their journey through standard healthcare 

systems, preceding any interventions or decision aids that may be provided beyond regular consultations. The 

secondary aim will identify MS patients’ preferences for treatment risks and benefits across studies, and assess 

whether these preferences can have an impact on patient’s treatment decisions.  

2. Method 

2.1. Systematic literature search 

The systematic literature search was conducted in February 2016 through PubMed, Embase and Google Scholar 

using specific search terms for both study aims (see Table 1). After removing duplicate entries, a total of 889 records 

were identified (see figure 1). 

Studies were eligible for inclusion if they were: in English, with human adults and of any study design. Studies with 

patients of any MS disease subtype were included. No date restriction was applied. For both aims, studies were 

included if they had some evaluation of disease-modifying drugs and when the evaluations focused on patients with 

MS.  
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Studies were excluded if they discussed medications for MS symptom management or complementary medicines. 

Studies with evaluation of patients’ understanding of disease-modifying drugs post educational intervention was not 

included. However, baseline measures prior to any educational intervention were eligible for inclusion in the present 

review. Studies that assessed MS patients’ understanding for other areas in MS, including diagnosis and prognosis, 

were excluded. Studies focusing only on patients’ adherence to DMDs were also excluded.  

Following screening of titles and abstracts, 835 records were excluded. Full texts were subsequently accessed. 

Studies that were considered relevant from screening references were also identified. Thus, data was extracted for a 

total of 58 full-texts, and studies were included into the final review if inclusion and exclusion criteria were met (see 

figure 1).  

2.2. Data extraction 

Data extraction was carried out by one reviewer (GR) using data extraction forms specifically designed for the 

current review, and was verified by another (DL). Any discrepancies were resolved by discussion. After extraction of 

full texts, a total of 22 studies were included into the final review across both study aims. One study had relevant 

findings for both the primary aim and secondary aim. Thus, 14 studies were included into the primary aim and 9 

studies were included into the secondary aim. 

Baseline characteristics of MS patients were extracted from all 22 studies, which covered age, the type of MS and 

current DMD status. Since very few studies exclusively assessed understanding or preferences of treatment risks and 

benefits in MS, studies with any evaluation of either aims were retained.  

For the primary aim, any data available on understanding of treatment risks or benefits, or understanding of the 

treatment overall, was retained. Only understanding of information about real DMDs was incorporated into this aim. 

This information sometimes existed as baseline measures in intervention studies. Both self-report and objective 

measures were included for review, in addition to themes from qualitative studies.  

For the secondary aim, patients’ preferences for treatment risks only, treatment benefits only and a combined trade-

off between treatment risks and benefits were considered. Preferences for treatment risks and benefits were 

defined as patients’ attitudes towards risks and benefits, the levels of risks and benefits MS patients were willing to 
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accept, or MS patients’ perception of their current DMD. Preferences for risks and benefits of both real DMDs and 

hypothetical treatment scenarios were included in this aim, providing that hypothetical risk-benefit scenarios were 

relevant to MS. Similar to the primary aim, information from self-report and objective measures were discussed. 

Relevant data was obtained from numerical information in texts, tables, graphs, and relevant statistical analysis. For 

qualitative studies, relevant themes were extracted and discussed. Medication names are given as reported in each 

study. Due to the heterogeneity of the studies in the present review, a narrative synthesis was conducted.  

2.3. Quality assessment 

All studies in this review were examined independently for quality by two reviewers (GR and DL) using the Effective 

Public Health Practice Project (EPHPP) quality assessment tool for quantitative studies [28]. This particular tool was 

chosen because it is often used to evaluate different types of quantitative studies in the health care setting [29], it 

has high inter-rater reliability [29] and is considered ideal for use in systematic reviews [30]. As per the tool, the final 

quality rating was derived from the rating of 6 measures (see tables 2 and 4).  

The Critical Appraisal Skills Programme (CASP) tool was used to appraise the quality of qualitative studies in this 

review (see table 3). This tool was chosen as it has often been recommended for reviewers [31] and was previously 

used in other systematic reviews [32]  

3. Results 

3.1. Results: Primary aim 

3.1.1. Patient and study characteristics 

A total of 14 studies were included in the primary aim (see table 5 and 6). With the exception of three qualitative 

studies [33–35], the studies mostly consisted of surveys and questionnaires. Data from some studies was derived 

from baseline measures of randomised-controlled trials [36–38]. Two quantitative studies were found to have the 

strongest quality rating [36,39]. 

Across the 14 studies, a total 8032 patients were included with a range of MS disease subtypes, which comprised: 27 

(0.3%) patients with Clinically Isolated Syndrome (CIS), 2,532 (31.5%) Relapsing-remitting MS (RRMS) patients, 349 
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(4.3%) Primary Progressive MS (PPMS) patients and 870 (10.8%) Secondary Progressive MS (SPMS) patients. Of the 

remaining, 251(3.1%) patients were reported as having benign MS, with unclear or unreported MS disease subtype 

for all other MS patients (49.8%). The mean age of patients was 42 (range: 34 – 50). The mean value excludes MS 

patients in studies that only stated the median values of age [40], the range of ages [34,35] and those studies that 

did not specify age of MS patients [36,41]. 

Of the studies which recorded patient’s current DMD, the majority of patients were taking first-line treatments, 

including interferons in seven studies [34,36,38,41–44] and Glatiramer acetate in four studies [35,38,41,42]. MS 

patients taking aggressive medications were also recorded, including Natalizumab (Miller et al., 2012), Fingolimod 

[37] and Mitoxantrone [41,45]. Eight studies focused primarily on MS patients taking a single DMD [33–37,43–45] 

3.1.2. Study outcomes 

Understanding of overall treatment information 

MS patients’ understanding of overall DMD information during the routine healthcare system was assessed using 

questionnaires and surveys by seven studies. 

Self-report measures in one study indicated that 44% of MS patients considered themselves extremely well-

informed about their current DMD [43]. Using a visual analogue scale in another study, just under 20% of patients 

reported being fully informed about current DMDs [37]. Using retrospective surveys, 28% of patients reported being 

well-informed about DMDs at time of diagnosis, with just over 50% patients stating that they did not receive any 

information about DMDs at diagnosis [46]. On the other hand, between 75% to 84% of MS patients reported being 

partly or totally informed about current DMDs [40,42], and 85% of MS patients felt they were aware about other 

DMD treatment options based on one question from a 12-item questionnaire [41]. Of those patients who felt 

informed about DMDs, 71% of MS patients felt the information received was of a sufficient standard [46]. 

Objective measurements were used by two studies within the present review to establish MS patients’ 

understanding of overall treatment information. Abolfazli and colleagues [44] administered a 25-item questionnaire 

to MS patients, nine questions of which assessed understanding of the first-line treatments in general, and three 

questions each focused on understanding of the five specific DMDs that fell within this category. Only 30% of MS 
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patients were able to correctly answer seven of the nine questions that assessed understanding of the drugs 

generally, with the remaining two questions answered correctly by just over 60% of MS patients. The authors 

concluded that understanding of overall information about first-line DMDs was low for the assessed MS patients 

[44]. Another study also employed an objective questionnaire, which was presented to patients as part of a baseline 

measure before intervention [37]. MS patients in this study answered a median of six questions correctly about 

overall understanding of their current DMD from a maximum score of 18 [37]. Both studies also analysed factors 

which were associated with greater understanding by MS patients for overall information about DMDs.  A common 

significant patient factor associated with better understanding across both studies was gender, since females 

displayed greater understanding of overall information about first-line DMDs [44] and the more aggressive 

treatment Fingolimod [37]. Greater understanding of overall DMD information was also related to: a high level of 

education [44], the delay between onset of symptoms and diagnosis of MS [44], increased mobility [44], younger age 

[44], ability to self-inject for some first-line treatments [44] and patients who were in a relationship as opposed to 

being single [37]. 

In summary, majority of studies which assessed MS patients’ understanding of overall DMD information relied 

heavily on patient self-reports. Although the findings varied both within and across studies, it is clear that not all 

patients feel sufficiently informed about DMDs during the routine healthcare system. This is also supported by 

objective measures, albeit in only a few studies. The factors associated with good understanding of overall DMD 

information were also inconsistent, with only females showing a consistent advantage across two studies.  

Understanding of treatment risks.  

MS patients’ understanding of treatment risks was evaluated by four studies in this review.  

Perceived accurate understanding of the risks of unspecified DMDs was reported by 63% of MS patients in one study 

[18]. A qualitative study interviewing MS patients taking the aggressive treatment Natalizumab showed mixed 

findings for understanding of the risks associated with this treatment; patients demonstrated both high and low 

perceived risk [33]. 

Three studies used objective questionnaires to assess understanding of DMD risks, with two of these studies 

administering a similar adapted 19-item questionnaire designed for newly diagnosed patients [18,38]. Approximately 
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30% of MS patients showed ‘good risk knowledge’ for their DMD based on their scores from this questionnaire [38]. 

For the other study employing a similar questionnaire, MS patients were only able to answer 34% of the questions 

correctly on average despite perceiving their risk knowledge as good [18]. Significant correlations were also 

established between greater understanding of DMD risks and patients who had been recently diagnosed, had the 

RRMS disease subtype, and were of a younger age [18]. To note, questionnaires employed in both studies primarily 

measured understanding of the risks associated with MS in general, with only a portion of the questions explicitly 

focusing on risk understanding of DMDs. In another study employing objective methodology for the understanding 

of the aggressive DMD Mitoxantrone, 55% of MS patients underestimated the risk of Leukaemia, and up to 82% of 

MS patients underestimated the risk of cardiotoxicity; both adverse risks associated with this DMD [45]. These 

findings were based on baseline measures of an interventional study [45]. 

In summary, although MS patients show mixed perception towards their understanding of DMD risks, objective 

measures seem to indicate that DMD risks are generally low and underestimated by MS patients during the routine 

healthcare system. 

Understanding of treatment benefits.  

MS patients’ understanding of the benefits associated with their treatment was evaluated by five studies in the 

present review. 

 Over 70% of MS patients taking a range of DMDs believed their current DMD could help their MS [41]. Likewise, a 

large number of MS patients totally or partially perceived their current medication to have strong benefits: 90% of 

MS patients perceived that their DMD could reduce the frequency of MS relapses, 86% of MS patients believed that 

their current medication could delay the progression of disease and just over 70% of MS patients were generally 

optimistic about their condition as a result of taking their current medication [42]. In two qualitative studies, MS 

patients taking first-line treatments described their medication as a “saviour” [34] and believed that taking the DMD 

felt as if they were “doing something progressive” towards their condition [35].  

Only one early study employed an objective methodology to measure understanding of DMD benefits. Mohr and 

colleagues [36] administered a 12-item questionnaire prior to providing an intervention. Only 39% of MS patients 
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accurately reported the benefits of taking their first-line DMD, and 57% of MS patients were found to optimistically 

and incorrectly state that MS relapses could be reduced by a half following uptake of their current DMD [36]. 

Acknowledging the difficulty in comparing studies with self-report and objective measures, and those encompassing 

MS patients taking a range of DMDs, the limited data in the current review indicates a general trend towards 

underestimation of treatment risks and overestimation of treatment benefits by MS patients during the routine 

healthcare system. 

3.1. Results: Secondary aim 

3.1.1. Patient and study characteristics 

The studies in this part of the review consisted mostly of surveys and questionnaires (see table 7). One study that 

has previously been reviewed in the primary aim also included findings relevant to the secondary aim [44].  Only one 

study in this section of the review was found to have the strongest quality rating [47]. 

From the final 9 studies included into the secondary aim, a total of 7427 patients were included with a range of MS 

disease subtypes, comprising of: 45 (0.6%) CIS patients, 652 (8.4%) RRMS patients, 31 (0.4%) PPMS patients and 59 

(0.8%) SPMS patients. Majority of the studies did not clearly report or specify the MS disease subtype (89.8%). The 

mean age of MS patients was 42 (range: 34 – 52). 

Of the studies which reported the current DMDs of MS patients, majority reported patients taking first-line 

treatments, which includes interferons in five studies [44,48–51] and Glatiramer acetate in four studies [48–51]. 

Patients taking more aggressive DMDs also formed a part of this review, specifically patients taking Natalizumab [49–

52], Fingolimod [50,51] and Rituximab [50]. Two studies focused primarily on a single DMD [44,52]. 

3.1.2. Study outcomes 

Preferences for treatment risks.  

Four studies, each employing objective methodologies, looked at MS patients’ preferences for the risks of taking a 

treatment.  
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Tur and colleagues [49] assessed the level of risks that MS patients were willing to accept for hypothetical 

therapeutic scenarios. The authors also assessed the relationship between accepted levels of hypothetical treatment 

risks and current DMDs taken by MS patients. A visual analogue scale showed that MS patients on the aggressive 

treatment Natalizumab were willing to accept higher levels of hypothetical treatment risks in comparison to MS 

patients on any other DMD [49].  

Hypothetical treatment scenarios were employed by two further studies using objective methodologies, which 

compared MS patients’ preferences for different levels of treatment risks [50,51]. Both studies confirmed that DMDs 

with significant adverse side-effects were less preferred than DMDs with minor side-effects. In fact, both studies 

revealed that medications with no possibility of death or disability were significantly favoured to a medication with 

even a very low possibility (0.05% to 1%) of death or disability [50,51]. Mood changes were the only specific side-

effect that would decrease the probability of taking a DMD by MS patients [50,51]. 

Using a standard gamble question task, another study employed a hypothetical treatment scenario which presented 

information about a treatment that could cure MS, and a real treatment scenario which presented the risk profile of 

the aggressive DMD Natalizumab [53]. MS patients showed similar preferences for risks in both the hypothetical and 

real treatment risk scenarios, as adverse risks were accepted when in the range of 1 in 10,000 [53]. For the 

hypothetical treatment scenario, MS patients that were significantly likely to prefer higher levels of adverse risks 

were those presenting with the following characteristics: wheelchair bound, male, not responsible for dependents, 

not currently taking a DMD, taking Natalizumab and not routinely wearing a seatbelt for car travel [53]. With the 

exception of MS patients who were not taking a DMD, the same characteristics of MS patients preferred higher 

levels of treatment risks in the real DMD scenario [53].  

Despite the comparison of hypothetical and real treatment risk profiles in this section of the review, MS patients 

showed similar low preferences for treatment risks. 

Preferences for treatment benefits.  

MS patients’ preferences for treatment benefits were assessed by five studies in the present review. 



Page | 12 
 

Two studies used subjective measures to assess the preferences of MS patients towards treatment benefits [44,47]. 

MS patients with a positive outlook towards their current DMD ranged from 20% to 90% within one study [44] and 

was approximately averaged at 60% in another [47]. Patient factors significantly associated with a positive attitude 

were patients with: lack of functional problem, no MS family history and knowledge of their current DMDs [44].  

Turning to objective measures, Prosser and colleagues [48] utilised a gamble health outcomes task using 

hypothetical treatment scenarios to assess preferences of MS patients for treatment benefits. During this task, 

patients were required to choose either a drug offering a particular number of relapse-free days, or a drug offering a 

50% chance of ending the MS relapse immediately but with 50% chance of the drug not working at all. On average, 

patients chose drugs likely to lead to 14.6 MS relapse-free days from the possible 29, implying a preference towards 

treatments offering moderate but guaranteed benefits. However, the authors did note that approximately 30% of 

MS patients chose an extreme number of relapse-free days, i.e. either 1 or 29 [48]. 

The frequency of MS relapses was also used as an outcome measure to assess MS patients’ preferences for 

treatment benefits in the remaining two studies and was compared alongside other benefits that DMDs typically 

offer [50,51]. The highest preference for MS patients in one study was for substantial symptom improvement in MS, 

followed by prevention of disease progression over 10 years, mild symptom improvement and a five-year delay in 

MS relapses [51]. Administration in the form of an IV infusion or oral pill was also significantly preferred by MS 

patients. In fact, the ability to administer the drug orally was preferred even over a five-year delay in relapse [51].  

Likewise, any form of improvement in symptoms and the ability to take the drug orally were also strongly preferred 

by MS patients in the latter study [50]. However, unlike the previous findings, MS patients in this study showed no 

significant preference for delay in MS relapses or administration of drugs via IV infusion [50]. Additionally, the ability 

to prevent MRI progression over the years was used as an indicator only in this study and was significantly preferred 

by MS patients [50].  

Although all studies in this review assess MS patients’ preferences for treatment benefits, chiefly for hypothetical 

treatment scenarios, the results are not directly equivalent as the range and actual treatment benefits offered to 

patients differed greatly between studies. In general, treatments offering high symptom improvement, a delay in 

disease progression, reduction in relapses and particular administration methods were preferred. 
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Preferences for treatment risk-benefit profiles.  

Three studies objectively measured the risk-benefit trade-off by offering MS patients the choice of benefits and risks 

for hypothetical treatments, using the conjoint analysis method [50–52]. Whilst all three studies used a similar 

objective methodology, the studies employed different treatment risk and benefit scenarios. Johnson and colleagues 

[52] demonstrated that for a five-year delay of disease progression, a 0.48% risk of death by Leukaemia was 

acceptable for MS patients; which increased to 1.08% for an eight-year delay of disease progression. For a similar 

delay of disease progression, the acceptable risk of death by liver failure increased by 0.53%, and acceptable risk of 

severe disability or death from PML increased by 0.36% [52]. Wilson and colleagues [51] found that patients were 

willing to accept 0.7% risk of developing PML given a delay in the progression of disease [51]. Up to 1% adverse risks 

were accepted by MS patients if substantial improvements in symptoms could be demonstrated by the treatment 

[51]. Patients were willing to accept up to 0.59% of severe adverse effects if drugs could be administered orally [51]. 

In fact, this level of risk acceptance was higher than for drugs which could delay the progression of MS by four years 

[51] or could reduce the frequency of MS relapses from four yearly to no relapses within the next five years [52]. 

Further, a risk of up to 30% of severe adverse effects was acceptable for MS patients given 32 years of delay in 

progression of MS [50].  

The study by Bruce and colleagues also assessed risk and benefit trade-offs of hypothetical treatment scenarios, by 

using a Medical Decision Making Questionnaire (MDMQ) [54]. Similar to previous studies, the choice of whether to 

uptake a treatment for all patients differed significantly according to the combination of treatment risks and benefits 

[54]. Additionally, patients who were adherent to their current unspecified treatment were willing to take 

medications with significantly higher combinations of risks and benefits than patients who were assessed as non-

adherent [54]. 

In summary, despite using similar measures to objectively assess trade-offs of treatment risks and benefits, the three 

studies employed very different combinations of risks and benefits, limiting any generalised conclusions that may be 

based on these findings. However, it was clear from these studies that preferred combinations of treatment risks 

and benefits play a key role in the choice of treatment.   

4. Discussion and Conclusion 
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4.1. Discussion 

This systematic review was carried out to explore MS patient’s understanding of DMD risks and benefits acquired 

through their standard healthcare systems, and MS patients’ preferences for these risks and benefits; factors likely 

to impact shared decision-making. MS patients with different disease subtypes and those taking a range of DMDs 

were assessed by 22 studies in the present review. Understanding of DMD risks and benefits were mostly addressed 

as part of a larger project. MS patients’ preferences for risks and benefits were generally assessed using treatments 

offering hypothetical risks and benefits. Studies employed both subjective and objective measures. The majority of 

studies had methodologies that precluded firm conclusions. 

DMDs in MS have complex risk-benefit profiles. All DMDs offer benefits of varying levels, such as reduction in the 

frequency of MS relapses and delay in progression of the disease. Side-effects of treatments can range from mild 

symptoms to adverse effects that may lead to severe disability or death [3]. When making decisions about DMDs 

based on these complex risk-benefits, a shared decision-making approach is ideal.  

For effective shared decision-making, clear and accurate DMD information should be provided to MS patients in 

order to facilitate understanding of treatment risks and benefits. Yet, it appears from the present review that MS 

patients do not sufficiently understand information about DMDs following routine consultations in their standard 

healthcare system. Despite evaluating their risk knowledge as high [18], MS patients in this review showed poor 

objective risk understanding [18,38]. There was a trend towards underestimation of treatment risks [41,45]. This is 

problematic for long-term treatment adherence, as some patients are more likely to initiate a treatment that they 

perceive has lower risks but then discontinue treatment when the risks are higher than initially expected [19,22]. MS 

patients in this review were generally optimistic about the benefits of their current DMD [33,34,41,47]. However, 

many patients overestimated the benefits of their DMD in reducing the frequency of relapses and delaying 

progression of disease [36,42]. This could mean that patients’ optimism towards DMDs may not often accurately 

reflect the actual benefits of the drugs. This can further impact treatment adherence, since patients who do not 

accurately understand the benefits of DMDs are more likely to discontinue treatments overtime [22], perhaps as 

optimism for medications is replaced with the realisation that the medication does not offer expected levels of 

benefits. In fact, a significant relationship between patients who understand information about their treatments and 

their adherence to treatments is evident in several studies, including those in the present review [21,22,39,42]. 
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Providing accurate and easily understandable risk and benefit information to MS patients should therefore improve 

treatment adherence towards their chosen treatment.  

The ability to understand overall information about DMDs provided during the standard healthcare system was 

found to be associated with certain patient factors, for example: age, education and functional status [37,44]. It is 

also possible that symptoms of MS itself, for example depression [55], anxiety [56], fatigue [57] and cognitive 

impairments [58,59], may further confound understanding of information about DMDs. However, these symptoms 

were not explored within the studies in this review. Regardless, it is apparent that some MS patients require further 

support to comprehend treatment information to a good standard. This may explain what prompts many patients to 

independently seek treatment data through sources beyond standard healthcare [19,42,43]. This external treatment 

information may not necessarily be accurate or up-to-date and could lead to further misunderstanding. Thus future 

studies need to primarily focus on improving the existing methods of providing DMD information for all MS patients, 

in order to improve shared decision-making.  

Effective shared decision-making also requires patients to communicate their preference for a particular treatment. 

Preferences specifically for risks and benefits of DMDs are likely to influence MS patients’ treatment choice [24–26]. 

The secondary aim of the present review assessed the extent to which preferences towards risks and benefits that 

DMDs typically offer can impact MS patients’ treatment decisions. As anticipated, even very low levels of adverse 

risks reduced patients’ preference to take the treatment, and extremely small variations in risk had a significant 

impact on hypothetical treatment decisions [50,51,53]. Preference for medications with adverse risks rarely 

exceeded 1%.  Preferences for risks also varied with certain patient factors, as higher risks were generally accepted 

by males, functionally impaired individuals, or people already taking aggressive treatments such as Natalizumab 

[49,53]. Similarly, certain benefits that DMDs typically offer were significantly preferred over others and had an 

impact on the choice of treatment. Remarkably, patients strongly favoured medications that could provide symptom 

improvement [50,51], which implies limited understanding for MS treatments since DMDs are not able to relieve 

symptoms of MS. To note, medications presented in both studies [50,51] employed hypothetical treatment 

scenarios and therefore it is plausible that patients perceived symptom improvement as hypothetical despite 

accurate understanding of DMD benefits [50,51]. It is nevertheless interesting that patients are likely to take higher 

risks if DMDs can seemingly aid symptoms of their condition. MS patients in this review also showed a greater 
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preference for treatments offering large reductions in frequencies of relapses, longer delay in disease progression 

and drugs that could be administered orally, being prepared to accept a greater likelihood of risk in return [50–

52,54]. Overall, MS patient preferences varied according to different combinations of particular risks and benefits, 

and had a significant impact on their choice of treatment. Thus, it is important to elicit patient preferences for 

particular risks and benefits of DMDs in order to improve shared decision-making in MS. 

A limitation of the present systematic review is the difficulty in drawing robust conclusions or conducting a meta-

analysis of the studies as a result of the variety of outcome measures employed. A narrative synthesis was 

considered to be the most appropriate format for reviewing the studies. However, it is important to acknowledge 

that such a qualitative review is subject to greater analysis bias than a quantitative systematic review. There were 

also differences in study design, methodology and patient characteristics between studies in the review, which limits 

conclusions from such findings. This reflects the lack of uniformity across studies that address MS patients’ 

understanding of medications. The present review also does not constitute an exhaustive search of studies or 

research findings; for example, the primary authors of studies were not contacted to resolve or expand on study 

findings owing to time and resource constraints. However, it seems unlikely that supplementary results or additional 

outcome measures could produce less heterogeneous results.  

4.2. Conclusion 

The present review was the first to our knowledge to systematically gather evidence about patients’ understanding 

of the risks and benefits of DMD during their standard healthcare system, and their preferences for these risks and 

benefits; factors which can likely impact shared decision-making. Despite the heterogeneous findings, it seems that 

current ways of providing DMD risk and benefit information are not generally uniform or effective. MS patients tend 

to underestimate treatment risks and overestimate treatment benefits, with some patients finding comprehension 

especially difficult. MS patients prefer treatments offering extremely low levels of adverse risks, but are willing to 

accept higher risks in exchange for substantial long-term improvements. 

Practical implications of this review are providing extra support to ensure all patients are effectively informed about 

the complex risk-benefit profiles of MS DMDs, and ensuring patients’ preferences for treatment risks and benefits 

are taken into account during the shared decision-making process. 



Page | 17 
 

Acknowledgments 

This study was supported by an investigator initiated research grant from Biogen. The funders had no role in study 

design, decision to publish, or preparation of the manuscript. 

 

Conflict of Interest 

GR has no disclosures. 

ES had acted as an advisor or received financial support for research and for educational purposes, and hospitality, 

from Merck-Serono, Biogen, TEVA, Bayer-Schering and Novartis; and through his NHS trust has also received 

financial support for projects/service developments from some of these companies. He has been an investigator in 

commercial trials sponsored by Biogen Idec, Novartis, TEVA, Receptos, Roche, GW Pharma and GSK. 

DL’s disclosures are Consultancy from Novartis, Bayer, TEVA, Merk; Speaker bureau for Almirall, TEVA, Biogen, 

Novartis, Bayer, Roche, Excemed; Research grants from Novartis, Biogen, Bayer. All are paid into DL’s university. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page | 18 
 

References 

 

[1] R.M. Ransohoff, D. a. Hafler, C.F. Lucchinetti, Multiple sclerosis—a quiet revolution, Nat. Rev. Neurol. 11 
(2015) 134–142. doi:10.1038/nrneurol.2015.14. 

[2] I.K. Sand, Classification, diagnosis, and differential diagnosis of multiple sclerosis, Curr. Opin. Neurol. 28 
(2015) 193–205.  

[3] A. Winkelmann, M. Loebermann, E.C. Reisinger, H.-P. Hartung, U.K. Zettl, Disease-modifying therapies and 
infectious risks in multiple sclerosis, Nat. Rev. Neurol. (2016). doi:10.1038/nrneurol.2016.21. 

[4] H. Wiendl, S.G. Meuth, Pharmacological Approaches to Delaying Disability Progression in Patients with 
Multiple Sclerosis, Drugs. 75 (2015) 947–977. doi:10.1007/s40265-015-0411-0. 

[5] C. English, J.J. Aloi, New FDA-Approved Disease-Modifying Therapies for Multiple Sclerosis., Clin. Ther. 37 
(2015) 691–715. doi:10.1016/j.clinthera.2015.03.001. 

[6] A.M. Subei, D. Ontaneda, Risk Mitigation Strategies for Adverse Reactions Associated with the Disease-
Modifying Drugs in Multiple Sclerosis., CNS Drugs. 29 (2015) 759–771. doi:10.1007/s40263-015-0277-4. 

[7] J. a. Cohen, A.J. Coles, D.L. Arnold, C. Confavreux, E.J. Fox, H.P. Hartung, E. Havrdova, K.W. Selmaj, H.L. 
Weiner, E. Fisher, V. V. Brinar, G. Giovannoni, M. Stojanovic, B.I. Ertik, S.L. Lake, D.H. Margolin, M. a. Panzara, 
D.A.S. Compston, Alemtuzumab versus interferon beta 1a as first-line treatment for patients with relapsing-
remitting multiple sclerosis: A randomised controlled phase 3 trial, Lancet. 380 (2012) 1819–1828. 
doi:10.1016/S0140-6736(12)61769-3. 

[8] C. Confavreux, D.K. Li, M.S. Freedman, P. Truffinet, H. Benzerdjeb, D. Wang,  a. Bar-Or,  a. L. Traboulsee, L.E. 
Reiman, P.W. O’Connor, Long-term follow-up of a phase 2 study of oral teriflunomide in relapsing multiple 
sclerosis: safety and efficacy results up to 8.5 years, Mult. Scler. J. 18 (2012) 1278–1289. 
doi:10.1177/1352458512436594. 

[9] A.E. Miller, J.S. Wolinsky, L. Kappos, G. Comi, M.S. Freedman, T.P. Olsson, D. Bauer, M. Benamor, P. Truffinet, 
P.W. O’Connor, Oral teriflunomide for patients with a first clinical episode suggestive of multiple sclerosis 
(TOPIC): a randomised, double-blind, placebo-controlled, phase 3 trial., Lancet. Neurol. 13 (2014) 977–986. 
doi:10.1016/S1474-4422(14)70191-7. 

[10] C. Heesen, A. Solari, A. Giordano, J. Kasper, S. Köpke, Decisions on multiple sclerosis immunotherapy: New 
treatment complexities urge patient engagement, J. Neurol. Sci. 306 (2011) 192–197. 
doi:10.1016/j.jns.2010.09.012. 

[11] E.A.G. Joosten, L. DeFuentes-Merillas, G.H. De Weert, T. Sensky, C.P.F. Van Der Staak, C.A.J. De Jong, 
Systematic review of the effects of shared decision-making on patient satisfaction, treatment adherence and 
health status, Psychother. Psychosom. 77 (2008) 219–226. doi:10.1159/000126073. 

[12] B. Moulton, J.S. King, Aligning ethics with medical decision making: The quest for informed patient choice, J. 
Law, Med. Ethics. 85 (2010) 2–14. 

[13] W. Godolphin, Shared decision-making, Healthc. Q. 12 (2009) e186–e190. doi:10.12927/hcq.2009.20947. 

[14] C. Charles, A. Gafni, T. Whelan, Decision-making in the physician-patient encounter: Revisiting the shared 
treatment decision-making model, Soc. Sci. Med. 49 (1999) 651–661. doi:10.1016/S0277-9536(99)00145-8. 

[15] P. Rieckmann, A. Boyko, D. Centonze, I. Elovaara, G. Giovannoni, E. Havrdova, O. Hommes, J. Kesselring, G. 
Kobelt, D. Langdon, J. LeLorier, S.A. Morrow, C. Oreja-Guevara, S. Schippling, C. Thalheim, H. Thompson, P. 
Vermersch, Achieving patient engagement in multiple sclerosis: A perspective from the multiple sclerosis in 
the 21st Century Steering Group., Mult. Scler. Relat. Disord. 4 (2015) 202–218. 
doi:10.1016/j.msard.2015.02.005. 

[16] M.J. Barry, S. Edgman-Levitan, Shared decision making - the pinnacle of patient-centered care., N. Engl. J. 
Med. 366 (2012) 780–781. doi:10.1056/NEJMp1109283. 

[17] C. Heesen, S. Köpke,  a. Solari, F. Geiger, J. Kasper, Patient autonomy in multiple sclerosis - Possible goals and 
assessment strategies, J. Neurol. Sci. 331 (2013) 2–9. doi:10.1016/j.jns.2013.02.018. 



Page | 19 
 

[18] C. Heesen, J. Kasper, J. Segal, S. Köpke, I. Mühlhauser, Decisional role preferences, risk knowledge and 
information interests in patients with multiple sclerosis., Mult. Scler. 10 (2004) 643–650. 
doi:10.1191/1352458504ms1112oa. 

[19] C. Colombo, P. Mosconi, P. Confalonieri, I. Baroni, S. Traversa, S.J. Hill, A.J. Synnot, N. Oprandi, G. Filippini, 
Web search behavior and information needs of people with multiple sclerosis: focus group study and analysis 
of online postings., Interact. J. Med. Res. 3 (2014) e12. doi:10.2196/ijmr.3034. 

[20] A.J. Synnot, S.J. Hill, K. a. Garner, M.P. Summers, G. Filippini, R.H. Osborne, S.D.P. Shapland, C. Colombo, P. 
Mosconi, Online health information seeking: how people with multiple sclerosis find, assess and integrate 
treatment information to manage their health, Heal. Expect. (2014) n/a–n/a. doi:10.1111/hex.12253. 

[21] S. Twork, I. Nippert, R. Scherer, J. Haas, D. Pohlau, J. Kugler, Immunomodulating drugs in multiple sclerosis: 
compliance, satisfaction and adverse effects evaluation in a German multiple sclerosis population, Curr. Med. 
Res. Opin. 23 (2007) 1209–1215. 

[22] L. Lizan, M. Comellas, S. Paz, J.L. Poveda, D.M. Meletiche, C. Polanco, Treatment adherence and other 
patient-reported outcomes as cost determinants in multiple sclerosis: a review of the literature., Patient 
Prefer. Adherence. 8 (2014) 1653–1664. doi:10.2147/PPA.S67253. 

[23] E. Colligan, A. Metzler, E. Tiryaki, Shared decision-making in multiple sclerosis : A review, (2016) 1–6. 
doi:10.1177/1352458516671204. 

[24] J. Gong, Y. Zhang, B. Wu, J. Feng, W. Zhang, S. Wang, Y. Huang, X. Wu, Factors influencing risky decision-
making in patients with cerebral infarction, Psychol. Health Med. 20 (2015) 410–418. 
doi:10.1080/13548506.2014.958506. 

[25] L. Fraenkel, Incorporating Patients’ Preferences into Medical Decision Making, Med. Care Res. Rev. 70 (2013) 
1–14. doi:10.1177/1077558712461283. 

[26] A. Currie, A. Askari, S. Nachiappan, N. Sevdalis, O. Faiz, R. Kennedy, A systematic review of patient preference 
elicitation methods in the treatment of colorectal cancer., Color. Dis. 17 (2014) 17–25. 
doi:10.1111/codi.12754. 

[27] E. Cocco, A. Caoci, L. Lorefice, M.G. Marrosu, Perception of risk and shared decision making process in 
multiple sclerosis., Expert Rev. Neurother. (2016) 1–8. 

[28] B. Thomas, D. Ciliska, M. Dobbins, S. Micucci, A process for systematically reviewing the literature: providing 
the reseach evidence for public health nursing interventions, Worldviews Evidence-Based Nurs. 1 (2004) 176–
184. 

[29] S. Armijo-Olivo, C.R. Stiles, N. a. Hagen, P.D. Biondo, G.G. Cummings, Assessment of study quality for 
systematic reviews: A comparison of the Cochrane Collaboration Risk of Bias Tool and the Effective Public 
Health Practice Project Quality Assessment Tool: Methodological research, J. Eval. Clin. Pract. 18 (2012) 12–
18. doi:10.1111/j.1365-2753.2010.01516.x. 

[30] J.J. Deeks, J. Dinnes, R. D’Amico, A.J. Sowden, C. Sakarovitch, F. Song, M. Petticrew, D.G. Altman, International 
Stroke Trial Collaborative Group, European Carotid Surgery Trial Collaborative Group, Evaluating non-
randomised intervention studies., Health Technol. Assess. 7 (2003). doi:96-26-99 [pii]. 

[31] K. Hannes, C. Lockwood, A. Pearson, A comparative analysis of three online appraisal instruments’ ability to 
assess validity in qualitative research., Qual. Health Res. 20 (2010) 1736–43. doi:10.1177/1049732310378656. 

[32] R. Campbell, P. Pound, C. Pope, N. Britten, R. Pill, M. Morgan, J. Donovan, Evaluating meta-ethnography: A 
synthesis of qualitative research on lay experiences of diabetes and diabetes care, Soc. Sci. Med. 56 (2003) 
671–684. doi:10.1016/S0277-9536(02)00064-3. 

[33] C.E. Miller, M. Karpinski, M.A. Jezewski, Relapsing-Remitting Multiple Sclerosis Patients’ Experience with 
Natalizumab: A Phenomenologicoal Investigation, Int. J. MS Care. 14 (2012) 39–44. 

[34] A. Miller, M.A. Jezewski, A phenomenologic assessment of relapsing MS Patients’ experience during 
treatment with Interferon Beta-1a, J. Neurosci. Nurs. 33 (2001) 240–244. 

[35] C. Miller, M.A. Jezewski, Relapsing MS patients’ experiences with glatiramer acetate treatment: A 
phenomenological study, J. Neurosci. Nurs. 38 (2006) 37–41. 



Page | 20 
 

[36] D.C. Mohr, D. Goodkin, W. Likosky, N. Gatto, L. Neilley, C. Griffin, B. Stiebling, Therapeutic expectations of 
patients with Multiple Sclerosis upon initating interferon beta-1b: Relationship to adherence to treatment, 
Mult. Scler. 2 (1996) 222–226. 

[37] A. Zimmer, C. Blauer, M. Coslovsky, L. Kappos, T. Derfuss, Optimizing treatment initiation: Effects of a patient 
education program about fingolimod treatment on knowledge, self-efficacy and patient satisfaction., Mult. 
Scler. Relat. Disord. 4 (2015) 444–450. doi:10.1016/j.msard.2015.06.010. 

[38] S. Köpke, S. Kern, T. Ziemssen, M. Berghoff, I. Kleiter, M. Marziniak, F. Paul, E. Vettorazzi, J. Pöttgen, K. 
Fischer, J. Kasper, C. Heesen, Evidence-based patient information programme in early multiple sclerosis: a 
randomised controlled trial., J. Neurol. Neurosurg. Psychiatry. 85 (2014) 411–8. doi:10.1136/jnnp-2013-
306441. 

[39] S. Köpke, S. Kern, T. Ziemssen, M. Berghoff, I. Kleiter, M. Marziniak, F. Paul, E. Vettorazzi, J. Pöttgen, K. 
Fischer, J. Kasper, C. Heesen, Evidence-based patient information programme in early multiple sclerosis: a 
randomised controlled trial., J. Neurol. Neurosurg. Psychiatry. 85 (2014) 411–8. doi:10.1136/jnnp-2013-
306441. 

[40] L.H. Visser,  a. Van Der Zande, Reasons patients give to use or not to use immunomodulating agents for 
multiple sclerosis, Eur. J. Neurol. 18 (2011) 1343–1349. doi:10.1111/j.1468-1331.2011.03411.x. 

[41] A. Vlahiotis, R. Sedjo, E.R. Cox, T.E. Burroughs, A. Rauchway, R. Lich, Gender differences in self-reported 
symptom awareness and perceived ability to manage therapy with disease-modifying medication among 
commercially insured multiple sclerosis patients., J. Manag. Care Pharm. 16 (2010) 206–216. 

[42] J. de Seze, F. Borgel, F. Brudon, Patient perceptions of multiple sclerosis and its treatment, Patient Prefer. 
Adherence. 6 (2012) 263–273. doi:10.2147/PPA.S27038. 

[43] M. Syed, D. Rog, L. Parkes, G.L. Shepherd, Patient expectations and experiences of multiple sclerosis 
interferon ??-1a treatment: A longitudinal, observational study in routine UK clinical practice, Patient Prefer. 
Adherence. 8 (2014) 247–255. doi:10.2147/PPA.S46421. 

[44] R. Abolfazli, A. Elyasi, M.R. Javadi, K. Gholami, H. Torkamandi, M. Amir-Shahkarami, M. Etemadifar, Z. Nasr, 
Knowledge and attitude assessment of Iranian multiple sclerosis patients receiving interferon beta., Iran. J. 
Neurol. 13 (2014) 160–167. 

[45]  a. Hofmann, J. Stellmann, J. Kasper, F. Ufer, W. Elias, I. Pauly, J. Repenthin, T. Rosenkranz, T. Weber, S. Kopke, 
C. Heesen, Long-term treatment risks in multiple sclerosis: risk knowledge and risk perception in a large 
cohort of mitoxantrone-treated patients, Mult. Scler. J. (2012). doi:10.1177/1352458512461967. 

[46] C. Heesen, J. Kolbeck, S.M. Gold, H. Schulz, K.H. Schulz, Delivering the diagnosis of MS--results of a survey 
among patients and neurologists., Acta Neurol. Scand. 107 (2003) 363–368. doi:10.1034/j.1600-
0404.2003.00086.x. 

[47] J. Kasper, S. Köpke, I. Mühlhauser, M. Nübling, C. Heesen, Informed shared decision making about 
immunotherapy for patients with multiple sclerosis (ISDIMS): A randomized controlled trial, Eur. J. Neurol. 15 
(2008) 1345–1352. doi:10.1111/j.1468-1331.2008.02313.x. 

[48] L. a. Prosser, K.M. Kuntz,  a. Bar-Or, M.C. Weinstein, The Relationship between Risk Attitude and Treatment 
Choice in Patients with Relapsing-Remitting Multiple Sclerosis, Med. Decis. Mak. 22 (2002) 506–513. 
doi:10.1177/0272989X02238299. 

[49] C. Tur, M. Tintoré, Á. Vidal-Jordana, D. Bichuetti, P.N. González, M.J. Arévalo, G. Arrambide, E. Anglada, I. 
Galán, J. Castilló, C. Nos, J. Río, M.I. Martín, M. Comabella, J. Sastre-Garriga, X. Montalban, Risk acceptance in 
multiple sclerosis patients on natalizumab treatment, PLoS One. 8 (2013) 1–7. 
doi:10.1371/journal.pone.0082796. 

[50] L.S. Wilson, A. Loucks, G. Gipson, L. Zhong, C. Bui, E. Miller, M. Owen, D. Pelletier, D. Goodin, E. Waubant, C.E. 
McCulloch, Patient Preferences for Attributes of Multiple Sclerosis Disease-Modifying Therapies, Int. J. MS 
Care. 17 (2015) 74–82. doi:10.7224/1537-2073.2013-053. 

[51] L. Wilson, A. Loucks, C. Bui, G. Gipson, L. Zhong, A. Schwartzburg, E. Crabtree, D. Goodin, E. Waubant, C. 
McCulloch, Patient centered decision making: use of conjoint analysis to determine risk-benefit trade-offs for 
preference sensitive treatment choices., J. Neurol. Sci. 344 (2014) 80–87. doi:10.1016/j.jns.2014.06.030. 



Page | 21 
 

[52] F.R. Johnson, G. Van Houtven, S. Özdemir, S. Hass, J. White, G. Francis, D.W. Miller, J.T. Phillips, Multiple 
sclerosis patients′ benefit-risk preferences: Serious adverse event risks versus treatment efficacy, J. Neurol. 
256 (2009) 554–562. doi:10.1007/s00415-009-0084-2. 

[53] R.J. Fox, A. Salter, J.M. Alster, N. V Dawson, M.W. Kattan, D. Miller, S. Ramesh, T. Tyry, B.W. Wells, G. Cutter, 
Risk tolerance to MS therapies: Survey results from the NARCOMS registry., Mult. Scler. Relat. Disord. 4 
(2015) 241–249. doi:10.1016/j.msard.2015.03.003. 

[54] J.M. Bruce, A.S. Bruce, D. Catley, S. Lynch, K. Goggin, D. Reed, S.-L. Lim, L. Strober, M. Glusman, A.R. Ness, D.P. 
Jarmolowicz, Being Kind to Your Future Self: Probability Discounting of Health Decision-Making, Ann. Behav. 
Med. (2015). doi:10.1007/s12160-015-9754-8. 

[55] A. Feinstein, S. Magalhaes, J.-F. Richard, B. Audet, C. Moore, The link between multiple sclerosis and 
depression., Nat. Rev. Neurol. 10 (2014) 507–517. doi:10.1038/nrneurol.2014.139. 

[56] H. Hoang, B. Laursen, E.N. Stenager, E. Stenager, Psychiatric co-morbidity in multiple sclerosis: The risk of 
depression and anxiety before and after MS diagnosis., Mult. Scler. (2015) 1–7. 
doi:10.1177/1352458515588973. 

[57] F. Khan, B. Amatya, M. Galea, Management of fatigue in persons with multiple sclerosis, Front. Neurol. 5 
(2014) 1–15. doi:10.3389/fneur.2014.00177. 

[58] D.W. Langdon, Cognition in Multiple Sclerosis, Curr. Opin. Neurol. 24 (2011) 244–249. 

[59] G.C. DeLuca, R.L. Yates, H. Beale, S. a Morrow, Cognitive impairment in multiple sclerosis: clinical, radiologic 
and pathologic insights., Brain Pathol. 25 (2015) 79–98. doi:10.1111/bpa.12220. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page | 22 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Flow diagram for included studies: Primary aim and secondary aim 

 

835 
Records excluded following 

exclusion criteria 

58 
Full-texts screened  

22 
Studies included 

889 
Records Identified through 

database searching (duplicates 
removed) 

36 
Full-texts excluded: 

 
Review (n=9) 
Patient understanding for 
other aspects of MS (n=8) 
Other MS medications (n=4) 
Diagnosis and prognosis of 
MS (n=5) 
Patient understanding of 
DMD information after 
intervention (n=4) 
DMD adherence (n=5) 
Secondary data for study 
included in present review 
(n=1) 

7 
Additional records 

identified through other 
sources 



Page | 23 
 

Table 1. Search terms for Systematic review: Primary aim and secondary aim 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Search terms for Systematic Review 

 

(Multiple AND Sclerosis) 

AND 

(patients OR people OR persons OR patient) 

AND 

(risk OR benefit OR side effect) 

AND  

(treatment OR medication OR therapy OR medicine OR 

medical OR therapies OR therapeutics OR Pharmaceutical 

preparations) 

AND 

(perception OR understanding OR comprehension OR 

awareness OR knowledge OR information OR 

communication OR preference OR decision-making) 
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Table 2. Quality assessment of studies investigating MS patients’ understanding of DMD risks and benefits: Primary aim 

 
Overall quality rating: Strong=no weak ratings; Moderate=one weak rating; Weak=two or more weak ratings. 

 
 
 

First author 

(year) 

Selection bias Study design Confounders Blinding Data collection 

method 

Withdrawals and dropout Overall quality rating 

Mohr (1996) Moderate Moderate - Moderate Strong Strong Strong 

Heesen (2003) Weak Weak - Moderate Weak Weak Weak 

Heesen (2004) Moderate Weak - Moderate Strong Moderate Moderate 

Vlahiotis 

(2010) 

Weak Weak - Moderate Moderate Weak Weak 

Visser (2011) Weak Moderate - Moderate Weak Moderate Weak 

de Seze (2012) Weak Weak - Moderate Strong Weak Weak 

Hofmann 

(2012) 

Weak Moderate - Moderate Weak Weak Weak 

Kopke (2014) Strong Strong Strong Strong Strong Strong Strong 

Syed (2014) Weak Moderate - Moderate Moderate Weak Weak 

Abolfazli (2014) Weak Weak - Moderate Weak Strong Weak 

Zimmer (2015) Moderate Moderate - Moderate Moderate Strong Moderate 
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Table 3. Quality assessment of qualitative studies investigating MS patients’ understanding of DMD risks and benefits: Primary aim 

 
Quality assessed using the Critical Appraisal Skills Programme tool (CASP); all categories marked as either Yes, No or Can’t tell/unclear. 

 

 
 

 

 

 

 

 

 

First author 

(year) 

Clear 

aims 

Appropriate 

methodology 

Appropriate 

design 

Appropriate 

recruitment 

strategy 

Data 

collection 

method 

Researcher 

and 

participant 

relationship 

considered 

Ethical 

issues 

considered 

Rigorous 

data 

analysis 

Statement 

of findings 

Is the 

research 

valuable? 

Miller 

(2001) 

Yes Yes Yes Yes Yes No Unclear Yes Yes Yes 

Miller 

(2006) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Miller 

(2012) 

Yes Yes Yes Yes Unclear Yes Unclear Yes Yes Yes 
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Table 4. Quality assessment of studies investigating MS patients’ preferences for treatment risks and benefits: Secondary aim. 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Overall quality rating: Strong=no weak ratings; Moderate=one weak rating; Weak=two or more weak ratings 

 

 

 

 

 

First author 

(year) 

Selection bias Study design Confounders Blinding Data collection 

method 

Withdrawals and dropout Overall quality rating 

Prosser (2002) Moderate Weak - Moderate Strong Strong Moderate 

Kasper (2008) Strong Strong Strong Strong Moderate Strong Strong 

Johnson (2009) Weak Weak - Moderate Strong Strong Weak 

Tur (2013) Moderate Moderate Moderate Weak Moderate Strong Moderate 

Abolfazli (2014) Weak Weak - Moderate Weak Strong Weak 

Wilson (2014) Moderate Weak - Moderate Moderate Moderate Moderate 

Bruce (2015) Moderate Weak - Moderate Moderate Weak Weak 

Fox (2015) Weak Weak - Moderate  Moderate Weak Weak 

Wilson (2015) Moderate Weak - Moderate Weak Strong Weak 
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Table 5. Patient and study characteristics, and results of quantitative studies investigating MS patients’ understanding of DMD risks and benefits: Primary aim 
 

First 
author 
(year) 

Quality 
rating 

Study design 
and 
methodology 

Recruitment 
location 

Sample 
size 

Age 
(mean) 

Type of 
MS (n) 

DMD Real/faux 
informatio
n 

Self-report 
or objective 
measure  

Outcome 
measure(s) 

Results 

Mohr et 
al., 
(1996) 

Moder
ate 

Questionnaire
: Baseline data 
from a pre-
post 
intervention 
study 
 

Outpatient 
clinics 

99 - Not 
specified 

Interferon 
beta-1b 

Real Objective DMD benefit 
understanding:  
Survey items from 
BSQ 
 
 
 

Relapse rate: 
 
Expected <10% reduction (‘overly 
pessimistic group’) = 4% patients 
Expected 10-30% reduction (‘accurate 
group’) = 39% patients 
Expected  >50% reduction (‘overly 
optimistic group’) = 57% patients 

Disease progression: 
 
Expected no change = 40% patients 
Expected slower progression = 26% 
patients 
Expected some restoration of function = 
29% patients 
Expected return to normal function = 4% 
patients 
 

Heesen 
et al., 
(2003) 

Weak Postal 
questionnaire: 
observational 
study 

MS patient 
organisation 

434 Wome
n=44; 
Men=4
3 

Not 
specified 

DMD not 
specified 

Real Self-report Understanding of 
overall DMD 
information: 3 
questions from 
13-item 
questionnaire 

52% of patients not informed at time of 
diagnosis; 
28% of patients informed after several 
months of diagnosis; 
71% of patients received sufficient 
information 

Heesen 
et al., 
(2004) 

Weak Postal 
questionnaire: 
observational 
study 

MS 
outpatient 
clinic 

169 44 RRMS (75);  
PPMS (75); 
Unclear 
(19) 

DMD not 
specified 

Real Objective  
 
 
 

DMD risk 
understanding: 
10 questions 
about DMD risks 
out maximum 19  

34% answers correct 
 
 
 
 

Self-report 
 
 

DMD risk 
understanding: 
VAS rating: 

63% of perceived knowledge  
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Perceived MS risk 
knowledge 

Vlahiotis 
et al., 
(2010) 

Weak  Postal survey: 
observational 
study 

American 
health 
insurance 
database 

2022 -                                                                                                                                                                                                                                                                                                                                                      PPMS (78); 
RRMS 
(1493); 
SPMS 
(213) 
Other (29); 
Unknown 
(209) 
 

Interferon-
beta 1a IM; 
Interferon 
beta 1a SC; 
Interferon-
beta 1b; 
Glatiramer 
acetate; 
Mitoxantron
e 

Real Self-report DMD benefit 
understanding: 
Survey questions 

DMD helps MS: 
Females=79%; Males=72% 
 

Self-report Understanding of 
overall DMD 
information: 
Survey questions 

Awareness of other treatment options: 
Females= 85% ; Males = 80% 

Visser et 
al., 
(2011) 

Weak Postal survey: 
Observational 
study 

Hospitals; 
MS Patient 
organisation 

1371 Benign 
MS & 
RRMS = 
471; 
SPMS=
511; 
PPMS=
521 

Benign MS 
(251); 
RRMS 
(525); 
PPMS 
(120); 
SPMS 
(399);  
Unknown 
(76) 

DMD not 
specified 

Real Self-report 
 
 
 
 
 
 
 
 
 
 

Understanding of 
overall DMD 
information: 1 
item from 72-
item 
questionnaire; 
Enough 
treatment 
information 
received? 
  
 
 
 

'Taking first DMD' group: 
81% patients agree;  
9% patients neutral; 
10% patients disagree; 

 
'Changed DMD' group:  
84% patients agree; 
7% patients neutral; 
9% patients disagree 

'Stopped DMD' group:  
74% patients agree; 
15% patients neutral; 
11% patients disagree 
 

de Seze 
et al., 
(2012) 

Weak Postal 
questionnaire: 
Observational 
study 

Hospitals 
and 
community 
practise 

202 41 RRMS 
(202) 

Interferon-
beta 1a; 
Interferon-
beta 1b; 
Glatiramer 
acetate 

Real Self-report 
 
 

Understanding of 
overall DMD 
information: 
‘Well informed 
about 
treatment?’ 

Totally agree=35%; Partly agree=40%; 
Partly disagree=14%; Totally 
disagree=5%; No opinion=2% 

Self-report DMD benefit 
understanding 

Reduced relapse frequency with current 
DMD: 
Totally agree=50%; Partly agree=40%; 
Partly disagree=6%; Totally disagree=2%; 
No opinion=3% 
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Delay in treatment progression with 
current DMD: 
Totally agree=36%; Partly agree=50%; 
Partly disagree=9%; Totally disagree=2%; 
No opinion=5% 

 
Optimistic about MS due to DMD: 
Totally agree=28%; Partly agree=45%; 
Partly disagree=17%; Totally 
disagree=7%; No opinion=3% 

Hofmann 
et al., 
(2012) 

Moder
ate 

Postal 
questionnaire: 
Retrospective 
cohort study  

Database of 
hospitals 
and private 
clinics 
 

575 50 RRMS (49); 
PPMS (76); 
SPMS(258)
;  
Other (4); 
Unknown 
(188)  

Mitoxantron
e 

Real Objective 
 
 

DMD risk 
understanding: 
Risk choice from 4 
options about 
Mitoxantrone 
side-effects 

Leukaemia: 
Accurate risk choice = 40% patients 
Underestimated risk = 58% patients 

 
Cardiotoxicity: 
Accurate risk choice = 16% patients 
Underestimated risk = 82% patients 
 

Kӧpke et 
al., 
(2014) 

Strong Telephone 
and postal 
questionnaire:
Baseline data 
from Double-
blind RCT 

MS 
outpatient 
clinics 

192 37 CIS (27); 
RRMS 
(133); 
Unclear 
(32) 

Interferon-
beta; 
Glatiramer 
acetate 

Real Objective DMD risk 
understanding: 
‘Good risk 
knowledge’ 
defined as 
minimum 12 
answers from 
possible 19 

IG at baseline (n-93) 
35% patients with ‘good risk knowledge’  

 
CG at baseline (n=99):  
23% patients with ‘good risk knowledge’ 
 

Syed et 
al., 
(2014) 

Weak Structured 
questionnaire: 
Baseline data 
from 
longitudinal 
study 

Home 
support 
service 

2390 42 Not 
specified 

Interferon-
beta 1a 

Real Self-report 
 

Understanding of 
overall DMD 
information: 3 
items from survey 

44% of patients felt extremely well 
informed (n=1265) 
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Abolfazli 
et al., 
(2014) 

Weak Postal 
questionnaire: 
Observational 
study 

MS patient 
organisation 

425 34.3 Not 
specified 

Interferons Real Objective  
 
 
 

Understanding of 
overall DMD 
information 

Greater understanding associated with: 
High level of education (p=0.0010) 
Delay between onset of symptoms and 
definite MS (p=0.0190) 
Increased mobility (p=0.220) 
Younger age (p=0.030) 
Females (p=0.001) 
Ability to self-inject (p=0.003) 
 

Zimmer 
et al., 
(2015) 

Moder
ate 

Questionnaire
: Baseline data 
from pre-post 
intervention 
study 

MS Centre in 
hospital 

98 411 Not 
specified 

Fingolimod Real Objective 
 
 
 
 
 
 
 

Understanding of 
overall DMD 
information: 18-
item 
questionnaire 

Median score=6 out of 18 (IQR-=4-8) 
 
Greater understanding associated with: 
Females (p=0.02) 
Patients in a relationship compared to 
singles (p=0.03) 
 
 

Self-report Understanding of 
overall DMD 
information: 
VAS (0-10); 
Perception of 
being informed 

Number of patients with following 
scores (n-97): 
 
Score < 7 = 78 
Score =>7 = 19 

 
Absolute numbers reported, unless specified. Abbreviations: BSQ, Betaseron questionnaire; CG, control group; CIS, clinically isolated syndrome; DMD, disease-
modifying drug; IG, intervention group; MS, Multiple Sclerosis; PML, progressive multifocal leukoencephalopathy; PPMS, primary progressive multiple sclerosis; 
RCT, randomized controlled trial; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; VAS=visual analogue scale. 
1=Median, 2=Range 
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Table 6. Patient and study characteristics, and themes from qualitative studies investigating MS patients’ understanding of DMD risks and benefits: Primary aim 
 

First author 
(year) 

Quality 
rating 

Study design 
and 
methodology 

Recruitment 
location 

Sample 
size 

Age 
(mean) 

Type of 
MS (n) 

DMD Real/faux 
informatio
n 

Self-
report or 
objective 
measure  

Outcome 
measure(s) 

Results 

Miller et al., 
(2001) 

- Qualitative 
interviews 

MS centre 15 28-552 RRMS (15) Interferon 
beta-1a 

Real Self-
report 

DMD benefit 
understanding: 
Themes from 
qualitative 
analysis 

Overestimating benefit of DMD: 
“I look at Avonex as my saviour. I 
probably expected a lot more from 
it than I was going to get, 
realistically” (pg. 242) 
 

Miller et al., 
(2012) 

- Qualitative 
interviews 

MS centre; 
Natalizumab 
infusion 
centre 

20 43 RRMS (20) Natalizum
ab 

Real Self-
report 
 
 
 
 
 

DMD risk 
understanding: 
Themes from 
qualitative 
analysis 
 

Low risk perception for DMD: 
“I didn’t feel that it was going to a 
big risk for me because I trust my 
doctors, and I don’t think they 
really pushed it if they didn’t feel 
confident” (pg. 41) 

 
High risk perception for DMD: 
“I’m sure anybody who goes on 
Tysabri from the moment they 
make that decision…worry about 
PML”. (pg. 42) 
“I was so afraid to try Tsyabri, you 
know, the warnings and the labels 
are just, they’re so scary.” (pg. 42) 
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Miller et al., 
(2006) 

- Qualitative 
interviews 

MS clinic 20 39-642 RRMS (20) Glatiramer 
acetate 

Real Self-
report 

DMD benefit  
Understanding: 
Themes from 
qualitative 
analysis  
 

Benefits of glatiramer acetate: 
“…the importance of getting on to 
these ABC drugs – Avonex, beta 
interferon and Copaxone – is to 
start as soon as you have 
symptoms” (pg. 39) 
“This way (injecting glatiramer 
acetate) I feel like I am doing 
something progressive to help it.” 
(pg. 39) 
“And I have researched the 
ingredients, and it is so natural” 
(pg. 40) 

Absolute numbers reported, unless specified. Abbreviations: DMD, Disease-modifying drug; MS, Multiple Sclerosis; PML, progressive multifocal 
leukoencephalopathy; RRMS, relapsing-remitting multiple sclerosis. 2=Range 

 

 

 

 

 

 

 

 

 

 

 

 



Page | 33 
 

 
Table 7. Patient and study characteristics, and results of quantitative studies investigating MS patients’ preferences for treatment risks and benefits: Secondary aim 
 

First 
author 
(year) 

Quality 
rating 

Study design 
and 
methodology 

Recruitment 
location 

Sample 
size 

Age 
(mean) 

Type of 
MS (n) 

DMD Real/faux 
informatio
n 

Self-report 
or objective 
measure  

Outcome 
measure(s) 

Results 

Prosser 
et al., 
(2002) 

Weak Survey: 
Observational 
study 

MS clinics 56 38 RRMS (56) Interferon-
beta 1a; 
Interferon-
beta 1b; 
Glatiramer 
acetate 

Faux Objective  Preferences for 
treatment 
benefits: 
Gamble question 
(drug with 
relapse-free days 
compared with 
dug offering 50% 
chance of 
immediate 
reduction but 50% 
chance of not 
working) 

Mean=14.6 relapse-free days 
 

Kasper et 
al., 
(2008) 

Strong Questionnaire
: Baseline data 
from RCT 

Newspapers; 
websites; 
national self-
help journal 

297 43 CIS (45); 
RRMS 
(153); 
PPMS (31); 
SPMS (59); 
Unclear (9) 

DMD not 
specified 

Real Self-report Preferences for 
treatment 
benefits: Likert 
scale 

Moderately optimistic towards 
current DMD:  
IG group at baseline =65% 
patients; 
CG group at baseline =62% 
patients 
 

Johnson 
et al., 
(2009) 

Moder
ate 

Survey: 
Observational 
study 

MS patient 
organisation
; 
Natalizumab 
clinical trial 
patients 

651 47 Not 
specified 

Natalizumab Real Objective  Preferences for 
treatment risk-
benefit profiles: 
Mean annual risk 
acceptable to 
patients 

Mean annual risk for ‘slow 
progression benefit’ (No. of 
relapses in next 5 years reduced 
from 4 to 1; disability 
progression delay from 5 to 8 
years) 
 
0.31% of PML death or 
disability; 
0.30% of death by liver failure; 
0.35% of death by leukaemia 
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Mean annual risk for ‘clinically 
relevant benefit’ (No. of 
relapses in next 5 years reduced 
from 4 to 1; disability 
progression delay from 3 to 5 
years) 
 
0.38% of PML death or 
disability; 
0.39% of death by liver failure; 
0.48% of death by leukaemia 

 
Mean annual risk for ‘largest 
tested benefit’ (No. of relapses 
in next 5 years reduced from 4 
to 0; disability progression 
delay from 1 to 8 years) 
 
0.74% of PML death or 
disability; 
1.02% of death by liver failure; 
1.08% of death by leukaemia 
 
 

Tur et al., 
(2013) 

Moder
ate 

Survey: 
Observational 
study 

MS centre; 
Hospital  

136  Nataliz
umab 
group = 
38; 
Other 
DMD 
group = 
39 

Not 
specified 

Natalizumab
; First-line 
DMDs 

Faux Objective  Preference for 
treatment risks: 
five risk levels for 
five presented 
therapeutic 
scenarios  

Mean scores for level of risks 
accepted: 
 
Patients taking Natalizumab 
(n=114): 
Very low risk=8.85; Low 
risk=8.49; Medium risk=7.47; 
High risk=4.29; Very high 
risk=3.01 

 
Patients taking any other DMD 
(n=22): 
Very low risk=7.50; Low 
risk=6.32; Medium risk=4.76; 
High risk=2.43; Very high 
risk=1.58 
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Abolfazli 
et al., 
2014 

Weak Questionnaire
: 
Observational 
study 

MS patient 
organisation 

425 34.3 Not 
specified 

Interferons Real Self-report 
 
 

Preference for 
treatment 
benefits: 
5-point Likert 
scale across 13 
questions 

Optimistic about current DMD = 
20% to 90% patients 
 
Optimistic about DMD 
associated with: 
Lack of functional problem 
(p=0.004) 
No MS family history (p=0.029) 
Knowledge of interferons 
(p=0.001) 
 

Wilson et 
al., 
(2014) 

Moder
ate 

Questionnaire
: Conjoint 
analysis 

MS clinic 289 42 RRMS 
(289) 

Interferons; 
Natalizumab
; Glatiramer 
acetate; 
Fingolimod; 
Rituximab 

Faux Objective Preference for 
treatment risk-
benefit profiles: 
Estimated 
acceptable risk 
for various DMD 
benefits  

For 1% risk of DMD severe side-
effects, patient preference for 
treatment decreased by 5 times 
 
 

         Objective Preference for 
treatment risks: 
Odds ratio  

Minor side effect: 
Headache flu=0.98 
Mood change=0.91 (p<0.001) 

 
Severe side effect:  
0.05% = 0.70 (p<0.001) 
0.10% = 0.60 (p<0.001) 
1%=0.22 (p<0.001) 

         Objective Preference for 
treatment 
benefits: Odds 
ratio 

Progression prevention:  
2 years=1 
4 years=1.36 (p<0.001) 
10 years=2.46 (p<0.001) 

 
Delay in relapse: 
1 year=1 
2 years=1.20 (p<0.001) 
5 years=1.53 (p<0.001) 

 
Symptom improvement:  
None=1        
Mild=1.75 (p<0.001) 
Substantial=3.68 (p<0.001) 
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Bruce et 
al., 2015 

Weak Questionnaire
: Probability 
discounting 

MS Clinics 77 Adhere
nt 
=43.26; 
Non-
adhere
nt 
=45.03 

RRMS Not 
specified 

Faux Objective Preferences for 
treatment risk-
benefit profiles: 
Medical Decision 
Making 
Questionnaire 

Chosen treatment benefit 
related to side-effect 
probability (p<.001) 
interaction between side effect 
and group (adherent and non-
adherent) for treatment 
benefits chosen (p<.001) 
 
Improbable side-effects predict 
treatment adherence = 83.1% 

Fox et 
al., 2015 

Weak Survey: 
Observational 
study 

North 
American 
Research 
Committee 
on Multiple 
Sclerosis 
(NARCOMS) 
Registry 

5446 52.7 Not 
specified 

Not 
specified 

Faux (cure 
for MS) 
and Real 
(Natalizum
ab) 

Objective Preference for 
treatment risk: 
Standard gamble 
paradigm 

Median risk tolerance for both 
scenarios=1:10,000 

 
Faux DMD scenario: 
No risk tolerance=23% 
Tolerate any risk=3.6% 

 
Faux DMD risk tolerance 
associated with: 
No disability=1:100,000 versus 
wheelchair-bound=1:1000 
(p<.0001); 
Male=1:2000 versus 
females=1:50,000 (p<.0001); 
Patients caring for 
dependents=1:100,000 versus 
not caring for dependents=1: 
10,000 (p<.0001); 
Patients taking DMD=1:50,000 
versus not taking 
DMD=1:50,000 (p=0.002); 
Patients taking 
Natalizumab=1:1,000 versus 
not taking 
Natalizumab=1:50,000 
(p<0.0001); 
Patients who routinely use 
seatbelt=1:50,000 verus those 
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who do not routinely use 
seatbelt=1:5000 (p=0.0007) 

 
Natalizumab scenario: 
No risk tolerance=15% 
Tolerate any risk=3.3% 

 
Natalizumab scenario risk 
tolerance associated with: 
No disability=1:100,000 versus 
wheelchair-bound=1:1000 
(p<0.0001); 
Male=1:2000 versus 
females=1:10,000 (p<.0001); 
Patients caring for 
dependents=1:50,000 versus 
not caring for dependents=1: 
10,000 (p=0.004); 
Patients taking 
Natalizumab=1:750 versus not 
taking Natalizumab=1:10,000 
(p<0.0001); 
Patients who routinely use 
seatbelt=1:10,000 versus those 
who do not routinely use 
seatbelt=1:1000 (p<0.0001) 
 

Wilson et 
al., 2015 

Weak Survey: 
Conjoint 
analysis 

MS Clinic 50 42.7 RRMS Glatiramer 
acetate; 
Interferon 
beta; 
Natalizumab
; Rituximab; 
Fingolimod; 
No-
treatment 

Faux Objective Preference for 
treatment risk  

Common adverse effects 
(significance to reference): 
Increased risk of 
infection=reference 
Injection-site reactions=-0.16  
Headaches, aches, flu=0.02   
Changes in mood=-0.82 
(p<0.001) 

 
Severe adverse effects: 
0%=reference 
1%= -1.15 (p<0.001) 
10%= =3.06 (p<0.001) 
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30%= -3.82 (p<0.001) 

         Objective 
 

Preference for 
treatment 
benefit: Conjoint 
analysis 
 

Clinical outcomes – β 
coefficient values compared 
with baseline treatment profile: 
Prevents symptom progression 
for 1 year=0.12 (p<0.001); 
Prevents one relapse per 
year=0.05; 
Prevents MRI progression for 1 
year=0.17 (p=0.002) 

 
Patient symptoms - β 
coefficient values compared 
with baseline treatment profile: 
Improved mildly=0.81 (p<0.001) 
Improved moderately=0.83 
(p<0.001) 
Improved rarely but 
substantially=1.03 (p<0.001) 
 

         Objective Preference for 
treatment risk-
benefit profiles: 
Conjoint analysis 

Patients willing to accept 30% 
adverse risk for 32 years 
prevention of disease 
progression  
 
Patients willing to accept 10% 
adverse risk for 25 years 
prevention of disease 
progression 
 

 
Absolute numbers reported, unless specified. Abbreviations: CIS, Clinically Isolated Syndrome, DMD, Disease-modifying drug; MS, Multiple Sclerosis; PML, 
progressive multifocal leukoencephalopathy; PPMS, primary progressive multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary 
progressive multiple sclerosis; VAS, visual analogue scale. 1=Median, 2=Range 

 

 


