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Abstract

Background: Little is known about risk attitudes and risk perceptions in multiple sclerosis (MS).

Objectives: The objectives of this paper are to investigate the range of risk attitudes and risk perceptions

and examine associations between risk attitudes and risk perceptions and demographic and clinical

features of the disease.

Methods: A total of 223 individuals completed a risk questionnaire. Risk attitude was measured using

two rating scales and a standard gamble scenario. Risk perception was measured by asking participants

to estimate the likelihood of disease progression and the likelihood of minor and serious side effects

associated with common MS therapies.

Results: Participants were risk neutral overall and risk averse on issues related to health and safety.

There was a significant association between disease duration and risk attitude, with patients with longer

disease duration showing greater tolerance for risk. On the standard gamble scenario, males were sig-

nificantly more likely to take treatments with a likelihood of death of 1:10,000 or 1:100,000 than

females. Individuals with higher disability or a progressive disease course were significantly more likely

to expect progression at two, five and 10 years.

Conclusion: Individuals with MS demonstrate low tolerance for risk. Risk attitudes and perceptions are

influenced by some demographic and clinical features of the disease.
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Introduction

Since 1993, 13 drugs have been approved by the

Food and Drug Administration (FDA) for the treat-

ment of relapsing forms of multiple sclerosis

(MS). As new disease-modifying therapies (DMTs)

become available, decisions regarding the selection

of a particular DMT are becoming more complicated

both for patients and physicians. The weighing of

alternatives is particularly challenging for treatments

that carry the potential for significant side effects

and/or adverse events. One important factor that

may influence treatment choice is an individual’s

attitude toward risk.

Risk attitude is defined as an individual’s orientation

toward taking or avoiding risk when deciding how to

proceed in situations with uncertain outcomes.1,2

There are two competing views of risk attitude in

the literature. The first view considers risk attitude

a stable personality trait.1 The second sees risk atti-

tude varying across domains such as financial, rec-

reational and health.3 Risk-taking behavior,

however, may be influenced by more than an indi-

vidual’s risk attitude. It may also be a function of an

individual’s risk perception, or the way that he or she

perceives the likelihood of experiencing a negative

event.4 In this view, treatment decision making in

MS may reflect both an individual’s perception of

risk and his or her attitude toward risk.

In the current study, we investigated the range of risk

attitudes and risk perceptions in individuals with MS

using risk attitude and risk perception rating scales

and a standard gamble scenario. In addition, we

examined the impact of demographic and clinical

features of MS on risk attitudes and risk perceptions.
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Participants and methods

Individuals were recruited from the Partners MS

Center at the Brigham and Women’s Hospital in

Boston, MA. All patients with a clinically isolated

syndrome (CIS) or MS according to the revised

McDonald criteria5 seen for a clinical visit between

November 18, 2014 and December 16, 2014 were

asked to complete a brief risk questionnaire (see

Appendix A). The demographic and clinical charac-

teristics of participants are shown in Table 1.

Risk attitude was measured using two rating scales

and a standard gamble scenario. First, we used a

single-item measure of risk orientation that asks par-

ticipants to rate their overall comfort with taking risks

from extremely comfortable to extremely uncomfort-

able.6 Second, we used the Risk Propensity Scale

(RPS), a seven-item self-report measure of an indi-

vidual’s general propensity to take risks.7 For the

RPS, the summary score was calculated by rescaling

each of the items so that higher scores were asso-

ciated with preference for risk seeking. The theoret-

ical range for the RPS is 7�63. The formula for the

RPS is shown in Equation 1 where items with the

suffix ‘‘rs’’ were rescaled.

RPS ¼ Item1rsþ Item2rsþ Item3rsþ Item4

þ Item5rsþ Item6þ Item7 ð1Þ

Participants with missing information for any ques-

tion were considered missing for the RPS. The reli-

ability of the RPS score based on our sample was

acceptable (Cronbach’s alpha¼ 0.721). Finally, we

used a standard gamble scenario that asked individ-

uals to consider a new MS drug that promised no

new relapses or worsening of MS symptoms, but

could cause death. Participants were asked to

indicate their likelihood of taking the new drug if

the risk of death was 1:2, 1:10, 1:100, 1:1000,

1:10,000 and 1:100,000.

We measured risk perceptions in two ways using a

five-point scale that ranged from extremely unlikely

to extremely likely. First, individuals were asked to

estimate the likelihood of becoming wheelchair-

bound over the short- (two years), medium- (five

years) and long-term (10 years). Second, participants

were asked to estimate the likelihood of minor and

serious side effects associated with interferon beta-

1a intramuscular (IFNb 1a IM), interferon beta-1b

(IFNb 1b), glatiramer acetate (GA), interferon beta-

1a subcutaneous (IFNb 1a SC), natalizumab (NTZ),

fingolimod (FTY) and dimethyl fumarate (BG-12).

These medications were chosen because they were

the most commonly prescribed MS drugs at the

Partners MS Center at the time that the survey was

administered.

A total of 276 questionnaires were distributed and

224 were completed and returned for a response rate

of 81.2%. One person completed the questionnaire

twice within the interval, and only the first adminis-

tration was used in our analysis for a final sample

size of 223.

Demographic and clinical data including gender,

age, marital status, disease duration, relapse rate

and disability were obtained from the medical

record. Current levels of disability were based on

the physician-documented Expanded Disability

Status Scale (EDSS).8 This study was approved by

the Partners Human Research Committee at the

Brigham and Women’s Hospital.

Table 1. Demographic and clinical characteristics.

Characteristics

Participants 223

Females, n (%) 173 (77.6)

Age, mean (SD) 49.3 (11.7)

Race (White/Black or African American/Asian/more than one race) (199/10/2/4)

Diagnosis (CIS/RRMS/SPMS/PPMS/PRMS) 13/158/44/5/3

Disease duration from onset, mean (SD) 15.5 (10.3)

EDSS, median, range 1.5 (0, 8.5)

Disease-modifying therapy, n (%) 165 (74.0)

Eight participants had unknown or not reported race and 24 participants did not have a recorded EDSS score.
CIS: clinically isolated syndrome; RRMS: relapsing�remitting multiple sclerosis; SPMS: secondary progressive
multiple sclerosis; PPMS: primary progressive multiple sclerosis; PRMS: progressive relapsing multiple sclerosis;
EDSS: Expanded Disability Status Scale.
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Statistical analysis

For each of the items related to risk attitudes, the mean

and standard deviation (SD) was calculated. In add-

ition, answers for each of the questions were classified

as risk seeking, risk neutral or risk averse. For the risk-

orientation item, risk seeking was a score of 1 or 2;

risk neutral was a score of 3, 4 or 5; and risk averse

was a score of 6 or 7. For the RPS when the items were

scaled so that higher scores indicated risk seeking, risk

seeking was a score of 7, 8, or 9; risk neutral was a

score of 4, 5, or 6; and risk averse was a score of 1, 2 or

3. For each of the items related to risk perceptions, the

proportion of individuals in each of the categories was

calculated. For the risk of side-effects items, the pro-

portions were calculated across all individuals and

within participants treated with the specific DMT.

To assess the impact of demographic, clinical and

treatment predictors on each risk measure, linear

regression was used with continuous, dichotomous

or categorical predictors as appropriate. To assess

the impact of present DMT on each risk measure, treat-

ment group was included in the model as a categorical

variable, and the global test comparing all treatment

groups was used to assess if there was a difference

among the treatment groups. If a significant difference

among the treatment groups was observed, pairwise

comparisons were investigated. To compare the per-

ceived likelihood of side effects in participants taking

a specific DMT and those not taking the DMT, linear

regression was used with the treatment group as the

predictor variable. Since each of the scales could also

be considered ordinal rather than continuous, an ordi-

nal logistic regression model was fit, and the results

were generally the same as for the linear regression.

Therefore, the linear regression results are reported.

Given that this was an exploratory analysis, no correc-

tion for multiple comparisons was applied.

Results

Risk attitudes

On a single-item measure of risk orientation, the

majority of participants (66.8%) were risk neutral,

and the mean score was almost exactly equal to the

middle of the scale (Figure 1(a), Supplementary Table

1). Using the RPS, the mean (SD) risk propensity sum-

mary score was 26.3 (10.1), indicating an overall aver-

sion to taking risks. When the individual items of the

RPS were investigated, the majority of participants

were classified as risk averse on the first five items

of the scale (Figure 1(a), Supplementary Table 1).

Using a standard gamble scenario, individuals

reported the likelihood of taking a new MS drug

given the probability of a fatal side effect

(Figure 1(b), Supplementary Table 2). Six percent

of participants indicated they were likely/extremely

likely to take the drug if the risk of death was 1:2.

The proportion increased to 16% if the risk of death

was reduced to 1:1000, and to 41% if the risk of

death was 1:100,000. Approximately 45% of partici-

pants indicated that they were unlikely/extremely

unlikely to take the drug even if the probability of

a fatal side effect was 1:100,000.

The associations between risk attitudes and demo-

graphic and clinical features of MS are presented

in Table 2. There were no significant associations

between risk-orientation scores or scores on the

RPS and gender, age, race, marital status, number

of children, EDSS, disease course or relapse rate.

There was a significant association between disease

duration and risk orientation, but not between disease

duration and RPS. There was no significant associ-

ation between current DMT and risk attitude using

the global test (p¼ 0.052). The associations between

responses to the standard gamble scenario and demo-

graphic and clinical features of MS are presented in

Table 3. Males were significantly more likely to take

the treatment with risk of fatal side effect equal to

1:10,000 or 1:100,000; and married individuals were

significantly less likely to take a treatment with risk

of fatal side effect equal to 1:10,000. No other fea-

tures including current DMT were significantly asso-

ciated with the likelihood of taking the treatment.

Risk perceptions

In Figure 1(c) and Supplementary Table 3, we show

the distribution of responses regarding the perceived

likelihood of disease progression. The percentages of

patients reporting that they were likely or extremely

likely to progress over the short-, medium- and long-

term were 18.8%, 34.8% and 52.2%, respectively.

Twenty-two percent of participants believed that it

was unlikely/extremely unlikely that their MS would

worsen over the next 10 years.

The associations between risk perceptions and demo-

graphic and clinical features of MS are presented in

Table 4. Participants with higher EDSS or a progres-

sive disease course had significantly increased scores

for risk of progression items regardless of the time

interval. In addition, a significant difference among

the treatment groups was observed for perceived risk

of progression over two years, and patients treated

with GA, NTZ or FTY had lower perceived risk of

progression over two years compared to untreated

individuals. Finally, participants with higher relapse

Glanz et al.
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rate or lower disease duration had higher perceived

risk at 10 years.

The perceived likelihood of minor and serious side

effects associated with DMTs is presented in

Figure 2 and Supplementary Tables 4 and 5. The

most common response when all participants were

surveyed was ‘‘Don’t know.’’ More than one-third of

patients indicated that minor side effects were likely

or extremely likely with IFNb 1a IM (39.9%), BG-12

(34.4%), NTZ (33.3%) and IFNb 1a SC (33.1%).

Estimates of the likelihood of minor side effects

were lower for GA (32.1%), IFNb 1b (30.8%) and

FTY (25.5%). The proportions of individuals who

reported that serious side effects associated with

injectable DMT use were likely/extremely likely

ranged from 7.2% (IFNb 1b) to 13.6% (IFNb 1a

IM). For the oral DMTs, the proportions of partici-

pants who indicated that serious side effects were

likely or extremely likely were 18.1% for BG-12

and 11.9% for FTY. More than 30% of patients indi-

cated that serious side effects were likely/extremely

likely with NTZ.

When only patients who were taking a DMT were

assessed in terms of the likelihood of side effects, a

much lower proportion of individuals answered

‘‘Don’t know’’ (Figure 2 and Supplementary

Tables 4 and 5). Further, the perceived likelihood

of minor or serious side effects for participants

taking the DMT was significantly lower than for

individuals not taking the DMT for patients treated

with IFNb 1a IM, GA, FTY, BG-12 and NTZ

(p< 0.05 for each comparison).

Figure 1. Descriptive graphics for risk attitude and risk perceptions.

(a) Bar graph showing the frequency of each response level for risk-attitude questions. Each graph is oriented

so that higher risk seeking is shown on the right of the graph, but the actual scores are listed on the x-axis. (b)

Bar graph for likelihood of taking a medication with a fatal side effect. The six bars from left to right show a

probability of a fatal side effect of 1 in 2, 1 in 10, 1 in 100, 1 in 1000, 1 in 10,000, and 1 in 100,000, respectively.

Only participants who answered all six questions were included in the graph (n¼ 175) to allow direct com-

parison. (c) Bar graph for the likelihood of disease worsening. The three bars from left to right show a likelihood

of disease worsening in two years, five years and 10 years, respectively. Only participants who answered all

three questions were included in the graph (n¼ 180) to allow direct comparison.
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Discussion

We examined risk attitudes and risk perceptions in

individuals with MS. On a single-item measure of

risk attitude, MS patients appeared to be risk neutral.

Using a more detailed RPS that included both gen-

eral and health-related risk items, MS patients

appeared to be risk neutral overall, and risk averse

on issues related to health and safety. In fact, close to

65% of participants reported that they were risk

averse when it comes to taking risks with their

health. The reluctance of MS patients to take

health-related risks was confirmed using a standard

gamble scenario. Almost 50% of individuals indi-

cated that they were unlikely/extremely unlikely to

take a drug that promised no new relapses or worsen-

ing of MS symptoms but could cause death even

when the probability of a fatal side effect was

1:100,000.

A small number of studies have similarly identified

risk aversion in individuals with MS. Fox et al.9 pre-

sented MS patients with two standard-gamble

paradigms. In the first, the outcomes were a cure

for MS vs an immediate painless, death. In the

second, the outcomes were the benefits of NTZ

(68% reduction in clinical relapse rate, 42% slowing

of disability and 90% reduction in new brain lesions)

vs progressive multifocal leukoencephalopathy

(PML). The median risk tolerance was 1:10,000 for

both scenarios. Fifteen percent to 23% of respond-

ents were highly risk averse and would accept no

risk. The authors concluded that many individuals

with MS are risk averse and unwilling to take high

risks for greater benefits. In a study comparing deci-

sion making in MS patients and healthy control indi-

viduals using two decision-making tasks that

involved risk, Simioni et al.10 found that individuals

with MS showed greater risk aversion than healthy

controls. They concluded that reduced tolerance for

risk could affect treatment decision making in MS.

Several studies, by contrast, have demonstrated that

MS patients are willing to accept risk for significant

gain. Johnson et al.11 asked MS patients to choose

Table 2. Associations between demographic and clinical characteristics and risk attitudes.

Characteristic Risk orientation Risk propensity score

Male vs. female �0.07 (�0.56, 0.43) 0.68 (�2.63, 3.98)

Age �0.02 (�0.03, 0.001) 0.07 (�0.05, 0.19)

White race vs. other �0.31 (�1.13, 0.50) �0.91 (�6.19, 4.37)

Marital status 0.07 (�0.39, 0.53) �0.25 (�3.34, 2.84)

Number of children 0.04 (�0.14, 0.22) �0.65 (�1.85, 0.56)

EDSS �0.03 (�0.13, 0.07) �0.04 (�0.69, 0.61)

Disease duration �0.03 (�0.05, �0.01)a 0.11 (�0.03, 0.25)

Disease course (Progressive vs. relapsing) 0.17 (�0.33, 0.67) �0.30 (�3.65, 3.06)

Relapse rate in previous year 0.02 (�0.53, 0.58) 1.21 (�2.47, 4.89)

Current treatment

Untreated Reference Reference

IFN 0.39 (�0.39, 1.17) �5.54 (�10.84, �0.25)

GA 0.26 (�0.38, 0.90) �6.54 (�10.80, �2.28)

NTZ �0.15 (�0.96, 0.66) �1.44 (�6.73, 3.86)

FTY �0.30 (�1.05, 0.46) �1.17 (�6.20, 3.85)

BG-12 0.20 (�0.44, 0.84) �1.66 (�5.85, 2.54)

TFL �0.28 (�1.50, 0.95) 3.08 (�4.84, 11.01)

Other �0.44 (�1.53, 0.66) �0.77 (�7.30, 5.78)

Values reported are the estimated linear regression coefficient and associated 95% confidence interval from a model
with the characteristic as the predictor and risk orientation or risk propensity score as the outcome. These values
represent the change in the mean of the outcome for a one unit increase in the predictor. Participants with missing data
on a specific covariate were not included in the analysis of that covariate (race: 8; marital status: 7; number of children:
16; EDSS: 24).
aAssociation between predictor and covariate had a p value of less than 0.05. Since the global test comparing all
treatments failed to be statistically significant (p¼ 0.68 for risk orientation, p¼ 0.052 for risk propensity score), no
pairwise treatment comparison was considered statistically significant.
EDSS: Expanded Disability Status Scale; IFN: interferon; GA: glatiramer acetate; NTZ: natalizumab; FTY: fingoli-
mod; BG-12: dimethyl fumarate; TFL: Teriflunomide.
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hypothetical treatments from pairs of treatment alter-

natives with varying levels of efficacy and risk.

In return for a decrease in relapse rate (four relapses

to one over five years) and a delay of progression

(progression in three years to five years), participants

were willing to accept a 0.38% annual risk of death

from PML. The authors concluded that individuals

with MS are willing to accept higher levels of risk

for greater improvements in clinical efficacy.

Wilson et al.12 administered computer-based utility

measures to 291 MS patients and used conjoint ana-

lysis to calculate the relative patient preferences for

the current risk and benefit attributes of hypothetical

DMTs. They found that MS patients were willing to

accept a 0.08% risk of death or severe side effects for

a year of delayed relapse, 0.22% risk of severe side

effects for two years of delayed progression (from two

to four years), and a 0.069% risk of severe side effects

for eight years of delayed progression (from two to 10

years). Wilson et al.12 concluded that patients are

willing to accept a relatively large risk of death and/

or disability as long as the benefit is substantial.

We found a significant association between disease

duration and risk attitude, with patients with longer

disease duration showing greater tolerance for risk.

Similar findings have previously been reported in

MS. Caon et al.13 administered a series of standar-

dized questions regarding the risks and benefits of

new therapies to individuals treated with IFNb or

GA. Participants were divided into two groups,

those with disease duration and treatment of more

than five years or less than five years. Patients

with more than five years of disease who were

using injectable therapies were more likely to con-

sider new treatments with greater risks as well as

new oral therapies with significant risk and vigilance

requirements. Fox et al.9 reported that longer MS

disease duration was associated with greater risk tol-

erance among patients in the North American

Research Committee on Multiple Sclerosis Registry.

We did not observe any significant associations

between risk orientation scores or scores on the

RPS and gender, age, race, marital status, number

Table 3. Associations between demographic and clinical characteristics and risk attitudes.

Characteristic

Likelihood of taking

treatment with 1:100

Likelihood of

taking treatment

with 1:10,000

Likelihood of taking

treatment with

1:100,000

Male vs. female 0.30 (�0.08, 0.68) 0.58 (0.08, 1.07)* 0.60 (0.08, 1.12)*

Age 0.01 (�0.01, 0.02) 0.01 (�0.01, 0.03) �0.001 (�0.02, 0.02)

White race vs. other 0.01 (�0.69, 0.71) �0.21 (�1.12, 0.71) �0.14 (�1.12, 0.83)

Marital status �0.20 (�0.55, 0.15) �0.63 (�1.08, �0.18)a
�0.33 (�0.81, 0.15)

Number of children �0.02 (�0.16, 0.12) �0.13 (�0.31, 0.06) 0.02 (�0.18, 0.21)

EDSS 0.02 (�0.05, 0.09) 0.06 (�0.04, 0.16) 0.05 (�0.06, 0.16)

Disease duration �0.001 (�0.02, 0.02) �0.001 (�0.02, 0.02) �0.01 (�0.03, 0.01)

Disease course (progressive vs. relapsing) 0.18 (�0.22, 0.58) 0.40 (�0.12, 0.92) 0.34 (�0.21, 0.89)

Relapse rate in previous year �0.19 (�0.62, 0.25) 0 (�0.58, 0.58) 0.23 (�0.39, 0.84)

Current treatment

Untreated Reference Reference Reference

IFN �0.21 (�0.81, 0.39) �0.18 (�0.95, 0.59) �0.39 (�1.20, 0.43)

GA �0.13 (�0.64, 0.39) �0.01 (�0.68, 0.66) �0.36 (�1.06, 0.35)

NTZ �0.34 (�0.97, 0.30) 0.76 (�0.03, 1.55) 0.74 (�0.04, 1.53)

FTY 0.09 (�0.48, 0.67) 0.50 (�0.27, 1.28) 0.48 (�0.30, 1.27)

BG-12 0.13 (�0.36, 0.63) 0.19 (�0.46, 0.84) 0.45 (�0.22, 1.12)

TFL 0.14 (�0.80, 1.08) 0.93 (�0.29, 2.14) 0.74 (�0.54, 2.02)

Other 0.02 (�0.71, 0.75) 0.43 (�0.52, 1.37) 0.56 (�0.43, 1.56)

Values reported are the estimated linear regression coefficient and associated 95% confidence interval from a model with the characteristic as
the predictor and likelihood of taking the treatment as the outcome. These values represent the change in the mean of the outcome for a one unit
increase in the predictor. Participants with missing data on a specific covariate were not included in the analysis of that covariate (race: 8;
marital status: 7; number of children: 16; EDSS: 24).
aAssociation between predictor and covariate had a p value of less than 0.05.
EDSS: Expanded Disability Status Scale; IFN: interferon; GA: glatiramer acetate; NTZ: natalizumab; FTY: fingolimod; BG-12: dimethyl
fumarate; TFL: Teriflunomide.
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of children, disease course, EDSS or relapse rate.

This is in contrast to an earlier report demonstrating

that patients with greater disability were willing to

take greater risks for treatments that would cure their

MS or slow progression of the disease.9 The lack of

association between risk attitude and disability in the

current study may be due in part to the fact that

participants were not very disabled overall. The

median EDSS was 1.5, despite patients having a

mean disease duration of 15.5 years. Using the stand-

ard gamble scenario, we found that female gender

and being married were associated with lower toler-

ance for risk. In general, women may be less willing

to accept treatment-related risks that would interfere

with their ability to meet the responsibilities of home

and/or work. Fox et al.9 found that female gender

and having to care for dependents at home were

both associated with reduced tolerance for risk.

In addition to examining risk attitudes, we assessed

risk perceptions. Almost 20% of individuals reported

that the risk of their MS worsening over the next two

years was likely/extremely likely. Patients with

greater disability or a progressive disease course

were more likely to expect progression. Individuals

with a higher relapse rate over the last year were

more likely to expect disease progression at 10

years, but not at two and five years. These findings

are in line with previous studies assessing disease

expectations in MS. Janssens et al.14 asked MS

patients to assess the perceived risk of becoming

wheelchair dependent using 100 mm visual analogue

scales. Participants tended to overestimate the two-

year and 10-year risk of wheelchair dependence, but

underestimated the lifetime risk. Patients with

greater functional limitations had higher perceptions

of risk. In a follow-up study,15 11% of participants

did not discriminate between two-year, 10-year and

lifetime risk. Heesen et al.16 examined risk percep-

tions in NTZ-treated patients by assessing individuals’

disease and therapeutic expectations. Participants

were asked to estimate how many untreated patients

and NTZ-treated patients would be wheelchair bound

in 10 years and to estimate the number of patients

Table 4. Associations between demographic and clinical characteristics and risk perceptions.

Characteristic

Likelihood of progression

in two years

Likelihood of progression

in five years

Likelihood of

progression in 10 years

Male vs. female 0.10 (�0.24, 0.45) 0.06 (�0.30, 0.41) 0.06 (�0.33, 0.45)

Age 0.01 (�0.01, 0.02) 0.001 (�0.01, 0.01) �0.01 (�0.03, 0)

White race vs. othera 0.37 (�0.23, 0.97) 0.05 (�0.55, 0.65) �0.31 (�1.02, 0.40)

Marital status 0.07 (�0.25, 0.39) �0.05 (�0.38, 0.27) �0.10 (�0.46, 0.25)

Number of children 0.07 (�0.06, 0.19) 0 (�0.13, 0.13) �0.04 (�0.18, 0.11)

EDSS 0.14 (0.08, 0.21)a 0.12 (0.06, 0.19)a 0.13 (0.06, 0.21)a

Disease duration �0.002 (�0.02, 0.01) �0.01 (�0.02, 0.01) �0.02 (�0.03, �0.002)a

Disease course (progressive vs. relapsing) 0.71 (0.36, 1.05)a 0.51 (0.15, 0.87)a 0.44 (0.04, 0.83)a

Relapse rate in previous year 0.29 (�0.12, 0.69) 0.32 (�0.09, 0.73) 0.53 (0.09, 0.98)a

Current treatment

Untreated Reference Reference Reference

IFN �0.41 (�0.93, 0.12) �0.06 (�0.61, 0.49) 0.31 (�0.29, 0.91)

GA �0.57 (�1.03, �0.11)a
�0.37 (�0.85, 0.12) �0.11 (�0.64, 0.41)

NTZ �0.55 (�1.07, �0.02)a 0.09 (�0.46, 0.64) 0.61 (0.01, 1.21)

FTY �0.80 (�1.32, �0.28)a
�0.38 (�0.92, 0.15) �0.01 (�0.59, 0.58)

BG-12 �0.08 (�0.52, 0.37) 0.18 (�0.28, 0.64) 0.24 (�0.26, 0.74)

TFL �0.02 (�0.88, 0.83) �0.11 (�1.05, 0.84) �0.04 (�1.07, 0.98)

Other �0.39 (�1.05, 0.28) 0.26 (�0.43, 0.94) 0.76 (0.02, 1.50)

Values reported are the estimated linear regression coefficient and associated 95% confidence interval from a model with the characteristic as
the predictor and likelihood of progression as the outcome. These values represent the change in the mean of the outcome for a one unit
increase in the predictor. Participants with missing data on a specific covariate were not included in the analysis of that covariate (race: 8;
marital status: 7; number of children: 16; EDSS: 24).
aAssociation between predictor and covariate had a p value of less than 0.05. Since global test comparing all treatments was statistically
significant for progression at two years (p¼ 0.036) and failed to be statistically significant for progression at five years (p¼ 0.26) or at 10 years
(p¼ 0.17), pairwise treatment comparisons are starred only for progression at two years.
EDSS: Expanded Disability Status Scale; IFN: interferon; GA: glatiramer acetate; NTZ: natalizumab; FTY: fingolimod; BG-12: dimethyl
fumarate; TFL: Teriflunomide.
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who would be progression free through two years of

treatment. Participants estimated that the 10-year risk

of being wheelchair bound was 40% without therapy

and 10% with NTZ. They also estimated that 50% of

patients would have no progression after two years of

NTZ therapy, suggesting that individuals treated with

NTZ may be overestimating the benefits of treatment.

We surveyed individuals about the likelihood of

minor and serious side effects occurring with the

use of commonly prescribed DMTs. The most

common response was ‘‘Don’t know.’’ Individuals

were unwilling to estimate the risk of minor and

serious side effects associated with DMTs they

have not been prescribed. These results may indicate

that MS patients do not have sufficient knowledge of

DMT side effects to be able to make judgments

about risk. When we compared responses in individ-

uals taking the specific DMT with responses from

the larger group, we found a much lower proportion

of patients answered ‘‘Don’t know.’’ In addition, the

perceived likelihood of minor or serious side effects

among participants taking the specific DMT was sig-

nificantly lower than the perceived likelihood of

minor or serious side effects among individuals

who were not taking the DMT. It may be that

patients who choose a particular DMT choose it

because they are comfortable with the side effect

profile or it may be that once they start taking the

DMT they become more comfortable with the risk.

There are several limitations associated with this

study. First, patients were recruited from a tertiary

referral center. Although we approached all patients

seen at the MS Center during a five-week period, we

cannot be sure that our study participants effectively

represent the general population of MS patients.

Second, our study was relatively short in duration,

which resulted in a low sample size. The small

sample size meant that we had limited power to

detect associations between patient characteristics

and risk outcomes in this study. Further studies

with larger sample size will be required to better

understand predictors of risk attitudes and perception

in MS. Third, individuals who participated in this

study had limited disability despite having had MS

for an average of 15.5 years. It is important to note

that this limited disability is unlikely to be due to

sampling because all patients seen at the MS Center

were eligible to participate, and the burden of study

participation was small. It is possible that the 18.8%

of patients who did not participate were more dis-

abled than the 81.2% who completed the question-

naire. Fourth, given the wide range of available MS

therapies and the small number of participants in

each treatment group, we had limited power to

Figure 2. Likelihood of minor side effects (top row) and serious side effects (bottom row). For all panels, the bars from left to right

show the likelihood of side effects on interferon-beta 1a intramuscular, interferon-beta 1b, glatiramer acetate, fingolimod, inter-

feron-beta 1a subcutaneous, dimethyl fumarate, and natalizumab, respectively. Panel A shows the likelihood of minor side effects

including all participants. Panel B shows the likelihood of minor side effects including only patients receiving the treatment of

interest. Panel C shows the likelihood of serious side effects including all individuals. Panel D shows the likelihood of serious side

effects including only participants receiving the treatment of interest.
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detect differences in risk attitudes and risk percep-

tions across treatment groups. Fifth, we asked

patients to respond to a hypothetical treatment scen-

ario. Their answers to the standard gamble scenario

might differ from actual decisions made by individ-

uals making treatment decisions in the real world.

In summary, we found that individuals with MS are

risk averse and that risk attitudes and risk percep-

tions are associated with some demographic and

clinical features of the disease. Future studies with

larger numbers of individuals should address

whether risk attitudes and risk perceptions influence

treatment decision making in MS.
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Appendix A

Risk A�tudes and Risk Percep�ons Ques�onnaire  
for Individuals with Mul�ple Sclerosis 

1.  In general, people o�en face risks when making financial, career or other life decisions.  Overall, 
how would you place yourself on the following scale from 1-7?  

Extremely 
Comfortable 
Taking Risks 

Neither 
Comfortable 

Nor 
Uncomfortable 

Taking Risks 

Extremely 
Uncomfortable 

Taking Risks 

1 2 3 4 5 6 7

2.  Please indicate the extent to which you agree or disagree with the following statement by pu�ng 
a circle around the op�on you prefer.  Please do not think too long before answering; usually your 
first inclina�on is also the best one. 

Totally 
Disagree 

Neither 
Agree 
Nor 

Disagree

Totally 
Agree 

Safety first. 1 2 3 4 5 6 7 8 9
I do not take risks 
with my health. 

1 2 3 4 5 6 7 8 9

I prefer to avoid 
risks. 

1 2 3 4 5 6 7 8 9

I take risks 
regularly. 

1 2 3 4 5 6 7 8 9

I really dislike not 
knowing what is 
going to happen. 

1 2 3 4 5 6 7 8 9

I usually view risks 
as a challenge 

1 2 3 4 5 6 7 8 9

Risk 
Avoider 

Risk 
Seeker

I view myself as 
a...  

1 2 3 4 5 6 7 8 9

3.  Please indicate whether you are currently taking any disease modifying medica�on for your MS? 
�1 Aubagio    �5 Extavia   �9 Rebif 
�2 Avonex    �6 Gilenya   �10 Tecfidera  
�3 Betaseron   �7 Novantrone   �11 Tysabri  
�4 Copaxone   �8 Plegridy   �12  Other :  _______________ 
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4.  Please es�mate the risk of your MS worsening over the short- (2 years), medium- (5 years) and 
long-term (10 years). 

Extremely 
Unlikely Unlikely 

Neither Likely 
Nor Unlikely Likely 

Extremely 
Likely 

2 years 1 2 3 4 5
5 years 1 2 3 4 5
10 years 1 2 3 4 5

5.  Please es�mate the risk of minor side effects associated with each of the following disease 
modifying therapies: 

Extremely 
Unlikely Unlikely 

Neither 
Likely Nor 
Unlikely 

Likely 
Extremely 

Likely 
Don’t Know

Avonex 1 2 3 4 5 �
Betaseron 1 2 3 4 5 �
Copaxone 1 2 3 4 5 �
Gilenya 1 2 3 4 5 �
Rebif 1 2 3 4 5 �
Tecfidera 1 2 3 4 5 �
Tysabri 1 2 3 4 5 �

6.  Please es�mate the risk of serious side effects associated with each of the following disease 
modifying therapies: 

Extremely 
Unlikely Unlikely 

Neither 
Likely Nor 
Unlikely 

Likely 
Extremely 

Likely 
Don’t Know

Avonex 1 2 3 4 5 �
Betaseron 1 2 3 4 5 �
Copaxone 1 2 3 4 5 �
Gilenya 1 2 3 4 5 �
Rebif 1 2 3 4 5 �
Tecfidera 1 2 3 4 5 �
Tysabri 1 2 3 4 5 �

7.  Imagine that there is a new MS drug.  If you take the drug, you will have no new relapses and your 
MS will not worsen.  The drug, however, may cause death.  How likely are you to take the drug if the 
risk of death is: 
Risk of 
Death 

Extremely 
Unlikely Unlikely 

Neither Likely 
Nor Unlikely Likely 

Extremely 
Likely 

1 in 2 1 2 3 4 5
1 in 10 1 2 3 4 5
1 in 100 1 2 3 4 5
1 in 1,000 1 2 3 4 5
1 in 10,000 1 2 3 4 5
1 in 100,000 1 2 3 4 5

Please return the completed ques�onnaire to the front desk.  Thank you for your par�cipa�on. 
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