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Objectives: Limited information is available on physician-related factors influencing 
therapeutic inertia (TI) in multiple sclerosis (MS). Our aim was to evaluate whether phy-
sicians’ risk preferences are associated with TI in MS care, by applying concepts from 
behavioral economics.

Design: In this cross-sectional study, participants answered questions regarding the 
management of 20 MS case scenarios, completed 3 surveys, and 4 experimental para-
digms based on behavioral economics. Surveys and experiments included standardized 
measures of aversion ambiguity in financial and health domains, physicians’ reactions to 
uncertainty in patient care, and questions related to risk preferences in different domains. 
The primary outcome was TI when physicians faced a need for escalating therapy based 
on clinical (new relapse) and magnetic resonance imaging activity while patients were on 
a disease-modifying agent.

results: Of 161 neurologists who were invited to participate in the project, 136 coop-
erated with the study (cooperation rate 84.5%) and 96 completed the survey (response 
rate: 60%). TI was present in 68.8% of participants. Similar results were observed for 
definitions of TI based on modified Rio or clinical progression. Aversion to ambiguity 
was associated with higher prevalence of TI (86.4% with high aversion to ambiguity vs. 
63.5% with lower or no aversion to ambiguity; p = 0.042). In multivariate analyses, high 
aversion to ambiguity was the strongest predictor of TI (OR 7.39; 95%CI 1.40–38.9), 
followed by low tolerance to uncertainty (OR 3.47; 95%CI 1.18–10.2).

conclusion: TI is a common phenomenon affecting nearly 7 out of 10 physicians caring 
for MS patients. Higher prevalence of TI was associated with physician’s strong aversion 
to ambiguity and low tolerance of uncertainty.
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inTrODUcTiOn

Making decisions in medical care is a complex task (1). Physicians 
have limited education in both risk management and decision-
making at medical schools (2). Decisions based on erroneous 
assessments may result in incorrect patient and family expecta-
tions, and potentially suboptimal advice, treatment, and outcome.

In behavioral economics, uncertainty is a generic term that 
comprises risk and ambiguity. Risk applies to events with known 
probability (3). In contrast, ambiguity is a term reserved for 
events for which probabilities are unknown (3). Typically, people 
are averse to both ambiguity and risk, and the two aversions are 
independent of each other (4). Uncertainty is one of the most 
important contributing factors affecting decisions in medical 
care (5, 6). However, limited information is available regarding 
the role of aversion to ambiguity in medical decisions.

Appropriate multiple sclerosis (MS) care involves complex 
medical decisions as it requires consideration of multiple short- 
and long-term factors (e.g., imaging results, disease progression, 
patient’s characteristics, and their preferences, etc.). No evidence 
of disease activity is emerging as a new standard for treatment 
response and may be associated with improved long-term disabil-
ity outcomes. A more proactive management strategy, including 
earlier use of high-efficacy DMTs and close monitoring of the 
clinical and radiological response to treatment, is recommended 
to slow the progression of physical and cognitive impairments 
in patients with relapsing-remitting multiple sclerosis (RRMS) 
(7–9). Treatment escalation has been shown to reduce relapse 
rates, disability progression, and magnetic resonance imaging 
(MRI) activity (10).

Therapeutic inertia (TI) is a term introduced in 2006 to define 
the absence of treatment initiation or intensification in patients 
when treatment goals are unmet (11–14). In the context of MS, 
TI is defined as the lack of treatment initiation or escalation when 
there is evidence of disease activity (based on the clinical course 
and neuroimaging markers) (15, 16). It is possible that aversion 
to ambiguity contributes to TI as the probabilities of benefits with 
treatment escalation are typically less well known than with treat-
ment continuation. To address this possibility, we need a better 
understanding of physician-related factors influencing decisions 
about DMTs and the prevalence of TI in MS care. The application 
of experiments from behavioral economics would facilitate the 
recognition of physicians’ therapeutic preferences and beliefs 
about DMTs for MS in the real world (17).

We hypothesized that physicians’ ambiguity aversion or low 
tolerance to uncertainty are associated with TI and clinical 
decisions in MS care. In the present study, we thus assessed the 
prevalence of TI (and associated contributing factors) in typi-
cal clinical decisions among physicians caring for MS patients 
across Spain.

MaTerials anD MeThODs

We conducted a web-based study using the Qualtrics platform 
(http://qualtrics.com). The study comprised 20 MS case-
vignettes, 3 standardized surveys, and 4 behavioral experiments 
among practicing neurologists from Spain from November 3, 

2015 to March 31, 2016 (see protocol published elsewhere) (15). 
In brief, participants answered three components in the following 
order: (i) demographic information, (ii) behavioral experiments/
surveys, and (iii) case scenarios. Responses from case scenarios 
were analyzed in light of responses from the behavioral compo-
nent. MS case scenarios were derived from the most common 
situations in clinical practice as identified by experts in the field 
(Drs. Daniel Selchen and Angel P. Sempere). Behavioral experi-
ments were designed to assess risk and ambiguity aversion in the 
health and financial domains (exposure) (Figure 1) (15, 18, 19). 
Ambiguity aversion is defined as dislike for events with unknown 
probability over events with known probability (18). For example, 
an ambiguity-averse individual would rather choose a treatment 
where the probability of benefits or side effects are known (even 
if these are somewhat unfavorable) over one where these prob-
abilities are unknown. Specifically, participants were asked to 
choose between a visual option with known 50/50 probability of 
winning €400 or €0 and an option with unknown probability of 
the same outcomes. Gray bars represented the degree to which 
the winning probability was unknown (Figure  1). The degree 
of ambiguity aversion was defined as the proportion of times 
participants chose the 50/50 option over the ambiguous option. 
As the overall level of ambiguity aversion was pronounced in our 
sample (mean 61.7% preference for 50/50 option, i.e., the option 
with known probabilities) and to avoid using an arbitrary crite-
rion, we classified participants as highly ambiguity averse if they 
chose the 50/50 (known probability) option in each of the nine 
scenarios (Figure  1) (20). In order to evaluate the consistency 
of the relationship with the primary outcome, we also analyzed 
another definition of ambiguity aversion (choice of the known 
probability option instead of the option with the 50% unknown 
probability in scenario 5; Figure 1).

In principle, risk aversion is another factor that may influence 
clinical decisions (21). Risk aversion is defined as the tendency to 
prefer safe payoffs over probabilistic payoffs when the expected 
value of both options is identical (4, 18). A risk-averse patient 
would thus prefer a treatment that provides a small improve-
ment with certainty over a treatment that provides a larger or 
no improvement with equal chance (50/50). We evaluated risk 
aversion by identifying the safe amount for which a participant 
was indifferent between the safe and the risky option (22). This 
indifference amount, called certainty equivalent, reflects the 
value associated to the risky option and facilitates comparison 
between participants. For example, participants were asked what 
would be the minimal certain payoff that they would prefer over 
the equiprobable gamble of winning €400 or €0 (expected value of 
€200). The degree of risk aversion of each individual corresponded 
to the difference of the expected value of the risky option (€200) 
minus the participant’s response (proxy of certainty equivalent). 
A similar visual design and methodology was used to elicit 
aversion to risk and ambiguity in the health domains (questions 
#15 and #17) (15). Participants were asked to choose between 
Treatment A (50% probability of survival) and “Treatment B” (the 
probability of survival is unknown) with the gray bars quantify-
ing how much is unknown about the probability of survival.

We also used two standardized surveys to assess physicians’ 
willingness to take risks and tolerance to uncertainty. The German 
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FigUre 1 |  Decision scenarios used to measure ambiguity in financial (a) and health (B) domains. Participants were told to imagine two different types or 
urns. For urn type A, they knew that 50% of the balls were red and the other 50% were blue. For urn type B, they did not know the exact proportion of blue to red 
balls, with the gray bar representing the unknown proportion of balls. For the financial domain, participants knew that if they drew a blue ball, they would win the full 
amount of $400. If they drew a red ball, they would win $0. For the health domain, participants decided between two treatments for a patient. With “Treatment A,” 
the patient had a 50% probability of survival. With “Treatment B,” the exact probability of survival was unknown, with the gray bar representing the unknown 
probability.
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Socio-Economic Panel (SOEP) is a validated survey that evaluates 
willingness to take risks in different domains (financial matters, 
own health, driving, own occupation, etc.) (23). We used ques-
tions of the form: “How would you rate your willingness to take 
risks in the following areas….”? Areas included financial matters, 

driving, occupation, etc., and responses could range from 0 (not 
at all) to 10 (very much).

The second survey measured physicians’ tolerance to uncer-
tainty in patient care, using the reaction to uncertainty test (24). It 
comprises five questions to be rated from 0 to 5 that when added 
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gives a total score (25). Low tolerance to uncertainty was defined 
as values below the median of the total score. Further details of 
the protocol were published elsewhere (15).

Participants
Practicing neurologists actively involved in the care of 
patients with MS from across Spain were invited to participate 
in our study by the Spanish Society of Neurology (Sociedad 
Española d8e Neurologia-SEN). Physicians whose practice 
was primarily in caring for MS patients were classified as 
“MS specialists.” All participants received compensation for 
completing the survey.

Definitions
For the primary analysis, disease activity was defined as a clinical 
relapse plus the presence of new brain lesions in follow-up MRI 
scans with at least one gadolinium-enhancing lesion (26, 27). 
In a sensitivity analysis, we also used the European Medicines 
Agency (EMA) and the modified Rio criteria to evaluate varia-
tions in TI. For example, the EMA approves escalating therapy 
from interferon-beta to natalizumab or fingolimod in patients 
who had at least one relapse in the previous year and either ≥9 
T2 hyperintense lesions or ≥1 gadolinium-enhancing T1 lesion 
on brain MRI (26, 27). The high-risk profile according to the 
modified Rio score includes either an MRI with more than 5 
new T2 lesions (1 point) or 1 relapse in the first year (1 point) or 
two relapses within the first year of treatment (2 points) or the 
combination of these criteria (8, 28). The use of these definitions 
combining a clinical relapse and MRI activity is consistent with 
recent evidence regarding the risk of treatment failure among 
patients receiving interferon-beta (29).

Disease progression was defined as at least one point worsen-
ing from baseline in the Expanded Disability Status Scale (EDSS) 
score (Table S1 in Supplementary Material) (28).

Recent meta-analysis confirmed that alemtuzumab, natali-
zumab, and fingolimod are the best available choices for prevent-
ing clinical relapses in patients with RRMS (30). However, there 
is no consensus algorithm available despite the publication of 
national or regional recommendations (8, 16, 26, 31–33). As a 
result, the current landscape of DMTs for the treatment of RRMS 
includes first-line therapies (beta interferons, glatiramer acetate, 
teriflunomide, and dimethyl fumarate) and second-line therapies 
(fingolimod, natalizumab, and alemtuzumab). For the present 
analysis, we used the aforementioned scheme according to the 
current clinical practice.

Outcome Measures
The primary outcome of the study was the proportion of par-
ticipants who exhibited TI and its association with aversion to 
ambiguity (14, 18). TI (presence/absence) was determined as the 
lack of escalation of therapy given disease activity while patients 
received a DMT in at least one case scenario.

Secondary outcome measures included the association 
between tolerance to uncertainty, risk aversion, and the SOEP 
surveys, on the one hand, and with TI and therapeutic decisions, 
on the other hand.

statistical analysis
The primary analysis assessed the possible association between 
physicians’ aversion to ambiguity and TI. A multiple logistic 
regression analysis with backward selection was completed to 
determine the association between physicians’ characteristics 
with the primary outcome of interest. We included the following 
explanatory variables: age, gender, MS patients seen per week, 
practice setting (academic vs. non-academic), % of time devoted 
to clinical care, coauthor in a peer-reviewed publication within 
the last 3 years (yes/no), attendance to the European Committee 
for Treatment and Research in Multiple Sclerosis 2015 annual 
meeting, risk aversion, overconfidence, tolerance to uncertainty 
(above/below the median), willingness to take risks in all domains 
(SOEP survey—above/below the median), and herding (follow-
ing recommendations made by another colleague). As there was 
a high correlation between MS specialists (self-defined) and 
number of MS patients assessed per week (Spearman’s rho = 0.58; 
p < 0.001), only the latter was entered in the multivariate analysis. 
Linear regression analysis was used to test for a relation between 
the number of patients assessed per week and the outcomes of 
interest. A sensitivity analysis was completed by using different 
criteria of TI and building models including all variables of inter-
est (Supplementary Material).

All tests were 2-tailed, and p-values <0.05 were considered 
significant. We calculated the power of the study for the primary 
outcome of interest with an alpha error level of 0.05 and found 
that we had 100% power to detect a 27% difference between 
groups for the primary outcome measure.

The study was approved by the Research Ethics Board of St. 
Michael’s Hospital, University of Toronto, ON, Canada.

resUlTs

Out of the 161 neurologists who were invited to participate in 
the study from representative areas of Spain, 136 cooperated 
(cooperation rate 84.5%) and 96 completed the survey (response 
rate 60%). There was representation from all regional territories 
except the Canary Islands (Figure S1 in Supplementary Material).

Overall, the mean (SD) age was 39.5 (±8.5) years; 51 (53%) 
were female. Two-thirds primarily focused their practice on MS 
care (n = 64; 66.7%). The mean years in practice was 14, com-
monly assessing 20 (±15) MS patients per week. Table 1 sum-
marizes baseline characteristics of the study population.

For the measurement of risk preferences, the mean safe payoffs 
were €200 (±33) in the financial domain and 12.3 (±4.3) years in 
the health domain.

For the measurement of ambiguity, total aversion to unknown 
probability (all nine scenarios) was observed in 23% of partici-
pants in the financial domain and 27.1% for the health domain. 
For the scenario where the ambiguous option contained 50% 
unknown probability (scenario 5), 59.4% of participants chose 
the known probability (50/50) option in the financial domain and 
73.7% in the health domain. The median time for completing the 
study was 39 min (IQR 30–52 min).

Therapeutic inertia was present in 68.8% of participants. Similar 
findings were observed when we applied the modified Rio criteria 
(61.5%), modified Rio or neurological progression (67.7%), but 
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TaBle 2 | Prevalence of therapeutic inertia (Ti) among multiple sclerosis 
(Ms) specialists and general neurologists.

Outcome Ms specialists 
N = 64 (66.7)

general 
neurologists 
N = 32 (33.3)

p-Value

Ti (criterion)

Clinico-radiological 40 (62.5) 26 (81.3) 0.062

European Medicines Agency 13 (20.3) 15 (46.9) 0.007

Modified Rio or progression 39 (60.9) 26 (81.3) 0.045

TaBle 1 | Baseline characteristics of participants.

characteristics

age (mean ± SD), in years 39.5 ± 8.5

sex no. of participants (%)

Male 45 (46.9)

Female 51 (53.1)

specialty

Multiple sclerosis (MS) specialist 64 (66.7)

General neurologist who care for MS patients 32 (33.3)

Practice setting

Academic 48 (50.0)

Community 26 (27.1)

Both (academic and community) 21 (21.9)

Other 1 (1.0)

% time in clinical practice

>75% 70 (72.9)

Years in practice, mean ± SD 14.1 ± 10

Ms patients seen per week, mean ± SD 20 ± 15

attended latest european committee 
for Treatment and research in Multiple 
sclerosis conference

56 (58)

author of a peer-reviewed publication in 
the last 3 years

79 (82.3)
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TI was less common (29.2%) when we applied the EMA criteria. 
TI was less common among MS specialists (Table 2). Moreover, a 
higher number of MS patients seen per week were associated with 
a significantly lower risk of TI. Linear regression analysis suggests 
that the assessment of 10 more MS patients per week (from a 
baseline of 16) was associated with lower risk of TI (adjusted 
coefficient −10.2; 95%CI −18.4 to −2.0).

aversion to ambiguity and Ti
For the primary outcome, high aversion to ambiguity in the finan-
cial domain was associated with TI (86.4 vs. 63.5%; p = 0.042). 
High ambiguity aversion in the health domain was not associated 
with TI (76.9 vs. 65.7%; adjusted OR 1.79, 95%CI 0.61–5.25). 
Multivariable logistic regression analysis showed that high aver-
sion to ambiguity in the financial domain was the strongest predic-
tor of TI, significantly stronger even than aversion to ambiguity in 
the health domain (adjusted OR 7.39; 1.40–38.9) (Table 3; Table 
S2 and Figures S2 and S3 in Supplementary Material). The results 
were also consistent when ambiguity aversion was defined by 50% 
unknown probability (adjusted OR 3.29; 1.21–8.99).

A sensitivity analysis showed that high aversion to ambiguity 
was also the strongest predictor of TI when applying the EMA 
criteria (adjusted OR 8.01; 95%CI 1.73–37.1) for the composite 
outcome of disease activity (modified Rio criteria) or evidence of 
progression (OR 4.41; 95%CI 1.04–18.7). The results remained 
consistent when models included all explanatory variables of 
interest, including number of patients seen per week (Table S2 in 
Supplementary Material).

Low tolerance to uncertainty (physician’s reaction to uncer-
tainty survey) was associated with higher prevalence of TI (85.4 vs. 
56.4%; adjusted OR 4.73, 1.63–13.7) (Figure 2). The association 

between TI and low tolerance to uncertainty was independent of 
the association between TI and high ambiguity aversion (Table S2 
in Supplementary Material).

Conversely, willingness to take risk in multiple domains (as 
measured by the SOEP survey) or herding was not associated 
with TI (Table S2 in Supplementary Material).

DiscUssiOn

Multiple sclerosis patients and their treating physicians are rou-
tinely confronted with uncertainties concerning the diagnosis, 
prognosis, disease course, and disease-modifying therapies (27).

In the present study, we applied validated experiments and 
surveys from behavioral economics to evaluate the association 
between physicians’ aversion to risk or ambiguity and TI (15). 
We found that TI affects nearly 7 out of 10 neurologists caring 
for MS patients but was less common among physicians with 
greater patient volumes per week or MS specialists. High aversion 
to ambiguity was the strongest predictor of TI even after adjust-
ing for relevant confounders (e.g., age, practice setting, years in 
practice, percentage of time in clinical practice, overconfidence, 
time of survey completion, etc.). Lower tolerance to uncertainty 
was also associated with 3.5-fold higher risk of TI. On average, 
the assessment of 10 more MS patients per week was associated 
with lower risk of TI. Our results were consistent when employing 
various criteria on when to escalate therapy, as defined based on 
disease activity and/or progression. Physicians’ characteristics 
(e.g., age, gender, practice setting, years in practice, percentage of 
time in clinical practice) were not associated with TI.

In the last few years, there has been an increase in the avail-
ability and variability of therapeutic options for the management 
of MS. Although having more options is perceived as beneficial, 
consumer studies in psychology suggest the higher the number of 
options, the more difficult the decision, leading to a higher number 
of less satisfactory choices (labeled as “choice overload”) (34, 35).

Our results have practical implications that deserve comment. 
We showed that either a simple experiment or a short survey out-
side of the medical domain that assess aversion to ambiguity or 
tolerance to uncertainty may help to identify TI among neurolo-
gists and MS experts. The lack of escalation of therapies may lead 
to greater disability of MS patients, increasing the health-care 
costs and production losses due to incapacity to work. In Europe, 
the mean annual cost per person with MS has been estimated 
at €23,000 for EDSS score 0.0–3.5, rising as disability increases 
to €46,000 for EDSS score 4.0–6.5, and €77,000 for EDSS score 
7.0–9.5 (36).
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FigUre 2 | Prevalence of therapeutic inertia (Ti) among participants with high ambiguity aversion in the financial domain and low tolerance to 
uncertainty in patient care. See description in the text for the criteria of TI. *p = 0.042; **p < 0.01.

TaBle 3 | effect of high ambiguity aversion according to different definitions of therapeutic inertia (Ti).

Outcome Prevalence (%) of Ti in the 
cohort

adjusted model for ambiguity 
aversiona

adjusted model for 
ambiguity aversionb

Or (95%ci) c-statistics Or (95%ci) c-statistics

Ti (criterion)

Clinico-radiological 66 (68.8) 7.39 (1.40–38.9) 0.804 8.01 (1.01–73.3) 0.828

European Medicines Agency 28 (29.2) 8.02 (1.37–37.1) 0.777 7.17 (1.36–37.6) 0.796

Modified Rio or progression (Expanded Disability Status Scale >1) 65 (67.7) 4.41 (1.04–18.7) 0.791 4.01 (0.83–19.3) 0.811

aModels derived from stepwise logistic regression with backward selection with p > 0.2 level for removal.
bModels derived from logistic regression including all variables of interest (age, sex, number of multiple sclerosis patients seen per week, practice setting, academic profile, risk 
aversion, ambiguity aversion, tolerance to uncertainty, herding, and overconfidence).
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Factors associated with TI include low volume of MS patients, 
non-specialty, and physicians’ ambiguity preferences (e.g., low 
tolerance to uncertainty in patient care, high aversion to financial 
ambiguity). Taken together, TI may be explained, at least in part, 
by (i) the aversion of neurologists to escalate treatment when 
the available options can have more serious side effects; (ii) the 
limited education (or experience) of neurologists regarding the 
risk profile of new DMTs, and (iii) participants’ preference to 
continue with a known medication profile vs. the unknown risks 
of a new agent. Other studies have found that TI was associated 
with lack of training and clinical uncertainty (5). Physicians with 
better coping strategies and more tolerance to ambiguity may 
be more likely to choose optimal treatments leading to better 
patients’ outcomes (37).

The prevailing significance of aversion to ambiguity in the 
financial over the health domain in the multivariate analysis may 
be related to either methodological differences when measuring 
each variable or suggest an underlying hardwired representa-
tion of aversion to ambiguity and TI that is easier elicited in the 
financial domain (18).

The results of DIScUTIR MS may not only be relevant for 
MS care but also be seen as the initial step to inform the design 

of a larger worldwide intervention, including physicians’ high 
aversion to ambiguity in the financial domain and low tolerance 
to uncertainty in patient care when assessing the use of new 
agents.

Our study has limitations that deserve comment. First, the 
study was conducted in Spain exclusively, thus limiting the gen-
eralizability of our results to other cultural contexts. Moreover, 
some participants may have responded based on their current 
local restrictions to prescribe specific DMTs. However, cognitive 
distortions and risk preferences have been identified in several 
studies of physicians’ decisions across the world and are thus 
probably not limited to a specific region or country (38). Second, 
the assessment of case scenarios may not fully capture decisions 
made in real clinical practice, even though specialists designed 
and recognized the scenarios as close to daily practice. In addi-
tion, participants may refer their MS patients to an MS outpatient 
clinic as part of a standard practice, which may have influenced 
our results. Third, considering the relatively low sample size, our 
findings should be viewed as exploratory. However, our results 
were consistent across several criteria of TI and adjusted models. 
Fourth, the concept and definition of TI applied to MS care is 
not widely disseminated and not yet generally accepted in MS 
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care. Nevertheless, we used a practical definition of TI (absence of 
escalation in the face of a clinical relapse plus evidence of imaging 
activity), which is supported by consensus panels, as well as by 
MS studies and other areas showing improvements in clinical 
outcomes when escalating therapies (i.e., blood pressure and 
diabetes) (14, 39, 40).

Despite these limitations, our study is the first step in the 
understanding of how specific characteristics of physicians 
(i.e., high ambiguity aversion, low tolerance to uncertainty) 
directly influence therapeutic decisions in MS patients beyond 
demographic factors, medical expertise, practice setting, patients’ 
factors, or their treatment preferences. Using a novel approach 
that combines case-vignettes with the assessment of cognitive 
distortions through experiments from behavioral economics, 
we were able to expand our current understanding of decision-
making under uncertainty in MS care.

Although MS experts have an expanded therapeutic arse-
nal compared to a decade ago, our study shows that nearly 
7 out of 10 neurologists exhibited TI leading to suboptimal 
decisions. The results of DIScUTIR MS provide vital infor-
mation to initiate discussions on behavioral strategies and 
incentives in order to ameliorate physicians’ inertia to escalate 
therapies leading to better outcomes and quality of life for 
MS patients (41). For example, training in risk management 
and decision-making, as well as, educational interventions are 
needed to overcome knowledge-to-action gaps (and reduce 
the TI) in MS care. This is relevant considering the lack of 
well-established MS guidelines concerning clinical scenarios 
under uncertainty or progression of disease and the limited 
understanding on how physicians’ preferences (e.g., aversion 
to ambiguity) have a global impact on medical and daily life 
decisions (42).

eThics sTaTeMenT

All subjects gave consent (online) in accordance with the 
Declaration of Helsinki. The protocol was approved by the 

Research Ethics Board of St. Michael’s Hospital, University of 
Toronto, Canada.

aUThOr cOnTriBUTiOns

GS: study concept and design, acquisition of data, analysis and 
interpretation of the data, and obtaining funding; AS: study con-
cept and design, interpretation of the data, and critical revision 
of the manuscript for intellectual content; DP: interpretation of 
the data and critical revision of the manuscript for intellectual 
content; DS: study design, interpretation of the data, and critical 
revision of the manuscript for intellectual content; CR, JM, and 
PT: study concept and design, interpretation of the data, critical 
revision of the manuscript for intellectual content, and study 
supervision.

acKnOWleDgMenTs

The authors are most grateful to all physicians participating in the 
study. The authors appreciate the support from the Department 
of Economics at the University of Zurich by facilitating access to 
Qualtrics platform.

FUnDing

The study was sponsored by the Sociedad Española de Neurologia 
(SEN) and funded by an operating grant from Roche Farma, 
Spain. The authors acknowledge as well the grant CRSII3_141965 
to PNT (Shared grant). The sponsors were not involved in the 
design, execution, analysis, and interpretation or reporting of the 
results.

sUPPleMenTarY MaTerial

The Supplementary Material for this article can be found online at 
http://journal.frontiersin.org/article/10.3389/fneur.2017.00065/
full#supplementary-material.

reFerences

1. Glimcher P, Fehr E. Neuroeconomics: Decision Making and the Brain. 2nd ed. 
San Diego: Academic Press (2014). 2013 p.

2. Dijkstra IS, Pols J, Remmelts P, Brand PL. Preparedness for practice: a sys-
tematic cross-specialty evaluation of the alignment between postgraduate 
medical education and independent practice. Med Teach (2015) 37(2):153–61.  
doi:10.3109/0142159X.2014.929646 

3. Platt ML, Huettel SA. Risky business: the neuroeconomics of decision 
making under uncertainty. Nat Neurosci (2008) 11(4):398–403. doi:10.1038/
nn2062 

4. Camerer C, Weber M. Recent developments in modeling preferences: 
uncertainty and ambiguity. J Risk Uncertain (1992) 5(4):325–70. doi:10.1007/
BF00122575 

5. Kerr EA, Zikmund-Fisher BJ, Klamerus ML, Subramanian U, Hogan 
MM, Hofer TP. The role of clinical uncertainty in treatment decisions for 
diabetic patients with uncontrolled blood pressure. Ann Intern Med (2008) 
148(10):717–27. doi:10.7326/0003-4819-148-10-200805200-00004 

6. Reach G. Clinical inertia, uncertainty and individualized guidelines. Diabetes 
Metab (2014) 40(4):241–5. doi:10.1016/j.diabet.2013.12.009 

7. Noyes K, Weinstock-Guttman B. Impact of diagnosis and early treatment 
on the course of multiple sclerosis. Am J Manag Care (2013) 19(17 Suppl): 
s321–31. 

8. Sormani MP, Rio J, Tintore M, Signori A, Li D, Cornelisse P, et al. Scoring 
treatment response in patients with relapsing multiple sclerosis. Mult Scler 
(2013) 19(5):605–12. doi:10.1177/1352458512460605 

9. Duquette P, Giacomini PS, Bhan V, Hohol M, Schecter R. Balancing early 
aggression against risk of progression in multiple sclerosis. Can J Neurol Sci 
(2016) 43(1):33–43. doi:10.1017/cjn.2015.302 

10. Prosperini L, Gianni C, Leonardi L, De Giglio L, Borriello G, Galgani S, et  al. 
Escalation to natalizumab or switching among immunomodulators in relapsing 
multiple sclerosis. Mult Scler (2012) 18(1):64–71. doi:10.1177/1352458511417481 

11. O’Connor PJ, Sperl-Hillen JAM, Johnson PE, Rush WA, Biltz G. Clinical 
inertia and outpatient medical errors. In:  Henriksen K,  Battles JB,  Marks ES,  
Lewin DI, editors. Advances in Patient Safety: From Research to Implementation 
(Volume 2: Concepts and Methodology). Rockville, MD: Agency for Healthcare 
Research and Quality (US) (2005). p. 293–308.

12. Mohan AV, Phillips LS. Clinical inertia and uncertainty in medicine. JAMA 
(2011) 306(4):383; author reply 383–4. doi:10.1001/jama.2011.1044 

13. Phillips LS, Branch WT, Cook CB, Doyle JP, El-Kebbi IM, Gallina 
DL, et  al. Clinical inertia. Ann Intern Med (2001) 135(9):825–34. 
doi:10.7326/0003-4819-135-9-200111060-00012 

14. Okonofua EC, Simpson KN, Jesri A, Rehman SU, Durkalski VL, Egan 
BM. Therapeutic inertia is an impediment to achieving the Healthy People 
2010 blood pressure control goals. Hypertension (2006) 47(3):345–51. 
doi:10.1161/01.HYP.0000200702.76436.4b 

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
http://journal.frontiersin.org/article/10.3389/fneur.2017.00065/full#supplementary-material
http://journal.frontiersin.org/article/10.3389/fneur.2017.00065/full#supplementary-material
https://doi.org/10.3109/0142159X.2014.929646
https://doi.org/10.1038/nn2062
https://doi.org/10.1038/nn2062
https://doi.org/10.1007/BF00122575
https://doi.org/10.1007/BF00122575
https://doi.org/10.7326/0003-4819-148-10-200805200-00004
https://doi.org/10.1016/j.diabet.2013.12.009
https://doi.org/10.1177/1352458512460605
https://doi.org/10.1017/cjn.2015.302
https://doi.org/10.1177/1352458511417481
https://doi.org/10.1001/jama.2011.1044
https://doi.org/10.7326/0003-4819-135-9-200111060-00012
https://doi.org/10.1161/01.HYP.0000200702.76436.4b


8

Saposnik et al. Decision-making in MS (DIScUTIR MS)

Frontiers in Neurology | www.frontiersin.org March 2017 | Volume 8 | Article 65

15. Saposnik G, Sempere AP, Raptis R, Prefasi D, Selchen D, Maurino J. Decision 
making under uncertainty, therapeutic inertia, and physicians’ risk prefer-
ences in the management of multiple sclerosis (DIScUTIR MS). BMC Neurol 
(2016) 16(1):58. doi:10.1186/s12883-016-0577-4 

16. Garcia Merino A, Ramon Ara Callizo J, Fernandez Fernandez O, Landete 
Pascual L, Moral Torres E, Rodriguez-Antiguedad Zarrantz A. Consensus 
statement on the treatment of multiple sclerosis by the Spanish Society 
of Neurology in 2016. Neurologia (2016) S0213-4853(16):30029–30029. 
doi:10.1016/j.nrl.2016.02.026 

17. Saposnik G, Johnston SC. Decision making in acute stroke care: learning 
from neuroeconomics, neuromarketing, and poker players. Stroke (2014) 
45(7):2144–50. doi:10.1161/STROKEAHA.114.005462 

18. Levy I, Snell J, Nelson AJ, Rustichini A, Glimcher PW. Neural representa-
tion of subjective value under risk and ambiguity. J Neurophysiol (2010) 
103(2):1036–47. doi:10.1152/jn.00853.2009 

19. Anderson LR, Mellor JM. Predicting health behaviors with an experimental 
measure of risk preference. J Health Econ (2008) 27(5):1260–74. doi:10.1016/j.
jhealeco.2008.05.011 

20. Binmore K, Stewart L, Voorhoeve A. How much ambiguity aversion? Finding 
indifferences between Ellsberg’s risky and ambiguous bets. J Risk Uncertain 
(2012) 45(3):215–38. doi:10.1007/s11166-012-9155-3 

21. Gross CP, Vogel EW, Dhond AJ, Marple CB, Edwards RA, Hauch O, et  al. 
Factors influencing physicians’ reported use of anticoagulation therapy in 
nonvalvular atrial fibrillation: a cross-sectional survey. Clin Ther (2003) 
25(6):1750–64. doi:10.1016/S0149-2918(03)80167-4 

22. Christopoulos GI, Tobler PN, Bossaerts P, Dolan RJ, Schultz W. Neural correlates 
of value, risk, and risk aversion contributing to decision making under risk. 
J Neurosci (2009) 29(40):12574–83. doi:10.1523/JNEUROSCI.2614-09.2009 

23. Dohmen T, Falk A, Huffman D, Sunde U, Schupp J, Wagner GG. Individual 
risk attitudes: measurement, determinants, and behavioral consequences. 
J Eur Econ Assoc (2011) 9(3):522–50. doi:10.1111/j.1542-4774.2011.01015.x

24. Gerrity MS, DeVellis RF, Earp JA. Physicians’ reactions to uncertainty in 
patient care. A new measure and new insights. Med Care (1990) 28(8):724–36. 
doi:10.1097/00005650-199008000-00005 

25. Gerrity M, White K, DeVellis R, Dittus R. Physicians’ reactions to uncer-
tainty: refining the constructs and scales. Motiv Emot (1995) 19(3):175–91. 
doi:10.1007/BF02250510 

26. Prosperini L, Mancinelli CR, De Giglio L, De Angelis F, Barletta V, Pozzilli C. 
Interferon beta failure predicted by EMA criteria or isolated MRI activity in mul-
tiple sclerosis. Mult Scler (2014) 20(5):566–76. doi:10.1177/1352458513502399 

27. Bermel RA, You X, Foulds P, Hyde R, Simon JH, Fisher E, et al. Predictors of 
long-term outcome in multiple sclerosis patients treated with interferon beta. 
Ann Neurol (2013) 73(1):95–103. doi:10.1002/ana.23758 

28. Sormani MP, De Stefano N. Defining and scoring response to IFN-beta 
in multiple sclerosis. Nat Rev Neurol (2013) 9(9):504–12. doi:10.1038/
nrneurol.2013.146 

29. Sormani MP, Gasperini C, Romeo M, Rio J, Calabrese M, Cocco E, et  al. 
Assessing response to interferon-beta in a multicenter dataset of patients with 
MS. Neurology (2016) 87(2):134–40. doi:10.1212/WNL.0000000000002830 

30. Tramacere I, Del Giovane C, Salanti G, D’Amico R, Filippini G. 
Immunomodulators and immunosuppressants for relapsing-remitting mul-
tiple sclerosis: a network meta-analysis. Cochrane Database Syst Rev (2015) 
(9):CD011381. doi:10.1002/14651858.CD011381.pub2 

31. Freedman MS, Selchen D, Arnold DL, Prat A, Banwell B, Yeung M, et  al. 
Treatment optimization in MS: Canadian MS Working Group updated 

recommendations. Can J Neurol Sci (2013) 40(3):307–23. doi:10.1017/
S0317167100014244 

32. Wattjes MP, Rovira A, Miller D, Yousry TA, Sormani MP, de Stefano MP, 
et  al. Evidence-based guidelines: MAGNIMS consensus guidelines on 
the use of MRI in multiple sclerosis – establishing disease prognosis and 
monitoring patients. Nat Rev Neurol (2015) 11(10):597–606. doi:10.1038/
nrneurol.2015.157 

33. Correale J, Abad P, Alvarenga R, Alves-Leon S, Armas E, Barahona J, et al. 
Management of relapsing-remitting multiple sclerosis in Latin America: 
practical recommendations for treatment optimization. J Neurol Sci (2014) 
339(1–2):196–206. doi:10.1016/j.jns.2014.02.017 

34. Iyengar SS, Lepper MR. When choice is demotivating: can one desire 
too much of a good thing? J Pers Soc Psychol (2000) 79(6):995–1006. 
doi:10.1037/0022-3514.79.6.995 

35. Milte R, Ratcliffe J, Chen G, Lancsar E, Miller M, Crotty M. Cognitive 
overload? An exploration of the potential impact of cognitive functioning in 
discrete choice experiments with older people in health care. Value Health 
(2014) 17(5):655–9. doi:10.1016/j.jval.2014.05.005 

36. Kobelt G, Berg J, Lindgren P, Fredrikson S, Jonsson B. Costs and quality of life 
of patients with multiple sclerosis in Europe. J Neurol Neurosurg Psychiatry 
(2006) 77(8):918–26. doi:10.1136/jnnp.2006.090365 

37. Yee LM, Liu LY, Grobman WA. The relationship between obstetricians’ cog-
nitive and affective traits and their patients’ delivery outcomes. Am J Obstet 
Gynecol (2014) 211(6):692.e1–6. doi:10.1016/j.ajog.2014.06.003 

38. Blumenthal-Barby JS, Krieger H. Cognitive biases and heuristics in medical 
decision making: a critical review using a systematic search strategy. Med Decis 
Making (2015) 35(4):539–57. doi:10.1177/0272989X14547740 

39. Huang LY, Shau WY, Yeh HL, Chen TT, Hsieh JY, Su S, et al. A model mea-
suring therapeutic inertia and the associated factors among diabetes patients: 
a nationwide population-based study in Taiwan. J Clin Pharmacol (2015) 
55(1):17–24. doi:10.1002/jcph.367 

40. Goodin DS, Bates D. Treatment of early multiple sclerosis: the value of treat-
ment initiation after a first clinical episode. Mult Scler (2009) 15(10):1175–82. 
doi:10.1177/1352458509107007 

41. Emanuel EJ, Ubel PA, Kessler JB, Meyer G, Muller RW, Navathe AS, et al. 
Using behavioral economics to design physician incentives that deliver 
high-value care. Ann Intern Med (2016) 164(2):114–9. doi:10.7326/
M15-1330 

42. Lublin FD, Reingold SC, Cohen JA, Cutter GR, Sorensen PS, Thompson AJ, 
et  al. Defining the clinical course of multiple sclerosis: the 2013 revisions. 
Neurology (2014) 83(3):278–86. doi:10.1212/WNL.0000000000000560 

Conflict of Interest Statement: PT and CR were funded by the Swiss 
National Science Foundation (PT: PP00P1_150739 and 00014_165884; CR: 
105314_152891, CRSII3_141965, and 320030_143443). GS is supported by the 
Distinguished Clinicians Scientist Award from HSFC. AS, DP, DS, and JM have 
no disclosures.

Copyright © 2017 Saposnik, Sempere, Prefasi, Selchen, Ruff, Maurino and Tobler. 
This is an open-access article distributed under the terms of the Creative Commons 
Attribution License (CC BY). The use, distribution or reproduction in other forums 
is permitted, provided the original author(s) or licensor are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.1186/s12883-016-0577-4
https://doi.org/10.1016/j.nrl.2016.02.026
https://doi.org/10.1161/STROKEAHA.114.005462
https://doi.org/10.1152/jn.00853.2009
https://doi.org/10.1016/j.jhealeco.2008.05.011
https://doi.org/10.1016/j.jhealeco.2008.05.011
https://doi.org/10.1007/s11166-012-9155-3
https://doi.org/10.1016/S0149-2918(03)80167-4
https://doi.org/10.1523/JNEUROSCI.2614-09.2009
https://doi.org/10.1111/j.1542-4774.2011.01015.x
https://doi.org/10.1097/00005650-199008000-00005
https://doi.org/10.1007/BF02250510
https://doi.org/10.1177/1352458513502399
https://doi.org/10.1002/ana.23758
https://doi.org/10.1038/nrneurol.2013.146
https://doi.org/10.1038/nrneurol.2013.146
https://doi.org/10.1212/WNL.0000000000002830
https://doi.org/10.1002/14651858.CD011381.pub2
https://doi.org/10.1017/S0317167100014244
https://doi.org/10.1017/S0317167100014244
https://doi.org/10.1038/nrneurol.2015.157
https://doi.org/10.1038/nrneurol.2015.157
https://doi.org/10.1016/j.jns.2014.02.017
https://doi.org/10.1037/0022-3514.79.6.995
https://doi.org/10.1016/j.jval.2014.05.005
https://doi.org/10.1136/jnnp.2006.090365
https://doi.org/10.1016/j.ajog.2014.06.003
https://doi.org/10.1177/0272989X14547740
https://doi.org/10.1002/jcph.367
https://doi.org/10.1177/1352458509107007
https://doi.org/10.7326/M15-1330
https://doi.org/10.7326/M15-1330
https://doi.org/10.1212/WNL.0000000000000560
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Decision-making in Multiple Sclerosis: The Role of Aversion to Ambiguity for Therapeutic Inertia among Neurologists (DIScUTIR MS)
	Introduction
	Materials and Methods
	Participants
	Definitions
	Outcome Measures
	Statistical Analysis

	Results
	Aversion to Ambiguity and TI

	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	Supplementary Material
	References


