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Abstract

IMPORTANCE There is growing interest in understanding and addressing factors that govern the
decision-making process in multiple sclerosis (MS) care. Therapeutic inertia (TI) is the failure to
escalate therapy when goals are unmet. Limited data are available on the prevalence of TI and factors
affecting therapeutic decisions in the management of patients with MS worldwide.

OBJECTIVES To compare TI across 4 countries (Canada, Argentina, Chile, and Spain) and to identify
factors contributing to TI.

DESIGN, SETTING, AND PARTICIPANTS Prospective cohort study conducted between July 10,
2017, and May 4, 2018. Participants were exposed to behavioral experiments in which instruments
were used to assess their risk preferences (eg, aversion to ambiguity) and therapeutic decisions in 10
simulated MS case scenarios. Mixed-effects linear and logistic regression analyses were performed
to determine the association between the participants’ baseline characteristics and TI. The
association of unmeasured confounders was assessed by the E-value and a bootstrapping analysis.
This multicenter study included neurologists practicing at academic and community centers in
Canada, Argentina, Chile, and Spain who make therapeutic decisions for patients with MS.

MAIN OUTCOMES AND MEASURES The primary outcome was the prevalence of TI. The TI score
was calculated by dividing the number of case scenarios in which participants showed TI by the
number of case scenarios that measured TI. Higher TI scores indicated greater degrees of TI. The
secondary outcome was the identification of factors that contributed to TI.

RESULTS Of 300 neurologists with expertise in MS care who were invited to be part of the study,
226 (75.3%) agreed to participate. Among those who initially showed interest in participating, 195
physicians (86.3%) completed the study, while 31 did not. The mean (SD) age of participants was
43.3 (11.2) years; 52.3% were male. Therapeutic inertia was present in 72.8% (142 of 195) of
participants, leading to suboptimal decisions in 20.4% (318 of 1560) of case scenarios. The
prevalence of TI among the Canadian group was the lowest compared with the other 3 countries
(60.0% [33 of 55] vs 77.9% [109 of 140], P = .01). For the primary outcome, the TI score in the
Canadian group (mean [SD], 0.98 [1.15]) was significantly lower compared with groups from other
countries (mean [SD], 1.70 [1.43] for Argentina, 2.24 [1.54] for Chile, and 2.56 [1.64] for Spain)
(P = .001). The mixed-effects linear models revealed that participants from Argentina, Chile, and
Spain (combined) had higher TI scores compared with their Canadian counterparts (β coefficient,
0.90; 95% CI, 0.52-1.28; P < .001). All 95% CIs of the β coefficients of covariates were lower than the
E-value of 2.35, making it unlikely for the results to be due to the association of unmeasured
confounders.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE This study showed that Canadian participants had the lowest
prevalence and magnitude of TI. Higher TI scores were associated with a lower expertise in MS care
and with a greater tendency for aversion to ambiguity.
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Introduction

Multiple sclerosis (MS) is an evolving field, with an increasing number of proven effective therapies.1-3

Given the broad spectrum of disease-modifying therapies (DMTs), neurologists may face therapeutic
dilemmas when individualizing decisions regarding the most appropriate DMT for their patients.4,5

It is challenging to decide on an optimal DMT for an individual patient based on the patient’s clinical
disease activity, magnetic resonance imaging (MRI) lesion burden, drug availability, adverse effect
profile, and patient preferences.1 Despite the recent advances in MS therapeutics, many patients
remain undertreated.6 Numerous factors contribute to the suboptimal management, including
education gaps in both risk management and decision making among treating physicians.7

The concept of clinical inertia was initially introduced by Phillips et al8 in 2001, who defined it as
lack of therapy escalation when it is clinically indicated. The term clinical inertia was substituted with
therapeutic inertia (TI) in 2006 by Okonofua et al.9 Therapeutic inertia is prevalent not only among
patients with MS but also in other chronic conditions, such as diabetes and hypertension.10-12

There is growing interest in understanding and addressing factors that govern the decision-
making process13,14 in MS. A particular interest is identifying variables that alter the therapeutic
decision making of remaining on the same DMT or escalating to a more effective agent, which can be
associated with a possible increase in the risk of serious adverse effects.1,2

Factors contributing to TI remain poorly understood. However, the results of some studies6,15

suggest that physician-associated factors (eg, low tolerance to uncertainty and aversion to
ambiguity) may have a role in the decision-making process. In addition, there is limited
understanding of country-specific differences with regard to the prevalence of TI. Accordingly, the
primary aim of this study was to compare the prevalence of TI among MS-treating physicians in 4
countries (Canada, Argentina, Chile, and Spain). The secondary aim of the study was to identify
factors contributing to TI.

Methods

Study Population
This prospective cohort study was conducted between July 10, 2017, and May 4, 2018, and followed
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline. Our study population consisted of neurologists who primarily focus their clinical practice
on MS care from 4 countries (55 in Canada, 90 in Argentina, 25 in Chile, and 25 in Spain). Participants
were invited to take part in the study via email by scientific organizations based in each country
(Canadian Consortium of MS Clinics and NeuroSens, Instituto de Neurociencias Buenos Aires [INEBA]
and Argentine Neurological Society, Chilean Society of Neurology, and Spanish Neurological Society).
Each participant received an email with instructions and a link to start the study. Participants not actively
involved in patient care or those who followed up a low volume of patients with MS (<12 patients with
MS per year) were excluded.

Informed consent was provided online at the beginning of the study by each participant.
Participants received compensation for completing the surveys that is equivalent to US $100. The
study was approved by the Research Ethics Board of St Michael’s Hospital, University of Toronto,
Toronto, Ontario, Canada.
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Data Collection
Participants provided information regarding their clinical practice and expertise and completed
behavioral experiments to assess their risk preferences. Thereafter, participants were exposed to 10
simulated MS case scenarios and made therapeutic choices (case scenarios are available in the
eAppendix in the Supplement). Case scenarios were designed by team members (M.T. and G.S.) and
by MS experts (J.O. and a nonauthor) to reflect current clinical practice. Eight of the cases required
escalation of therapy; therefore, the failure to do so by the participant was considered as TI. The
other 2 cases were designed to detect overtreatment when treatment escalation was not deemed
medically necessary. All participants were exposed to the same case scenarios. Details of behavioral
experiments in which instruments were used in the assessment of tolerance to uncertainty and risk
aversion are described elsewhere.6,16,17 In brief, participants were asked to choose between 2 options
of (1) either winning US $400 or $0 when the probability is 50/50 (represented by a blue/red bar)
vs (2) an option of unknown probability (represented by a blue/red bar covered by a gray bar) of the
same outcome. Participants who favored the known probability of 50/50 were deemed to have
aversion to ambiguity, while other participants were considered as having tolerance to uncertainty.
Risk was assessed by asking participants to provide the minimal amount of US dollars (or healthy
years) that they would prefer over a 50/50 chance of winning US $400 (or longer survival with
adverse effects of a treatment). The degree of risk aversion of each individual corresponded to the
difference of the expected value of the risky option (US $200) minus the participant’s response.16

We also evaluated physicians’ tolerance to uncertainty in a patient’s care using the Reaction to
Uncertainty Test.17 The test was composed of 5 questions that the respondent rated from 0 to 5,
which were summed to give a total score. Higher scores represent a lower tolerance to uncertainty.
Low tolerance to uncertainty was defined as values above the median of the total score. Further
details of the protocol are published elsewhere.18 Responses from case scenarios were analyzed in
light of responses from the behavioral components.

Definitions
Disease activity was defined as a clinical relapse that was associated with the presence of one of the
following MRI findings: at least 1 gadolinium-enhancing lesion or 5 or more new brain lesions.19,20

These thresholds were defined based on prior studies demonstrating in patients receiving interferon
beta that risk of treatment failure highly correlates with a clinical relapse and MRI lesions as defined
above.21 Disease progression in MS was defined as at least 1 point of sustained worsening from
baseline in the Expanded Disability Status Scale Score.22

At the time of the study, treatment options for relapsing-remitting MS included first-line
therapies (beta interferons, glatiramer acetate, teriflunomide, and dimethyl fumarate), second-line
therapy (fingolimod), and third-line therapies (natalizumab and alemtuzumab).4 Given variation in
market approval status of some DMTs among the countries in which the study was conducted,
ocrelizumab and cladribine were not included in case scenarios. For this analysis, we used the 3-line
treatment escalation scheme according to current clinical practice.6,23

Outcome Measures
The primary outcome was the prevalence of TI. As in previous studies,6,24 the TI score was calculated
by dividing the number of case scenarios in which participants showed TI by the number of case
scenarios that measured TI (n = 8). Higher TI scores indicated greater degrees of TI. The TI score
ranged between 0 and 8.

Therapeutic inertia prevalence was defined as the proportion of participants with TI in at least 1
case scenario. The secondary outcome was the identification of factors that contributed to TI.

Statistical Analysis
The primary analysis compared TI between Canada and the other 3 countries combined (ie,
Argentina, Chile, and Spain). We included different measures of TI as both continuous and categorical
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variables to determine the consistency of our results. We used mixed-effects linear and logistic
models to assess associations between TI score and TI to determine the association between the
participants’ baseline characteristics and the primary outcome of interest after accounting for
clustering. We included the following explanatory variables: age, sex, specialty, number of patients
with MS seen per week, proportion of time devoted to clinical care, coauthor of a peer-reviewed
publication in the last year (yes or no), practice setting (academic vs nonacademic), risk aversion,
aversion to ambiguity, and physicians’ reaction to uncertainty (above or below the median).

This multicenter study included neurologists practicing at academic and community centers in
Canada, Argentina, Chile, and Spain who make therapeutic decisions for patients with MS. To account
for unmeasured confounding, we used an E-value estimate and a bootstrapping analysis to compare
the β coefficients in the normal, percentile, bias-corrected, and bias-corrected and accelerated 95%
CIs. The E-value is a tool to assess the consequences of unmeasured confounding in observational
studies.25 By comparing the upper 95% CI with the 95% CI of covariates included in the models, the
E-value provides an estimate of the residual confounding that could explain an observed association
if an unmeasured covariate exists.25

All tests were 2 tailed, and P values less than .05 were considered statistically significant. The
area under the curve was used to assess the discrimination, and the Hosmer-Lemeshow test was
used to assess the calibration of the model.

Results

Of 300 neurologists with expertise in MS care who were invited to be part of the study, 226 (75.3%)
agreed to participate. Among those who initially showed interest in participating, 195 physicians
(86.3%) completed the study, while 31 did not. The mean (SD) age of participants was 43.3 (11.2)
years; 52.3% were male. Eighty-six (44.1%) were MS specialists. Table 1 summarizes baseline
characteristics by country.

Overall, the prevalence of TI was 72.8% (142 of 195), leading to suboptimal decisions in 20.4%
(318 of 1560) of case scenarios. The mean (SD) TI score for the accountable 8 case scenarios was 1.68
(1.50). For every 10 case scenarios with moderate to high risk of disease progression, this suggested
that there would be 2 suboptimal decisions (eg, lack of treatment escalation) when clinical evidence
of relapses and radiological evidence of disease activity exist.

Outcome Measures
(1) Comparison of TI Between Canada and Other Countries
For the primary outcome, the TI score in the Canadian group (mean [SD], 0.98 [1.15]) was significantly
lower compared with groups from other countries (mean [SD], 1.70 [1.43] for Argentina, 2.24 [1.54]

Table 1. Baseline Characteristics of Participants Between July 10, 2017, and May 4, 2018

Characteristic Total (N = 195)
Canada
(n = 55)

Combined
(n = 140)a P Value

Age, mean (SD), y 43.3 (11.2) 41.8 (12.0) 43.9 (10.8) .24

Sex, No. (%)

Female 93 (47.7) 26 (47.3) 67 (47.9)
.94

Male 102 (52.3) 29 (52.7) 73 (52.1)

Specialty, No. (%)

General neurologist who cares for MS 109 (55.9) 24 (43.6) 85 (60.7)
.03

MS specialist 86 (44.1) 31 (56.4) 55 (39.3)

No. of patients with MS seen per week, mean (SD) 19.4 (11.6) 22.2 (14.6) 18.4 (10.0) .04

Years of practice, mean (SD) 16.7 (11.4) 13.3 (11.2) 17.9 (12.2) .01

≥75% of Time devoted to clinical practice, No. (%) 98 (50.3) 30 (54.5) 68 (48.6) .45

Coauthor of a peer-reviewed publication in the last
year, No. (%)

92 (47.2) 31 (56.4) 61 (43.6) .11 Abbreviation: MS, multiple sclerosis.
a Combined countries are Argentina, Chile, and Spain.
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for Chile, and 2.56 [1.64] for Spain) (P = .001). The prevalence of TI among the Canadian group was
also the lowest compared with the other 3 countries (60.0% [33 of 55] vs 77.9% [109 of 140],
P = .01). Values adjusted for age, specialty, number of patients with MS seen per week, years of
practice, and aversion to ambiguity are summarized in Table 2 and Figure 1.

Participant’s risk preferences based on assessments with behavioral instruments are listed in
Table 3. Compared with Canada, participants from the other countries were more risk averse and had
a lower tolerance to uncertainty (reflected by higher scores) (Table 3). For example, the Canadian
group had a lower proportion of participants with values below the certainty equivalence of US $120
(value that identifies participants with risk aversion) compared with their counterparts (20.0% [11
of 55] vs 37.1% [52 of 140], P = .02).

Participants with an aversion to ambiguity had higher TI scores, although this factor did not
reach statistical significance (mean, 1.90 vs 1.57; P = .15). Participants with an aversion to ambiguity
also had a significantly higher TI prevalence (82.0% [50 of 61] vs 68.7% [92 of 134], P = .05).

The mixed-effects linear models revealed that participants from Argentina, Chile, and Spain
(combined) had higher TI scores compared with their Canadian counterparts (β coefficient, 0.90;
95% CI, 0.52-1.28; P < .001). Similarly, participants from Argentina, Chile, and Spain (combined) had
a higher likelihood of TI compared with the Canadian participants (odds ratio [OR], 2.30; 95% CI,

Table 2. Adjusted TI Score and Prevalence of TI by Country

Country TI Score (95% CI)a

Multivariable Analysis for
TI Score, β Coefficient
(95% CI) P Valuea

Prevalence of TI, % (95%
CI)a

Canada 0.98 (0.63-1.33) 1 [Reference] NA 63.7 (49.4-76.0)

Combined 1.95 (1.73-2.17) 0.90 (0.52-1.28) <.001 78.0 (70.0-84.2)

Argentina 1.70 (1.42-1.98) 0.65 (0.24-1.06) .002 72.5 (62.9-82.2)

Chile 2.24 (1.72-2.76) 0.92 (0.21-1.64) .01 61.7 (39.3-84.1)

Spain 2.56 (2.04-3.08) 1.74 (1.07-2.42) <.001 96.4 (89.5-100)

Abbreviations: NA, not applicable; MS, multiple
sclerosis; TI, therapeutic inertia.
a Adjusted for age, specialty, number of patients with

MS seen per week, years of practice, and aversion to
ambiguity after accounting for clustering.

Figure 1. Therapeutic Inertia (TI) Score by Country
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with multiple sclerosis seen per week, years of
practice, and aversion to ambiguity..

Table 3. Results of Behavioral Experiments Designed to Assess Risk and Aversion to Ambiguitya

Country
Risk Financial Domain,
Mean (SD) Score

Risk Health Domain,
Mean (SD) Score

Aversion to Ambiguity,
No./Total No. (%)

Physicians’ Reaction to
Uncertainty, Mean (SD)
Scoreb

Canada 213.5 (77.2) 14.9 (3.4) 41/55 (74.5) 19.1 (8.6)

Combined 179.5 (97.0)c 14.3 (4.9) 93/140 (66.4) 23.1 (9.3)d

Argentina 159.6 (102.3)e 12.7 (7.0)c 54/90 (60.0) 23.3 (9.3)e

Chile 233.2 (104.0) 11.2 (5.1)e 20/25 (80.0) 23.1 (10.6)

Spain 183.2 (47.9) 14.9 (3.7) 19/25 (76.0) 22.5 (7.9)

a P values are for comparison with Canada
(reference group).

b Higher scores indicate a lower tolerance to
uncertainty.

c P = .02.
d P = .006.
e P < .001.
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1.10-4.82; P = .03). The observed vs predicted TI scores after adjustment for covariates are shown in
the eFigure in the Supplement. Details by country are listed in Table 2.

(2) Factors Associated With TI
The multivariable analysis aimed at identifying factors associated with the prevalence of TI revealed
that a higher number of patients with MS per week (OR, 0.44; 95% CI, 0.22-0.88), years of practice
(OR, 0.93; 95% CI, 0.86-0.99), and participation from Canada (OR, 0.47; 95% CI, 0.23-0.96) were
associated with a lower likelihood of TI. Aversion to ambiguity was associated with a 2-fold higher
likelihood of TI (OR, 2.25; 95% CI, 1.02-5.00) (Figure 2). The model showed good discrimination
(area under the curve, 0.783) and calibration (Hosmer-Lemeshow test P = .90). Participants from
Argentina, Chile, and Spain (combined) had 2.40 (95% CI, 1.16-5.06) higher odds of TI.

Assessment of Unmeasured Confounding
We estimated the E-value using the standardized difference of the mean TI score (point estimate,
0.667; standard error, 0.128; and true association with shift estimate, 0.227). The E-value for the
point estimate was 2.35, and the CI was 1.66. All 95% CIs of the β coefficients of covariates were
lower than the E-value of 2.35 (eTable 1 in the Supplement), making it unlikely for the results to be
due to the association of unmeasured confounders. The bootstrapping analysis showed similarities
among the β coefficients within each covariate, suggesting unbiased estimates of the TI scores
(eTable 2 in the Supplement).

Discussion

Therapeutic inertia is a well-known phenomenon influencing physicians who manage patients with
chronic conditions, including MS.6 Our study showed that neurologists with expertise in MS from 4
different countries exhibited varying degrees of TI. Overall, TI was present in 72.8% (142 of 195) of
participants and altered at least 1 in 5 therapeutic decisions. Therapeutic inertia was 2.3-fold more
prevalent among neurologists from Argentina, Chile, and Spain (combined) compared with their
Canadian counterparts.

The most important factors associated with TI include a lower expertise in MS care (eg, fewer
years of experience and a lower number of patients with MS seen per week), country of practice, and
a higher aversion to ambiguity. The mixed multivariable analysis supports the contention that
aversion to ambiguity was an independent predictor of the prevalence of TI after accounting for
demographic factors, level of expertise, and regional variations. We also found that unmeasured
confounders were unlikely to have altered our findings.

The country of primary clinical practice was also identified as an independent predictor of TI.
The observed differences among countries can be partially explained by variations in adherence to
published MS management guidelines,2,26,27 regional differences regarding eligibility and access to

Figure 2. Factors Associated With Therapeutic Inertia (TI)
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1.58 (0.76-3.26)

Time devoted to clinical care ≥75% vs ≤74% 1.21 (0.61-2.38)
Tolerance to uncertainty ≥23 vs ≤22 1.54 (0.78-3.05)
Risk financial domain ≥200 vs ≤199 1.28 (0.61-2.68)
Aversion to ambiguity present vs absent 2.25 (1.02-5.00)

Canada vs other countries

No. of patients with MS seen per week ≥22 vs ≤21 0.44 (0.22-0.88)

0.47 (0.23-0.96)

Factors associated with TI are shown. A higher number
of patients with multiple sclerosis (MS) seen per week
and country (ie, Canada) were associated with a lower
TI, whereas aversion to ambiguity was associated with
a higher TI. OR indicates odds ratio.
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DMTs,28 public funding of DMTs, and physician-related factors, such as risk preferences and
education in risk management and decision making.

Recognizing the presence of TI and contributing factors is essential in identifying strategies
aimed at improving medical education, which could lead to better patient outcomes. For example,
the results of recent studies suggest that innovative therapeutic interventions (eg, a traffic light
system) may be useful to ameliorate the prevalence and magnitude of TI. In brief, the traffic light
system creates a link between a color (representing a risk level) and an action. Red light indicates
“high risk” or “stop and think”), yellow light indicates “intermediate risk” or “reassess soon”), and
green light indicates (“low risk” or “continue the same strategy”). When applied in clinical sittings, this
method facilitates the decision-making process.29 A subsequent randomized clinical trial targeting
neurologists with MS expertise showed a 70% reduction in TI (OR, 0.30; 95% CI, 0.10-0.89) for the
traffic light system educational intervention arm compared with usual care.30

Limitations
Our study has several limitations. The small numbers of participants from Chile and Spain may have
altered the accuracy of estimates. As a result, we reported the comparison of TI between Canada and
the other 3 countries combined and also analyzed the role of unmeasured confounders. Another
limitation is that physicians’ decisions to escalate therapy are influenced by factors like availability of
the drug, local policies, drug costs, variations in treatment guidelines in different countries, and other
unmeasured variables that can alter the assessment of TI.26,31,32 However, all included countries
shared private and government-funded MS drug coverage in the absence of private health
insurance.33,34 A previous study35 showed a limited role of costs in explaining therapeutic decisions
and TI. In addition, physicians’ performance on case scenarios might not accurately mirror real-life
decisions, although such inconsistency would be expected to underestimate the true prevalence of
TI among participants. Finally, we cannot rule out the possibility of some residual confounding
despite a comprehensive adjustment of baseline characteristics.

Conclusions

Our study demonstrates the high prevalence of and factors associated with TI even among
neurologists with expertise in MS care. To date, our study is the first to systematically compare TI
using identical case scenarios across countries. This study constitutes a first step in understanding
the mechanisms of TI and increases awareness of its high prevalence. Our findings may also lead to
the development of further studies that assess strategies to reduce TI, which may result in improved
outcomes for patients with MS. We propose larger studies to evaluate the potential benefits of
educational interventions to ameliorate TI. If proven effective, these strategies could be included in
curricula for undergraduate and postgraduate medical programs to improve the existing education
gaps of formal training in risk management and decision making.
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