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Purpose: Integration of evidence-based innovations, such as serum neurofilament light chain (sNfL) measurement into routine 
practice represents a pivotal opportunity to advance personalized care in multiple sclerosis (MS) management. This study assessed 
neurologists’ openness to adopting healthcare innovations (sNfL testing), focusing on individual characteristics and structural factors 
like workplace environment and resources.
Methods: An observational, cross-sectional study was conducted in partnership with the Spanish Society of Neurology. Neurologists 
caring for patients with MS completed an e-survey assessing openness to innovation using the Openness subscale of the Evidence- 
Based Practice Attitude Scale (EBPAS), alongside measures of empathy, healthcare-related regret, risk preferences, burnout, and 
workplace communication. Logistic and linear regression models were conducted to identify predictors of openness to innovation.
Results: One hundred and sixteen neurologists were studied. Mean age (SD) was 41.9 (10.1) years, 53.4% were male. Mean 
experience as neurologists was 16.0 (9.2) years and 96.6% worked in an academic hospital. Median (IQR) EBPAS-Openness score 
was 3.0 (2.5–3.5), with 54.3% (n=63) of participants demonstrating openness to innovation. Participants fully dedicated to MS care, 
managing higher patient volumes, engaged in research publications, with access to serum neurofilament light chain testing, and 
a greater propensity for risk-taking, were more open to adopting innovations than their counterparts. Multivariate logistic regression 
analysis showed that access to sNfL testing and higher empathy levels were significant predictors of openness (OR=3.52, CI 95%: 
1.3–10.3; p=0.016 and OR=1.09, CI 95%: 1.0–1.2; p=0.005, respectively). Complementary linear regression reinforced the significant 
positive association between higher EBPAS-Openness scores and empathy (estimate=0.024, p=0.001).
Conclusion: Neurologists exhibited a varied openness to innovation. Implementing initial innovative strategies in clinical practice 
should prioritize neurologists with specific profiles to support the integration of emerging tools and personalized healthcare approaches 
in MS care.
Keywords: innovation, multiple sclerosis, decision-making, neurofilament light chain, personalized medicine

Introduction
A cornerstone of modern healthcare, particularly in the era of personalized medicine, is the integration of evidence-based 
advancements into clinical practice.1 Such innovation can be defined as the judicious integration of the best available 
research evidence with clinical expertise and patient values to guide healthcare decisions and the adoption of novel 
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practices, tools, or treatments.2,3 This approach ensures that new developments are not merely novel but are also 
supported by robust scientific evidence and align with the practical realities and ethical considerations of patient care.

Advances in diagnostic tools, biomarkers, and treatment modalities hold the potential to transform patient care. 
However, their successful integration into practice relies not only on the strength of the supporting evidence but also on 
the perspectives and behaviors of the healthcare professionals responsible for their implementation.2–5 The primary 
barriers to innovation within healthcare institutions include insufficient access to information, psychological unprepared
ness, entrenched routines and resistance to change, apprehension about potential failure, and the influence of prior 
negative experiences.5

Different medical specialties tend to embrace innovation in distinct ways.6 While surgeons and oncologists often 
focus on the introduction of novel therapeutic interventions, general practitioners tend to conceptualize innovation 
primarily in terms of operational improvements and service efficiency.6 This suggests that some specialties may be 
more readily inclined towards emerging treatments. Currently, neurology stands at the forefront of healthcare innovation, 
with significant progress in areas such as advanced diagnostic and monitoring techniques.7 Innovative technologies, such 
as fluid Alzheimer’s disease biomarkers and serum neurofilament light chain (sNfL) measurement, offer exciting 
opportunities for the early diagnosis, prognosis, and monitoring of various neurological disorders, including 
Alzheimer’s disease and multiple sclerosis (MS).8–10

Providing adequate care for MS requires making complex medical decisions that consider both short- and long-term 
factors. Despite these challenges, care decisions are traditionally based on clinical and radiological assessments, often 
lacking the sensitivity to detect underlying disease activity.11 In this context, sNfL measurement has emerged as 
a promising innovation in MS management.9,10,12,13 sNfL levels serve as a valuable biomarker of active neuroaxonal 
damage, offering the ability to predict disease activity and progression, and evaluate the efficacy of disease-modifying 
therapies.12–14 However, despite its clinical potential, the adoption of this innovation varies significantly among 
neurologists.15

While previous research on healthcare innovation adoption has primarily focused on system-level factors, such as 
institutional resources, financial incentives, and regulatory frameworks, clinician-specific factors have received compara
tively less attention.4 These include cognitive and behavioral characteristics, which are pivotal in determining the uptake 
of new practices.11,16–19 Identifying these factors can yield critical information for designing strategies to promote 
evidence-based practice and facilitate the implementation of personalized approaches in neurological care. The aim of 
this study was to assess how neurologists’ individual characteristics, professional background, and access to novel tools 
shape their openness to adopting healthcare innovations in MS care.

Methods
We conducted an observational, cross-sectional study in partnership with the Spanish Society of Neurology (SEN) as part 
of the NewFeeLs-MS initiative.20 This study aimed to explore neurologists’ perspectives on the role of sNfL testing in 
guiding treatment decisions in MS care. The present analysis focuses on evaluating neurologists’ attitudes toward 
innovation and identifying the factors associated with their openness to adopting new evidence-based practices.

Neurologists actively involved in the care of patients with MS were invited by the SEN to join the study via 
Email and completed an electronic survey with standardized questions on their demographic profile, professional 
background, clinical practice setting, and behavioral characteristics. These included healthcare-related regret, empathy, 
risk preferences, workplace communication, and occupational burnout. The study was approved by the ethical review 
board of Hospital Universitario Clínico San Carlos, Madrid, Spain (reference 23/471-E). All participants provided written 
informed consent.

Outcome Measures
The Openness subscale of the Evidence-Based Practice Attitude Scale (EBPAS) is a validated tool to assess healthcare 
professionals’ receptiveness to adopting new treatments, practices, or interventions voluntarily, without external 
mandates.21 It consists of four items, each rated on a five-point Likert scale, ranging from 0 (“not at all”) to 4 (“to 
a very great extent”). The total score, calculated as the average of item responses, ranges from 0 to 4, with higher scores 
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indicating greater openness to adopting new and innovative practices. Participants were classified as willing to adopt 
innovations based on the median score.

Empathy with patients was assessed by the Jefferson Scale of Empathy-Health Professionals (JSE-HP).22 It consists 
of 20 items rated on a seven-point Likert scale ranging from 1 (“strongly disagree”) to 7 (“strongly agree”). The total 
score ranges from 20 to 140, with higher scores indicating greater degree of empathy. Low empathy is defined by cutoff 
scores of ≤95 for males and ≤100 for females. Healthcare-related regret was measured using the Regret Intensity Scale 
(RIS-10), a 10-item tool that captured the intensity of regret experienced in past patient care situations.23 Each item was 
scored on a five-point scale from 1 (“not at all”) to 5 (“totally”). The total score ranges from 1 to 5, with higher scores 
reflecting greater regret intensity. The German Socio-Economic Panel is a validated instrument used to assess willingness 
to take risks across various life domains, such as financial matters, health, driving, and work.24 Participants were asked: 
“How would you rate your willingness to take risks at your work?” Responses were recorded on a scale from 0 (“not at 
all willing”) to 10 (“very willing”). Higher scores indicate a greater propensity to take risks. Open workplace commu
nication was assessed with a single item from the Thriving from Work Questionnaire (TfWQ), which asked participants 
to rate their agreement with the statement: “I can express my concerns or make suggestions at work without fear of 
getting into trouble”.25 Response options range from 1 (“never”) to 6 (“always”). Scores of 4 or higher are indicative of 
a workplace environment where employees feel a strong sense of psychological safety. Occupational burnout at work was 
assessed using a non-proprietary single-item measure from the Physician Work Life Study.26 This item is scored on 
a five-point ordinal scale, with response options ranging from 1 (“I enjoy my work. I have no symptoms of burnout”) to 5 
(“I feel completely burned out and often wonder if I can go on”). Scores of 3 or higher are indicative of burnout.

Statistical Analysis
Descriptive statistics were calculated for all variables. Continuous variables were summarized using measures of central 
tendency (mean and median) and variability/dispersion (standard deviation [SD] and interquartile range [IQR]). 
Categorical variables were described using absolute and relative frequencies (percentages).

Multivariate logistic regression was used to identify predictors of openness, treating the EBPAS-Openness score as 
a dichotomous variable based on its median split. Additionally, to provide a complementary analysis and a more nuanced 
understanding of the factors influencing the degree of openness, a linear regression model was performed using the 
EBPAS-Openness total score as a continuous dependent variable. The explanatory variables included in both models 
were predefined based on conceptual and clinical relevance, ensuring a balance between empirical and conceptual 
justification: age, sex, years of professional practice, years managing MS patients, practice setting (academic vs non- 
academic), full or partial dedication to MS care, number of MS patients seen weekly, access to sNfL testing, participation 
in MS clinical trials (yes or no), co-authorship of peer-reviewed manuscripts (yes or no), open workplace communication 
(yes or no), burnout (yes or no), empathy (JSE-HP score), care-related regret (RIS-10 score), and risk attitude at work 
(yes or no). All variables were included simultaneously in the multivariable models to assess their independent 
associations. Responses were mandatory, resulting in no missing data. P<0.05 values were considered significant. As 
this was an exploratory study, no formal power calculation was conducted.

Results
One hundred and sixteen neurologists were studied. The mean age (SD) was 41.9 (10.1) years, and 53.4% were male. 
Seventy-eight were neurologists fully dedicated to the care of demyelinating disorders (67.2%) and treated a mean of 
18.5 (13.6) MS patients per week. Thirty-three (28.4%) participants reported experiencing burnout at work. Table 1 
shows participants´ characteristics.

The median EBPAS-Openness score was 3.0 (interquartile range 2.5–3.5), with 54.3% (n=63) of participants 
demonstrating openness to innovation. Bivariate analyses showed that innovative participants were predominantly 
fully dedicated to MS management (p=0.030), saw more patients per week (p=0.005), published more frequently 
(p=0.025), had greater access to sNfL testing (p=0.006), were more inclined to take risks at work (p=0.025), and were 
less likely to feel they could express concerns at work without fear of trouble (p= 0.047) compared to their counterparts 
(Table 1).
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Multivariate logistic regression analysis identified access to sNfL testing (OR=3.52, CI 95%: 1.3 −10.3, p=0.016) and 
greater empathy for patients (OR=1.09, CI 95%: 1.0–1.2, p=0.005) as significant predictors of an open attitude toward 
innovation (Table 2). Further elucidating these relationships, a complementary linear regression model showed that 
higher EBPAS-Openness scores were also significantly associated with the JSE-HP score (estimate=0.024, p=0.001).

Discussion
MS represents an ideal setting for studying the adoption of innovation by healthcare professionals. Over the past two 
decades, neurologists specializing in MS care have witnessed significant advancements, including the development of 
advanced diagnostic and monitoring techniques and the introduction of highly effective disease-modifying therapies.27,28 

Among these innovations, biomarkers such as sNfL and glial fibrillary acidic protein have emerged as reliable, non- 
invasive tools to better understand disease prognosis and assess treatment responses.12–14 sNfL testing offers the potential 
to address unmet needs in MS care by providing more sensitive measures of neuroaxonal damage and disease activity, 

Table 1 Demographic, Professional, and Behavioral Characteristics of Participants

Total N=116 Open to Innovation N=63 Rest of the Sample N=53 p-value

Age, years, mean (SD) 41.9 (10.1) 41.9 (9.7) 41.9 (10.6) 0.860
Sex, male, n (%) 62 (53.4) 33 (52.4) 29 (54.7) 0.853

Professional experience, years, mean (SD) 16.0 (9.2) 15.9 (8.8) 16.1 (9.7) 0.934

Caring for MS, years, mean (SD) 12.6 (8.1) 12.7 (8.1) 12.5 (8.4) 0.777
Type of hospital, academic, n (%) 110 (94.8) 62 (98.4) 50 (94.3) 0.330

Number of MS patients/week, mean (SD) 18.5 (13.6) 20.9 (12.2) 15.6 (14.8) 0.005

Full dedication to MS care, n (%) 78 (67.2) 48 (76.2) 30 (56.6) 0.030
Co-author of peer-reviewed manuscripts, n (%) 64 (55.2) 41 (65.1) 26 (43.4) 0.025

Investigator in MS clinical trials, n (%) 63 (54.3) 39 (61.9) 24 (45.3) 0.093
Access to sNfL testing, n (%) 40 (34.5) 29 (46.0) 11 (20.8) 0.006

JSE-HP score, mean (SD) 107.7 (12.2) 109.5 (10.6) 105.6 (13.6) 0.159

RIS-10 score, mean (SD) 2.1 (0.8) 2.1 (0.9) 2.1 (0.7) 0.833
Open workplace communication*, n (%) 78 (67.2) 37 (58.7) 41 (77.4) 0.047

Risk attitude at work, n (%) 68 (58.6) 43 (68.3) 25 (47.2) 0.025

Burnout**, n (%) 33 (28.4) 20 (31.7) 13 (24.5) 0.416

Note: *Thriving from Work Questionnaire cutoff score ≥4. **cutoff score ≥3. 
Abbreviations: JSE-HP, Jefferson Scale of Empathy-Health Professionals; MS, Multiple sclerosis; RIS-10, Regret Intensity Scale; SD, Standard deviation; sNfL, Serum 
neurofilament light chain.

Table 2 Multivariate Logistic Regression Analysis

OR 95% CI p-value

Number of MS patients/week 1.01 1.0–1.1 0.524
Non-specialized MS care 0.82 0.2–2.9 0.758

Co-author of peer-reviewed manuscripts 1.71 0.7–4.5 0.271

Investigator in MS clinical trials 1.39 0.5–4.0 0.540
Access to sNfL testing 3.52 1.3–10.3 0.016

Burnout 1.61 0.3–8.1 0.555

RIS-10 score 0.99 0.6–1.8 0.972
JSE-HP score 1.09 1.0–1.2 0.005

Open workplace communication 0.44 0.2–1.2 0.108

Risk attitude at work 1.94 0.8–4.7 0.134

Abbreviations: CI, Confidence interval; JSE-HP, Jefferson Scale of Empathy-Health 
Professionals; MS, Multiple sclerosis; OR, Odd ratio; RIS-10, Regret Intensity Scale; 
sNfL, Serum neurofilament light chain.
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complementing traditional clinical and radiological assessments.13,14 As such, their integration into routine practice 
marks a pivotal step toward personalized and evidence-based MS management, making MS an exemplary model for 
exploring the factors that influence the adoption of novel healthcare innovations.14

Our study found that over half of the participating neurologists demonstrated openness to adopting an evidence-based 
innovation. Access to resources like sNfL testing and higher empathy levels were identified as significant predictors of 
openness to innovation. These findings highlight the importance of both structural factors, such as the availability of 
advanced biomarker tools, and personal traits, like the ability to empathize with patients, in shaping neurologists’ 
attitudes toward adopting new evidence-based practices.

Empathy, the ability of physicians to understand and share the emotions of patients regarding their health conditions, 
is fundamental to the physician-patient relationship and plays a crucial role in delivering high-quality, patient-centered 
care.29–31 However, the decline in empathy is an increasingly recognized challenge in modern medical practice.32 Our 
study found overall high empathy levels, with only 14.5% of males and 18.5% of females scoring below the low-empathy 
thresholds. This finding aligns with previous research indicating that empathetic clinicians are more attuned to patients’ 
needs and focused on achieving better outcomes.30,31 Neurologists with a greater capacity to understand and relate to 
their patients’ experiences may be more inclined to adopt innovations that enhance personalized care and improve patient 
outcomes.

This study employed both logistic and linear regression models to comprehensively evaluate determinants of 
neurologists’ openness to innovation. While our initial logistic regression highlighted access to sNfL testing and higher 
empathy as significant predictors of demonstrating openness, the complementary linear regression, treating openness as 
a continuous variable, allowed for a more nuanced exploration of these relationships. The linear model strongly 
reinforced the pivotal role of empathy, demonstrating a significant positive association with the degree of openness to 
innovation. This consistent finding across both analytical approaches emphasizes empathy’s fundamental importance in 
fostering an adaptive and patient-centered approach to MS care. In a comparative study conducted in Italy with MS 
patients, participants evaluated alternative responses to four frequently asked health-related questions, which were 
formulated by both ChatGPT and neurologists.33 ChatGPT demonstrated significantly higher empathy scores than 
neurologists. This finding suggests that empathy may serve as a key driver of behavior change, aligning with broader 
efforts to prioritize patient-centered approaches in healthcare.2,3,29

Other key study findings were the role of access to innovations in fostering openness to new practices. Participant 
neurologists who reported greater access to sNfL were more likely to exhibit openness to evidence-based practices. 
A recent study conducted in a neuroimmunology unit in the Netherlands described a substantial influence of sNfL testing 
on clinical decision-making.18 Neurologists demonstrated moderate to high motivation to access sNfL data, emphasizing 
the growing interest in incorporating this biomarker into routine patient management. The availability of sNfL results, 
particularly when elevated levels were identified, influenced clinical decisions, notably in evaluating new symptoms, 
refining differential diagnoses, and monitoring treatment efficacy. This result underscores the importance of creating 
enabling environments where clinicians have the opportunity to engage with and experience new technologies. 
Institutions and healthcare systems should prioritize the provision of access to emerging diagnostic and therapeutic 
advances as part of continuing professional development initiatives and on-site clinical training.34,35 By ensuring 
neurologists have hands-on experience with innovations like sNfL testing, healthcare organizations may accelerate the 
adoption process and facilitate evidence-based decision-making.4,34,35

In our study, neurologists who were more open to adopting innovations demonstrated higher levels of clinical 
engagement, including full dedication to MS care, higher patient volumes, and more frequent involvement in research 
publications. These findings are consistent with previous research suggesting that clinicians actively participating in 
research and specialized care are more likely to embrace evidence-based practices.36

Interestingly, we found that significantly fewer innovator participants felt safe expressing concerns or making 
suggestions at work compared to non-innovators. This may be because innovators often encounter greater resistance 
or barriers when presenting unconventional ideas or challenging established norms.37 While innovators are typically 
willing to take risks as seen in our study and advocate for change, they may perceive the workplace as less supportive 
when open communication or novel ideas are not fully embraced. In contrast, non-innovators, who are more aligned with 
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established practices, might experience less resistance and, consequently, a greater sense of psychological safety. It is 
notable that 28.4% of participants reported feeling burned out, although burnout was not found to be significantly 
associated with openness to innovation in this study. While burnout has been linked to decreased engagement and 
reduced motivation to change in other healthcare settings, its lack of association here may be related to the specific 
context of neurological care or the characteristics of the sample.38–40 Future research should explore the potential 
moderating effects of burnout on openness to innovation, as it remains a critical factor in healthcare workforce well-being 
and performance.

Despite the promising clinical potential of sNfL testing in MS care, its adoption remains inconsistent, reflecting 
a broader trend observed in the uptake of healthcare innovations. Barriers such as limited access to testing, uncertainty 
about its utility in routine practice, and varying levels of institutional support may account for this variability.15,20,41

These findings have important implications for promoting the integration of evidence-based innovations in neurology. 
Interventions to increase openness to innovation should address structural and individual-level determinants. At the 
structural level, healthcare institutions should invest in expanding access to advanced diagnostic tools, such as sNfL 
testing, by integrating them into clinical workflows, developing centralized testing platforms, and securing reimburse
ment pathways.5,15 At the individual level, fostering neurologist traits associated with openness can be supported through 
structured professional development programs.42–44 These may include simulation-based training in patient-centered 
communication, workshops on behavioral flexibility and adaptive decision-making, and mentoring initiatives that pair 
clinicians with innovation champions or early adopters. Incorporating innovation-related competencies into continuing 
medical education and leadership development pathways may also accelerate cultural change toward greater receptivity 
to evidence-based advances in practice.

This study has some limitations. The cross-sectional design does not allow for causal inferences, and the findings are 
specific to neurologists involved in MS care within Spain, which may limit generalizability to other specialties and 
regions. Moreover, self-reported measures are subject to potential response bias. Although our analysis identified access 
to sNfL testing as a significant predictor of openness to innovation, it is important to acknowledge that detailed 
classification of institutional characteristics beyond the academic versus non-academic setting was not collected. 
Therefore, access to sNfL may also reflect broader institutional factors such as research infrastructure, availability of 
specialized resources, or engagement in innovation-focused initiatives. Future research could employ longitudinal 
designs to assess changes in openness over time and explore how targeted interventions influence this critical attitude.

In conclusion, this study identified key factors that influence neurologists’ openness to evidence-based innovations. 
Access to innovations and empathy for patients emerge as critical drivers of openness. These findings offer valuable 
guidance for healthcare institutions, policymakers, and educators seeking to accelerate the implementation of evidence- 
based advances in neurological care. By addressing these determinants, stakeholders can create supportive environments 
that facilitate the timely integration of emerging tools and personalized healthcare approaches, ultimately improving 
patient outcomes.

Abbreviations
EBPAS, Evidence-Based Practice Attitude Scale; JSE-HP, Jefferson Scale of Empathy-Health Professionals; IQR, 
Interquartile range; MS, Multiple sclerosis; OR, Odds ratio; RIS-10, Regret Intensity Scale; SD, Standard deviation; 
sNfL, Serum neurofilament light chain; SEN, Spanish Society of Neurology; TfWQ, Thriving from Work 
Questionnaire.
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