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Abstract

Background: As neurophobia (fear related to neurology) seems to be a problem seen worldwide, we were
interested in assessing whether neurophobia existed among medical students at the Faculty of Medicine in the
University of Tetovo. This study aims to assess the attitudes of medical students towards Neurology in relation
to perceived interest, difficulty, knowledge and confidence in learning the neurology subject compared to four
other medical subjects. Methods: During the study period (January-March 2025), general medicine students in
the 2013-2020 and 2021-2025 academic years were invited to respond to an anonymous questionnaire, using
Google forms distributed on the Internet. Results: Total, 125 students answered the anonymous questionnaire
83 female (66.4%) and 42 males (32.6%). The most favorites subject among medical students were Internal
medicine (26.4%) and Neurology (24%), respectively, while Dermatovenerology was ranked third (6.4%). The
current level of knowledge among medical students was most for subject Internal medicine (16%), Neurology
(9.6%), Infectiology (4.8%), Dermatovenerology 5 (4%), while Epidemiology (3.2%) was ranked fifth. The
most difficult subject for majority of medical students (27.2%) was Neurology. Among medical students, most
participants were less confident when dealing with patients with headaches (19.2%), dizziness (10.4%), and leg
numbness (5.6%) when compared to other non-neurological complaints. Conclusions: Neurophobia is also
widespread among students of general medicine at the University of Tetova and the findings of the first survey
on neurophobia in this study sample are consistent with those of similar studies. Further studies are required to
identify the extent of the problem.
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Introduction

Neurological disorders account for a large and increasing health burden worldwide, as shown
in the Global Burden of Diseases Study 2016 (GBD, 2016) and remaining an ongoing global
epidemiological transition (GBD, 2021).

The data of such information is of interest for greater attention by health authorities for the
prevention and care of neurological diseases and the need for clinicians specialized in
neurology.

Neurologic diseases are largely incurable, lead to decreased life expectancy, and cause a
multitude of signs and symptoms that negatively affect quality of life. Caregivers for those with
neurologic diseases also have high rates of distress and Burnout syndrome (Boersma et al.,
2014; Conti et al., 2021).

It is calculated that neurological disorders represent the leading cause of disability-adjusted life-
years worldwide and the second leading cause of death globally, particularly as a result of
population growth and ageing GBD 2015; Feigin et al., 2017; Feigin et al., 2019; Huang et al.,
2023; Safdieh et al., 2019).

The increasing need for neurologists in a decade of aging is driven by the rising prevalence of
neurological diseases in older adults. As the population ages, the number of individuals at risk
for neurological disorders increases, placing a greater demand on specialized neurological care
(Dall et al., 2013; Freeman et al., 2013; Harrigan et al., 2024; Racette et al., 2014).

In this context, including a wide spectrum of palliative care in neurological disease,
neuropalliative care is an emerging interprofessional field (of neurology and palliative
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medicine) that is increasingly becoming an established part of medical care, aims to improve
communication through the holistic assessment and management approach of the person and
quality of life for all people affected by severe neurological diseases (Oliver, 2022; Wiblin,
2024).

Likewise, the perception of classical neurology practice, research, and the way age-related
conditions are viewed has changed, while medical education remains core to the future of
neurology (Stancu et al., 2024; Mustafa et al., 2024; Osgood et al., 2024).

In the context of medical education, studies have found that insufficient or inadequate
instruction hindering student learning and future clinical practice has contributed to
disengagement and lack of interest in neurology, which may negatively affect the clinical
competence and skills of future physicians (Fantaneanu et al., 2014 Han et al., 2023; Zinchuk
etal., 2010).

Besides this, the World Health Organization (WHO) predicts a global shortage of 4.3 million
physicians by 2030, with the largest deficits in developing and conflict-affected regions,
including low-income countries (Qayumi et al., 2024).

A growing burden of neurological disease means medical students and doctors are likely to
encounter patients with neurological diseases during their training and practice (Feigin et al.,
2019; Feigin et al., 2004), yet neurology is considered a difficult subject by medical students
(Schon et al., 2002; Zinchuk et al., 2010; Fantaneanu et al., 2014).

Current medical educational theory encourages the development of competency-based curricula
(McElligott et al., 2025; Merlin et al., 2014; Sakai et al., 2013), whereas clinical neurology
teaching is conducted in the clinical years, while focusing on the clinical symptoms and signs
associated with neurological disease (Gelb et al., 2021). Different studies have been reported
that gap between preclinical and clinical learning is a challenge (Surmon et al., 2016).

People often use the terms “fear”, “anxiety”, and “phobia” interchangeably. However, all three
medical entities are natural, human feelings that are experienced differently by everyone, vary
in intensity, and have similar emotional and/or bodily responses; Fear is a response to an
imminent real or perceived threat, whereas anxiety is a response to a worry about a threat that
has not yet occurred, or may never occur, i.e. an anticipated future threat. So, fear is inevitable,
it can arise from almost anything. (Bateson et al., 2011; Garcia, 2017; Hudson, 2006; Ropeik,
2004; Weisberg, 2009; Merikangas et al., 2010).

Actually, pathological anxiety can develop from adaptive states of fear (Kellett & Kokkinidis,
2004; Rosen & Schulkin, 1998), but when the irrational fear of something becomes debilitating
and affects an individual's daily life, it is considered a phobia. Phobias are a type of anxiety
disorder that provokes excessive, persistent, and extreme fear that can arise from almost
anything, some seeming stranger than others, also it is common for someone to have or develop
specific fears or phobias. So that, different types of fear (specific phobia) have been described
with various definitions including fear of flying (aerophobia), fear of heights (acrophobia), fear
of spiders (arachnophobia), fear of enclosed spaces (claustrophobia), fear of social interactions
(social phobia), fear of death (thanatophobia), fear of driving (vehophobia), fear of developing
a disease (nosophobia), fear of doctors (iatrophobia), fear of neurology or neurological diseases
or as a “fear of neural sciences and clinical neurology” knows as neurophobia among medical
students (Ausin et al., 2020; Anwar et al., 2015; Merikangas et al., 2010; Tarolli & Jozefowicz,
2018; Jozefowicz, 1994).

These types of fear (specific phobia) and other usually go away on their own, but some affect
the quality of daily life and are a major public health challenge in terms of epidemiology, fear
management and health care costs, affecting people throughout life and starting in childhood.
Based on diagnostic interview data from National Comorbidity Survey Adolescent Supplement,
prevalence of specific phobia among U.S. adolescents aged 13-18, 19.3% of adolescents had
specific phobia (Merikangas et al., 2010).
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Over the last few decades, a fear of neurology termed neurophobia by Ralph Jozefowicz in 1994
(Jozefowicz, 1994; Anwar et al., 2015) or termed pathological fear of neurology (according
Fuller, 2012) is fear or anxiety of any topic related to neurology due to failure to integrate basic
science knowledge to clinical situation by medical professionals when interacting with patients
suffering from neurological disorders (Hudson, 2006).

Earlier Jozefowicz defined neurophobia as “a fear of neuroscience and clinical neurology that
is due to students' inability to apply their basic science knowledge to clinical situations”
(Jozefowicz, 1994). The resulting negative attitudes toward neurology as a subject have been
well documented since the 1950s among medical students in various countries around the world,
and today the definition of neurophobia is not uniform across differently studies. Although there
are different ways to approach this issue, the Likert-type scales developed in 1932 by Rensis
Likert (Likert, 1932) and used by many researchers from different disciplines, often used in
medical education and medical education research can serve as an example of the neurophobia
assessment instrument (Norman, 2010; Sullivan & Artino, 2013).

There is also evidence that neurophobia begins early in medical school (Shiels et al., 2017),
whereas neurophobia experienced by medical students during the course of their medical
training (Conway & Tubridy, 2018) may play a role in choosing neurology as a career option
and contribute to the shortage of neurologists at a time when, with an aging population, the
burden of neurological disease is intensifying (Conway & Tubridy, 2018; Dall et al., 2013;
Freeman et al., 2013; Racette et al., 2014).

Evidence-based treatments over the past two decades have revolutionized the clinical
management and design of neurological services, increasing the need for neurologists to provide
modern patient care. There are so many more treatments modalities now than there was in the
past (Pereira et al., 2025; Mustafa et al., 2024; Harrigan et al., 2024; Osgood et al., 2024).
Because neurology cases are commonly complex and challenging to manage (Bartolo et al.
2010), the limited exposure to the cases could have limited the opportunity for students to be
challenged in term of knowledge and skills, as well as confidence level. More opportunities to
handle neurology cases and sufficient duration of practice are needed before students can
adequately reflect on their skill in implying patient care and satisfaction (Mc Colgan et al.2013;
Mc Gee et al.2014).

Now, the relationship between neurophobia (with its four dimensions of difficulty, self-
confidence, knowledge and interest) and the shortage of neurologists (as in the case of the
United Kingdom according to Nitkunan et al., 2020), when “one in six Americans is currently
affected by neurologic disease” according to Dao and co-workers (2015) has aroused
considerable research interest, given reports in the literature.

Resultant negative attitudes toward neurology as a subject have been well documented and
frequently reported among medical students, potentially impacting their academic confidence
and clinical performance.

Based on some studies, neurophobia is a recognized problem (Devoy et al., 2022) that
influences both medical students (Han et al., 2024; Han et al., 2023; Flanagan et al., 2007) and
postgraduate trainees” (Han et al., 2024), general practice trainees (McCarronet al., 2014),
doctors (Flanagan et al., 2007), non-specialist doctors (Matthias et al., 2013) as well as to
medical students towards neurological education (Zinchuk et al., 2010) and is described as “a
global issue” (Zinchuk et al., 2010), “a global phenomenon” (Murphy et al., 2024), “a global
and under-recognized phenomenon” (McGee al., 2014) or “fear of neurology among medical
students” (Anwar et al., 2015), “fear of neurology experienced by medical students” (Conway
& Tubridy, 2018), “fear of neurosciences held by medical students and doctors” (Matthias et
al., 2013), “fear of neurological diseases” (Szirmai, 2012), “a chronic illness that begins early
in medical school” (Shiels et al., 2017) as well as pathological fear of neurology which “should
probably be considered a natural state for medical students and doctors” (Fuller, 2012).
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Nowadays, evidence based on various studies has accumulated that medical students and junior
doctors as well as new specialists in the field of neurology find neurology difficult (Flanagan et
al., 2007) because they are unable to apply their basic neurology knowledge at the patient's
bedside. According to statistics, every second student suffers from the neurophobia (Szirmai.
2012).

The prevalence of the neurophobia has been studied predominantly in medical students and
junior doctors (Saldafia-Inda et al., 2023) and resident trainees (Han et al., 2023). Estimates of
the prevalence of neurophobia in medical students vary substantially from 26% (Shiels et al.,
2017), 34.1% (Lambea-Gil et al 2023), 47.5% (Kam et al., 2013), 58.9% (Jukna et al., 2023) to
66.1% (Han et al., 2023). A recent systematic review and meta-analysis recently showed that
among medical students, the overall prevalence of neurophobia was 43%, while among
postgraduate doctors, it was 49% (Han et al., 2024).

To illustrate estimates of the prevalence of neurophobia, Nitkunan and colleagues (2020) show
that the United Kingdom has the lowest number of neurologists per population in Europe and a
possible contributing factor is the prevalence of neurophobia.

Reports in the literature have attributed medical student neurophobia to an inability to apply
knowledge of the basic science to clinical situations. So that a teaching and learning initiative
called case-based teaching was designed to help medical undergraduates integrate clinical
neurology with the neuroscience that underpins it (Hudson, 2006).

For this reason, we sought inspiration from student feedback, their experience, and current
practices in the medical education sphere to investigate if neurophobia, not as a medical
condition, but as a professional phenomenon (according to Jozefowicz, 1994) or as a “natural
state for medical students and doctors” (according to Fuller, 2012) is present among medical
students at the Faculty of Medicine in the University of Tetovo and to assess the attitude of
medical students toward neurology compared to other medical subjects.

Methods
Study design and sample

During the study period from January to March 2025, students in the medical education program
of general medicine in the academic years 2013-2020 and 2021-2025 were invited to answer an
anonymous questionnaire, using Google forms distributed on the Internet.

Each questionnaire administered to medical students was accompanied by an informed consent
and information leaflet, which explained the details of the study to the participants as well as
the rights of the participants before they were enrolled in the study and responses were recorded
directly per computer.

By assigning a unique code to each student, the study author was able to track the activities and
responses received for each questionnaire. All students were given two weeks to collect as many
responses as possible. Responses were then filtered for any duplicates by the study authors.
Finally, the data of each questionnaire was processed and analyzed presenting their data as a
presentation in this study anyway commenting on their results.

The study instrument was an anonymous questionnaire based on modified qualitative
interpretation of 5-point/response Likert scale measures. In this cross-sectional survey, the
questionnaire included demographic data and statements to examine attitudes toward neurology
and four medical subjects (Epidemiology, Dermatovenerology, Infectiology, Internal medicine)
that are heard in the fourth year of studies, using a Likert scale, as well as the willingness to
choose neurology as a career. The confidentiality of the responses was fully assured. There were
no wrong or right answers. the student was asked to answer in the way that best reflects his
thoughts.
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Participants were defined as having neurophobia if they had a difficulty score calculated on a
Likert scale from possible responses related to difficulty in neurology and that score = 5 (i.e.,
very difficult), whereas values < 4 were considered as absence of neurophobia.

Statistical analyses

For data analysis, the Statistical Package for Social Sciences (SPSS version 17.0.) was
employed. Continuous variable such age was analyzed using mean and standard deviation,
while categorical variable as gender and academic generation were summarized using
frequencies and percentage by applying descriptive tables of the study cohort.

Results

Total, one hundred and twenty-five students with an average age of 24.08 years (SD = 1.599;
ranging from 20 to 27 years) responded to the anonymous survey. Of these, 83 (66.4%) were
female and 42 males (32.6%), while the female to male ratio was approximately 2:1, indicating
a higher representation of female participants in the study. This gender distribution highlights
the demographic composition od general medical students, with female forming the majority in
this sample cohort.

The sociodemographic characteristics of the study cohort (n = 125) are presented in Table 1.

Table 1. Sociodemographic characteristics of the study sample (n =125)

Sociodemographic factor Category n (%)
Generation 2013 56 (44.8)
2021 69 (55.2)

Age (y) 20-21 5 (4.0)
22-23 48 (38.4)
24-25 49 (39.2)
>25 23 (18.4)
Gender Female 83 (66.4)
Males 42 (32.6)

Sociodemographic variable with the categories shown in table 1 were analyzed according to the
frequency distribution. The term age range by generation is not an official definition and means
the years of the academic generation up to the academic years 2013/2025. Among the
participants in the study, 69 of 125 (55.2%) were students of the generation in the academic
years 2021-2025, while students of the generation in the academic years 2013-2020 were 56
(44.8%), were those with 24-25 years of age ranked first (39.2%). According demographic age
groups, the age range distribution of the participants shows that most were in their early
twenties, representing a relatively young sample of the typical cohort for undergraduate medical
students.

Figure 1 shows the response to considering neurology as a possible career; 24% of students had
not decided regarding their future career, also 24% selected neurology as their first possible
choice.
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Figure 1 Response to considenng neurology as a career
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Perceived difficulties with neurology were compared with four medical subjects that were
analyzed,whereas table two present the assessment of medical students' attitudes towards
neurology and four other medical subjects.

Table 2. Assessment of medical students' attitudes towards neurology and four other subjects

Epidemiology Dermatovenerology Infectiology Internal medicine Neurology

Preference ratings

1 = not a favorite at all 14 (11.2) 16 (12.8) 13 (10.4) 10 (8.0) 7 (5.6)
2 = least favorite 64 (51.2) 27 (21.5) 28 (22.4) 0 5 (4.0)
3 = favorite 30 (24.0) 40 (32.0) 52 (41.6) 13 (10.4) 20 (16.0)
4 = very favorite 14 (11.2) 24 (19.2) 22 (17.6) 48 (38.4) 42 (33.6)
5 = the most favorite 3(2.4) 18 (14.4) 10 (8.0) 54 (43.2) 51 (40.8)
Difficulty ratings:

1=very easy 10 (8.0) 1(0.8) 1(0.8) 0 0

2 =ecasy 46 (36.8) 27 (21.6) 27 (21.6) 3(2.4) 2 (16.0)
3 =moderate 41 (32.8) 56 (44.8) 56 (44.8) 50 (40.0) 36 (28.8)
4 = difficult 25 (20.0) 30 (24.0) 30 (24.0) 62 (49.6) 54 (43.2)
5=very difficult 3(2.4) 11 (8.8) 11 (8.8) 10 (8.0) 33 (26.4)
Knowledge ratings:

1 = very limited 13 (10.4) 24 (19.2) 7 (5.6) 4 (3.2) 10 (8.0)
2 = limited 40 (32.0) 32 (25.6) 39 (31.2) 13 (10.4) 24 (19.2)
3 =moderate 39 (31.2) 37 (29.6) 54 (43.2) 45 (36.0) 51 (40.8)
4 = good 29 (23.2) 27 (21.6) 19 (15.2) 43 (34.4) 28 (22.4)
5 =very good 4 (3.2) 5 (4.0) 6 (4.8) 20 (16.0) 12 (9.6)
Confidence ratings:

1 = very uneasy 8 (6.4) 28 (22.4) 20 (16.0) 12 (9.6) 34 (27.2)
2 =uneasy 23 (18.4) 36 (28.8) 28 (22.4) 29 (16.8) 33 (26.4)
3 = moderately confident 50 (40.0) 41 (32.8) 47 (37.6) 37 (29.6) 39 (31.2)
4 = confident 24 (19.2) 13 (10.4) 20 (16.0) 30 (24.0) 11 (8.8)
5 = very confident 19 (15.2) 7 (5.5) 10 (8.0) 25 (20.0) 8 (6.4)

Details regarding provided self-reported information on opinions and attitudes on current
challenges in studies in the sample of medical students showed that most favorites subject
among medical students were Internal medicine (43.2%) and Neurology (40.8%), respectively,
while Dermatovenerology was ranked third (14.4%).

According to the students™ perception, despite the fact that internal medicine was considered
the most preferred subject by medical students and neurology the least preferred subject than
internal medicine, neurology is considered to be the most difficult subject compared to internal
medicine and the other three subjects.
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From the study, on the Likert Scale, 2 of the respondents (16%) perceived neurology as an easy
subject, while 54 of the respondents (43.2%) perceived neurology as a difficult subject, whereas
33 of the respondents (26.4%) perceived neurology as a very difficult subject.

From the overall assessment of the participants were determined three possible main reason
why perceived neurology as a very difficult subject: the overly theoretical lectures implying a
large number of neurological disorders (63.2%), lack of sufficient knowledge from the field of
neuroanatomy (50.4%), and limited patient exposure during practical exercises (37.6%)
including difficulties in clinical (24%) and neurological examination (33.6%).

The current level of knowledge among medical students was very good for subject Internal
medicine (16%), Neurology (9.6%), Infectiology (4.8%), Dermatovenerology 5 (4%), while
Epidemiology (3.2%) was ranked fifth.

The knowledge assessments were reflected in the confidence assessments so that students were
very confident in the field of Internal medicine (20%) and less so in the field of other subjects.
So, among medical students, most participants were less confident when dealing with patients
with headaches (19.2%), dizziness (10.4%), and leg numbness (5.6%) when compared to other
non-neurological complaints.

Discussion

To our knowledge, this study is the first anonymous electronic survey in the Republic of North
Macedonia (RNM) that medical students filled out a questionnaire using the Likert scale with
answer scores ranging from 1 to 5 to evaluate their perceptions of neurology and four other
medical subjects, to capture a general view of the factors behind neurophobia among medical
students. Unlike our country, studies of neurophobia in relation to difficulty and belief, and
experiences of fear of neurology were mainly conducted among medical students, junior doctors
and primary care doctors in different countries like in the European, American, Asian and
African countries (Abulaban et al., 2015; Anwar et al., 2015; Conway & Tubridy, 2018; Devoy
et al., 2022; Flanagan et al., 2007; Han et al., 2024; Han et al., 2023; Matthias et al., 2013;
McCarronet al., 2014; McGee al., 2014; Murphy et al., 2024; Szirmai, 2012; Shiels et al., 2017;
Zinchuk et al., 2010).

Nowadays, evidence based on various studies has accumulated that medical students and junior
doctors find neurology difficult (Flanagan et al., 2007; Zinchuk et al., 2010) because they are
unable to apply their basic neurology knowledge at the patient's bedside.

According to Szirmai (2012), every second student suffers from neurophobia and its main
symptom is that medical students and young doctors are not able to utilize their basic
neurological knowledge at the bedside. In his original article, Ralph Josefowicz (1994)
attributed neurophobia to the lack of integration between basic neurosciences and clinical
neurology, and claimed that 50% of medical students at some stage have neurophobia.

The study results show that a quarter (24.6%) of respondents perceived neurology as a difficult
subject to learn and reported low perception of self-efficacy, similar to medical students in
different studies. These results are consistent with the predictions of the purpose of this study.
And, these findings of high perceptions of difficulty and low confidence are some of the
hallmarks of neurophobia as described in studies of neurophobia in medical students (Abulaban
et al., 2015; Anwar et al., 2015; Conway & Tubridy, 2018; Devoy et al., 2022; Flanagan et al.,
2007; Han et al., 2024; Han et al., 2023; Matthias et al., 2013; McCarronet al., 2014; McGee
al., 2014; Murphy et al., 2024; Szirmai, 2012; Shiels et al., 2017; Zinchuk et al., 2010).
Compared with several studies, the prevalence of neurophobia in medical students was similar
to the prevalence estimate of neurophobia in the study of Shiels and co-workers (2017), lower
than the prevalence estimates of neurophobia in the studies of Lambea-Gil and co-workers
(2023), Kam and co-workers (2013), Jukna and co-workers (2023) and Han and co-workers
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(2023), or lower than the estimate of the overall prevalence of neurophobia according to Han
and co-workers (2024).

This difference in study prevalence may be related to the small study sample or medical
education system, reflecting how medical students' attitudes toward neurology were assessed.
In addition, this study did not address teaching method preferences for learning and ways to
improve neurological education.

To date, patient care has been dominated by evidence-based medicine (Fernandez et al., 2015),
and now, medicine is moving from a population-based model of clinical care to a model of
“personalized” medicine based on the individual or individualized patient care (Horwitz et al.,
2018).

Medical universities in the Republic of North Macedonia use student-centered teaching
methods, with theoretical-practical bases based on evidence-based medicine. Teaching during
the first years (pre-clinical phase), has a more theoretical focus with limited integration of
clinical exposure, and clinical exercises during the final years (clinical phase) may exacerbate
neurophobia due to a lack of theoretical-practical grounding in the complexities of neurology.
Didactic lectures have been the gold standard and the most common method of traditional
teaching and learning practice, but interactive teaching styles are more popular than didactic
lecture (Costa et al., 2007; Miller et al., 2014). Current medical education theory encourages
the development of competency-based curricula, as translational medicine moves to the
forefront of medical research and clinical practice (Merlin et al., 2014).

Activity-based learning, case-based discussion, and problem-based learning, are laying the
foundation for this modern era of teaching (Mishra et al., 2023). Different studies have reported
that the gap between preclinical and clinical learning is a challenge (Surmon et al., 2016),
including malpractice fear (Johnston et al., 2014) which also affect the attitudes of neurologists
(Brilla et al., 2006). For more, students must acquire critical thinking skills to evaluate the
medical literature and incorporate it into their clinical practice.

Scientific medicine, conventional medicine, evidence-based medicine, modern medicine,
holistic medicine, integrative medicine, all of them are different and are considered medical
systems that were developed years ago and have only recently become known to share a number
of common elements (Yeung, 2018). For example, by all medical systems, it is considered that
each person or each patient is unique.

The definition of evidence-based medicine comes from Sackett and co-workers (1996) who
stated that it is the “integration of the best research evidence with clinical expertise and patient
values to make clinical decisions” and the notion that clinical judgments should be based on the
best available research is not new.

Evidence-based medicine in the form of the scientific method has underpinned medical practice
for decades and requires continuing education. At its core, evidence-based medicine is a
systemic approach to utilizing the best scientific information to make decisions regarding
diagnosis and treatment for individual patients. It involves learning a set of skills to access and
evaluate the medical literature and select the most accurate information for use in clinical
decision-making. In fact, students and new physicians attempting to practice evidence-based
medicine may become frustrated with the process when they are unable to find any useful
information to answer their clinical questions. In some cases, medical information is available,
but the evidence may be inconclusive or contradictory. Fortunately, the amount of medical
information available to medical students and physicians continues to grow. Regardless, more
research studies should be used to assess the scientific knowledge to evaluate the outcomes of
each major clinical problem with the evidence-based medicine approach.

Evidence-based medicine uses the scientific method to organize and apply current data to
improve health care decisions and generate evidence for patient care, whereas evidence-based
practice is the process of applying current, best evidence (external and internal scientific
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evidence), patient perspective, and clinical expertise to make decisions in relation to the care of
the individuals being treated (Horwitz et al., 2018).

The Horwitz and Singer article (2017) argues that while evidence-based medicine has been
successful in strengthening the evidence base for population health, it has failed to answer the
specific questions of individual patient care. They propose “medicine-based evidence” as a
better approach, which focuses on individual patient profiles and uses data from various sources
to personalize treatment decisions.

Meanwhile, the emerging concept of integrating the details of biology and biography is a goal
of “precision medicine” while recent advance in techniques for biomarker identification and
innovations in digital sensors to monitor physiological and behavioral features, have rich
biological and clinical data that describe each patient (Lobitz et al., 2019).

This may lead to more motivation to learn how to replace neurophobia with “neurophilia”
(Fuller, 2012).

Defensive medicine is becoming increasingly prevalent in the in western cultures (Baungaard
et al., 2022; Borgan et al., 2020; Guthorn 1968; Garcia-Retamero & Galesic, 2014) and the
concept of defensive medicine is closely related to the issue of medical errors (Kakemam et al.,
2022). The term defensive medicine (Guthorn, 1968) is defined as “doctors who deviate from
sound medical practice due to fear of reasonable claims and lawsuits” (Garcia-Retamero &
Galesic, 2014).

Defensive medicine occurs when doctors prescribe unnecessary tests, procedures, or specialist
visits (positive defensive medicine), or avoid high-risk patients or procedures (negative
defensive medicine). Physicians practice defensive medicine to reduce their exposure to
medical malpractice lawsuits (Borgan et al., 2020; Johnston et al., 2014; Kakemam et al., 2022;
Panella et al., 2017). The fear of litigation and defensive medicine also affect the attitudes of
neurologists (Brilla et al., 2006). There are also assessments of students' experiences with
preventive medicine (Johnston et al., 2014; O'Leary et al., 2012), due to a perceived threat of
liability through insurance behaviors (including providing additional services of minimal
clinical value) or avoidance behaviors (including withholding services that are, or avoiding
patients who are perceived as high risk) (O'Leary et al., 2012).

The development of modern medicine in many countries is slowly progressing towards a more
holistic and individual approach to healing, where part of this progress is the integration
between Western and alternative forms of medicine, a concept that has been described as
“integrative medicine” (Li et al., 2024). This approach to health care incorporates the patient's
mind, spirituality, and sense of community into the healing process (Gannotta et al., 2018).
Integrative medicine is a new way of designing health care that brings conventional and
complementary approaches together in a coordinated manner by emphasizing multimodal
interventions, which are two or more interventions such as conventional health care approaches
(such as medication, physical rehabilitation, psychotherapy) and complementary health
approaches (such as acupuncture, yoga, and probiotics) in various combinations, with an
emphasis on treating the whole person (holistic approach) rather than, for example, an organ
system (Li et al., 2024).

According to the recommendations of the main international neurological societies, during the
medicine undergraduate degree, the students must learn the clinical ability to perform a
meaningful clinical and neurological examination, and acquire the clinical skills to initiate
appropriate investigations and management of the most frequent, urgent or treatable
neurological illnesses (Bermejo-Pareja & Hernandez-Gallego, 2007; Hernando-Requejo, 2020;
Lambea-Gil et al 2023).

There are authors (Flanagan et al., 2007) who explained the disparity between difficulty and
knowledge/interest by the fact that students perceive that they have to struggle more at
neurology to gain knowledge. The results of this study showed that along with current
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theoretical and practical knowledge in the field of neurology, low levels of neurophobia were
associated with students' willingness/expectation to pursue a career in neurology. Today there
is a lot of information due to technological development in more fields of medicine and
according to evidence-based medicine, the evidence of this information must be verified, while
for every student this is a big challenge and this challenge is widely reported in contemporary
literature.

Anyway, there are data that neurological semiology is often considered by medical students as
particularly difficult to learn, whereas finding alternative teaching methods may improve
students' motivation and understanding of this field (Zeidan et al., 2022).

From all that we said above, it is not surprising why students and young doctors around the
world complain of fear of neurology (neurophobia), or resident physicians perceive their
knowledge of neurology and neurological emergencies as possible causes for said fear (Saldafia-
Inda et al., 2023) which may contribute to a reduced number of trained neurologists (Tarolli &
Jozefowicz, 2018) especially in the lowest number of neurologists (Nitkunan et al., 2020).

The elements that contribute to the development of neurophobia were not the main purpose of
this study, therefore they are discussed in part.

From the overall assessment of our participants were determined three possible main reason
why perceived neurology as a very difficult subject were the overly theoretical lectures
implying a large number of neurological disorders, lack of sufficient knowledge from the field
of neuroanatomy, and limited patient exposure during practical exercises, including difficulties
in clinical and neurological examination.

Students also reported low confidence in neurology compared to internal medicine. These
findings are likely to have important implications for medical education in how medical
students practice. In terms of educational resources, the complexity of neurology is widely
recognized as one of the primary contributors to major reason why neurology was perceived as
a difficult clinical specialty (Flanagan et al., 2007). Meanwhile, this perception by medical
students (Conway & Tubridy, 2018) is exacerbated by too theoretical lectures (Lambea-Gil et
al., 2023; Saldafia-Inda et al., 2023) driven by an intimidation of the complex nature of
neuroanatomy and neuropathology (Murphy et al., 2024), inadequate exposure to practical and
insufficient training during both preclinical and clinical education (Matthias et al., 2013,;
McCarron et al., 2014; Loftus et al., 2016; Kam et al., 2014), due to poor teachings of neurology
(Flanagan et al., 2007), the necessary understanding of neuroanatomy (Dao et al.,2015) and
complex neurologic examination (Matthias et al., 2013; Youssef, 2009), a low degree of
confidence when confronted with patients presenting with neurologic symptomatology
(Zinchuk et al., 2010) as well as due to the lack of a practical basis in the complexities of
neurology (Han et al., 2024). Learning neurology and neurological examination is an art in itself
and like any art, it requires knowledge, awareness, patience and sensitivity, which is
emphasized in more studies (Dao et al., 2015).). A teaching and learning initiative called case-
based teaching (Hudson, 2006) is designed to help medical undergraduates integrate clinical
neurology with the neuroscience that underpins it.

Similar to the mentioned studies (Matthias et al., 2013; McCarron et al., 2014; Loftus et al.,
2016; Kam et al., 2014; Han et al., 2024), it is likely that the difficulty in the theoretical and
practical learning of neurology among the participants of this study contributed to the lack of
confidence regarding neurology, especially among those who felt less confident in the treatment
of complaints related to neurological symptoms and/or signs, a very important reason for 39.4%
of students.

Based on diagnostic interview data from National Comorbidity Survey Adolescent Supplement,
prevalence of specific phobia among U.S. adolescents aged 13-18, 19.3% of adolescents had
specific phobia (Merikangas et al., 2010).
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Generally, the word “fear” is used in two ways, one to describe the emotional response to
something that seems dangerous and the other to name something that a person often feels afraid
of.

Fear is a normal and healthy part of life and one of the most basic human emotions, which is
programmed into the nervous system and functions as an instinct. Fear is a response the brain
has learned in an attempt to protect the person as physical responses (Mochcovitch et al., 2014).
In fact, fear plays an important role in preventing the individual from entering harmful situations
and helping him decide when to get out of situations that are not necessarily better, whereas,
fear appeals are persuasive messages that attempt to arouse fear by emphasizing the potential
danger and harm that will befall individuals if they do not adopt the messages’
recommendations (Tannenbaum et al., 2015; Ropeik, 2004).

It is well understood due to extensive research that the neurobiological basis of normal and
pathological innate and learned fear reactions refers to brain mechanisms involved in processing
and regulating the emotion of fear, particularly those involving the amygdala (Garcia, 2017)
and its connections to the frontal cortex (perirhinal cortex, ventrolateral prefrontal cortex,
anterior insula) considered (Mochcovitch et al., 2014). Also, the amygdala and other fear-
related neurocircuitry may share a similar neuroanatomy to anxiety neurocircuitry
(Mochcovitch et al., 2014). The amygdala contributes to fear indirectly but is not an innate fear
center out of which fear percolates (LeDoux, 2000).

The main function of fear and anxiety is to act as a signal of danger, threat, or motivational
conflict, and to trigger appropriate adaptive responses (Steimer, 2002). Furthermore, many
authors justify a clear distinction between fear and anxiety where although both are alarming
signals, they seem to prepare the body for different actions. So, anxiety as a natural adaptive
reaction is a generalized response to an unknown threat or internal conflict, while fear focuses
on known external danger (Barlow, 2000; Craig et al., 1995).

Fear or anxiety result in the expression of a range of adaptive or defensive behaviors, which are
aimed at escaping from the source of danger or motivational conflict (Steimer, 2002).

These behaviors depend on the context and three familiar examples have been proposed to
understand the development and maintenance of coping if the anxiety response goes beyond
normal fear and leads to avoidance behavior. First, the active strategies are mediated
predominantly by sympathetic activation (hypertension, tachycardia), known as the fight-or-
flight response, originally described by Cannon (1915).

Secondly, passive coping strategies, such as immobilization or freezing, are usually
characterized by autonomic inhibition (hypotension, bradycardia), and a more pronounced
increase in the neuroendocrine response (activation of the hypothalamopituitary-adrenal axis
and increased glucocorticoid secretion), known as the conservation-withdrawal strategy,
originally described by Engel and Schmale (1972).

And thirdly, the concept of alternative (active/passive) strategies itself owes much to the work
of Henry and coworkers (1977) where specific brain circuits appear to mediate distinct coping
reactions to different types of stressors (Bandler et al., 2000; Keay & Bandler, 2001; Sinha et
al., 2016; Mochcovitch et al., 2014).

Conclusion

Neurophobia is also widespread among students of general medicine at the University of Tetova
and the findings of the first survey on neurophobia in this study sample are consistent with those
of previously published studies.

According to the students' perception, despite the fact that internal medicine was considered the
most preferred subject by medical students and neurology the least preferred subject than

110



internal medicine, neurology is considered the most difficult subject compared to internal
medicine and the other three subjects on the Likert scale.

Given that recognition of the multifactorial nature of neurophobia is critical to designing
effective interventions, further studies are required to identify the extent of the problem. Since
the elements that contribute to the development of neurophobia we re not the main purpose of
this study, they will therefore be analyzed and fully presented in a future study.

Limitations

Four specific limitations are worth mentioning. First, as introduced in the introduction, the
results of the present study are concerned with the perception of fear from neurology
(neurophobia) and not with innate fear. That is, our analysis did not compare students who were
subjectively fearful to students who were not subjectively fearful, but we compared students
who were more or less exposed to fear-inducing neurology content. Consequently, all levels
between the five medical subjects and comparisons of student attitudes should be interpreted as
effects of exposure to levels of fear of neurology (neurophobia) rather than effects of fear per
se. Finally, a small sample of all medical students may limit the generalizability of these results,
but there were 125 respondents in this survey and the sample was assumed to be representative
and therefore the results are presented similarly to other studies.

Contributions

Author BK was responsible for the study conception, which was refined by co-author DK. Both
authors analyzed the raw data obtained from the anonymous questionnaires. BK wrote the
manuscript and both authors reviewed and approved the final manuscript.

Conflict of interests
The authors declare that they have no competing interests.
Acknowledgment

We would like to thank the Faculty of Medicine of the University of Tetova for the opportunity
to conduct this anonymous survey and all medical students who participated and contributed to
this survey. Having accurate information is the first step toward recognizing problems and
working toward direction of solving problems.

References

[1] Abulaban, A. A., Obeid, T. H., Algahtani, H. A., Kojan, S. M., Al-Khathaami, A. M., Abulaban, A.
A., Bokhari, M. F., Merdad, A. A., & Radi, S. A. (2015). Neurophobia among medical students.
Neurosciences (Riyadh, Saudi Arabia), 20(1), 37-40

[2] Ali, A., Hubbard, P. S., & Ueda, M. (2024). From neurophobia to neurophilia: Fostering confidence
and passion for neurology in medical students. Brain and neuroscience advances, 8,
23982128241307148. https://doi.org/10.1177/23982128241307148

[3] Anwar, K., Shaikh, A. A, Sajid, M. R., Cahusac, P., Alarifi, N. A., & Al Shedoukhy, A. (2015).
Tackling student neurophobia in neurosciences block with team-based learning. Medical education
online, 20, 28461. https://doi.org/10.3402/me0.v20.28461

[4] Ausin, B., Mufioz, M., Castellanos, M. A., & Garcia, S. (2020). Prevalence and Characterization of
Specific Phobia Disorder in People over 65 Years Old in a Madrid Community Sample (Spain) and its
Relationship to Quality of Life. International journal of environmental research and public health,
17(6), 1915. https://doi.org/10.3390/ijerph17061915

111



[5] Barlow, D. H. (2000). Unraveling the mysteries of anxiety and its disorders from the perspective of
emotion theory. American Psychologist, 55(11), 1247-1263. https://doi.org/10.1037/0003-
066X.55.11.1247

[6] Bandler, R., Price, J. L., & Keay, K. A. (2000). Brain mediation of active and passive emotional
coping. Progress in brain research, 122, 333-349. https://doi.org/10.1016/s0079-6123(08)62149-4

[7] Bateson, M., Brilot, B., & Nettle, D. (2011). Anxiety: an evolutionary approach. Canadian journal
of psychiatry. Revue canadienne de psychiatrie, 56(12), 707-715.
https://doi.org/10.1177/070674371105601202

[8] Bartolo, M., De Luca, D., Serrao, M., Sinforiani, E., Zucchella, C., & Sandrini, G. (2010). Caregivers
burden and needs in community neurorehabilitation. Journal of rehabilitation medicine, 42(9), 818-822.
https://doi.org/10.2340/16501977-0612

[9] Baungaard, N., Skovvang, P. L., Assing Hvidt, E., Gerbild, H., Kirstine Andersen, M., & Lykkegaard,
J. (2022). How defensive medicine is defined in European medical literature: a systematic review. BMJ
open, 12(1), e057169. https://doi.org/10.1136/bmjopen-2021-057169

[10] Borgan, S. M., Romeus, L., Rahman, S., & Asmar, A. (2020). Internal Medicine Residents and the
Practice of Defensive Medicine: A Pilot Study Across Three Internal Medicine Residency Programs.
Cureus, 12(2), e6876. https://doi.org/10.7759/cureus.6876

[11] Bermejo-Pareja, F., & Hernandez-Gallego, J. (2007). Que conocimientos neurologicos deberia
adquirir un estudiante de Medicina? Revision [What should a medical student know about neurology?
A review]. Revista de neurologia, 44(6), 360—365.

[12] Brilla, R., Evers, S., Deutschléander, A., & Wartenberg, K. E. (2006). Are neurology residents in the
United States being taught defensive medicine?. Clinical neurology and neurosurgery, 108(4), 374-377.
https://doi.org/10.1016/j.clineuro.2005.05.013

[13] Boersma, I., Miyasaki, J., Kutner, J., & Kluger, B. (2014). Palliative care and neurology: time for a
paradigm shift. Neurology, 83(6), 561-567. https://doi.org/10.1212/WNL.0000000000000674

[14] Cannon, W. B. (1915). Bodily Changes in Pain, Hunger, Fear and Rage: An Account of Recent
Researches into the Function of Emotional Excitement. New York, NY: D Appleton & Company.
http://dx.doi.org/10.7326/0003-4819-39-2-383_1

[15] Craig KJ., Brown KJ., Baum A. Environmental factors in the etiology of anxiety. In: Bloom FE,
Kupfer DJ, eds. Psychopharmacology: the Fourth Generation of Progress. New York, NY: Raven Press;
1995:1325-1339.

[15] Conti, C., Fontanesi, L., Lanzara, R., Rosa, I., Doyle, R. L., & Porcelli, P. (2021). Burnout Status
of Italian Healthcare Workers during the First COVID-19 Pandemic Peak Period. Healthcare (Basel,
Switzerland), 9(5), 510. https://doi.org/10.3390/healthcare9050510

[16] Conway, S., & Tubridy, N. (2018). "Neurophobia™: More Nurture than Nature?. Irish medical
journal, 111(3), 710.

[17] Costa, M. L., van Rensburg, L., & Rushton, N. (2007). Does teaching style matter? A randomised
trial of group discussion versus lectures in orthopaedic undergraduate teaching. Medical education,
41(2), 214-217. https://doi.org/10.1111/j.1365-2929.2006.02677.x

[18] Dall, T. M., Storm, M. V., Chakrabarti, R., Drogan, O., Keran, C. M., Donofrio, P. D., Henderson,
V. W., Kaminski, H. J., Stevens, J. C., & Vidic, T. R. (2013). Supply and demand analysis of the current
and future us neurology workforce. Neurology, 81(5), 470-478.
https://doi.org/10.1212/WNL.0b013e318294b1cf

[19] Dao, V., Yeh, P. H., Vogel, K. S., & Moore, C. M. (2015). Applied neuroanatomy elective to
reinforce and promote engagement with neurosensory pathways using interactive and artistic activities.
Anatomical sciences education, 8(2), 166-174. https://doi.org/10.1002/ase.1469

[20] Devoy, B. O., Bennett, P. J., Coles, A. J., & Mousa, H. S. (2022). Case reports in the Lancet: From
neurophobia  to global pandemics. Clinical case reports, 10(4), €05693.
https://doi.org/10.1002/ccr3.5693

[21] Engel GL., Schmale AH. Conservation withdrawal: a primary regulatory process for organic
homeostasis. In: Physiology, Emotions and Psychosomatic IlIness. New York, NY: Elsevier; 1972:57—
95. doi: 10.1002/9780470719916.ch5

[22] Fantaneanu, T. A., Moreau, K., Eady, K., Clarkin, C., DeMeulemeester, C., Maclean, H., & Doja,
A. (2014). Neurophobia inception: a study of trainees' perceptions of neurology education. The Canadian
journal of neurological sciences. Le journal canadien des sciences neurologiques, 41(4), 421-429.
https://doi.org/10.1017/s0317167100018436

[23] Feigin, V. L., Vos, T., Nichols, E., Owolabi, M. O., Carroll, W. M., Dichgans, M., Deuschl, G.,
Parmar, P., Brainin, M., & Murray, C. (2020). The global burden of neurological disorders: translating
evidence into policy. The Lancet. Neurology, 19(3), 255-265. https://doi.org/10.1016/S1474-
4422(19)30411-9

112



[24] Feigin, Valery L et al. (2019). Global, regional, and national burden of neurological disorders,
1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. The Lancet Neurology,
18(5), 459 - 480

[25] Feigin V., Brainin M., Breteler M. M. B., et al. (2004). “Teaching of Neuroepidemiology in Europe:
Time for Action,” European Journal of Neurology, 11(12), 795-799.

[26] Feigin VL, Abajobir AA, Abate KH, et al. (2017). Global, regional, and national burden of
neurological disorders during 1990-2015: a systematic analysis for the Global Burden of Disease Study
2015. Lancet. Neurology, 16(11):877-897.

[27] Flanagan, E., Walsh, C., & Tubridy, N. (2007). 'Neurophobia'--attitudes of medical students and
doctors in Ireland to neurological teaching. European journal of neurology, 14(10), 1109-1112.
https://doi.org/10.1111/j.1468-1331.2007.01911.x

[28] Fernandez, A., Sturmberg, J., Lukersmith, S., Madden, R., Torkfar, G., Colagiuri, R., & Salvador-
Carulla, L. (2015). Evidence-based medicine: is it a bridge too far?. Health research policy and systems,
13, 66. https://doi.org/10.1186/s12961-015-0057-0

[29] Freeman, W. D., Vatz, K. A., Griggs, R. C., & Pedley, T. (2013). The Workforce Task Force report:
clinical implications for neurology. Neurology, 81(5), 479-486.
https://doi.org/10.1212/WNL.0b013e31829d8783
https://pmc.ncbi.nlm.nih.gov/articles/PMC11550533/

[30] Fuller G. N. (2012). Neurophilia: a fascination for neurology--a new syndrome. Practical
neurology, 12(5), 276-278. https://doi.org/10.1136/practneurol-2012-000400.

[31] Gannotta, R., Malik, S., Chan, A. Y., Urgun, K., Hsu, F., & Vadera, S. (2018). Integrative Medicine
as a Vital Component of Patient Care. Cureus, 10(8), e3098. https://doi.org/10.7759/cureus.3098

[32] Garcia-Retamero, R., & Galesic, M. (2014). On defensive decision making: how doctors make
decisions for their patients. Health expectations: an international journal of public participation in
health care and health policy, 17(5), 664-669. https://doi.org/10.1111/j.1369-7625.2012.00791.x

[33] Garcia R. (2017). Neurobiology of fear and specific phobias. Learning & memory (Cold Spring
Harbor, N.Y.), 24(9), 462-471. https://doi.org/10.1101/Im.044115.116

[34] GBD 2015 Neurological Disorders Collaborator Group (2017). Global, regional, and national
burden of neurological disorders during 1990-2015: a systematic analysis for the Global Burden of
Disease Study 2015. The Lancet. Neurology, 16(11), 877-897. https://doi.org/10.1016/S1474-
4422(17)30299-5

[35] GBD 2016 Neurology Collaborators (2019). Global, regional, and national burden of neurological
disorders, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. The Lancet.
Neurology, 18(5), 459-480. https://doi.org/10.1016/S1474-4422(18)30499-X

[36] GBD 2021 Diseases and Injuries Collaborators (2024). Global incidence, prevalence, years lived
with disability (YLDs), disability-adjusted life-years (DALYS), and healthy life expectancy (HALE) for
371 diseases and injuries in 204 countries and territories and 811 subnational locations, 1990-2021: a
systematic analysis for the Global Burden of Disease Study 2021. Lancet (London, England),
403(10440), 2133-2161. https://doi.org/10.1016/S0140-6736(24)00757-8

[37] Gelb, D. J., Kraakevik, J., Safdieh, J. E., Agarwal, S., Odia, Y., Govindarajan, R., Quick, A., Soni,
M., and the AAN Undergraduate Education Subcommittee (UES), Bickel, J., Gamaldo, C., Hannon, P.,
Hatch, H. A. M., Hernandez, C., Merlin, L. R., Noble, J. M., Reyes-Iglesias, Y., Salas, R. M. E.,
Sandness, D. J., Treat, L., ... Wilson, R. B. (2021). Contemporary Neuroscience Core Curriculum for
Medical Schools. Neurology, 97(14), 675-684. https://doi.org/10.1212/WNL.0000000000012664

[38] Guthorn P. J. (1968). Toward a defensive stance in medical practice. The Journal of the Medical
Society of New Jersey, 65(10), 548-549

[39] Giles J. (2010). Clinical neuroscience attachments: a student's view of 'neurophobia’. The clinical
teacher, 7(1), 9-13. https://doi.org/10.1111/j.1743-498X.2009.00330.x

[40] Han, F., Zhang, D. D., Zhang, Y., Zhou, L. X., Zhu, Y. C., & Ni, J. (2024). Prevalence of
neurophobia among medical students and young doctors: a systematic review and meta-analysis. BMC
medical education, 24(1), 1286. https://doi.org/10.1186/s12909-024-06303-3

[41] Han, F., Zhang, Y., Wang, P., Wu, D., Zhou, L. X., & Ni, J. (2023). Neurophobia among medical
students and resident trainees in a tertiary comprehensive hospital in China. BMC medical education,
23(1), 824. https://doi.org/10.1186/s12909-023-04812-1

[42] Hernando-Requejo V. (2020). Neurophobia: why, how much, consequences and solutions.
MedEdPublish (2016), 9, 3. https://doi.org/10.15694/mep.2020.000003.1

[43] Hudson J. N. (2006). Linking neuroscience theory to practice to help overcome student fear of
neurology. Medical teacher, 28(7), 651-653. https://doi.org/10.1080/01421590600726409

113



[44] Huang, Y., Li, Y., Pan, H., & Han, L. (2023). Global, regional, and national burden of neurological
disorders in 204 countries and territories worldwide. Journal of global health, 13, 04160.
https://doi.org/10.7189/jogh.13.04160

[45] Harrigan, E., Taylor, B. L., Kirsch, H. L., Ghoshal, S., Kwei, K. T., Brizzi, K. T., Creutzfeldt, C. J.,
& Goyal, T. (2024). Curriculum Research: Disseminating Neuropalliative Care Education Through an
Adaptable Curriculum: A Multisite Feasibility Trial. Neurology. Education, 3(2), €200133.
https://doi.org/10.1212/NE9.0000000000200133

[46] Horwitz, R. I., & Singer, B. H. (2017). Why evidence-based medicine failed in patient care and
medicine-based evidence will succeed. Journal of clinical epidemiology, 84, 14-17.
https://doi.org/10.1016/j.jclinepi.2017.02.003

[47] Horwitz, R. 1., Charlson, M. E., & Singer, B. H. (2018). Medicine based evidence and personalized
care of patients. European journal of clinical investigation, 48(7), €12945.
https://doi.org/10.1111/eci.12945

[48] Henry, J. P., & Stephens, P. M. (1977). Stress, Health, and the Social Environment (1st ed.). New
York, NY: Springer New York.http://dx.doi.org/10.1007/978-1-4612-6363-0

[49] Jozefowicz R. F. (1994). Neurophobia: the fear of neurology among medical students. Archives of
neurology, 51(4), 328-329. https://doi.org/10.1001/archneur.1994.00540160018003

[50] Jukna, S., Puteikis, K., & Mameniskiené, R. (2023). Perception of neurology among undergraduate
medical students - what can be done to counter neurophobia during clinical studies?. BMC medical
education, 23(1), 447. https://doi.org/10.1186/s12909-023-04405-y

[51] Johnston, W. F., Rodriguez, R. M., Suarez, D., & Fortman, J. (2014). Study of medical students'
malpractice fear and defensive medicine: a "hidden curriculum?". The western journal of emergency
medicine, 15(3), 293-298. https://doi.org/10.5811/westjem.2013.8.19045

[52] Kam, K. Q., Tan, G. S, Tan, K., Lim, E. C., Koh, N. Y., & Tan, N. C. (2013). Neurophobia in
medical students and junior doctors--blame the GIK. Annals of the Academy of Medicine, Singapore,
42(11), 559-566.

[53] Kellett, J., & Kokkinidis, L. (2004). Extinction deficit and fear reinstatement after electrical
stimulation of the amygdala: implications for kindling-associated fear and anxiety. Neuroscience,
127(2), 277-287. https://doi.org/10.1016/j.neuroscience.2004.05.011

[54] Kakemam, E., Arab-Zozani, M., Raeissi, P., & Albelbeisi, A. H. (2022). The occurrence, types,
reasons, and mitigation strategies of defensive medicine among physicians: a scoping review. BMC
health services research, 22(1), 800. https://doi.org/10.1186/s12913-022-08194-w

[55] Keay, K. A., & Bandler, R. (2001). Parallel circuits mediating distinct emotional coping reactions
to different types of stress. Neuroscience and biobehavioral reviews, 25(7-8), 669-678.
https://doi.org/10.1016/s0149-7634(01)00049-5

[56] Lambea-Gil, A., Saldafia-Inda, I., Lamiquiz-Moneo, I., & Cisneros-Gimeno, A. |. (2023).
Neurophobia among undergraduate medical students: a European experience beyond the Anglosphere.
Neurofobia entre los estudiantes de medicina de una universidad espafiola: experiencias mas alla de la
anglosfera. Revista de neurologia, 76(11), 351-359. https://doi.org/10.33588/rn.7611.2023102

[57] Loftus, A. M., Wade, C., & McCarron, M. O. (2016). Primary care perceptions of neurology and
neurology services. Postgraduate medical journal, 92(1088), 318-321.
https://doi.org/10.1136/postgradmedj-2015-133683

[58] Likert, R. (1932). A technique for the measurement of attitudes. Archives of Psychology, 22 140,
55

[59] Lobitz, G., Armstrong, K., Concato, J., Singer, B. H., & Horwitz, R. I. (2019). The Biological and
Biographical Basis of Precision Medicine. Psychotherapy and psychosomatics, 88(6), 333-340.
https://doi.org/10.1159/000502486

[60] Li, A., Guyatt, G., Chu, D., Thabane, L., Busse, J. W., Sadeghirad, B., He, Q., Ge, L., Hao, Q.,
Vohra, S., Brinkhaus, B., Witt, C. M., Li, Y., Krishnan, G., Agoritsas, T., Wieland, L. S., Chaturvedi,
S., Kothari, K. U., Patwardhan, B., Fang, M., ... Zhang, Y. (2024). Traditional, complementary and
integrative medicine therapies for the treatment of mild/moderate acute COVID-19: protocol for a
systematic  review and  network  meta-analysis. BMJ  open, 14(11), e088959.
https://doi.org/10.1136/bmjopen-2024-088959

[61] Lucas, C. G., Bridgers, S., Griffiths, T. L., & Gopnik, A. (2014). When children are better (or at
least more open-minded) learners than adults: developmental differences in learning the forms of causal
relationships. Cognition, 131(2), 284-299. https://doi.org/10.1016/j.cognition.2013.12.010

[62] LeDoux J. E. (2000). Emotion circuits in the brain. Annual review of neuroscience, 23, 155-184.
https://doi.org/10.1146/annurev.neuro.23.1.155

114



[63] Matthias, A. T., Nagasingha, P., Ranasinghe, P., & Gunatilake, S. B. (2013). Neurophobia among
medical students and non-specialist doctors in Sri Lanka. BMC medical education, 13, 164.
https://doi.org/10.1186/1472-6920-13-164

[64] Murphy, S., Carey, E., Dablouk, L., Alomairi, J., Maasarani, J., Ong, J. B., Gupta, K., Sharma, R.
M., McCracken, O., Shinyanbola, D., Alrujaib, A., Sheridan, R., Teixeira, L. M., O'Byrne, G. P., Rafiq,
N., Mazarakis, N., & O'Brien, D. (2024). Neurophobia amongst medical students: Hype or reality. Brain
& spine, 4, 104134, https://doi.org/10.1016/j.bas.2024.104134

[65] Miller, C. J., McNear, J., & Metz, M. J. (2013). A comparison of traditional and engaging lecture
methods in a large, professional-level course. Advances in physiology education, 37(4), 347-355.
https://doi.org/10.1152/advan.00050.2013

[66] Mishra, D., Singh, S., Khan, A. Z., Kumar, S., & Dwivedi, P. (2023). Comparison of Didactic
Lectures and Activity-Based Learning for Teaching First-Professional MBBS Students in the Subject of
Anatomy. Cureus, 15(12), €51106. https://doi.org/10.7759/cureus.51106

[67] Merlin, L. R., Horak, H. A., Milligan, T. A., Kraakevik, J. A., & Ali, I. 1. (2014). A competency-
based longitudinal core curriculum in medical neuroscience. Neurology, 83(5), 456-462.
https://doi.org/10.1212/WNL.0000000000000646

[68] Merikangas, K. R., He, J. P., Burstein, M., Swanson, S. A., Avenevoli, S., Cui, L., Benjet, C,,
Georgiades, K., & Swendsen, J. (2010). Lifetime prevalence of mental disorders in U.S. adolescents:
results from the National Comorbidity Survey Replication--Adolescent Supplement (NCS-A). Journal
of the American Academy of Child and Adolescent Psychiatry, 49(10), 980-989.
https://doi.org/10.1016/j.jaac.2010.05.017

[69] Mochcovitch, M. D., da Rocha Freire, R. C., Garcia, R. F., & Nardi, A. E. (2014). A systematic
review of fMRI studies in generalized anxiety disorder: evaluating its neural and cognitive basis. Journal
of affective disorders, 167, 336—342. https://doi.org/10.1016/j.jad.2014.06.041

[71] Mustafa, R., Braksick, S. A., Cutsforth-Gregory, J. K., Burkholder, D. B., Flanagan, E. P., Graff-
Radford, J., Boes, C. J., Leep Hunderfund, A. N., Jones, L. K., & Coon, E. A. (2024). Curriculum
Innovations: A Novel Neurology Clinician-Educator Program. Neurology. Education, 3(4), e200175.
https://doi.org/10.1212/NE9.0000000000200175

[72] McElligott, L., Ardilouze, A., Moloney, J., EISheikhld, A., Healy, C., Leahy, H., Babatunde, K.,
Cahir, C., Murphy, P., Delanty, N., McElvaney, N., Byrne, S., & McGovern, E. (2025). Neurology
Undergraduate Medical Education: A Scoping Review. European journal of neurology, 32(3), e70061.
https://doi.org/10.1111/ene.70061

[73] McGee, J., Maghzi, A. H., & Minagar, A. (2014). Neurophobia: a global and under-recognized
phenomenon. Clinical neurology and neurosurgery, 122, ili—iv.
https://doi.org/10.1016/j.clineuro.2014.03.023

[74] McCarron, M. O., Stevenson, M., Loftus, A. M., & McKeown, P. (2014). Neurophobia among
general practice trainees: the evidence, perceived causes and solutions. Clinical neurology and
neurosurgery, 122, 124-128. https://doi.org/10.1016/j.clineuro.2014.03.021

[75] Nitkunan A, Lawrence J, Reilly M. Association of British Neurologists: UK neurology workforce
survey (2020). Advances in Clinical Neuroscience & Rehabilitation 20(1):28-32

[76] Norman G. (2010). Likert scales, levels of measurement and the "laws" of statistics. Advances in
health sciences education: theory and practice, 15(5), 625-632. https://doi.org/10.1007/s10459-010-
9222-y

[77] Oliver D. (2022). Neuropalliative care: Defining an emerging field. Handbook of clinical neurology,
190, 17-31. https://doi.org/10.1016/B978-0-323-85029-2.00008-7

[78] Osgood, M., Silver, B., Reidy, J., & Nagpal, V. (2024). Curriculum Innovations: Enhancing Skills
in Serious llIness Communication in Neurology Residents Using Simulation: A Pilot Study. Neurology.
Education, 3(3), €200140. https://doi.org/10.1212/NE9.0000000000200140

[79] O'Leary, K. J., Choi, J., Watson, K., & Williams, M. V. (2012). Medical students' and residents'
clinical and educational experiences with defensive medicine. Academic medicine: journal of the
Association of American Medical Colleges, 87(2), 142-148.
https://doi.org/10.1097/ACM.0b013e31823f2c86

[80] Panella, M., Rinaldi, C., Leigheb, F., Knesse, S., Donnarumma, C., Kul, S., Vanhaecht, K., & Di
Stanislao, F. (2017). Prevalence and costs of defensive medicine: a national survey of Italian physicians.
Journal of health services research & policy, 22(4), 211-217.
https://doi.org/10.1177/1355819617707224

[81] Pereira, A. C., Alakbarzade, V., Shribman, S., Crossingham, G., Moullaali, T., & Werring, D.
(2025). Stroke as a career option for neurologists. Practical neurology, 25(1), 45-50.
https://doi.org/10.1136/pn-2024-004111

115



[82] Qayumi, K., Masoumian Hosseini, S. T., Masoumian Hosseini, M., Nejat, A., Salih, M., Azimi, M.,
Forgani, S., Akbar, B., Farooq, G., Shafag, N., Rustampoor, H., Oryakhil, N., Rahmani, M., Noora, M.,
Jallah, M. N., Naebkhil, A., Zhwak, Z. A., Aziz, S., Omar, F. A., Rahimi, A. M., ... Ferreres, A. (2024).
Enhancing medical training in conflict zones and remote areas through innovation: introducing the
Canadian  Virtual Medical  University Initiative.  EClinicalMedicine, 76,  102854.
https://doi.org/10.1016/j.eclinm.2024.102854

[83] Racette, B. A., Holtzman, D. M., Dall, T. M., & Drogan, O. (2014). Supply and demand analysis of
the current and future US neurology workforce. Neurology, 82(24), 2254-2255.
https://doi.org/10.1212/WNL.0000000000000509

[84] Ropeik D. (2004). The consequences of fear. EMBO reports, 5 Spec No(Suppl 1), S56-S60.
https://doi.org/10.1038/sj.embor.7400228

[85] Rosen, J. B., & Schulkin, J. (1998). From normal fear to pathological anxiety. Psychological review,
105(2), 325-350. https://doi.org/10.1037/0033-295x.105.2.325

[86] Safdieh, J. E., Govindarajan, R., Gelb, D. J., Odia, Y., & Soni, M. (2019). Core curriculum
guidelines for a required clinical neurology experience. Neurology, 92(13), 619-626.
https://doi.org/10.1212/WNL.0000000000007187

[87] Saldafia-Inda, I., Cisneros-Gimeno, A. I., & Lambea-Gil, A. (2023). Neurophobia among resident
physicians in the emergency service. Neurofobia entre médicos residentes en los servicios de urgencias.
Revista de neurologia, 77(12), 285-291. https://doi.org/10.33588/rn.7712.2023249

[88] Sakai, D. H., Kasuya, R. T., Smerz, R. W., & Ching, N. (2013). Medical school hotline: Liaison
Committee on Medical Education (LCME) Accreditation and the John A. Burns school of medicine:
what medical student teachers should know. Hawai'i journal of medicine & public health: a journal of
Asia Pacific Medicine & Public Health, 72(7), 242-245.

[89] Szirmai I. (2012). Neurofobia [Neurophobia]. Ideggyogyaszati szemle, 65(7-8), 221-228.

[90] Shiels, L., Majmundar, P., Zywot, A., Sobotka, J., Lau, C. S. M., & Jalonen, T. O. (2017). Medical
student attitudes and educational interventions to prevent neurophobia: a longitudinal study. BMC
medical education, 17(1), 225. https://doi.org/10.1186/s12909-017-1055-4

[91] Stancu, P., Hentsch, L., Seeck, M., Zekry, D., Graf, C., Fleury, V., & Assal, F. (2024). Neurology
of Aging: Adapting Neurology Provision for an Aging Population. Neuro-degenerative diseases, 1-7.
Advance online publication. https://doi.org/10.1159/000540972

[92] Smidt, A., Balandin, S., Sigafoos, J., & Reed, V. A. (2009). The Kirkpatrick model: A useful tool
for evaluating training outcomes. Journal of intellectual & developmental disability, 34(3), 266-274.
https://doi.org/10.1080/13668250903093125

[93] Surmon, L., Bialocerkowski, A., & Hu, W. (2016). Perceptions of preparedness for the first medical
clerkship: a systematic review and synthesis. BMC medical education, 16, 89.
https://doi.org/10.1186/s12909-016-0615-3

[94] Sullivan, G. M., & Artino, A. R., Jr (2013). Analyzing and interpreting data from likert-type scales.
Journal of graduate medical education, 5(4), 541-542. https://doi.org/10.4300/JGME-5-4-18

[95] Sackett, D. L., Rosenberg, W. M., Gray, J. A., Haynes, R. B., & Richardson, W. S. (1996). Evidence
based medicine: what it is and what it isn't. BMJ (Clinical research ed.), 312(7023), 71-72.
https://doi.org/10.1136/bmj.312.7023.71

[96] Steimer T. (2002). The biology of fear- and anxiety-related behaviors. Dialogues in clinical
neuroscience, 4(3), 231-249. https://doi.org/10.31887/DCNS.2002.4.3/tsteimer

[97] Sinha, R., Lacadie, C. M., Constable, R. T., & Seo, D. (2016). Dynamic neural activity during stress
signals resilient coping. Proceedings of the National Academy of Sciences of the United States of
America, 113(31), 8837-8842. https://doi.org/10.1073/pnas.1600965113

[98] Schon, F., Hart, P., & Fernandez, C. (2002). Is clinical neurology really so difficult?. Journal of
neurology, neurosurgery, and psychiatry, 72(5), 557-559. https://doi.org/10.1136/jnnp.72.5.557

[99] Tarolli, C. G., & Jozefowicz, R. F. (2018). Managing Neurophobia: How Can We Meet the Current
and Future Needs of Our Students?. Seminars in neurology, 38(4), 407-412. https://doi.org/10.1055/s-
0038-1666987

[100] Tannenbaum, M. B., Hepler, J., Zimmerman, R. S., Saul, L., Jacobs, S., Wilson, K., & Albarracin,
D. (2015). Appealing to fear: A meta-analysis of fear appeal effectiveness and theories. Psychological
bulletin, 141(6), 1178-1204. https://doi.org/10.1037/a0039729

[101] Weisberg R. B. (2009). Overview of generalized anxiety disorder: epidemiology, presentation, and
course. The Journal of clinical psychiatry, 70 Suppl 2, 4-9.

[102] Wiblin L. (2024). An introduction to neuropalliative care: A growing need. Clinical medicine
(London, England), 24(2), 100038. https://doi.org/10.1016/j.clinme.2024.100038

[103] Yeung E. Y. H. (2018). Evidence based versus defensive medicine. BMJ (Clinical research ed.),
363, k4114. https://doi.org/10.1136/bmj.k4114

116



[104] Zeidan, S., Baltaze, S., Garcin, B., de Liege, A., Doridam, J., Josse, L., & Degos, B. (2022). The
"Neurospeed" game: a fun tool to learn the neurological semiology. BMC medical education, 22(1), 224.
https://doi.org/10.1186/s12909-022-03316-8.

[105] Zinchuk, A. V., Flanagan, E. P., Tubridy, N. J., Miller, W. A., & McCullough, L. D. (2010).
Attitudes of US medical trainees towards neurology education: "Neurophobia" - a global issue. BMC
medical education, 10, 49. https://doi.org/10.1186/1472-6920-10-49

117



