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Caring for patients suffering from a rare disease (RD) requires the special and
combined efforts of different healthcare professionals, including nurses, physiotherapists
and physicians. Nevertheless, Poland still lacks a national plan for RDs and the
undergraduate and postgraduate education of future healthcare professionals on RDs
is also inadequate. Thus, the aim of this study was to assess the awareness of
RDs among nursing, physiotherapy and medical students in Poland. It shows that
although 98% of respondents had heard of the term “rare disease,” most students
had problems in defining the most common causes of RDs and their prevalence.
Students also lacked basic knowledge about the healthcare system for RD patients in
the country. While over 95% of future nurses, physiotherapists and physicians assessed
their knowledge about RDs as insufficient or very poor, almost 92% of medical students,
and 84% of physiotherapy and nursing students, did not feel prepared for caring for RD
patients. Furthermore, although the vast majority of respondents declared eagerness
to broaden their knowledge on RDs, only 45% of medical students, 76% of nursing
students and 88% of physiotherapy students believed that RDs should be included
into the medical curricula. Simultaneously, for most students the Internet was the prime
source of information on RDs. It is concluded that as caring for RD patients requires
a multidisciplinary approach, by identifying the gap in the education of future nurses,
physiotherapists and physicians this study shows that there is an urgent need of better
education about RDs among future healthcare professionals.

Keywords: genetic literacy, medical education, nursing students, physiotherapy students, medical students,
future healthcare professional, rare diseases

INTRODUCTION

The European Union (EU) defines rare diseases (RDs) as chronically debilitating or life-threatening
conditions of a prevalence of less than 5 per 10,000 persons (Eurordis, 2009). While there are
approximately 27–36 million people in the EU suffering from as many as 6,000–8,000 different
types of RDs (Montserrat and Taruscio, 2019; Czech et al., 2020) they require the special, combined
efforts of different healthcare professionals, including physicians, physiotherapists, nurses,
psychologists, dieticians or speech therapists. Thus, the implementation of such an interdisciplinary

Abbreviations: RD, rare disease; EU, The European Union; PUMS, Poznan University of Medical Sciences.
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approach is strongly required because it can reduce the perinatal
and early mortality of RD patients or increase their quality of life.

At the same time, while some 2–3 million persons suffer
from RDs in Poland, available data suggests that still many RD
patients remain without a diagnosis or proper treatment (Libura
et al., 2016; Ministerstwo Zdrowia, 2019). Moreover, due to the
minimal training of physicians on RDs, lack of information
and awareness about RDs among healthcare professionals, poor
communication among health providers and lack of standardized
criteria for diagnosis, the search for a diagnosis and therapy
often turns into an endless odyssey (Anderson et al., 2013; Black
et al., 2015). This is important because misdiagnosis or late
diagnosis results in delayed or many unnecessary treatments
and hospitalizations, the worsening of an RD patient’s condition
or his or her premature death. For all these reasons RDs are
now widely recognized as an important medical, social and legal
problem and an urgent public health issue (Schieppati et al.,
2008). Consequently, in June 2009 the Council of the European
Union recommended that by the end of 2013 all Member
States (MS) should adopt a national plan or strategy for RDs
(Council of the European Union, 2009). Moreover, throughout
the years the EU has created an operational framework and
coordinates several areas of common health policy in the
field of RDs, including the classification and codification of
RDs and orphan medicinal products, an ICD-10 revision and
the creation of European Reference Networks or a European
Platform for Rare Diseases registration (Moliner, 2010; Rodwell
and Aymé, 2014, 2015; Moliner and Waligora, 2017; Khosla
and Valdez, 2018; Montserrat and Taruscio, 2019; Czech et al.,
2020). Nevertheless, while a lot has been done in the field
of recommendations, in funding, and the reimbursement of
orphan drugs in Europe (Kawalec et al., 2016; Zelei et al.,
2016; Kolasa et al., 2018; Szegedi et al., 2018), still one of the
most urgent areas in both the European and national health
policies in the field of RDs is the medical education of healthcare
students and professionals (Miteva et al., 2011; Budych et al.,
2012; Anderson et al., 2013; Engel et al., 2013; Krajnović et al.,
2013; Zurynski et al., 2017). Meanwhile, according to the EU
recommendation, social and medical education on RDs should
be one of the key areas of each national plan or strategy
(Council of the European Union, 2009).

Nevertheless, although only a few MS, i.e., France and
Spain, have fully implemented national plans/strategies for RDs
according to the EU’s recommendations, and the vast majority
have already created such plans (i.e., Belgium, Bulgaria, Cyprus,
the Czech Republic, Denmark, Germany, Greece, Hungary,
Ireland, Italy, Latvia, Lithuania, Portugal, Romania, the Slovak
Republic, Slovenia, the Netherlands, and the United Kingdom),
Poland is among the three EU countries, next to Malta and
Sweden, that still have not adopted their national plans (Khosla
and Valdez, 2018; Montserrat and Taruscio, 2019; Czech et al.,
2020). However, according to the recent declaration of the Polish
Ministry of Health, Poland should promulgate such a strategy by
June 2020 (Ministerstwo Zdrowia, 2019). It is important because
one of its strategic points is the improvement of undergraduate
and postgraduate education on RDs by including lectures and
seminars on RDs during the last 2 years of studies and by

creating a system of postgraduate training offering mandatory
specialization training sessions and specialized courses on
RDs. Simultaneously, nowhere does the document specify or
differentiate between the educational needs of undergraduate and
graduate students. This is of key importance because previous
research projects show that future healthcare professionals in
the country lack general knowledge of RDs and there is an
urgent need to raise the awareness on RD among medical
students and to educate them about such diseases (Kopeć and
Podolec, 2015; Jonas et al., 2017; Domaradzki and Walkowiak,
2019; Walkowiak and Domaradzki, 2020). Moreover, although
RD patients require interdisciplinary approach, most previous
studies focused on the knowledge and awareness on RDs among
medical students and general practitioners (Miteva et al., 2011;
Byrne, 2012; Kopeć and Podolec, 2015; Wolyniak et al., 2015;
Medić et al., 2016; Jonas et al., 2017; Domaradzki and Walkowiak,
2019; Ramalle-Gómara et al., 2020). Meanwhile, although it
is physicians who coordinate the process of caring for RD
patients the role of other healthcare professionals, including
nurses and physiotherapists, in managing of RDs is increasing,
especially so that most RDs affect children. Consequently, there
is also a need for enhancing genetic literacy on RDs among all
healthcare professionals.

It is of special importance, because while medical, nursing
and physiotherapy students in Poland receive classes in clinical
genetics for at least two semesters, where they are taught
about some genetic diseases (i.e., PKU, CF, sickle cell anemia,
Huntington disease, Pompe disease, Niemann-Pick disease), the
methods and types of materials used in genetic laboratory
diagnostics, they do not receive special training in clinical
genetics ambulatories. Neither do they receive any particular
course on RDs. Moreover, also postgraduate specialization
trainings for physicians, nurses and physiotherapists supervised
by the Polish Minister of Health give little or no such
information on RDs. For example, postgraduate specialization
courses in nursing offer only a 1-h lecture dedicated to the
National Rare Disease Plan and education in the field of RD.
However, neither qualification courses nor specialized courses
give any information on caring for RD patients (Walkowiak
and Domaradzki, 2020). Thus, the objective of our study was
to assess the knowledge and awareness of RDs among nursing,
physiotherapy and medical students of the Poznan University of
Medical Sciences (PUMS), Poland.

MATERIALS AND METHODS

The study was conducted between October and December
2019 among nursing, physiotherapy and medicine students of
the PUMS. However, because it takes 6 years to complete
medical studies in Poland, while both nursing and physiotherapy
programs are five years long (3-year Bachelor’s degree and 2-year
Master’s degree), this research was conducted among students
during the 2 final years of their studies. The student participants
were recruited during regular classes. A standard questionnaire
was used, comprising the topics based on the literature review
and the study’s aim. The detailed description of the questionnaire
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and the method used for its development has been described
elsewhere (Domaradzki and Walkowiak, 2019; Walkowiak and
Domaradzki, 2020). Briefly, the questionnaire comprised of
28 questions: 22 items referred to respondents’ knowledge of
and attitudes toward RD and 6 questions that addressed their
demographic data, and was divided into four sections. The
first questions regarded students’ basic knowledge on RDs, such
as their definition, etiology and estimated prevalence of RDs
worldwide, in the EU and in Poland. Students were also asked
to indicate RDs from a list comprising twenty eight diseases:
eighteen RDs and 10 more common disorders. We have chosen
RDs that are either commonly known conditions (i.e., progeria,
Huntington disease, hemophilia or sickle cell anemia) or are
included into medical curricula (i.e., Pompe disease, Gaucher
disease, Niemann-Pick disease, phenylketonuria). The second
section included questions regarding organizational issues,
including the Polish rare disease policy and the orphan drug
reimbursement system. The third section were questions on
students’ education about RDs and their self-assessment of the
knowledge and competence in the field of RDs. The last section
of the questionnaire included questions concerning students’
demographic characteristics.

The process of elaborating the questionnaire itself followed the
guidelines of the European Statistical System (Eurostat, 2005).
A total of 18 subjects were involved in the development of the
questionnaire (five nursing students, five medical students, five
physiotherapy students, one geneticist, one sociologist and one
statistician) who elaborated a list of important issues on RDs,
which resulted in developing a questionnaire which was assessed
by five external reviewers (one nurse, one physiotherapist,
one physician, one geneticist and one sociologist). Second,
the questionnaire was pre-tested in face-to-face meetings with
another ten nursing, physiotherapy and medicine students,
which resulted in the reformulation of four questions. The final
version of the questionnaire was again evaluated by another five
external reviewers from the same specialties. After receiving final
approval, the survey was distributed to all the students who

had volunteered. Ethics approval was obtained from the PUMS
Bioethics Committee (1018/18). Informed consent was obtained
from all individual participants included in the study.

The data collected in the questionnaires were verified and
checked for completeness, quality and consistency. Then, they
were coded and exported into the statistical packages JASP
(Version 0.12.2) and STATISTICA 13.1 (TIBCO, Palo Alto,
United States). The results were presented as descriptive statistics.
A Likelihood Ratio Chi-square was used to assess the differences
in the distribution of answers among the groups. The odds ratio
(OR) was calculated to compare one group of students according
to different characteristics based on their opinions in relation to
other groups of students. The 95% confidence interval (95% CI)
was calculated to estimate the precision of the OR. A 5% level of
significance was used for all hypothesis tests.

RESULTS

Out of all the 862 students approached, 654 (75.9%) completed
the questionnaire (Table 1). 208 students who refused to
participate did so because they either lacked interest in the
study or were unwilling to discuss their knowledge on RDs.
The feedback on surveys from the nursing students (NS) was
113/120 (94.2%), from the physiotherapy students (PS)—173/219
(79.0%) and from the medical students (MS)—368/523 (70.4%).
The sample consisted of 463 females (70.8%) and 191 males
(29.2%), all of Polish origin. 43 students declared having a person
suffering from a RD in their family (18.4%). One physiotherapy
student suffered from a RD herself, although no such question
was asked in the questionnaire.

More than 98% of students in our study groups declared
having heard the term “rare disease” (Table 2). However, while
almost 90% of the medical students and nearly 70% of the
physiotherapy students knew what was the most common
cause of RDs, among the nursing students it was only 60%.
Nevertheless, only about 30% in each group correctly estimated

TABLE 1 | Socio-demographic characteristics of students.

Characteristics N (%)

Nursing students Physiotherapy students Medical students

Year of study

4th nursing and physiotherapy students/5th medical students 56 (49.6) 86 (49.7) 201 (54.6)

5th nursing and physiotherapy students/6th medical students 57 (50.4) 87 (50.3) 167 (45.4)

Gender

Female 104 (92) 136 (78.6) 223 (60.6)

Male 9 (8) 37 (21.4) 145 (39.6)

Have you ever met a person suffering from RD

Yes 38 (33.6) 83 (48) 268 (72.8)

No 54 (47.8) 46 (26.6) 65 (17.7)

I do not know 21 (18.6) 44 (25.4) 35 (9.5)

Is anyone in your family suffering from RD?

Yes 4 (3.5) 14 (8.1) 25 (6.8)

No 99 (87.6) 141 (81.5) 292 (79.4)

I do not know 10 (8.9) 18 (10.4) 47 (12.8)
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TABLE 2 | Students’ knowledge about rare diseases.

N (%) Comparison between groups p

Nursing
students

Physiotherapy
students

Medical
students

NS vs. PS NS vs. MS PS vs. MS

Have you ever heard the term “rare diseases”?

Yes 107 (94.7) 171 (98.8) 365 (99.2) 0.04 0.005 ns

No 6 (5.3) 2 (1.2) 3 (0.8)

Rare disease is the one that affects less than:

1 person in 1,000 17 (15) 31 (17.9) 25 (6.8)

1 person in 2,000 8 (7.1) 11 (6.4) 43 (11.7) ns ns 0.04

1 person in 3,000 1 (0.9) 4 (2.3) 11 (3)

1 person in 5,000 5 (4.4) 23 (13.3) 12 (3.2)

1 person in 10,000 52 (46) 92 (53.2) 213 (57.9)

I do not know 30 (26.6) 12 (6.9) 64 (17.4)

What is the estimated number of rare diseases?

100–500 17 (15) 24 (13.9) 27 (7.3)

1,000–2,000 37 (32.7) 50 (28.9) 52 (14.1)

3,000–5,000 14 (12.4) 33 (19.1) 49 (13.3)

6,000–8,000 7 (6.2) 24 (13.9) 40 (10.9) 0.03 ns ns

9,000–10,000 6 (5.3) 11 (6.3) 19 (5.2)

Over 10,000 9 (8) 18 (10.4) 126 (34.2)

I do not know 23 (20.4) 13 (7.5) 55 (15)

At what age group do rare diseases most frequently appear?

Newborns 29 (25.7) 54 (31.2) 172 (46.7)

Children 42 (37.2) 63 (36.4) 99 (26.9) ns 0.04 ns

Adolescents 3 (2.6) 6 (3.5) 10 (2.7)

Adults 6 (5.3) 7 (4) 8 (2.2)

They are present in all age groups equally 21 (18.6) 38 (22) 40 (10.9)

I do not know 12 (10.6) 5 (2.9) 39 (10.6)

How many people suffer from rare diseases worldwide?

10–15,000,000 23 (20.3) 27 (15.6) 66 (17.9)

50–75,000,000 35 (31) 38 (22) 68 (18.5)

100–150,000,000 15 (13.3) 51 (29.5) 76 (20.7)

200–250,000,000 5 (4.4) 16 (9.2) 32 (8.7)

300–350,000,000 7 (6.2) 25 (14.4) 35 (9.5) 0.02 ns ns

Over 500,000,000 1 (0.9) 1 (0.6) 28 (7.6)

I do not know 27 (23.9) 15 (8.7) 63 (17.1)

How many people suffer from rare diseases in Poland?

500–1,000 22 (19.5) 17 (9.8) 24 (6.5)

10–15,000 28 (24.8) 43 (24.9) 72 (19.6)

50–75,000 17 (15.1) 37 (21.4) 61 (16.6)

100–150,000 11 (9.7) 24 (13.9) 67 (18.2)

300–500,000 5 (4.4) 17 (9.8) 56 (15.2)

1 000 000 2 (1.8) 3 (1.7) 6 (1.6)

2–3,000,000 4 (3.5) 24 (13.9) 18 (4.9) 0.002 ns 0

Over 5,000,000 0 0 6 (1.6)

I do not know 24 (21.2) 8 (4.6) 59 (16)

What is the most common cause of rare diseases?

Infectious and bacterial 5 (4.4) 12 (6.9) 2 (0.5)

Genetic 67 (59.3) 116 (67) 330 (89.6) ns 0 0

Autoimmune 26 (23) 36 (20.8) 13 (3.5)

Mitochondrial 3 (2.7) 7 (4) 4 (1.1)

Environmental 1 (0.9) 4 (2.3) 2 (0.5)

I do not know 11 (9.7) 16 (4.6) 17 (4.6)

(Continued)
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TABLE 2 | Continued

N (%) Comparison between groups p

Nursing
students

Physiotherapy
students

Medical
students

NS vs. PS NS vs. MS PS vs. MS

What percentage of rare diseases are of genetic origin?

5–10% 19 (16.8) 17 (9.8) 11 (3)

20% 27 (23.9) 50 (28.9) 54 (14.7)

50% 28 (24.8) 48 (27.7) 135 (36.7)

80% 30 (26.5) 52 (30.1) 131 (35.6) ns ns ns

100% 0 1 (0.6) 18 (4.9)

I do not know 9 (8) 5 (2.9) 19 (5.1)

Correct answers are written in boldface.

the percentage of RDs of genetic origin. At the same time,
physiotherapy students’ estimates of the number of RD patients
worldwide and in Poland were the most accurate, although only
14% of them gave the correct answers. Similarly, while most
students knew that RDs affect mostly the newborns and children,
very few students knew the correct prevalence of RDs (NS = 7.1%,
PS = 6.4, MS = 11.7) and the number of RDs (NS = 6.2%,
PS = 13.9%, MS = 10.9%).

From the presented list of 28 diseases (including 18 RDs),
students chose those they considered to be rare diseases (Table 3).
Among medical and nursing students the most frequently
recognized RDs were Pompe disease, Gaucher disease and
Niemann-Pick disease, while among physiotherapy students
it was Pompe disease, Niemann-Pick disease and Fragile X
syndrome. On the other hand, in all three groups the most
common disease that was mistaken with RDs turned out
to be Munchausen syndrome. The statistical analysis of the
frequency of indications for specific RDs in individual groups of
students revealed the existence of many statistically significant
differences. Future physicians identified more RDs from the list
correctly more frequently than nursing students, although in the
case of non-RDs it was exactly the opposite: nursing students
indicated them as RDs less often than medical students did.
Similarly, medical students selected RDs correctly more often
than physiotherapy students, although in the case of acromegaly,
Fragile X syndrome and Marfan syndrome, the opposite was
the case. On the other hand, physiotherapy students scored
higher than nursing students. The results of the analysis are
ambiguous and indicate evident knowledge gaps in all student
groups. Despite the fact that on average future doctors gave the
best answers, still they also indicated most of non-RDs, including
acquired immunodeficiency syndrome as a RD most often.

Physiotherapy students were of the opinion that RDs
constitute a serious public health issue more often than medical
and nursing students (Table 4). However, more than 75% of
medical students also believed that RDs should be prioritized.
The difference between all three groups was statistically
significant (p = 0.000). At the same time, approximately 60% of
all students falsely believed that there is a central register of RD
patients in Poland. Similarly, more than 40% of nursing students
and almost 60% of physiotherapy and medical students believed
that orphan drugs are reimbursed in Poland, which is also not

true. Simultaneously, it was medical students who knew the name
of the European website providing information about RD and
orphan drugs best (20.6% vs. 11% PS and 0.9% NS). Finally,
approximately one-third of each group knew how many RDs can
be treated with drugs.

Some significant differences between groups of nursing,
physiotherapy and medical students were observed. While only
four nursing students assessed their knowledge about RDs as
very good, there was no such person among medical and
physiotherapy students (Tables 5, 6). On the other hand,
there was a statistically significantly difference between nursing
students who rated their knowledge as very poor and other
students (LR, p = 0.01). Despite this difference, in each group
at least 95% of students assessed their knowledge on RDs as
insufficient or very poor. Moreover, almost 92% of medical
students, and 84% of physiotherapy and nursing students did
not feel prepared for caring for RD patients. In turn, 11% of
physiotherapy students found themselves prepared to care for
such patients. While the vast majority of students declared their
eagerness to broaden their knowledge on RDs, only 45% of future
doctors believed that such a topic should be included into the
medical curricula. In contrast, among nursing students it was
76% and among physiotherapy students 88%. These declarations
of future doctors were, statistically, significantly different from
those of the nursing and physiotherapy students. While some
medical students did not feel prepared to care for RD patients
and declared their wish to broaden their knowledge, they did
not see the need to include the RDs topics into the curricula.
Interestingly, for all three groups of students the Internet was the
most important source of information on RDs, although medical
students also pointed out the mandatory and elective courses
at the university.

As for the year of studies and the faculty, no significant
differences between nursing and physiotherapy students were
found, whereas among medical students the last year students
felt better prepared to care for RD patients than those studying at
the penultimate year (Table 7). Nevertheless, sixth year students
did not answer better than their younger colleagues. Moreover,
they completed the survey with the highest number of factual
mistakes regarding the recognition of RDs from the list, and the
difference between their results and those of the rest of students
was considerable.
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TABLE 3 | Which of the following diseases are considered to be rare in Poland?

N (%) Comparison between groups p

Nursing students Physiotherapy students Medical students NS vs. PS NS vs. MS PS vs. MS

Sickle cell anemia 6 (5.3) 33 (19.1) 48 (13) 0 0.01 ns

Cystic fibrosis 15 (13.3) 48 (27.7) 87 (23.6) 0.003 0.009 ns

Acromegaly 19 (16.8) 56 (32.4) 61 (16.6) 0.003 ns 0.004

Hemophilia 9 (8) 20 (11.6) 85 (23.1) ns 0 0.001

Down syndrome 2 (1.8) 2 (1.2) 19 (5.2) ns ns 0.01

Niemann-Pick disease 56 (49.6) 86 (49.7) 242 (65.8) ns 0 0

Halitosis 12 (10.6) 32 (18.5) 97 (26.4) ns 0 0.04

Glaucoma 0 3 (1.7) 16 (4.4) ns 0.003 ns

Progeria 32 (28.3) 60 (34.7) 206 (56) ns 0 0

Neurofibromatosis 10 (8.9) 52 (30.1) 110 (29.9) 0 0 ns

Craniodiaphyseal dysplasia 18 (15.9) 45 (26) 158 (42.9) 0.04 0 0

Cerebral palsy 6 (5.3) 1 (0.6) 30 (8.2) 0.01 ns 0

Fibromyalgia 38 (33.6) 30 (17.3) 121 (32.9) 0.01 ns 0

Huntington disease 36 (31.9) 64 (37) 169 (45.9) ns 0.007 0.05

Duchenne muscular dystrophy 35 (31) 49 (28.3) 162 (44) ns 0.01 0

Acquired immunodeficiency syndrome 6 (5.3) 26 (15) 87 (23.6) 0.007 0 0.02

Munchausen syndrome 59 (52.2) 85 (49.1) 186 (50.5) ns ns ns

Mucopolysaccharidoses 19 (16.8) 51 (29.5) 176 (47.8) 0 0.01 0

Achondroplasia 21 (18.6) 33 (19.1) 102 (27.7) ns 0.05 0.03

Crohn’s disease 12 (10.6) 54 (31.2) 17 (4.6) 0 0.03 0

Pompe disease 58 (51.3) 94 (54.3) 268 (72.8) ns 0 0

Gaucher disease 56 (49.6) 81 (46.8) 254 (69) ns 0 0

Fragile X syndrome 48 (42.5) 82 (47.4) 140 (38) ns ns 0.04

Marfan syndrome 43 (38.1) 80 (46.2) 109 (29.6) ns ns 0

Schizophrenia 1 (0.9) 1 (0.6) 8 (2.2) ns ns ns

Alzheimer’s disease 1 (0.9) 1 (0.6) 15 (4.1) ns ns 0.01

Osteogenesis imperfecta 18 (15.9) 54 (31.2) 202 (54.9) 0.005 0 0

Phenylketonuria 14 (12.4) 54 (31.2) 155 (42.1) 0 0 0.01

ns, not significant.

DISCUSSON

The results of this study confirm previous findings regarding
the unsatisfactory level of knowledge of students of various
medical faculties on RDs (Byrne, 2012; Krajnović et al., 2013;
Kopeć and Podolec, 2015; Ramalle-Gómara et al., 2015; Wolyniak
et al., 2015; Alam et al., 2016; Medić et al., 2016; Jonas
et al., 2017; Domaradzki and Walkowiak, 2019; Walkowiak and
Domaradzki, 2020). At the same time, while all the nursing,
physiotherapy and medical students lacked basic information
about RDs the vast majority of our respondents was aware of
their knowledge deficits. Interestingly, some differences found
between the groups of students were somehow surprising and
difficult to explain on the basis of the individual study programs.
As students from each faculty receive at least 1 year of training
in genetics during the first year of their study where they study
about some genetic diseases (i.e., PKU, CF, Huntington disease,
sickle cell disease, Pompe disease or Niemann-Pick disease)
and basic methods of genetic laboratory tests, it seems that
the process of their education is rather random and knowledge
about RDs is often passed casually and not in the form of a
systematic academic lecture. Consequently, neither the medical

nor the nursing or the physiotherapy students receive any special
training in RDs.

Thus, this confirms Greb et al. (2009) observation that medical
students do not retain knowledge and skills in medical genetics
learned during the first years of their education. Also students
who enrolled in our study received some lectures on particular
types of RDs during lectures and in clinical practice, but they
did not have any dedicated courses aimed particularly at RDs
throughout the entire course of their studies. The only exception
were 20 medical students who had chosen some elective course
on metabolic diseases. Nevertheless, all the students’ knowledge
about RDs was strongly dispersed and it seems that while students
possibly know some individual RDs and would be able to present
a simplified way of dealing with a given disease, frequently they
do not identify it as a RD. Such a claim is supported by the fact
that although PKU is one of the most commonly discussed RDs
in medical curricula, only 42.1% of MS, 31.2% of PS and 12.4% of
NS recognized it as a RD. Moreover, PKU is a model example of
RD, as the one in which neonatal screening began and an effective
treatment procedure was implemented.

Moreover, these results are even more intriguing as some
basic information on genetics is already present in high school
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TABLE 4 | Students’ knowledge about the healthcare system for RD patients.

N (%) Comparison between groups p

Nursing
students

Physiotherapy
students

Medical
students

NS vs. PS NS vs. MS PS vs. MS

What is the name of the European website providing
information about RD and orphan drugs?

Rare Disease Foundation 3 (2.7) 19 (11) 10 (2.7)

NORD 4 (3.5) 7 (4) 4 (1.1)

EURORDIS 11 (9.7) 30 (17.3) 26 (7.1)

R.A.R.E 5 (4.4) 15 (8.7) 28 (7.6)

Orphanet 1 (0.9) 19 (11) 76 (20.6) 0 0 0.004

Global Genes 1 (0.9) 4 (2.3) 6 (1.6)

I do not know 88 (77.9) 79 (45.7) 222 (60.3)

Is there a central register of RD patients in Poland?

Yes 64 (56.6) 108 (62.4) 228 (61.9)

No 10 (8.9) 26 (15) 15 (4.1) ns ns 0

I do not know 39 (34.5) 39 (22.6) 125 (34)

What percentage of rare disease can be treated with
drugs?

0% 6 (5.3) 5 (2.9) 1 (0.3)

5% 30 (26.5) 58 (33.5) 117 (31.8) ns ns ns

10% 22 (19.5) 39 (22.5) 67 (18.2)

15% 16 (14.2) 28 (16.2) 69 (18.7)

20% 11 (9.7) 28 (16.2) 33 (9)

50% 1 (0.9) 9 (5.2) 5 (1.4)

I do not know 27 (23.9) 6 (3.5) 76 (20.6)

Are orphan drugs reimbursed in Poland?

Yes 2 (1.8) 6 (3.5) 7 (1.9)

Yes, some 50 (44.3) 101 (58.4) 220 (59.8) 0.02 0.004 ns

No 15 (13.3) 46 (26.6) 41 (11.1)

I do not know 46 (40.7) 20 (11.5) 100 (27.2)

Do RDs constitute a serious public health issue?

Absolutely yes 29 (25.7) 77 (44.5) 60 (16.3)

Yes 67 (59.3) 77 (44.5) 224 (60.9)

No 6 (5.3) 15 (8.6) 58 (15.8)

Definitely not 1 (0.9) 2 (1.2) 1 (0.3)

I do not know 10 (8.8) 2 (1.2) 24 (6.5)

Correct answers are written in boldface.

programs in biology, where inheritance is discussed in examples
of RDs. Nevertheless, it seems that in accord with Williams’
observation (Williams, 2019), the structure and content of our
current medical education is often outdated. As the current
medical system is technologically orientated and market-driven,
its socio-cultural aspects have become blurred (Green et al.,
2002). In consequence, medical training focuses overly on
scientific underpinnings, which is reinforced by the system
that rewards students for recalling biomedical minutiae rather
than thinking critically and holistically. This observation is
exemplified by the relatively small number of medical students
who believed that there should be a mandatory course on
RDs in medical curricula (45.6%). Nevertheless, while such
a biomedical type of training often neglects the psychosocial
and humanistic aspects of patient care, it is particularly these
dimensions that are required in the case of patients suffering from
RDs (Williams, 2019).

Another problem is the general lack of clear guidelines
and recommendations at the European Union level. Although
teaching standards in medical studies are defined by the
Directive 2013/55/EU of the European Parliament and of the
Council amending Directive 2005/36/EC on the recognition
of professional qualifications (Council of the European Union,
2013), these give only general recommendations to EU
member states which shape their medical curricula and set
their own examinations independently, deciding whether any
mandatory or elective courses on RDs should be included in
their teaching programs (McKay, 2019). Also, in Poland the
Directive was implemented into the Polish legal system by the
Regulation of the Minister of Science and Higher Education
in 2019 and determined the standards of teaching medical
professionals (Ministerstwo Nauki i Szkolnictwa Wyższego,
2019). Unfortunately, while the document is over 200 pages
long, the term RD does not appear in it even once. Thus, as
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TABLE 5 | Students’ self-assessment of their knowledge about RDs, split faculty.

N (%)

Nursing
students

Physiotherapy
students

Medical
students

How would you rate your knowledge about rare diseases?

Very good 4 (3.5) 0 0

Fair enough 2 (1.8) 9 (5.2) 18 (4.9)

Insufficient 46 (40.7) 97 (56.1) 207 (56.2)

Very poor 61 (54) 67 (38.7) 143 (38.9)

Do you feel prepared for caring for a patient with a rare disease?

Definitely 0 2 (1.2) 1 (0.3)

Rather yes 3 (2.7) 17 (9.8) 17 (4.6)

Rather not 51 (45.1) 95 (54.9) 152 (41.6)

Definitely not 44 (38.9) 50 (28.9) 185 (50.3)

I do not know 15 (13.3) 9 (5.2) 13 (3.2)

Would you like to broaden your knowledge about rare diseases?

Yes 94 (83.2) 147 (85) 272 (73.9)

No 3 (2.7) 14 (8.1) 44 (12)

I do not know 16 (14.2) 12 (6.9) 52 (14.1)

Do you think that there should be a mandatory course on rare diseases in medical curricula?

Definitely yes 26 (23) 55 (31.8) 23 (6.2)

Rather yes 60 (53.1) 97 (56.1) 145 (39.4)

Rather not 12 (10.6) 16 (9.2) 142 (38.6)

Definitely not 2 (1.8) 0 28 (7.6)

I do not know 13 (11.5) 5 (2.9) 30 (8.2)

Did you/do you have any classes about rare diseases during your studies?

Yes 36 (31.9) 89 (51.5) 282 (76.6)

No 60 (53.1) 76 (43.9) 63 (17.1)

I do not know 17 (15) 8 (4.6) 23 (6.3)

Where do you/did you get your knowledge about RDs from?

Mandatory courses at the university 12 (10.6) 56 (32.4) 188 (51.1)

Facultative courses at the university 9 (8) 20 (11.6) 82 (22.3)

Scientific literature and research 15 (13.3) 16 (9.3) 72 (19.6)

Scientific conferences, symposia 7 (6.2) 10 (5.8) 36 (9.8)

Internet 62 (54.9) 92 (53.2) 216 (58.7)

Other 3 (2.7) 2 (1.2) 9 (2.5)

I do not search for such information 27 (23.9) 30 (17.3) 42 (11.4)

the expected national plan for RDs suggests the improvement of
medical education on RDs, this issue needs to be re-examined.
Moreover, it seems that all future healthcare professionals,
including nurses, physiotherapists and physicians, should receive
basic teaching about RDs, which should include information
regarding the prevalence and relevance of RDs to everyday
medical care, the concept of the diagnostic odyssey and possible
ways of reducing it, the challenges faced by RD patients and their
families and sources of information and support for RD patients.
At the same time, one must acknowledge McKay’s argument that
although specific RD and case studies may be used in medical
curricula, teaching programs should not focus on any particular
RD (McKay, 2019)—the reason being that while it is impossible
to teach anyone about all 6,000–8,000 different types of RDs,
we should focus on passing knowledge on the prevalence and
occurrence of such diseases, patterns of dealing with patients
with unusual or unknown symptoms, available sources of getting
reliable information on RDs, including web pages, and raising

awareness about one’s own deficits. This is of key importance
because health professionals’ false beliefs in their knowledge and
skills makes it difficult to change the situation of patients with
rare diseases (Pisklakov et al., 2013). However, it may be worth
considering Alawi’s suggestion and using RDs as teaching models,
as a basis for learning fundamental principles of basic science and
clinical practice (Alawi, 2019).

Yet another alarming finding was that although last year
medical students differed significantly in their self-assessment
of being prepared to care for RD patients, they did not
answer any better than their younger colleagues did. This is
of key importance, because although health professions’ self-
assessment and reflecting on one’s practice can help to set
appropriate learning goals and identify one’s strengths and
weaknesses (Eva and Regehr, 2005), it seems that in contrast
to nursing and physiotherapy students many future physicians
overrated their knowledge and skills on RDs. This way of
looking at one’s own competences may also be the reason for
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TABLE 6 | The odds ratio of different aspects of nursing, physiotherapy and medical students’ self-assessment.

Odds of being of the opinion that there should be a mandatory course on rare diseases in medical curricula

Nursing students vs. physiotherapy students Nursing students vs. medical students Physiotherapy students vs. medical students

OR 0.44 3.79 8.62

95%CI 0.24–0.83 2.35–6.12 5.23–14.21

p 0.005 0 0

Odds of being interested in broadening knowledge about RDs

Nursing students vs. physiotherapy students Nursing students vs. medical students Physiotherapy students vs. medical students

OR 0.88 1.75 2.00

95%CI 0.46–1.67 1.01–3.01 1.24–3.22

p 0.41 0.02 0.002

Odds of being of the opinion that RDs constitute a serious public health issue

Nursing students vs. physiotherapy students Nursing students vs. medical students Physiography students vs. medical students

OR 0.70 1.65 2.37

95%CI 0.35–1.41 0.93–2.92 1.39–4.05

p 0.16 0.04 0.001

Odds of feeling prepared for caring for a patient with RD

Nursing students vs. physiotherapy students Nursing students vs. medical students Physiotherapy students vs. medical students

OR 0.22 0.53 2.40

95%CI 0.06–0.77 0.15–1.83 1.23–4.70

p 0.008 0.16 0.005

Odds of reporting not searching information about RDs

Nursing students vs. physiotherapy students Nursing students vs. medical students Physiotherapy students vs. medical students

OR 1.50 2.40 1.60

95%CI 0.83–2.69 1.40–4.11 0.96–2.67

p 0.09 0.001 0.03

Odds of reporting getting get knowledge about RDs from mandatory course at the university

Nursing students vs. physiotherapy students Nursing students vs. medical students Physiotherapy students vs. medical students

OR 0.25 0.11 0.45

95%CI 0.13–0.49 0.06–0.21 0.31–0.65

p 0 0 0

Statistically signifcant diferences are written in boldface.

TABLE 7 | The odds ratio of feeling prepared for caring for a patient with RD for students during the final 2 years of study.

Odds of feeling prepared for caring for a patient with RD

6th year medical students vs. 5th
year medical students

5th year physiotherapy students vs.
4th year physiotherapy students

5th year nursing students vs. 4th
year nursing students

OR 10.54 1.81 0.50

95%CI 2.39–46.55 0.67–4.83 0.04–5.68

p 0.001 0.12 0.29

Statistically signifcant diferences are written in boldface.

overconfidence bias, a belief universal for many professions
that you know more than you really do (Croskerry, 2003).
Meanwhile, such inadequate belief in one’s knowledge and
skills may hinder physicians’ future professional development.
Moreover, it may cause delays, misdiagnoses and lack of
understanding of patients with RD, especially that research
projects prove that self-evaluation and self-assessment of medical
students are directly connected to the quality of provided

health care (Pisklakov et al., 2013). Thus, while self-directed
and continuous learning is the core concept that should be
fundamental to medical education, it seems that that students
should be more aware of their knowledge deficits and should
recognize when to recruit additional resources: to obtain a
consultation, to recruit additional support, or to refer the
problem to another individual who is more competent in this
domain (Eva and Regehr, 2005).
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All in all, our findings confirm that just as medical curricula
contain an insufficient amount of information about RDs so too
nursing, physiotherapy and medical students possess inadequate
knowledge and skills in this field. Moreover, as many students
mistakenly believe that they are trained enough to meet the
health needs of RD patients, there is an urgent need of both
the improvement of medical education on RDs by including
mandatory lectures and seminars into medical curricula and
creating a system of postgraduate training offering specialization
training sessions on RDs and raising awareness about the deficits
in their training and its possible consequences for RD patients.

STUDY LIMITATIONS

Simultaneously, although to our best knowledge this is one of the
few studies on the knowledge on RDs among future healthcare
professionals in Poland, it also has a few limitations. First, while
the response rate was high, the study included students from
only one medical university. Second, this study represents solely
the opinions of students who agreed to participate in the study.
Consequently, the results cannot be generalized for the entire
population of future health professionals and more in-depth
studies would be required. However, despite these limitations,
some advantages of this study should also be acknowledged. Most
importantly, as there is a scarcity of previous work on the topic
this research helps fill the gap in the research on the knowledge of
future healthcare professionals on RDs. Moreover, as it compares
the knowledge of nursing, physiotherapy and medical students, it
may stimulate further discussion on the need of better education
not only of future physicians but also other health professionals
whose role in the process of caring for RD patients is also vital.

CONCLUSION

This study shows that there is a serious educational gap in
future healthcare professionals about RDs. What is important
is that it shows that deficits of knowledge on RDs were
present not only among nursing or physiotherapy students
but also future physicians. Thus, it confirms that there is
an urgent need to include RDs into the medical curricula,
which contain an insufficient amount of information about such
diseases. Moreover, as caring for RD patients requires a special
and combined approach, all healthcare specialists, including
physicians, physiotherapists, nurses, midwives psychologists,

dieticians or speech therapists should be enrolled in education
on RDs. In order to overcome the existing knowledge deficits,
it is suggested to include an RD module into the medical
curricula and to implement teaching programs similar to
those present in such European countries as France, Spain or
the United Kingdom. Moreover, a bigger emphasis should be
placed on training all medical students in basic genetics and
newborn screening. Finally, while self-directed and continuous
learning on RDs among healthcare professionals should be
promoted, e-learning programs or courses on RDs should be also
organized and Polish web pages with reliable information on RDs
should be organized.
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