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Abstract

Background Rare diseases (RDs) are life-threatening or chronically debilitating and offer a high level of complexity.
The aim of this study is to assess medical students'knowledge and awareness of RDs as well as their perceptions

of potential measures to boost training in RDs. The cross-sectional survey was conducted at the Medical University
of Plovdiv, Bulgaria, in 2019. The questionnaire contained 12 questions, divided into three main categories: (1)
sociodemographic profile; (2) knowledge and awareness of RDs; and (3) attitudes about potential measures to
improve training in RDs.

Results A total of 1189 medical students completed the survey with an overall response rate of 56.4%. Only 13% of
participants knew the correct definition of RDs, and a low overall level of awareness was found with regard to orphan
drugs (20.3%) and genetic counselling and testing (0.5%). Respondents believed that society as a whole was largely
unaware of RDs as a major public health issue. Students suggested elective courses, and invited lectures by RDs
experts, and participation in research projects as the most preferred measures to improve undergraduate training.

Conclusions It is crucial to address the gaps in medical students knowledge and awareness of RDs. University
curricula should consider incorporating different RDs training modalities. It is essential to encourage various
stakeholders to play a more proactive role and to collaborate in these activities. Involvement of patient organisations
and advocacy groups might enhance students’knowledge of the challenges faced by people with RDs. Not least, the
media should be partners in this important endeavour as well.

Keywords Rare diseases (RDs), Orphan drugs, Student research, Bulgaria, Medical education, Orphan drugs, Primary
prevention

Background

A disease is considered rare in the European Union (EU)
if it affects no more than 5 in 10,000 people. Although the
prevalence of a single rare condition is low, it is believed
that there are between 5,000 and 8,000 rare diseases
(RDs) currently identified. Combined, they affect about
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Over the years, the EU has strongly promoted the
adoption of national plans and strategies for RDs as
a main policy tool to integrate various initiatives at
local, regional, and national levels for a comprehensive
approach to this public health problem [1, 2, 4-12]. Bul-
garia was the second EU member state (after France)
and the first Eastern European country to implement
a national plan for RDs (2009-2014) [13]. It stated nine
main priorities, including the creation of a national reg-
istry, the expansion of newborn screening, and improved
diagnostics for RDs. Nevertheless, most of these goals
were not achieved. Adoption of a second plan to carry on
these activities was discussed but never materialised.

Bulgaria’s national registry for RDs was officially
launched in 2017. The National Center for Public Health
and Analysis is in charge of hosting and managing it. The
registry collects epidemiological data for a predefined list
of RDs only from officially designated centers of exper-
tise [14, 15]. Therefore, its scope is limited by default.
Furthermore, to this date, there are no publicly available
reports or publications coming from the registry.

Almost concurrently, Bulgaria started designating RDs
centres of expertise in light of the national transposition
of Directive 2011/24/EU on the application of patients’
rights in cross-border healthcare. Currently, there are
24 such entities, with all but three located in Sofia [16].
However, they do not cover all 24 therapeutic areas as
defined by the European Reference Networks (ERN) for
RDs [3, 14, 15]. This means that Bulgarian medical spe-
cialists are unable to fully participate in and maximise the
added value of the available opportunities for RDs train-
ing and the transfer of knowledge at EU level.

Contrary to most chronic diseases, medical expertise in
RDs is scarce, and options for therapeutic management
are rather limited [17-23]. RDs are given less attention
in undergraduate medical education. The Association
of American Medical Colleges (AAMC) has noted that
there is a critical need for education that focuses on
the identification, comprehension, and care of unusual
patients, particularly during medical school training [24,
25]. Most of the undergraduate training in genetics and
RDs generally takes place in the preclinical years of study
[25, 26]. In this context, a study by Haspel et al. and the
Canadian Organisation for Rare Disorders [27] further
emphasised the continuous necessity for greater integra-
tion of RDs teaching into undergraduate medical educa-
tion in clinical settings.

The absence of specific health policies for RDs as well
as a lack of clinical expertise and experience result in
delayed diagnosis and limited access to health care for
these patients. It could take between 3 and 14 years from
the onset of symptoms to a final diagnosis for certain
RDs. Social consequences like isolation and discrimi-
nation further severe the impact of RDs on the patients
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affected and their families [28—32]. All this considered,
undergraduate medical education appears to be a major
pillar for a sustainable, long-term improvement of care
for RDs patients and their families.

Undergraduate medical training in Bulgaria falls into
one of the so-called regulated educational fields. This
area of professional instruction is formally governed by
the Council of Ministers’ Ordinance on uniform state
requirements for acquiring higher education in the spe-
cialties of medicine and dental medicine for the master’s
degree [33]. This document defines an official list of aca-
demic courses and honoraria. Nevertheless, it is a purely
quantitative framework without any mandatory syllabi.
Medical universities are autonomous, and they have the
prerogative over the organisation, structure, and con-
tents of undergraduate medical courses. For the courses
of medical genetics and social medicine, which are par-
ticularly relevant for the undergraduate targeted training
on rare diseases, it often means that these subjects are
usually positioned in the earlier stages of education. As
a consequence, the connection between the theoretical
training in medical genetics and social medicine on the
one hand and the clinical practice on the other is com-
monly broken. Medical students fail to translate their
conceptual knowledge into routine patterns of clinical
skills.

To this point, there has been limited research on the
role of RDs in undergraduate medical training in Bul-
garia. Little is known about the attitudes of local medical
students towards RDs and its health and social impact.
The aim of the study is to assess medical students’ knowl-
edge and awareness of RDs as well as their perception of
potential measures to boost training in RDs.

Materials and methods

Study design

This cross-sectional survey was conducted at the Medi-
cal University of Plovdiv, Bulgaria, in 2019. The univer-
sity has undergraduate programmes in medicine with
instruction offered in Bulgarian or English (thus, the lan-
guage of instruction is the main independent variable for
comparison). Students attend the same Faculty of Medi-
cine and follow the same academic training programmes.

Study participants and settings

There were a total of 2107 medical students at the Medi-
cal University of Plovdiv in 2019. No specific sampling
technique was applied, as all current students at the time
of the study were invited to participate in the survey. A
direct questionnaire to complete was provided during the
regular lectures and practical classes.



Hristova-Atanasova et al. Orphanet Journal of Rare Diseases

Table 1 Summary of the sections and questions

Survey Category Questions
Sociodemographic 1. Gender
Profile 2. Age

3.Year of study

4. Definition of RDs

5. Identification of RDs (yes or no)

6. Number of RDs patients in Bulgaria

7. Definition of orphan drugs

8. Primary prevention of RDs

9. Challenges for RDs patients and their families

10. Role and place of RDs in undergraduate
medical training curriculum

Knowledge and
Awareness of RDs

Potential measures
to improve training
in RDs 11. Measures to improve undergraduate medi-

cal training curriculum on RDs
12. Public awareness and support

Research tool

The study used an updated version of the original ques-
tionnaire that Stefanov et al. developed in 2008 [34]. The
survey tool was translated into English and validated with
a group of 30 students (Cronbach’s alpha=0.81). The
questionnaire contained 12 questions (Table 1), divided
into three main categories: (1) sociodemographic profile;
(2) knowledge and awareness of RDs; and (3) attitudes
about potential measures to improve training in RDs.

Data collection

During the regular lectures and practical classes, printed
questionnaires were distributed for completion. All pres-
ent medical students were invited to participate in the
survey. Participation was voluntary, and no incentives
were offered. The authors supervised the data collection
process.

Ethics approval

Approval by an ethics committee was not required for
this study. The survey was sociological from a method-
ological point of view, with no clinical research. No per-
sonal data were saved or analysed.

Table 2 Profile of Survey Respondents
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Data analysis
Descriptive statistics were applied. Comparisons were
made between different demographic variables to deter-
mine if they were associated with specific outcomes.
Analyses specifically focused on the differences between
medical students trained in Bulgarian or English. Statis-
tical significance was considered if the p-value was less
than 0.05. Data were analysed using SPSS (version 26.0;
SPSS, Inc., Chicago, IL, USA).

Partially completed questionnaires were retained
and analysed for better representation of the target
population.

Results

Sociodemographic profile of the respondents

A total of 1189 medical students completed the survey,
with an overall response rate of 56.4%. There were 627
students (47.3%) trained in Bulgarian and 562 (52.7%)
trained in English (Table 2). This split was used for fur-
ther comparison between the two main groups. Second-
year students (27.6%) and third-year students (28.3%)
made up the biggest part of the respondents.

Respondents’ knowledge and awareness of RDs
Only 13% (n=145) of all participants knew the correct
definition of RDs (Fig. 1).

Williams syndrome was the most frequently correctly
identified RDs (Fig. 2). On the other side, Down syn-
drome and diabetes insipidus were listed as RDs by less
than half of the students. There was a statistically signifi-
cant difference in the rate of correct identification of RDs
between the students trained in Bulgarian and English,
with the exception of Williams syndrome (p>0.05). The
biggest gap was observed in the case of cystic fibrosis. By
contrast, all students demonstrated at least a 90% cor-
rect response rate on the same question about common
diseases.

Few students from both groups correctly stated that
there are approximately 450 000 RDs patients in Bulgaria:

Variables Instruction in Bulgarian
n %
Gender Male 240 383
Female 387 61.7
Age groups <21 387 63.7
22-24 171 28.1
>25 50 8.2
Year of study First 101 16.3
Second 155 250
Third 171 275
Fourth 117 18.8
Fifth 65 105

Sixth 12 1.9

Instruction in English X2 p

n %

284 50.5 18.06 0.000
278 49.5

309 56.6 1744 0.000
149 273

88 16.1

101 18.1 15.82 0.007
170 305

163 29.2

83 149

38 6.8

3 0.5
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15.9%

mINSTRUCTION IN BULGARIAN

Fig. 1 Respondents'Knowledge and Awareness of RDs (rate of correct responses)

WILLIAMS SYNDROME (ORPHA:904)

ACROMEGALY (ORPHA:963)

ACUTE MYELOID LEUKEMIA (ORPHA:519)

DOWN SYNDROME (ORPHA:870)

HEREDITARY ANGIOEDEMA (ORPHA:91378)

DIABETUS INSIPIDUS (ORPHA:178029)

CYSTIC FIBROSIS (ORPHA:586)

EINSTRUCTION IN BULGARIAN
Fig. 2 Respondents'ldentification of RDs (rate of correct responses)

8.3% (n=43) of those trained in English and 13.2%
(n=78) of those trained in Bulgarian (p>0.05). A simi-
lar low overall level of awareness was found with regard
to orphan drugs (20.3%, n=138) and genetic counsel-
ling and testing (0.5%, n=6) (Fig. 1). Late diagnosis, lack
of or limited access to therapy, and lack of information
were indicated as the most important problems that
RDs patients face, with the latter being the only point of

@ INSTRUCTION IN ENGLISH

disagreement between the two student groups (p=0.000)
(Fig. 3). Respondents believed that society as a whole was
largely unaware of RDs as a major public health issue,
with only 2.9% (n=18) of the students trained in Bulgar-
ian and 11.0% (n=60) of those trained in English stating
the opposite (p=0.000).
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LATE DIAGNOSIS | 80.0%
| 81.2%
1 79.1%

LACK/LIMITED ACCESS TO TREATMENT
| 80.3%

| 67.2%

LACK OF INFORMATION

| 80.5%
- §11.0%
OTHER 1%

@ INSTRUCTION IN BULGARIAN

@ INSTRUCTION IN ENGLISH

Fig. 3 Respondents'Knowledge and Awareness of the Challenges for RDs patients and their families (rate of agreement)

Respodents’ attitudes about potential measures to
improve training on RDs

The two groups of students disagreed on the impact of
RDs in the current curriculum. While 56.9% (n=312)
of the students trained in English stated that RDs were
reflected to a certain extent, only 24.8% (n=150) of those
trained in Bulgarian thought the same (p=0.000). Both
samples cited elective courses in RDs, invited lectures
by RDs experts, and participation in RDs research proj-
ects as the most preferred measures to improve under-
graduate training. Information on the Internet and
printed materials about RDs were consistently among
the lowest rated approaches, with 12.8% (n=67) of the
students trained in English and 22.5% (n=141) of those
trained in Bulgarian expressing a preference for them
(p=0.000). On the other hand, RDs conferences and
workshops were positively assessed by the vast majority
of both groups—64.8% (n=340) of the respondents in
English and 82.3% (n=497) of the respondents in Bulgar-
ian (p=0.000). Finally, students pointed out the role of
the media in raising awareness about RDs in society. The
overwhelming majority—84.9% (n=>508) of the students
trained in Bulgarian and 75.8% (n=398) considered that
the media should act more to promote the recognition of
RDs as a substantial public health priority (p=0.000).

Discussion

Potential educational measures to improve training on RDs
This study confirmed previous findings from other coun-
tries that medical students generally lack knowledge and
awareness of RDs [30, 31, 35—-37]. While there was some
disagreement between the two groups of respondents in
our research, they largely found common ground on the

most important issues and expressed support for similar
measures to improve undergraduate training in RDs.

Several previous studies have explored the level of
knowledge and awareness of RDs among medical stu-
dents from different countries. Although direct com-
parison is not meaningful due to the differences in the
studies’ methodology and research context, there is a
recurring pattern of low understanding of RDs and their
key public health aspects [38—44]. Trainees lack basic
knowledge about issues like primary prevention and
especially folic acid intake [39-44]. Premarital genetic
counselling is one of the most successful tools for the pri-
mary prevention of genetic disorders. Therefore, its place
and role in medical education should be amplified.

In all the studies conducted so far, medical students
acknowledged the need for more concentrated training
in RDs by mentioning elective courses in RDs and invited
lectures by RDs experts as potential options to boost
medical undergraduate education in RDs. Participation
in RDs research projects and scientific events is also wel-
comed by the respondents to those surveys [30, 31, 35—
38, 45-48]. In our study, we witnessed comparable gaps
in knowledge in both students trained in Bulgarian and in
English. Substantial portions of the participants from the
two groups could not identify the definitions of RDs and
orphan drugs. What is even more alarming is the lack of
contrast between students of different years of training,
indicating neither improvement nor accumulation of RDs
knowledge in the course of the 6-year cycle of under-
graduate medical training in Bulgaria. The public health
implications of this educational void are great and con-
tribute to delayed access to RDs diagnosis and treatment
(38, 47, 49].
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Potential collaborations with stakeholders to improve
training on RDs

Acquiring professional medical experience and expertise
takes time and resources. Information in the literature
about RDs is often scarce. RD-specific guidelines are usu-
ally limited only to conditions where medicinal treatment
options are available, but those represent a small fraction
of all RDs. In this light, collaboration and cooperation
with patient organisations and advocacy groups may be
highly beneficial. Learning from RDs patients and their
families could make the next generation of medical pro-
fessionals think outside the box. RDs medical training
does indeed need an unconventional style and a new per-
spective [35, 46]. Medical students, as future doctors, are
in a unique position to transform the health system and
make it more aware of RDs.

Of course, the role of academic staff in this overall pro-
cess is undeniable [50, 51]. This is why experienced clini-
cal instructors in RDs must be attracted to teaching and
promoting this complex topic among medical students.
In this context, the current ERN for RDs offers a great
opportunity to connect undergraduate medical training
with the reality of RDs. Renowned healthcare providers
from all EU Member States participate in these virtual
networks. ERN are meant to encourage cooperation and
the transfer of know-how in the field of RDs healthcare,
which by definition is highly specialised and resource-
demanding. A symbiosis between ERN and medical
universities could generate great added value for all Euro-
pean RDs stakeholders. Another major international tool
for dissemination and promotion of knowledge about
RDs is the Orphanet portal for RDs and orphan drugs
[52-55]. Over the past 25 years of activity, Orphanet has
become the leading reference source of information on
RDs and has helped shape the RD landscape in Europe
and around the world. With the challenges of RDs medi-
cal training in mind, there is a strong need to encourage
both ERN and Orphanet to do more of this kind of aca-
demic partnership to help medical students learn more
[56].

Finally, the media and society as a whole should also
be more proactive in the case of RDs [10, 57]. RDs are
not just a medical problem. Their spillover effects go way
beyond the healthcare system and are associated with
high levels of socioeconomic burden. From this point
of view, engaging young medical doctors from the very
early stages of training is essential and could largely help
improve RDs diagnosis, treatment, and follow-up. If
more medical professionals are aware of and experienced
with RDs, patients will have easier access to health care
and services. Subsequently, this could mean reduced
resource consumption, as delayed diagnosis and diffi-
cult access to treatment are well-known factors for worse
health outcomes and higher costs [58].
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Limitations

Although this study provides insights about Bulgarian
medical students’ knowledge and awareness of RDs as
well as their perception of potential measures to boost
training in RDs, our findings are limited in several ways.
First, despite the relatively large sample size achieved,
the survey only targeted students from a single univer-
sity in Bulgaria. Thus, our research outcomes cannot be
directly generalised. Second, there was an overrepresen-
tation of preclinical year students in our study sample.
The response rates among fifth- and sixth-year students
were low. Nevertheless, the latter could also be consid-
ered an indirect indication of a lack of interest and sub-
sequent limited knowledge about RDs. Third, the list
of conditions used to identify RDs was taken from the
original questionnaire by Stefanov et al. This set can-
not be considered representative of RDs knowledge and
awareness as a whole. Nonetheless, the list contains dif-
ferent RDs by prevalence and aetiology and offers a good
starting point for research. Fourth, it should be noted
that the two groups in our study came from very differ-
ent backgrounds. Students who are trained in Bulgar-
ian are almost exclusively from Bulgaria, while students
trained in English come from various countries through-
out the world. This, of course, could result in different
levels of awareness and perception of RDs depending
on the country of origin. Still, the two samples largely
overlapped in terms of both knowledge and measures to
improve undergraduate training in RDs. It could prob-
ably be concluded that RDs are perceived globally as an
important void in medical education and must be sub-
jected to targeted actions.

Conclusions

The survey demonstrated a lack of medical knowledge of
RDs as well as a low level of awareness regarding orphan
drugs and genetic counselling among students. Respon-
dents highlighted the need for more concentrated train-
ing in RDs by offering elective courses and inviting RDs
experts as guest lecturers. Students believed that society
as a whole was mostly uninformed about RDs as a higher
public health concern and that late diagnosis and limited
access to therapy were the two most crucial challenges
that RDs patients confronted.

It is crucial to address the gaps in medical students’
knowledge and awareness of RDs. University curricula
should consider incorporating different RDs training
modalities. It is essential to encourage various stakehold-
ers to play a more proactive role and to collaborate in
these activities. Involvement of patient organisations and
advocacy groups might enhance students’ knowledge of
the challenges faced by people with RDs. Not least, the
media should be partners in this important endeavour as
well.



Hristova-Atanasova et al. Orphanet Journal of Rare Diseases

Acknowledgements
Not applicable for that section.

Author contributions

Conceptualization, EHA. and RS, methodology, EHA. and R.S,; software, G.I.
and I.A,; validation, EHA, RS. and I.A; formal analysis, E.HA,; investigation,
EHA. and A.G, resources, EHA,; data curation, .A; writing—original draft
preparation, E.HA,; writing—review and editing, G.I. and A.G,; visualization, |.A,;
supervision, R.S,; project administration, EHA,; funding acquisition, EHA. All
authors have read and agreed to the published version of the manuscript.

Funding
This study was not funded.

Data Availability

The data that support the findings of this study are not openly available due
to reasons of sensitivity but are available from the corresponding author upon
reasonable request. Data are located in controlled access data storage at the
Department of Social Medicine and Public Health.

Declarations

Ethics approval and consent to participate

Approval by an Ethics committee was not required for this study. The survey
was sociological from a methodological point of view, with no clinical
research. No personal data were saved or analysed.

Consent for publication
The authors declare that there is no consent for publication.

Competing interests
The authors declare that they have no competing interests.

Received: 20 March 2023 / Accepted: 10 July 2023
Published online: 25 July 2023

References

1. European Commission. Communication from the Commission to the
European Parliament, the Council, the European Economic and Social Com-
mittee and the Committee of the Regions Youth., Opportunities Initiative.
[Internet]. 2011 [cited 2023 Mar 16]. Available from: https://eur-lex.europa.eu/
LexUriServ/LexUriServ.do?uri=COM:2011:0933:FIN:EN:PDF.

2. Council of the European Union. Council Recommendation of 8 June 2009
on an action in the field of rare diseases (2009/C 151/02) [Internet]. 2009
[cited 2023 Mar 16]. Available from: https://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=0J:C:2009:151:0007:0010:EN:PDF.

3. Schieppati A, Henter J-, Daina E, Aperia A. Why rare diseases are an important
medical and social issue. The Lancet [Internet]. 2008;371:2039-41. https://doi.
0rg/10.1016/50140-6736(08)60872-7.

4. Dharssi S, Wong-Rieger D, Harold M, Terry S. Review of 11 national policies
for rare diseases in the context of key patient needs. Orphanet J Rare Dis
[Internet]. 2017;12. https://doi.org/10.1186/513023-017-0618-0.

5. Moliner AM. Creating a European Union Framework for actions in the field
of Rare Diseases. Rare Dis Epidemiol [Internet]. 2010;457-73. https://doi.
0rg/10.1007/978-90-481-9485-8_25.

6. Moliner AM, Waligora J. The European Union Policy in the field of Rare
Diseases. Advances in Experimental Medicine and Biology [Internet].
2017,561-87. doi: https://doi.org/10.1007/978-3-319-67144-4_30.

7. Montserrat A, Taruscio D. Policies and actions to tackle rare diseases at Euro-
pean level. Annali dellIstituto superiore di sanita [Internet]. 2019; 296-304.
https://doi.org/10.4415/ANN_19_03_17.

8. Khosla N, Valdez R. A compilation of national plans, policies and government
actions for rare diseases in 23 countries. Intractable & Rare Diseases Research
[Internet]. 2018;7:213-22. https://doi.org/10.5582/irdr2018.01085.

9. Rodwell C, Aymé S. Evolution of national and european policies in the field
of rare diseases and their impact over the past five years. Orphanet J Rare Dis
[Internet]. 2014;9:P13. https://doi.org/10.1186/1750-1172-9-s1-p13.

(2023) 18:213

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 7 of 8

Rodwell C, Aymé S. Rare disease policies to improve care for patients

in Europe. Biochimica et Biophysica Acta (BBA) - molecular basis of

disease [Internet]. 2015;1852:2329-35. doi: https://doi.org/10.1016/j.
bbadis.2015.02.008.

Czech M, Baran-Kooiker A, Atikeler K, Demirtshyan M, Gaitova K, Holownia-
Voloskova M, Turcu-Stiolica A, Kooiker C, Piniazhko O, Konstandyan N, et al.

A review of Rare Disease Policies and Orphan drug reimbursement Systems
in 12 eurasian countries. Front Public Health [Internet]. 2020;7. https://doi.
0rg/10.3389/fpubh.2019.00416.

Mayrides M, Ruiz de Castilla EM, Szelepski S. A civil society view of rare
disease public policy in six latin american countries. Orphanet J Rare Dis
[Internet]. 2020;15. https://doi.org/10.1186/513023-020-1314-z.

Ministry of Health. National Plan for Rare Diseases 2009-2013 (genetic, con-
genital malformations and non-hereditary diseases). Available from: https://
www.mh.government.bg/media/filer_public/2015/04/17/programa-redki-
bolesti-2009-2013.pdf.

Hristova E, Raycheva R, Iskrov G, Stefanov R. List of rare diseases in Bulgaria.
Rare Diseases and Orphan Drugs [Internet]. 2016 Dec 14;3(3):39-44. Available
from: https://rarejournal.org/index.php/rarejournal/article/view/106.
Hristova E, Iskrov G, Stefanov R. New horizons for centres of expertise for rare
diseases in Bulgaria. Rare Diseases and orphan drugs [Internet]. 2014;1(4):116
- 20. Available from: https://rarejournal.org/index.php/rarejournal/article/
view/85.

Ministry of Health. National Center of Public Health and Analyses. Register

of expert centers for rare diseases. Available from: https://ncpha.govern-
ment.bg/index/131-registur-na-ekspertnite-centrove-po-redki-zaboliavania.
html?lang=en.

Iskrov G, Hristova E, Stefanov R. Expertise centers and national registry for rare
diseases in Bulgaria-perspectives and challenges. Obsha Meditsina/General
Medicine [Internet]. 2015;17(2):3-8. Available from: https://www.scopus.com/
record/display.uri?eid=2-s2.0-84939178603&origin=resultslist&sort=plf-f.
Beaulieu CL, Majewski J, Schwartzentruber J, Samuels ME, Fernandez BA,
Bernier FP, Brudno M, Knoppers B, Marcadier J, Dyment D, et al. FORGE
Canada Consortium: outcomes of a 2-Year National Rare-Disease Gene-
Discovery Project. Am J Hum Genet [Internet]. 2014;94:809-17. https://doi.
0rg/10.1016/j.ajhg.2014.05.003.

Baumbusch J, Mayer S, Sloan-Yip I. Alone in a crowd? Parents of children with
rare Diseases' Experiences of navigating the Healthcare System. J Genetic
Couns [Internet]. 2018;28:80-90. https://doi.org/10.1007/510897-018-0294-9.
Taylor MRG. A survey of chairpersons of departments of medicine about the
current and future roles of clinical genetics in internal medicine. Genet Med
[Internet]. 2003;5:328-31. https://doi.org/10.1097/01.gim.0000076973.49388.
6.

Taylor MRG, Edwards JG, Ku L. Lost in transition: Challenges in the expanding
field of adult genetics. Am J Med Genet Part C: Seminars Med Genet [Inter-
net]. 2006;142 C:294-303. https://doi.org/10.1002/ajmg.c.30105.

McCauley MP, Marcus RK, Strong KA, Visotcky AM, Shimoyama ME, Derse AR.
Genetics and Genomics in Clinical Practice: The Views of Wisconsin Physi-
cians. WMJ [Internet]. 2017 Jun;116(2):69-74. PMID: 29323820. Available from:
https://wmjonline.org/wp-content/uploads/2017/116/2/69.pdf.

Li X, Zhang X, Zhang S, Lu Z, Zhang J, Zhou J, Li B, Ou L. Rare disease
awareness and perspectives of physicians in China: a questionnaire-based
study. Orphanet J Rare Dis [Internet]. 2021;16. https://doi.org/10.1186/
$13023-021-01788-3.

Learning Objectives for Medical Student Education— Guidelines for

Medical Schools. Report | of the Medical School Objectives Project.

J Association Am Med Colleges [Internet]. 1999;74:13-8. https://doi.
0rg/10.1097/00001888-199901000-00010.

Thurston VC, Wales PS, Bell MA, Torbeck L, Brokaw JJ. The current status of
Medical Genetics instruction in U.S. and Canadian Medical Schools. Acad Med
[Internet]. 2007,82:441-5. https://doi.org/10.1097/acm.0b013e31803e86c5.
Plunkett-Rondeau J, Hyland K, Dasgupta S. Training future physicians in

the era of genomic medicine: trends in undergraduate medical genetics
education. Genet Med [Internet]. 2015;17:927-34. https://doi.org/10.1038/
gim.2014.208.

Haspel RL, Genzen JR, Wagner J, Fong K, Haspel RL, Wilcox R, Adem PV,
Anderson H, Atkinson JB, Burke LW, et al. Call for improvement in medical
school training in genetics: results of a national survey. Genet Med [Internet].
2021;23:1151-7. https://doi.org/10.1038/541436-021-01100-5.

European Commission. Communication from the commission to the Euro-
pean Parliament, the Council, the European Economic and Social Committee
and the Committee of the Regions [Internet],, 2012 [cited 2023 Mar 16].


https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0933
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0933
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ
https://doi.org/10.1016/s0140-6736(08)60872-7
https://doi.org/10.1016/s0140-6736(08)60872-7
https://doi.org/10.1186/s13023-017-0618-0
https://doi.org/10.1007/978-90-481-9485-8_25
https://doi.org/10.1007/978-90-481-9485-8_25
https://doi.org/10.1007/978-3-319-67144-4_30
https://doi.org/10.4415/ANN_19_03_17
https://doi.org/10.5582/irdr.2018.01085
https://doi.org/10.1186/1750-1172-9-s1-p13
https://doi.org/10.1016/j.bbadis.2015.02.008
https://doi.org/10.1016/j.bbadis.2015.02.008
https://doi.org/10.3389/fpubh.2019.00416
https://doi.org/10.3389/fpubh.2019.00416
https://doi.org/10.1186/s13023-020-1314-z
https://www.mh.government.bg/media/filer_public/2015/04/17/programa-redki-bolesti-2009-2013.pdf
https://www.mh.government.bg/media/filer_public/2015/04/17/programa-redki-bolesti-2009-2013.pdf
https://www.mh.government.bg/media/filer_public/2015/04/17/programa-redki-bolesti-2009-2013.pdf
https://rarejournal.org/index.php/rarejournal/article/view/106
https://rarejournal.org/index.php/rarejournal/article/view/85
https://rarejournal.org/index.php/rarejournal/article/view/85
https://ncpha.government.bg/index/131-registur-na-ekspertnite-centrove-po-redki-zaboliavania.html?lang=en
https://ncpha.government.bg/index/131-registur-na-ekspertnite-centrove-po-redki-zaboliavania.html?lang=en
https://ncpha.government.bg/index/131-registur-na-ekspertnite-centrove-po-redki-zaboliavania.html?lang=en
https://www.scopus.com/record/display.uri?eid=2-s2.0
https://www.scopus.com/record/display.uri?eid=2-s2.0
https://doi.org/10.1016/j.ajhg.2014.05.003
https://doi.org/10.1016/j.ajhg.2014.05.003
https://doi.org/10.1007/s10897-018-0294-9
https://doi.org/10.1097/01.gim.0000076973.49388.c6
https://doi.org/10.1097/01.gim.0000076973.49388.c6
https://doi.org/10.1002/ajmg.c.30105
https://wmjonline.org/wp-content/uploads/2017/116/2/69.pdf
https://doi.org/10.1186/s13023-021-01788-3
https://doi.org/10.1186/s13023-021-01788-3
https://doi.org/10.1097/00001888-199901000-00010
https://doi.org/10.1097/00001888-199901000-00010
https://doi.org/10.1097/acm.0b013e31803e86c5
https://doi.org/10.1038/gim.2014.208
https://doi.org/10.1038/gim.2014.208
https://doi.org/10.1038/s41436-021-01100-5

Hristova-Atanasova et al. Orphanet Journal of Rare Diseases

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Available from: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CE
LEX:52012DC0673&from=EN.

European Parliament, Council of the European Union. Directive 2011/24/

EU of the European Parliament and of the Council of 9 March 2011 on the
application of patients'rights in cross-border healthcare [Internet]. 2014
[cited 2023 Mar 16]. Available from: https://eur-lex.europa.eu/legal-content/
EN/TXT/PDF/?2uri=CELEX:32011L0024&from=EN.

Flores A, Burgos S, Abarca-Barriga H. Knowledge level of medical students
and physicians about rare diseases in Lima, Peru. Intractable & Rare Diseases
Research [Internet]. 2022;11:180-8. https://doi.org/10.5582/irdr.2022.01079.
Jahanshahi R, Nasirzadeh A, Farzan M, Domaradzki J, Jouybari L, Sanagoo A,
Farzan M, Aghazadeh-Habashi K, Fallah Faraghe A, Bagheri S, et al. Iranian
future healthcare professionals’knowledge and opinions about rare diseases:
cross-sectional study. Orphanet J Rare Dis [Internet]. 2022;17. https://doi.
0rg/10.1186/513023-022-02458-8.

Osmond M, Hartley T, Dyment DA, Kernohan KD, Brudno M, Buske OJ, Innes
AM, Boycott KM, Boycott K, Brudno M, et al. Outcome of over 1500 matches
through the Matchmaker Exchange for rare disease gene discovery: the
2-year experience of Care4Rare Canada. Genet Med [Internet]. 2022;24:100-8.
https://doi.org/10.1016/j.gim.2021.08.014.

Council of Ministers. Ordinance on uniform state requirements for acquiring
higher education in the specialties of medicine and dental medicine for the
master’s degree [Internet]. Council of Ministers. 2007 [cited 2023 Jun 25].
Available from: https://lex.bg/laws/ldoc/2135513313.

Beleva E, Yordanova R, Arizankoski D, Pete M, Haralampiev E, Stefanov R.
Awareness about rare diseases among medical students in Bulgaria-pre-
liminary results [Internet]. 2009 [cited 2023 Mar 16]. Available from: https://
conf2009.raredis.org/posters/Poster%2077%20-%20Ralitsa%20Yordanova.pdf.
Kiihne A, Kleinheinz J, Jackowski J, Képpe J, Hanisch M. Study to investigate
the knowledge of Rare Diseases among dentists, Orthodontists, Periodon-
tists, oral surgeons and Craniomaxillofacial Surgeons. Int J Environ Res Public
Health [Internet]. 2020;18:139. https://doi.org/10.3390/ijerph 18010139.
Walkowiak D, Domaradzki J. Are rare diseases overlooked by medical educa-
tion? Awareness of rare diseases among physicians in Poland: an explana-
tory study. Orphanet J Rare Dis [Internet]. 2021;16. https.//doi.org/10.1186/
$13023-021-02023-9.

Jonas K, Waligéra M, Hotda M, Sulicka-Grodzicka J, Strach M, Podolec P, Kopec
G. Knowledge of rare diseases among health care students - the effect of
targeted education. Przegl Epidemiol [Internet]. 2017;71(1):80-89. PMID:
28742309. Available from: https://pubmed.ncbi.nlm.nih.gov/28742309/.
Medi¢ B, Divac N, Stopic B, Savi¢-Vujovic K, Glisi¢ A, Cerovac N, Stojanovic R,
Srebro D, Prostran M. The attitudes of medical students towards rare diseases:
a cross-sectional study. Vojnosanitetski pregled [Internet]. 2016;73(8):703 -
13. Available from: http://www.vma.mod.gov.rs/vsp_8_2016_internet.pdf.
Ibrahim NKR, Al-Bar H, Al-Fakeeh A, Al Ahmadi J, Qadi M, Al-Bar A, Milaat W.
An educational program about premarital screening for unmarried female
students in King Abdul-Aziz University, Jeddah. J Infect Public Health [Inter-
net]. 2011;4:30-40. https://doi.org/10.1016/jjiph.2010.11.001.

Hamed E, Eshra D, Qasem E, Khalil A. Knowledge, perception, and attitude

of future couples towards Premarital Screening. Menoufia Nurs J [Internet].
2022;7:1-21. https://doi.org/10.21608/menj.2022.254007.

Al-Shafai M, Al-Romaihi A, Al-Hajri N, Islam N, Adawi K. Knowledge and
perception of and attitude toward a Premarital Screening Program in Qatar: a
cross-sectional study. Int J Environ Res Public Health [Internet]. 2022;19:4418.
https://doi.org/10.3390/ijerph19074418.

Crider KS, Wang A, Ling H, Potischman N, Bailey RL, Lichen Y, Pfeiffer CM,
Killian JK, Rose C, Sampson J, et al. Maternal periconceptional folic acid
supplementation and DNA methylation patterns in adolescent offspring. J
Nutr [Internet]. 2022;152:2669-76. https://doi.org/10.1093/jn/nxac184.
Eichholzer M, Ténz O, Zimmermann R. Folic acid: a public-health chal-

lenge. The Lancet [Internet]. 2006;367:1352-61. https://doi.org/10.1016/
s0140-6736(06)68582-6.

(2023) 18:213

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 8 of 8

Saiklang P, Skirton H. Quality of patient information leaflets for Down syn-
drome screening: a comparison between the UK and Thailand. Nurs Health
Sci [Internet]. 2015;17:313-22. https://doi.org/10.1111/nhs.12190.

Mijiritsky E, Dekel-Steinkeller M, Peleg O, Kleinman S, lanculovici C, Shuster
A, Arbel S, Ben-Ezra M, Shacham M. Knowledge and Associated factors
about Rare Diseases among dentists in Israel: A Cross Sectional Survey. Int J
Environ Res Public Health [Internet]. 2021;18:6830. https://doi.org/10.3390/
jerph18136830.

Domaradzki J, Walkowiak D. Medical students'knowledge and opinions
about rare diseases: a case study from Poland. Intractable & Rare Diseases
Research [Internet]. 2019;8:252-9. https://doi.org/10.5582/irdr.2019.01099.
Byrne PC. Training medical students on rare disorders. Orphanet J Rare Dis
[Internet]. 2012;7:A15. https://doi.org/10.1186/1750-1172-7-s2-a15.
Walkowiak D, Bokayeva K, Miraleyeva A, Domaradzki J. The awareness of Rare
Diseases among Medical students and practicing Physicians in the Republic
of Kazakhstan. An exploratory study. Front Public Health [Internet]. 2022;10.
https://doi.org/10.3389/fpubh.2022.872648.

Phillips WR. Zebras on the Commons: rare conditions in Family Practice. J

Am Board Family Med [Internet]. 2004;17:283-6. https://doi.org/10.3122/
jabfm.17.4.283.

Ayyappan V, Gonzalez E, Pichette E, Spahic H, Guzman S. Spotlighting

the Zebras: a role for medical students in shaping Rare Disease Care.
JVascular Anomalies [Internet]. 2022,3:e034. https://doi.org/10.1097/
jova.0000000000000034.

Morgenthau A, Margus C, Mackley MP, Miller AP. Rare Disease Education
outside of the Classroom and Clinic: evaluation of the RARE Compassion
Program for Undergraduate Medical Students. Genes [Internet]. 2022;13:1707.
https://doi.org/10.3390/genes13101707.

Angelis A, Tordrup D, Kanavos P. Socio-economic burden of rare diseases:

a systematic review of cost of illness evidence. Health Policy [Internet].
2015;119:964-79. https://doi.org/10.1016/j.healthpol.2014.12.016.
Valcarcel-Nazco C, Ramallo-Farina Y, Linertova R, Ramos-Goni JM, Garcia-Pérez
L, Serrano-Aguilar P. Health-Related Quiality of Life and Perceived Burden

of Informal Caregivers of patients with Rare Diseases in selected european
countries. Int J Environ Res Public Health [Internet]. 2022;19:8208. https://doi.
0rg/10.3390/ijerph19138208.

Héon-Klin V. European reference networks for rare diseases: what is the
conceptual framework? Orphanet J Rare Dis [Internet]. 2017;12. https://doi.
0rg/10.1186/513023-017-0676-3.

Graessner H, Schafer F, Scarpa M, Wagner TOF. Européische Referenznetz-
werke. Bundesgesundheitsblatt - Gesundheitsforschung - Gesundheitsschutz
[Internet]. 2017;60:537-41. doi: https://doi.org/10.1007/500103-017-2533-x.
Lopez-Bastida J, Oliva-Moreno J, Linertové R, Serrano-Aguilar P. Social/eco-
nomic costs and health-related quality of life in patients with rare diseases

in Europe. Eur J Health Econ [Internet]. 2016;17:1-5. https://doi.org/10.1007/
$10198-016-0780-7.

Nguengang Wakap S, Lambert DM, Olry A, Rodwell C, Gueydan C, Lanneau
V, Murphy D, Le Cam Y, Rath A. Estimating cumulative point prevalence of
rare diseases: analysis of the Orphanet database. Eur J Hum Genet [Internet].
2019;28:165-73. https://doi.org/10.1038/541431-019-0508-0.

Song. Rare diseases, orphan drugs, and their regulation in Asia: current status
and future perspectives. Intractable & Rare Diseases Research [Internet]. 2012.
https://doi.org/10.5582/irdr.2012.v1.1.3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52012DC0673&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52012DC0673&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011L0024&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011L0024&from=EN
https://doi.org/10.5582/irdr.2022.01079
https://doi.org/10.1186/s13023-022-02458-8
https://doi.org/10.1186/s13023-022-02458-8
https://doi.org/10.1016/j.gim.2021.08.014
https://lex.bg/laws/ldoc/2135513313
https://conf2009.raredis.org/posters/Poster%2077%20-%20Ralitsa%20Yordanova.pdf
https://conf2009.raredis.org/posters/Poster%2077%20-%20Ralitsa%20Yordanova.pdf
https://doi.org/10.3390/ijerph18010139
https://doi.org/10.1186/s13023-021-02023-9
https://doi.org/10.1186/s13023-021-02023-9
https://pubmed.ncbi.nlm.nih.gov/28742309/
http://www.vma.mod.gov.rs/vsp_8_2016_internet.pdf
https://doi.org/10.1016/j.jiph.2010.11.001
https://doi.org/10.21608/menj.2022.254007
https://doi.org/10.3390/ijerph19074418
https://doi.org/10.1093/jn/nxac184
https://doi.org/10.1016/s0140-6736(06)68582-6
https://doi.org/10.1016/s0140-6736(06)68582-6
https://doi.org/10.1111/nhs.12190
https://doi.org/10.3390/ijerph18136830
https://doi.org/10.3390/ijerph18136830
https://doi.org/10.5582/irdr.2019.01099
https://doi.org/10.1186/1750-1172-7-s2-a15
https://doi.org/10.3389/fpubh.2022.872648
https://doi.org/10.3122/jabfm.17.4.283
https://doi.org/10.3122/jabfm.17.4.283
https://doi.org/10.1097/jova.0000000000000034
https://doi.org/10.1097/jova.0000000000000034
https://doi.org/10.3390/genes13101707
https://doi.org/10.1016/j.healthpol.2014.12.016
https://doi.org/10.3390/ijerph19138208
https://doi.org/10.3390/ijerph19138208
https://doi.org/10.1186/s13023-017-0676-3
https://doi.org/10.1186/s13023-017-0676-3
https://doi.org/10.1007/s00103-017-2533-x
https://doi.org/10.1007/s10198-016-0780-7
https://doi.org/10.1007/s10198-016-0780-7
https://doi.org/10.1038/s41431-019-0508-0
https://doi.org/10.5582/irdr.2012.v1.1.3

	﻿What is the awareness of rare diseases among medical students? A survey in Bulgaria
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study design
	﻿Study participants and settings
	﻿Research tool
	﻿Data collection
	﻿Ethics approval
	﻿Data analysis

	﻿Results
	﻿Sociodemographic profile of the respondents
	﻿Respondents’ knowledge and awareness of RDs
	﻿Respodents’ attitudes about potential measures to improve training on RDs

	﻿Discussion
	﻿Potential educational measures to improve training on RDs
	﻿Potential collaborations with stakeholders to improve training on RDs
	﻿Limitations

	﻿Conclusions
	﻿References


