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Abstract
Background The Pareto Principle asserts that a large portion of results can be achieved with a small amount of 
effort. Wakap et al. found that around 80% of individuals with rare diseases (RD) suffer from one of 149 specific rare 
diseases. A significant challenge in the RD domain is the lack of information, compounded by the fact that most RD 
are not specifically codifiable in the ICD-10, leading to a deficit in reliable epidemiological data. Additionally, time 
constraints in medical education hinder the comprehensive teaching of all RD, contributing to the diagnostic odyssey 
problem through failure of recognizing diseases. We identified the most and second most prevalent RD (prevalences 
of 1–5/10,000 and 1–9/100,000, respectively) from the Orphanet Epidemiology File, totaling 454 diseases. We 
investigated the feasibility of specific coding using ICD-10-GM and whether these diseases were explicitly listed in the 
subject catalog (GK) of the second state examination in human medicine in Germany. A two-sided chi-square test was 
employed to identify statistically significant differences between prevalence groups.

Results Out of 454 diseases, a total of 34% could be specifically coded in ICD-10-GM, with 49% of diseases in 
the 1–5/10,000 prevalence range (153 RD) and 26% in the 1–9/100,000 range (301 RD) having specific codes. 
Approximately 15% of all investigated diseases were part of the GK, with 25% of the most prevalent and 10% of the 
second most prevalent RD group, respectively. Statistically significant differences were observed between prevalence 
groups concerning the presence of a specific ICD-10-GM code and inclusion in the GK.

Conclusion Only 49% of the most prevalent RD can be specifically coded, highlighting the challenge of limited 
epidemiological data on RD. In Germany, the Alpha-ID was introduced in addition to ICD-10 in the inpatient setting to 
obtain more valid epidemiological data on RD. Recognizing the Pareto Principle’s applicability, the study emphasizes 
the importance of including the most common rare diseases in medical education. While recognizing the limitations, 
especially in covering ultra-rare diseases, the study underscores the potential benefits of enhancing medical curricula 
to improve rare disease awareness and diagnostic accuracy.

Keywords Most prevalent rare diseases, Medical education, ICD-10 coding

Pareto-principle in rare disease education: 
assessing the representation of common rare 
diseases in medical education and coding 
systems
Alexandra Berger1* , Kai Lars Grimm1, Richard Noll2 and Thomas OF Wagner1

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0002-0982-6613
http://crossmark.crossref.org/dialog/?doi=10.1186/s13023-024-03347-y&domain=pdf&date_stamp=2024-9-12


Page 2 of 9Berger et al. Orphanet Journal of Rare Diseases          (2024) 19:340 

Background
In the European Union, a rare disease is defined as a dis-
ease affecting less than 5 out of 10,000 people. An esti-
mated 4–5  million people in Germany and 30  million 
people in Europe live with a rare disease, according to 
the Council of the European Union [1]. A major prob-
lem with rare diseases is a general lack of awareness and 
information [2, 3]. We want to focus on two fields where 
this information gap becomes apparent: The representa-
tion of rare diseases in the International Classification of 
Diseases (ICD) and in medical education.

ICD-10
In the International Classification of Diseases version for 
Germany, ICD-10-GM, most rare diseases do not have 
a specific code. Aymé et al. showed, that only 517 out 
of 6,974 rare diseases (7,4%) can be mapped to a unique 
code or a set of codes in the ICD 10 WHO version [4]. 
This poses challenges in generating reliable information 
on disease prevalence and other epidemiological data, 
such as the total number of affected individuals, let alone 
assessing economic and social effects of rare diseases [3]. 

Medical education
Undergraduate medical education shows significant dif-
ferences among the European Union although there are 
many attempts to standardise the curricula. Despite 
learning objectives becoming more and more similar, 
the examinations still differ. There are member states 
like France, Italy, the Netherlands and Greece where 
central examinations are unknown. In Germany all stu-
dents must undergo state exams [6–9]. The German state 
examinations are based on the national learning objec-
tives (subject catalogue) of the Institute for Medical and 
Pharmaceutical Examination Questions (IMPP). This 
catalogue provides a comprehensive but not exhaustive 
overview of topics and subjects covered in medical and 
pharmaceutical examinations. It serves as a guideline for 
exam preparation and outlines the knowledge and com-
petencies expected from medical and pharmaceutical 
graduates [10]. To our knowledge, there is no comparable 
catalogue in the EU. In Switzerland, where medical stu-
dents must also take state exams, the PROFILES cata-
logue defines what is expected of medical graduates. 
PROFILES consists of professional activities such as his-
tory-taking and clinical situations, for example a patient 
presenting with abdominal pain, rather than specified 
diseases [11, 12]. In contrast, the German subject cata-
logue currently includes about 800 diseases or groups 
of diseases [10]. Given that there are about 8,000 known 
rare diseases, there is an obvious discrepancy between 
the number of rare diseases and the number of diseases 
taught to medical students. This may contribute to the 
diagnostic odyssey problem for people with rare diseases 

[13]. Doctors, who are unfamiliar with a particular rare 
or common disease, may struggle to reach an accurate 
diagnosis. Every individual, however, has equal rights to a 
correct diagnosis and treatment irrespective of the rarity 
of their illness.

Addressing this dilemma is a complex task. Expand-
ing the subject catalogue for medical schools to include 
all rare diseases would require prolonging the standard 
period of study.

Pareto principle
Vilfredo Pareto, a 19th century Italian economist, 
observed a pattern of “predictable imbalance” where 80% 
of Italy’s wealth was held by 20% of the population. It is 
often referred to as the “80/20 rule” as researchers began 
to observe similar phenomena in most systems that have 
inputs and outputs, including production and financial 
management. However, the 80/20 ratio should not be 
taken literally. The Pareto Principle merely indicates that 
the majority of outputs are often derived from a minority 
of inputs [14]. 

Wakap et al. showed, that the Pareto principle can be 
applied to the field of rare diseases. They analysed the 
Orphanet Epidemiology File to estimate the cumula-
tive point prevalence of all rare diseases. As one of their 
results, they estimated that 3.5 to 5.9% of the global pop-
ulation is affected by a rare disease, making rare diseases 
a relevant topic for every healthcare professional. How-
ever, not all rare diseases are equally rare. Prevalence 
ranges from 1 in 2,000 affected individuals to isolated 
cases. Most rare diseases, though, have an extremely low 
prevalence, with fewer than 1 patient per 1 million peo-
ple. Nevertheless, most patients with a rare disease suffer 
from a relatively more common rare disease. Wakap et al. 
concluded that approximately 80% of patients have one 
of 149 rare diseases. Moreover, 390 rare diseases account 
for up to 98% of all rare disease cases [15]. Knowledge of 
these common rare diseases may also be crucial for med-
ical doctors, as the likelihood of encountering them dur-
ing their careers is not negligible.

The aim of this study is to identify these common rare 
diseases, to examine whether they have a specific ICD-
10-GM code and to assess their inclusion as mandatory 
components in the medical curriculum according to the 
IMPP subject catalogue. We want to prove the hypoth-
esis, that the likelihood of having a specific ICD-10-GM 
code and the likelihood of being included in the subject 
catalogue depends on the prevalence of a rare disease.

Methodology
We obtained the Orphanet Epidemiology File version of 
June 14, 2022 in September 2022. This file contains epi-
demiological data on 6,056 rare diseases [16]. To prevent 
duplication, we excluded subgroups and overarching 
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disease groups (such as lysosomal storage disorders) from 
our analysis. This resulted in a total of 5,152 diseases.

We only included diseases with available data on point 
prevalence. Prevalence data is provided for specific geo-
graphic regions, including worldwide, across Europe, or 
individual countries. We excluded data for “specific pop-
ulations“. For example, due to founder effects or selective 
advantages, there may be an increased occurrence of a 
particular disease in a specific population. This clustering 
of disease is not applicable to general population groups, 
which is why we removed this group from the analysis. 
Orphanet provides data on prevalence ranges in the cat-
egories > 1:1,000, 6–9/10,000, 1–5/10,000, 1–9/100,000, 
1–9/1,000,000, < 1:1,000,000, unknown and not yet docu-
mented. We excluded the last two categories, as they do 
not provide any information, resulting in 4803 data ele-
ments for 3699 rare diseases. The distribution of rare dis-
eases across the prevalence ranges is shown in Table  1. 
Multiple data elements may exist for a single disease, 
ranging from 1 to 109 data elements (109 being the maxi-
mum for haemophilia A). Therefore, one disease can be 
found in more than one prevalence range category. For 
our analysis, we prioritized the prevalence data in the fol-
lowing order: Germany, Europe, worldwide, and a single 
country with the highest prevalence. Considering, that 
diagnoses may be overlooked due to the rarity of the dis-
ease and the lack of specific coding options for rare dis-
eases, we assumed that prevalence data are more likely to 
be underestimated than overestimated.

In this paper, we define diseases within a prevalence 
range of 1–5/10,000 as the most prevalent rare diseases 
and those within a prevalence range of 1–9/100,000 as 
the second most prevalent rare diseases. Common rare 
diseases are defined as rare diseases within both of these 
prevalence groups. A rare disease with a prevalence of 
9/1,000,000 or less is defined as ultra-rare in this paper. 
Our analysis focused on the common rare diseases, with 
target prevalence ranges of 1–5/10,000 and 1–9/100,000. 
We excluded 30 diseases from our analysis due to mul-
tiple prevalence data of which the prevalence range did 
not fall within the target range in Germany, Europe or 
worldwide. (Appendix: Table  4) Additionally, we had 
to exclude 18 entries describing complications or ther-
apy consequences rather than primary disease entities 

(Appendix: Table  5). In total, we included 454 rare dis-
eases in our analysis: 153 rare diseases with a prevalence 
of 1–5/10,000 and 301 rare diseases with a prevalence of 
1–9/100,000. (Fig. 1). Analysis was performed separately 
for all 454 diseases, the 153 and the 301 diseases.

We examined the ICD-10-GM (icd-code.de, assessed 
in September 2022) to determine the number of com-
mon rare diseases that have a specific diagnosis code. If 
multiple diseases are grouped under a single ICD code, 
the code is considered non-specific. For the attribution 
of ICD codes in chapters see https://www.dimdi.de/
static/de/klassifikationen/icd/icd-10-gm/kode-suche/
htmlgm2023/.

We compared the subject catalogue for the second 
written state examination, which outlines the topics cov-
ered in the Medical Licensing Regulations and corre-
sponding examination regulations [10], with the dataset 
obtained from the Orphanet Epidemiology File. Specifi-
cally, we focused on Part C, “Disease Profiles“, which con-
tains an annotated and specified catalogue of diseases 
organized according to ICD-10 codes. Our objective was 
to determine how many and which of the common rare 
diseases are explicitly mentioned in the subject catalogue. 
This could either be through the inclusion of a specific 
ICD code or a specific annotation associated with the 
listed ICD codes.

To examine whether there is a significant difference in 
the frequency of common rare diseases having a specific 
ICD code or being explicitly mentioned in the subject 
catalogue based on their prevalence category, we con-
ducted a two sided chi square test. A global significance 
level of 5% was used to determine statistical significance. 
We used the Bonferroni correction for multiple testing. 
Adjusted for two tests the local significance level is a 
p-value of less than 0,025 for each test.

Additionally, we examined, whether there is a differ-
ence in the frequency of having a specific ICD code or 
being specifically mentioned in the subject catalogue of 
the common rare diseases depending on their disease 
chapter in the ICD catalogue. In cases where a particu-
lar chapter contained fewer than 5 diseases, we employed 
a two-sided Fisher’s exact test instead of the chi-square 
test. P-values are reported only descriptively. For these 
questions, they are not used to determine statistical 
significance.

Results
Among the 454 common rare diseases, the largest pro-
portion (N = 106, 23%) fell under ICD chapter XVII 
“Inborn malformations, deformities and chromosomal 
abnormalities“.

The second, third and fourth most common disease 
groups were found in chapters IV (endocrine, nutritional 
and metabolic diseases), II (neoplasms) and VI (diseases 

Table 1 Prevalence data of the 3,699 rare diseases, with some 
rare diseases having multiple data
Prevalence range Number of rare diseases
> 1:1,000 and 6–9/10,000 24
1–5/10,000 196
1–9/100,000 306
1–9/1,000,000 268
< 1:1,000,000 3,024
∑ 3,818

https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-gm/kode-suche/htmlgm2023/
https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-gm/kode-suche/htmlgm2023/
https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-gm/kode-suche/htmlgm2023/
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of the nervous system) respectively, comprising 68 (15%), 
64 (14%) and 58 (13%) diseases.

Each of the other ICD chapters contained only half as 
many or less rare diseases.

There were no common rare diseases identified within 
the ICD chapters XX (external factors of morbidity and 
mortality), XXI (factors, that influence health status and 
lead to use of the health care system) and XXII (codes for 
specific purposes) (Fig. 2; Table 2).

Specific ICD codes
Out of the 454 rare diseases analysed, a specific ICD code 
could be identified for 153 (34%) of them. Specifically, 
for the most prevalent subset of 153 rare diseases with 
a prevalence range of 1–5/10,000, a specific ICD code 
was available for 75 (49%). Furthermore, for the subset 
of the second most prevalent 301 rare diseases with a 
prevalence range of 1–9/100,000, a specific ICD code was 
found for 78 (26%)(Fig. 3, Appendix: Table 6).

A statistically significant difference was observed 
between the most common rare diseases with a 

Fig. 1 Inclusion/exclusion chart
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prevalence range of 1–5/10,000 and the second most 
prevalent rare diseases with a prevalence range of 
1–9/100,000 in terms of having a specific ICD-10 code 
(p-value < 0.001). Rarer diseases were less likely to have a 
specific ICD code.

Inclusion in the medical subject catalogue
Out of all rare diseases evaluated, 69 (about 15%) were 
explicitly mentioned in the subject catalogue. An addi-
tional 49 rare diseases had their disease group men-
tioned in the catalogue, although not the specific diseases 
themselves. For example, while polycystic kidney dis-
ease is mentioned, the autosomal dominant form, which 
is part of the Orphanet Epidemiology File, is not spe-
cifically listed. Similarly, Morbus Fabry is not explicitly 
mentioned, but the group of sphingolipidoses, to which 

Morbus Fabry belongs, is included. Taking these addi-
tional diseases into account, a total of 118 (26%) of the 
evaluated rare diseases were covered in the German 
medical curriculum.

Among the 153 most prevalent rare diseases, 38 (25%) 
were explicitly mentioned in the subject catalogue. An 
additional 16 diseases had their group mentioned, mean-
ing that 35% of the most prevalent rare diseases were 
listed in the catalogue either explicitly or by group.

For the 301 rare diseases with a prevalence range of 
1–9/100,000, 31 (11%) were explicitly mentioned in the 
subject catalogue. With an additional 33 diseases hav-
ing had their disease group mentioned, a total of 21% of 
the second most prevalent rare diseases were part of the 
medical curriculum (Fig. 4, Appendix Table 6).

A statistically significant difference was observed 
between the most prevalent rare diseases with a preva-
lence range of 1–5/10,000 and the second most prevalent 
rare diseases with a prevalence range of 1–9/100,000 in 
terms of being explicitly mentioned in the subject cata-
logue (p-value < 0.001). Even when considering the list-
ing of the disease group in the catalogue, the difference 
remained statistically significant, with a p-value of 0.002. 
Rarer diseases were less likely to be included in the sub-
ject catalogue.

Differences between disease groups
A comprehensive overview of common rare diseases in 
each ICD chapter and whether they have a specific ICD-
code and are included in the subject catalogue is pro-
vided in Table 3.

A higher proportion of diseases in the chapters I (Spe-
cific infectious and parasitic diseases), XII (diseases of 
the skin and subcutis) and XIII (diseases of the muscu-
lar skeletal system and connective tissue diseases) had 
specific ICD-codes. 79% (p < 0,001), 92% (p < 0,001) and 
79% (p < 0,001) of diseases in these chapters had a specific 
ICD-code, respectively.

In contrast, specific ICD-codes were less frequently 
found in chapters IV (endocrine, nutritional and meta-
bolic diseases) with 10% (p < 0,001), VI (diseases of the 

Table 2 Number of common rare diseases in chapters of the 
ICD-10-GM
ICD chapter Total (%)
I 14 (3.1%)
II 64 (14.1%)
III 20 (4.4%)
IV 68 (15%)
V 3 (0.6%)
VI 58 (12.8%)
VII 27 (5.9%)
VIII 1 (0.2%)
IX 13 (2.8%)
X 6 (1.3%)
XI 9 (2%)
XII 12 (2.6%)
XIII 24 (5.3%)
XIV 5 (1.1%)
XV 2 (0.4%)
XVI 10 (2.2%)
XVII 106 (23.3%)
XVIII 2 (0.4%)
XIX 10 (2.2%)
XX 0 (0%)
XXI 0 (0%)
XXII 0 (0%)

Fig. 2 Frequency chart of all 454 rare diseases with prevalence ranges 1–5/10,000 and 1–9/100,000 sorted by ICD chapters
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nervous system) with 17% (p = 0,003) and VII (diseases of 
the eye and adnexa) with 4% (p < 0,001).

Only 7% of the diseases from chapter VII (diseases of 
the eye and adnexa) are mentioned in the subject cata-
logue (p value < 0,001), while 58% of the diseases from 
chapter XII (diseases of the skin and subcutis) are listed 
in the catalogue (p value 0,025).

No other noticeable differences were observed between 
disease chapters.

Discussion
Coding
49% of the most prevalent rare diseases could be coded 
specifically whereas only 26% of the second most preva-
lent rare diseases had a specific ICD code. The difference 
was statistically significant. We confirmed that the pres-
ence of a specific ICD-10 code is dependent on the fre-
quency of the disease, indicating that more common rare 
diseases are more likely to be assigned specific codes.

However, even among the most prevalent rare diseases, 
only 49% had a specific code. This highlights the challenge 
of limited epidemiological data available for rare diseases. 
To address this issue of inaccurate documentation, the 

Fig. 4 Number of explicitly or implicitly included rare diseases in the subject catalogue of all 454 common rare diseases and prevalence ranges 
1–5/10,000, and 1–9/100,000

 

Fig. 3 Specific ICD-10-GM codes for all 454 rare diseases, prevalence ranges 1–5/10,000, and 1–9/100,000
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addition of the Alpha-ID to the ICD code when coding 
rare diseases for billing purposes has been legally man-
dated in Germany’s inpatient sector since April 1, 2023. 
The Alpha-ID is a non-classifying diagnostic code that 
provides a stable identification of medical and/or every-
day language terms based on the alphabetical index 
of the ICD-10-GM. It also includes the Orpha code for 
rare diseases. The Alpha-ID-SE is updated and extended 
annually by the German Federal Institute for Drugs and 
Medical Devices (BfArM). Currently, the Alpha-ID is not 
yet fully comprehensive and requires annual updates and 
supplements, limiting its current feasibility. Furthermore, 
most patients with rare diseases receive outpatient treat-
ment, where specific coding for rare diseases is still not 
implemented in Germany. Nevertheless, a more compre-
hensive coding for inpatients represents an important 
step towards obtaining improved epidemiological data on 
rare diseases [5, 17]. 

It would be interesting to determine whether the prev-
alence data from the Orphanet Epidemiology File aligns 
with the coded cases of rare diseases or whether an 
update to the Epidemiology File is necessary. For exam-
ple, Pichon et al. showed in their analyse of the French 
National Rare Disease Registry that 228 rare diseases 
have a higher prevalence in France than demonstrated by 
the Orphanet Epidemiology File [18]. 

Differences between disease groups
As mentioned, most of the common rare diseases 
belonged to ICD Chapter XVII, “Inborn malformations, 

deformities, and chromosomal abnormalities.” This out-
come was expected, considering that more than 80% of 
rare diseases are believed to have a genetic origin [19].

Our study revealed a discrepancy regarding common 
rare diseases in Chapter IV “Endocrine, nutritional, and 
metabolic diseases” and Chapter VI “Diseases of the 
nervous system” of the ICD. Rare diseases belonged 2nd 
and 4th most frequently to these chapters, respectively, 
yet diseases in these chapters were less likely to have a 
specific ICD 10 code compared to rare diseases in other 
chapters.

Furthermore, the 5th most common rare disease group 
(Chapter VII - Diseases of the eyes and adnexa) not only 
demonstrated a lower frequency of having a specific 
ICD-10 code but was also noticeably less frequently men-
tioned in the subject catalogue (Fig. 2).

Medical education subject catalogue
Determining the precise number of diseases represented 
in the German subject catalogue poses a challenge due 
to the frequent mention of disease groups rather than 
individual specific diseases and the catalogue’s inherent 
incompleteness. Consequently, we were unable to pro-
vide the proportion of rare diseases among all mentioned 
diseases in the catalogue.

Nevertheless, at least 25% of the most prevalent rare 
diseases were explicitly listed in the catalogue. When 
considering the disease groups, this percentage rised to 
over one-third.

The subject catalogue exhibited a lower frequency of 
rarer diseases. In the prevalence group of 1–9/100,000, 
which still includes the second most prevalent rare dis-
eases, only 11% were explicitly mentioned, with an 
additional 10% implicitly described through their corre-
sponding disease groups.

As assessment drives learning, the inclusion of rare 
diseases in the subject catalogue could enhance medical 
doctor’s awareness and knowledge about rare diseases 
[20]. Having encountered these diseases during their 
medical studies could enhance the probability of recog-
nizing it in patients. Like Johann Wolfgang von Goethe 
(1749–1832, German poet and scientist) stated in a letter 
to F. von Müller in 1819, “You only catch sight of, what 
you already know and understand.” A medical doctor’s 
knowledge on the existence of these rare diseases could 
therefore contribute to accurate diagnoses. Assum-
ing, that approximately 80% of individuals affected by 
a rare disease have one of roughly 150 most prevalent 
rare diseases [15], it means that in Germany, with an 
estimated 5 million rare disease patients, doctors would 
have encountered the diseases of at least 4 million indi-
viduals during their study times if another 115 of the 
most prevalent rare diseases were explicitly mentioned 
in the subject catalogue and taught in medical schools 

Table 3 Number of common rare diseases that have a specific 
ICD code and are included in the subjective catalogue in each 
ICD chapter
ICD chapter specific 

ICD-code
p-value Subjectiv 

catalogue
p-
value

I 11 (78.6%) < 0.001 5 (35.7%) 0.454
II 23 (35.9%) 0.726 15 (23.4%) 0.653
III 8 (40%) 0.573 6 (30%) 0.209
IV 7 (10.3%) < 0.001 14 (20.6%) 0.31
V 2 (66.7%) 0.605 0 (0%) 1
VI 10 (17.2%) 0.003 17 (29.3%) 0.6
VII 1 (3.7%) < 0.001 2 (7.5%) < 0.001
VIII 0 (0%) 1 0 (0%) 1
IX 5 (38.5%) 0.728 4 (30.8%) 0.713
X 2 (33.3%) 0.985 1 (16.7%) 0.544
XI 5 (55.6%) 0.191 2 (22.2%) 0.788
XII 11 (91.7%) < 0.001 7 (58.3%) 0.025
XIII 19 (79.2%) < 0.001 11 (45.8%) 0.056
XIV 4 (80%) 0.243 1 (20%) 0.74
XV 1 (50%) 1 1 (50%) 0.502
XVI 6 (60%) 0.093 4 (40%) 0.37
XVII 32 (30.2%) 0.481 23 (21.7%) 0.34
XVIII 1 (50%) 1 0 (0%) 0.502
XIX 1 (10%) 0.308 1 (10%) 0.704
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accordingly. Transferring Pareto’s Principle to the field 
of rare diseases, medical students only need knowledge 
on 1.9 to 2.5% of all rare diseases (150/6000–8000) to be 
able to recognize 80% of rare disease patients, making the 
cost-benefit-analysis even more efficient than the original 
Pareto Principle.

It is not realistic to include all common rare diseases 
in medical education. Using rare diseases to teach patho-
physiologic principles and teaching students how to 
handle a state of not knowing could be very beneficial, 
though. It could increase the general awareness on rare 
diseases as well as familiarize students with supporting 
structures like centres for rare diseases, undiagnosed dis-
ease programs and knowledgebases for rare diseases like 
the Orphanet classification and encyclopedia of rare dis-
eases. Hopefully, such measures would help address some 
common problems of patients with rare diseases, like the 
diagnostic odyssey, lack of information provided at the 
time of diagnosis, insufficient coordination of care, and 
low or non-existent access to medication and therapies 
due to poor knowledge and lacking research and clinical 
trials [13, 21, 22]. 

Limitations
We did not consider the ultra-rare diseases in our analy-
sis. However, it can be presumed that the observed cor-
relation between disease frequency, its mention in the 
subject catalogue, and the presence of a specific ICD 
code also applies to these ultra-rare diseases. Namely, 
that these ultra-rare diseases are significantly less likely to 
have a specific ICD code and are also mentioned less fre-
quently in the catalogue. For example, 153 unique codes 
are given to the 454 common rare diseases with a preva-
lence of 1/2,000–1/100,000. Aymé et al. showed that only 
355 of the 6,954 clinical entities listed by Orphanet have 
a unique specific code in the ICD-10 WHO version 2015. 
Another 162 diseases can be specifically mapped to a set 
of ICD 10 codes [4]. That leaves about 6,500 diseases with 
202 specific codes, which corresponds to about 3% of the 
rarer diseases having a specific code.

The Orphanet Epidemiology File does not include all 
rare diseases. It contains only 5,000 rare diseases out of 
approximately 8,000 known rare diseases. Gaps still exist 
in this database. There are 3,700 diseases with usable 
prevalence information. However, we assume that the 
more common diseases have a more comprehensive rep-
resentation in this file, as there is more epidemiological 
data available for common rare diseases compared to 
ultra-rare diseases.

By way of example, we focused our analysis on the situ-
ation in Germany, regarding both the specific German 
version of the ICD-10 as well as the German subject cata-
logue for the medical state examinations. Representation 

of rare diseases in medical curricula may vary due to dif-
ferences in the national medical curricula.

Conclusions
As assessment drives learning, efforts should be made to 
include at least the most prevalent rare diseases in medi-
cal education. Regional variations in prevalence should 
be considered as well as the addition of teaching modules 
on rare and undiagnosed diseases in general. This could 
enhance students’ and physicians’ awareness of rare 
diseases.
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