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Abstract 

Background: There are more than 7000 rare diseases, most of which have no specific treatment. Disease profiles, 
such as prevalence and natural history, among the population of a specific country are essential in determining 
for which disease to research and develop drugs. In Japan, disease profiles of fewer than 2000 rare diseases, called 
Nanbyo, have been investigated. However, non-Nanbyo rare diseases remain largely uninvestigated. Accordingly, we 
revealed the prevalence and natural history of rare diseases among the Japanese population. This cross-disease study 
is the first to analyze rare-disease epidemiology in Japan with high accuracy, disease coverage, and granularity.

Method: We applied for permission to use the National Database of Health Insurance Claims and Specific Health 
Checkups of Japan (NDB), which covered 99.9% of public health insurance claims from hospitals and 97.9% from clin-
ics as of May 2015. Then, we obtained 10 years of data on the number of patients of approx. 4500 rare diseases, by sex 
and age. We translated disease names and established correspondences between rare diseases in NDB and those in 
Orphanet. Accordingly, we compared the prevalence and natural history between them.

Results: About 3000 diseases in NDB are included in Orphanet and other medical databases. The data indicates that 
even if the Nanbyo systems do not cover a rare disease, its patients survive in many cases. Regarding natural history, 
genetic diseases tend to be diagnosed later in Japan than in the West. The data shown in this research are available in 
the Additional file 1 and the website of NanbyoData.

Conclusions: Our research revealed the basic epidemiology and natural history of Japanese patients with some rare 
diseases using a health insurance claims database. The results imply that the coverage of the present Nanbyo systems 
is inadequate for rare diseases. Therefore, fundamental reform might be needed to reduce unfairness between rare 
diseases. Most diseases in Japan follow a tendency of natural history similar to those reported in Orphanet. However, 
some are detected later, partly because fewer clinical genetic tests are available in Japan than in the West. Finally, we 
hope that our data and analysis accelerate drug discovery for rare diseases in Japan.

Keywords: Rare diseases, Claim data, Cross-disease analysis, National rare disease plan, Prevalence, Epidemiology, 
Natural history, Population-based study, Japan
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Background
More than 7000 diseases constitute what are collectively 
known as rare diseases worldwide, regardless of the 
various definitions of “rare” in each country. Although 
the number of patients with each rare disease is much 
smaller than that for common diseases, the total amounts 
to about 400 million people worldwide [1]. Therefore, 
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rare diseases are now recognized as a significant global 
public health issue [2].

The rarity of each disease affects its therapeutic envi-
ronment both directly and indirectly. One of the dif-
ficulties patients face is that most rare diseases have no 
treatment. Specifically, 95% of them have no approved 
treatment options, including drugs [3]. As this is a crucial 
problem for patients, several reasons for the lack of treat-
ment options have been identified. In the earliest phase, 
scientific knowledge and understanding of rare diseases 
are inadequate to develop new treatments because there 
is insufficient basic research on rare diseases [4]. Even 
if new drug candidate compounds are discovered, there 
are still some obstacles to drug development in pharma-
ceutical companies. Disease profiles, such as prevalence 
and natural history, are necessary for zeroing in on one 
rare target disease among others. The prevalence makes 
it possible to calculate profitability, while natural history 
or disease severity can prioritize rare diseases for early 
treatment. Although any rare disease can be severe on 
its patients, fatal ones need treatment as soon as possi-
ble. Moreover, the disease profiles among the population 
of a specific country are essential in deciding whether to 
conduct research and apply for drug approval. Therefore, 
if such detailed information is insufficient, developing 
treatments could become challenging.

Japan has been taking measures against rare disease 
problems for a long time, and there are two kinds of 
policies related to rare diseases in Japan. One is an Act 
that defines the priority settings for orphan drugs. If the 
number of patients with a targeted disease is less than 
50,000, orphan drugs or devices are eligible for preferen-
tial reviews by the authority [5, 6]. The other policy is a 
medical expense subsidy policy related to rare and intrac-
table diseases in Japan, called Nanbyo. More specifically, 
the policy covers two kinds of Nanbyo systems, the spe-
cific chronic pediatric disease system and the designated 
intractable disease system. The former is designed for 
children who have rare chronic and severe pediatric dis-
eases, including cancers [7]. The latter applies to those 
with a severe condition because of rare and intracta-
ble diseases; these patients are estimated to amount to 
fewer than 120,000 people (0.1% of the Japanese popula-
tion) [8]. In both systems, an advisory board consisting 
of specialists decides which diseases are eligible accord-
ing to the policies’ purposes in reference to candidate 
disease profiles reported by the official research groups 
instituted.

There are 762 and 333 diseases officially announced as 
eligible in the specific chronic pediatric and designated 
intractable disease systems, respectively, as of Septem-
ber 2021. However, most diseases have various subtypes, 
and the range of covered diseases, including them, was 

obscure. Therefore, Nanbyo Disease Ontology (NANDO) 
was created to reveal the range and its hierarchical struc-
ture in a constructed format to show the world the corre-
spondences between Nanbyo and diseases recognized as 
rare in Orphanet and other international databases and 
then to enable international data sharing [9].

According to NANDO, more than 1000 diseases are 
within the scope of each system, and most of them have 
equivalent terms in international databases, such as 
Monarch disease ontology and Orphanet Rare Disease 
ontology [10, 11]. Given some overlapping in the sys-
tems, patients with any of approximately 1800 diseases 
can receive medical expense subsidies. As for these cov-
ered diseases, although the number of Nanbyo diseases 
is still much smaller than that of rare diseases worldwide, 
the research groups investigated the profiles of the dis-
eases in the Japanese population. However, on the other 
hand, there is little basic information about Japanese 
patients with rare diseases outside of the Nanbyo sys-
tems, which we call “non-Nanbyo rare diseases.” The lack 
of information makes it difficult to conduct research and 
development in Japan. Consequently, Japan has come 
to be left behind in drug development for rare diseases, 
and patients might encounter difficulties that might be 
reduced in other countries [12]. Approximately 43% of 
orphan drugs approved in the United States until May 
2019 are not approved in Japan. Clinical trials for 75% of 
them have yet to be conducted in Japan [13].

This research study aims at revealing rare disease pro-
files in the Japanese population, particularly the preva-
lence of non-Nanbyo rare diseases, using the National 
Database of Health Insurance Claims and Specific Health 
Checkups of Japan (NDB). To the best of our knowledge, 
it is the first cross-disease study to disclose the epidemi-
ology of rare diseases in Japan, with the highest accuracy, 
disease coverage, and granularity. We expect these pro-
files to promote drug development for rare diseases in 
Japan.

Material and methods
Data sources
In our observational study, we used the National Data-
base of Health Insurance Claims and Specific Health 
Checkups of Japan (NDB) to obtain the number of 
patients with rare diseases in Japan. NDB was devel-
oped by Japan’s Ministry of Health, Labour and Welfare 
and disclosed to researchers and public workers to real-
ize medical cost optimization [14]. It contains all elec-
tronic receipt data of almost all the patients who received 
medical care services under the universal health insur-
ance system, from 99% of hospitals and clinics in Japan 
as of April 2015 [15]. As handwritten claims are not 
included, the amount of claims data added has increased 
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every year according to their digitalization since April 
2011 [16]. Approximately 1.9 billion claims have been 
added annually as of April 2018. Even if the receipt data 
are electronic, the NDB does not contain those exempt 
from medical expenses, mainly due to welfare aid. The 
NDB includes clinical information on standardized medi-
cal treatment, dental treatment, and dispensing work 
with anonymized patient profiles, such as age, sex, and 
diseases. As it contains detailed enormous information 
despite de-identification, researchers need to determine 
specific data requests and submit a minute research pro-
tocol to the ministry before viewing the data itself [17]. 
Accordingly, it is impossible to carry out exploratory 
research.

We requested summary data on the rare diseases cho-
sen, the number of which was kept to a minimum, for 
our purposes. After review by the NDB expert council 
to guarantee proper use and security, we made contract 
with the ministry. Then, we were obligated to analyze the 
provided data only in a pre-specified secure room, fol-
lowing the guidelines on the use of the NDB. This study 
was approved by the institutional review board at the 
University of Tokyo as well.

Requests for the NDB data
According to NDB usage rules, the ministry provides 
minimum data for individual research. In addition, clini-
cal information in the NDB is classified according to 
the standard code master. Therefore, we were required 
to choose rare diseases from a disease-code master for 
NDB, the ICD10-based Standard Disease-Code Master 
[18, 19]. The code master includes 23,939 diseases as of 
June 2019 (NDB diseases) and has no translation.

We began to omit diseases that could be judged as 
common or not rare by category in the code list. The 
exclusion criteria are provided below:

• Certain infectious and parasitic diseases (A00-B99 in 
ICD-10)

• Injury, poisoning, and certain other consequences of 
external causes (S00-T88 in ICD-10)

• External causes of morbidity (V00-Y99 in ICD-10)
• Factors influencing health status and contact with 

health services (Z00-Z99 in ICD-10).

Secondly, we included diseases that seem rare with 
high probability based on the general tendency of rare 
diseases. The inclusion criteria are as follows:

• Congenital malformations, deformations, and chro-
mosomal abnormalities (Q00-99 in ICD-10)

• Diseases the names of which imply a genetic abnor-
mality, congenital anomaly, or rarity.

Then, we included diseases covered by NANDO, 
Orphanet, and the Genetic and Rare Diseases Informa-
tion Center (GARD). First, we translated rare diseases 
in Orphanet and GARD into Japanese using a machine 
translation system. Next, we automatically processed the 
character strings of the terms in Orphanet, GARD, and 
NANDO, which include Japanese Nanbyo systems and 
NDB diseases, to deal with inconsistent spelling and fluc-
tuation. The primary process is shown below:

• Convert all alphanumeric characters and special 
characters into half-width

• Remove stop words and punctuations
• Standardize disease-related words, such as 遺伝, 遺

伝的, and 遺伝学的, all of which practically mean 
“genetic”.

Then, we searched for NDB diseases with equivalent 
terms in NANDO, Orphanet, and GARD by automatic 
exact string matching and included them for request. In 
addition to the exactly matched diseases, we included 
related ones to reduce false negatives. We adopted the 
two methods shown below:

• Diseases subordinate to those with the exact match
• Diseases the names of which have some words in 

common with names of diseases with the exact 
match.

Finally, we manually added some diseases and con-
firmed the rarity of diseases that remained included after 
these procedures above. Consequently, we chose 4524 
diseases as rare diseases from the standard disease-code 
master.

After these selection procedures, we made a second 
attempt at NDB disease mapping to those in Orphanet, 
GARD, and NANDO manually so that NDB could be 
internationally comparable and available. We translated 
4524 diseases into English using the ICD-10 browser 
[20], an English–Japanese medical dictionary [21], and 
medical journals. Then, we manually looked for the exact 
correspondences between NDB diseases and those in the 
other databases.

As it is almost impossible to scrutinize all the 23,939 
diseases and search for counterparts in Orphanet and 
GARD, we performed disease matching twice during the 
automatic narrowing-down process following the regula-
tion and the manual matching process for availability.

Number of patients
We requested the number of patients presenting with a 
total of 4524 diseases by sex and age for 2009 through 
2018 and the total number by sex in those 10  years. 



Page 4 of 13Ninomiya and Okura  Orphanet Journal of Rare Diseases          (2022) 17:140 

The ministry takes care to avoid double counting in the 
data extraction procedure. Use of NDB data follows a 
data disclosure policy based on the cell size suppres-
sion policy of the U.S. Centers for Medicare & Medic-
aid Services, which stipulates that no cell containing a 
value of 1 to 10 can be reported directly [22]. Per NDB 
policy, we cannot disclose any cell showing the number 
of patients with a specific disease if it is from 0 to 9 at 
a specific year, sex, and age. Therefore, we made three 
kinds of tabular data based on the same provided data 
by masking them properly so as to obtain as much help 
from them as possible (Fig. 1).

The first table in Fig.  1 shows rounded tabular data, 
which contains the rounded-off number. As the regu-
lation prohibits the value 0 from being disclosed, the 
actual value between 0 and 4 needs masking to “-.” 
This data shows rough trends in each disease even if 
extremely few people have it.

Then, the second table in Fig. 1 is coarsened tabular 
data made by a masking method of merging cells. For 
example, when male and female patients aged 10–14 
with a particular disease at a specific year add up to 6 
and 7, respectively, a total value of 13 can be disclosed 
by combining the two cells. As there are sometimes 
various merging patterns, we prioritized making open 
as many actual values as possible. It became possible 
with this data to know the status quo of rare diseases 
throughout Japan.

The third table is summary data with epidemiologi-
cal parameters: prevalence and sex ratio. We calculated 
one-year and 10-year prevalence with the annual and 
total data, respectively. As in former studies [23–25], in 
calculating prevalence, we adopted the total Japanese 
population based on the Basic Resident Registration Sys-
tem published by the Ministry of Internal Affairs and 
Communications as denominator. We calculated the sex 
ratio with the actual number and the rounded number 
required. When a disease is too imbalanced to calculate 
its ratio, it is stated as  “F ≫ M” or “M ≫ F.”

We also required the total number of patients to 
reveal natural history, such as the average age at onset 
and death. We counted the total patients by age and sex 
in 10  years, allowing double counting. For example, if 
patients survived for 10 years, they were mostly counted 
three times. We masked it in the two methods described 
above. The data reveal the diachronic trend of patients’ 
age and sex.

Comparison of prevalence and natural history
We compared prevalence in NDB with that in Orphanet. 
First, we extracted the validated point prevalence in 
Orphanet from the Orphanet Epidemiological file 
as of October 2021 [27]. Then, we assigned six ordi-
nal Orphanet prevalence categories (< 1/1,000,000; 
1–9/1,000,000; 1–9/100,000; 1–5/10 000; 6–9/10 
000; > 1/1000) to Japanese one-year prevalence values, 

Fig. 1 Schematic of disclosable tabular data and its masking
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which are calculated using the rounded values in 2018 
and Japanese total population in 2018 [28].

We also compared each disease’s natural history, espe-
cially the age of onset and death. Orphanet divided the 
average onset timing into nine categories (Antenatal, 
Infancy, Neonatal, Childhood, Adolescent, Adult, Elderly, 
All ages, and No data available) and the average death 
timing into 13 categories (Embryofetal, Stillbirth, Infan-
tile, Early childhood, Late childhood, Adolescent, Young 
adult, Adult, Elderly, Normal life expectancy, Any age, 
Not yet documented, and No data available). Each dis-
ease often has multiple categories.

As it takes much time to obtain a correct diagnosis 
in the field of rare diseases, the time of diagnosis in 
NDB does not mean the time of onset [29]. The aver-
age age at death is also difficult to identify because of 
a systemic flaw of NDB. Accordingly, we considered 
the summed number of all the living patients by age 
and by sex during the 10  years in NDB to be the dia-
chronic age distribution pattern of patients. Then, we 

applied time-series clustering to the rounded number 
of patients between the ages of 0 and 84; we divided the 
diseases into five age distribution patterns (Congeni-
tal, Childhood, Acquired, Elderly, and Not applicable) 
based on silhouette analysis. We assigned the onset and 
death categories to the NDB age patterns from their 
trends, respectively.

Results
Data source
First, a histogram of the number of rare diseases per 
the number of patients in 2018 is ahown in Fig.  2. In 
addition, Fig.  2 depicts the comparison between the 
prevalence distribution in NDB and that in Orphanet, 
which is derived from the Orphanet report about bib-
liographical data [26], to validate the selection of rare 
diseases from the ICD10-based Standard Disease-Code 
Master.

Fig. 2 Distribution of the number of patients with selected diseases in NDB in 2018. The figure shows the number of rare diseases per the number 
of patients in 2018. As more recent data tends to be more accurate, the figure is generated based on the data in the most recent year, 2018
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Fig. 3 Number of diseases with/without correspondences. The top of the bar plot shows the number of the union of matched diseases in 
Orphanet, GARD, and NANDO. As some diseases in Orphanet have no epidemiological data or natural history, in addition to the second bar 
indicating disease-based direct comparison, the 3rd, 4th, and 5th figure illustrated the relationship between NDB diseases and Orphanet diseases 
whose prevalence, average age of onset, and average age of death is disclosed respectively. The bottom bar shows the correspondences between 
NDB diseases and NANDO diseases, which means Nanbyo

Fig. 4 Heatmap of the number of diseases by prevalence category in Orphanet and NDB. The figure showed the relationship of the prevalence 
categories between Orphanet and NDB data. We omitted the values of “Specific population, “Not yet documented,” and “Unknown” in Orphanet. As 
Orphanet sometimes displays more than one prevalence category for a disease, we adopted a median category to represent comparability
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Figure 3 shows the number of diseases in NDB with/
without the correspondence with several databases.

Comparison of prevalence and natural history
Figure 4 showed a heatmap of the number of diseases 
sorted by prevalence categories in NDB and Orphanet. 
We also noted a heatmap of the correspondence focus-
ing on the validated Japanese point prevalence data in 
Orphanet in Fig. 5.

Then, we applied time-series clustering to the 
rounded number of patients between the ages of 0 and 
84; we divided the diseases into five age distribution 
patterns (Congenital, Childhood, Acquired, Elderly, 
and Not applicable) based on the time-series analysis. 
Each age pattern is depicted in Fig. 6. We observed the 
comparison of the age categories in NDB with those in 
Orphanet for each disease, focusing on the average age 
of onset and death in Figs. 7 and 8 respectively.

We will disclose all these data in the Additional file 1 
of this article. We will also make it searchable in Nan-
byoData (https:// nanby odata. jp) soon.

Discussion
Data validation
We chose rare diseases from the ICD10-based Standard 
Disease-Code Master through a semiautomatic process 
to follow NDB regulations. In Fig.  9, we roughly com-
pare the prevalence distribution in NDB with that in 
Orphanet to validate the disease selection. They show 
the same trend, indicating that most rare diseases affect 
only several persons per 100,000. Moreover, Fig. 3 dem-
onstrates that more than 60% of the diseases in NDB have 
equivalent terms in other rare disease databases. There-
fore, it is our informed opinion that the selected diseases 
can mostly be recognized as rare.

Prevalence
To reveal the difference between the prevalence of each 
disease in NDB and that in Orphanet, we compared them 
by discretizing the actual prevalence value in NDB. Fig-
ure 4 shows that the difference of about 80% of the dis-
eases is only within one category. It is also revealed that 
most diseases belong to less than 1–9/100,000. If we 
pay attention to the Japanese data, a difference in one 

Fig. 5 Heatmap of the number of diseases by prevalence category in Orphanet and NDB—Japanese patients. The figure showed the relationship 
focusing on Japanese data in Orphanet. We omitted the values of “Specific population, “Not yet documented,” and “Unknown” in Orphanet. As 
Orphanet sometimes displays more than one prevalence category for a disease, we adopted a median category to represent comparability

https://nanbyodata.jp
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Fig. 6 Age distribution patterns derived from time-series clustering. The figure illustrated the ideal patterns of each cluster (Congenital, Childhood, 
Acquired, Elderly, and Not applicable) based on the time-series analysis

Fig. 7 Heatmap of the number of diseases by age categories of onset in Orphanet and NDB. The figure shows the relationship between onset 
categories in Orphanet and the age distribution pattern based on NDB data. The red frames indicate predefined correspondence between both 
categories. The category “Not applicable” means there are too few patients suffering from a specific disease to calculate the age trend
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Fig. 8 Heatmap of the number of diseases by age categories of death in Orphanet and NDB. The figure shows the relationship between death 
categories in Orphanet and age distribution patterns based on NDB data. The red frames indicate predefined correspondence between both 
categories. The category “Not applicable” means there are too few patients suffering from a specific disease to calculate the age trend

Fig. 9 Comparison of prevalence distribution of rare diseases in NDB and Orphanet data. The preavalences are calcurated per 100,000 persons as 
in the Orphanet report. As more recent data tends to be more accurate, the figure of NDB is generated based on the data in the most recent year, 
2018
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category means practically less than about one error 
for 1000 Japanese patients. Accordingly, the analysis 
implies only a slight discrepancy between NDB data and 
Orphanet data.

If we focus on the relatively small difference, given 
that the categories of Orphanet tend to be higher, there 
seem to be two possible explanations. First, as Orphanet 
mainly contains prevalence in European countries and 
most diseases with a categorical difference are genetic, it 
could reflect an ethnic group difference. The other is that 
rare diseases in many Japanese patients remain unde-
tected. The latter reason can be supported by the fact that 
there are much fewer genetic tests available in Japan than 
there are in the West [30]. On the other hand, if we look 
closely at the relatively significant difference, 11 diseases 
indicate a higher category in Orphanet by more than 
four categories. This tendency might be due to excessive 
regional accumulation, such as in the cases of schistoso-
miasis and Cooley anemia.

As for the comparison between Japanese prevalence 
in Orphanet and NDB, Fig. 5 shows the same results as 
aforementioned. As most diseases are within one catego-
ry’s difference, the Orphanet data are consistent with the 
NDB data.

Natural history
According to Figs.  7 and 8, high-density areas seem to 
accord with the Orphanet categories, predefined on the 
basis of age distribution patterns. Therefore, the natural 
history of most diseases in NDB is consistent with that in 
Orphanet in general.

However, some diseases indicate different natural his-
tories in Japan. This could happen because of the unique 
therapeutic environment available in each country; clini-
cal variability caused by ethnic factors, such as genetic 
variation and diet; and artifacts accompanied by time-
series clustering. To focus on the apparent distinction 

of natural history, we calculated the number of diseases 
with more than two categorical differences, excluding 

those with the “All ages” onset category, “normal life 
expectancy” death category, and “any age” death category 
(Tables 1, 2).

Tables 1 and 2 show the disagreement between NDB-
based age distribution patterns and Orphanet categories 
of the average age of onset and the average age of death, 
respectively. As some diseases have multiple categories 
in Orphanet, we defined coincidence between two data-
bases as the condition for more than one Orphanet cat-
egory to be included in the range of the NDB category.

In Case 1, Japanese patients tend to present symptoms 
later than those in the Orphanet data do. About two-
thirds of the diseases are genetic, and only 30% are cov-
ered by the Nanbyo system for children. Moreover, as 
mentioned above, genetic tests of numerous diseases are 
not available in Japan. This seems to relate to the delayed 
detection of Japanese patients. On the other hand, Case 2 
indicates that the average onset age of the four diseases is 
earlier in NDB than it is in Orphanet. All diseases, except 
encephalitis lethargica, are categorized as cancer, and the 
number of patients demonstrates a bimodal distribution. 
As our time-series clustering could not catch bimodality, 
we observed this difference.

Case 3 implies that Japanese patients live longer than 
those in the Orphanet data do. This seems due to the 
bimodal distribution of diseases that can be secondary, 
such as biliary atresia. Conversely, in Case 4, five diseases 
in all, Bloom syndrome, achondroplasia, 4p deletion syn-
drome, Dent disease, and hereditary pancreatitis, show 
earlier death. Although it is difficult to determine the rea-
son, this may be due to the variation of their severity or 
phenotypes and their therapeutic environment.

Japanese policy on rare diseases
Although Japan has provided medical expense subsidies 
for Nanbyo patients, fairness between rare diseases has 
always been controversial. That is to say, the increasing 

Table 1 The differences in the average age of onset in NDB and 
Orphanet

NDB Orphanet Number of 
diseases

Case 1. Average age of onset is later in NDB than that in Orphanet

Acquired Antenatal, neonatal, infancy 21

Elderly Antenatal, neonatal, infancy, child-
hood

80

Case 2. Average age of onset is earlier in NDB than that in Orphanet

Congenital Adolescent, adult, elderly 4

Table 2 Differences in the average age of death in NDB and 
Orphanet

NDB Orphanet Number of 
diseases

Case 3. Average age of death is later in NDB than that in Orphanet

Childhood Stillbirth, infantile 1

Acquired Infantile, adolescent, late 
childhood

2

Elderly Infantile, stillbirth, early 
childhood, adolescent

8

Case 4. Average age of death is earlier in NDB than that in Orphanet

Congenital Adult, elderly 4

Childhood Elderly 1
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number of rare diseases casts doubt on the legitimacy of 
a dividing line between Nanbyo and non-Nanbyo rare 
diseases although several diseases are added to Nanbyo 
almost every year. In fact, there are some procedures 
and obstacles to having a disease covered by the Nan-
byo system. First, an official research group focusing on 
a specific disease is required to be established. Its role 
is to set diagnostic criteria or a guideline and reveal its 
prevalence, mainly through mail questionnaire surveys of 
medical institutions all over the country. Then, the advi-
sory board of each Nanbyo system discusses whether it 
should be added to the system on the basis of its report.

Consequently, only a few diseases pass after receiv-
ing public comments every year. A serious problem, in 
particular, among various concerns, is that as research 
groups can only focus on limited rare diseases, it depends 
on chance or the degree of disease recognition at best, 
whether a rare disease is designated as Nanbyo and its 
patients can receive medical support. Accordingly, ultra-
rare diseases in particular have hardly any opportunities 
to be examined.

As aforementioned, one of the requirements for des-
ignation is that the number of patients with a specific 
disease be less than 120,000, which indicates 0.1% of the 
Japanese population. In light of this regulation, Fig.  2 
suggests that approximately 4000 diseases are supposed 
to be covered, which means newly adding 3000 diseases. 
Moreover, even if the Japanese government comprehen-
sively adopts the Orphanet criteria to meet global stand-
ards, Fig. 3 implies that about 800 diseases are left outside 
the coverage of the Nanbyo systems. Strictly speaking, as 
Nanbyo is not always included in Orphanet, 1085 non-
Nanbyo diseases recognized as rare afflict patients as per 
Orphanet. Therefore, despite the unique circumstances 
surrounding Japan’s healthcare system, it is evident that 
Nanbyo does not cover enough rare diseases.

To ensure fairness, Japanese policies need to promote 
active comprehensive research to detect rare-disease 
patients, referring to the medical databases in the world, 
and become more flexible in providing medical expense 
subsidies. In addition, even if a specific disease is inside 
the system, patients afflicted by it need to be strictly 
examined for eligibility for medical support based on 
objective criteria, such as phenotypes, disease severity, 
medical costs, and quality of life, although this does not 
easily seem acceptable to patients who have already been 
designated as eligible. Accordingly, these enable a signifi-
cant turnover of patients eligible for the support and sus-
tainability of Nanbyo systems.

Limitations
As NDB was not originally constructed for analysis, it 
presents several limitations in its use. First, as diseases 

in the NDB data are standardized to meet the procedural 
needs of clinical practice in Japan, our NDB data could 
inevitably be incomplete according to the definition of 
rare diseases in the world. The shortage of rare diseases 
is mainly because they are too rare in Japan to be added 
to the code master. In addition, as we semi-automatically 
chose them from 23,939 diseases, we could have over-
looked or excessively detected diseases. Therefore, it 
is still challenging to thoroughly elucidate the circum-
stances of rare-disease patients in Japan.

Second, the system of health insurance claims and pro-
cedures complicated the interpretation of the NDB data. 
Some patients are exempt from any medical expense, 
such as welfare recipients, atomic bomb survivors, and 
people under the severe condition of insanity. It is some-
times challenging for persons with rare, severe diseases 
to work. In such cases, the NDB data do not contain their 
information. Moreover, it is said that 80% of diseases 
labeled “other diseases” in the code master are wrongly 
allocated although there are correct categories for them 
[31]. Consequently, the number of patients seems under-
estimated. On the other hand, its overestimation can 
occur because doctors often make a temporary diagno-
sis stored in the NDB to prescribe common treatments 
such as analgesics under health insurance. However, this 
is primarily true of common diseases; hence, this arti-
fact has little effect on the interpretation of our data. 
Another confusing factor is that both disease and sub-
type are coded in the master. For example, as Niemann–
Pick disease and Niemann–Pick disease type A are on the 
list, it is nearly impossible to know whether patients are 
counted conflatingly or exclusively, which depends on 
doctors or clinical coders.

The last limitation is that in calculating prevalence, 
we might have underestimated it because we adopted 
the entire population of Japan as a denominator instead 
of the total population in the NDB data, assuming that 
almost all the people receive medical treatment under 
health insurance more than once a year.

Conclusion
Our research revealed the epidemiology of Japanese 
patients with rare diseases using a health insurance 
claims database. In particular, this study is the first to 
shed light on the presence of rare diseases outside of 
the Nanbyo systems. The results imply that the present 
Nanbyo systems do not cover enough rare diseases. 
Therefore, they may require drastic reform to reduce 
unfairness between rare diseases even if it is a difficult 
decision for some people.

We also elucidated the natural history of rare diseases 
among the Japanese population. It primarily indicates a 
similar tendency to that reported in Orphanet. However, 
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we found that some diseases are detected later in Japan. 
As a systemic flaw of clinical genetic tests may cause this 
result, we expect the new system that has been discussed 
to be established in the not-too-distant future.

As people exempt from medical expenses have been 
included in NDB since December 2021 and multiple 
databases focusing on rare diseases was disclosed by 
the ministry in 2020, futher research is needed to reveal 
more detailed actual conditions of patients in Japan, such 
as therapeutic interventions, quality of life, and social 
participation.

Lastly, we hope that our data and analysis provides 
patients with improved access to much needed treat-
ments in Japan and ultimately give courage to those 
patients who feel lonely and helpless.

Abbreviations
NDB: National Database of Health Insurance Claims and Specific Health 
Checkups of Japan; ICD: International Statistical Classification of Diseases and 
Related Health Problems; NANDO: Nanbyo Disease Ontology.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13023- 022- 02290-0.

Additional file 1. The tabular datasets derived from the National Data-
base of Health Insurance Claims and Specific Health Checkups of Japan.

Acknowledgements
We are deeply grateful to Hiroshi Mizushima for discussions in the early stages 
of this work. We would also like to thank Kyoko Imamura for the opportunity 
to use NDB data and Eiko Shimizu for practical advice. I would like to take this 
opportunity to thank H. Oshitani and M. Saito for publication support.

Authors’ contributions
KN and MO formulated the original concept and strategic plan. KN analyzed 
the data and wrote this article. MO applied for usage of the National Database 
of Health Insurance Claims and Specific Health Checkups of Japan as the 
research representative. All authors read and approved the final manuscript.

Funding
Although the authors belong to a social cooperation program, we did not 
receive any funding regarding this research.

Availability of data and materials
The tabular datasets supporting the conclusions of this article are available 
in the Additional file 1, the website of Japanese Rare Diseases Research 
Consortium (JRDiRC), and NanbyoData. JRDiRC is a semi-closed community 
of people concerned with rare diseases in Japan to exchange information 
(https:// member. jrdirc. org/). As NanbyoData is a website aimed at providing 
accumulated multilingual information on rare diseases in Japan, it provides 
the data with the direct links between Nanbyo and rare diseases in databases 
on various medical fields (https:// nanby odata. jp).

Declarations

Ethics approval and consent to participate
This study was approved by the institutional review board at the University of 
Tokyo. Japan’s Ministry of Health, Labour and Welfare approved our research 
protocols and provided the data. Our masked tabular data and the research 
results are also disclosed after inspection by the ministry.

Consent for publication
As the published data is de-identified and only contains summary data of 
patients, it is impossible to identify any person. In addition, we took much care 
for patients with ultra-rare diseases, following the NDB policy of cell size sup-
pression, which was based on the CMS cell size suppression policy.

Competing interests
Although the authors belong to a social cooperation program, we declare no 
competing interests regarding this research work.

Author details
1 Social Cooperation Program of IT Healthcare, Graduate School of Pharmaceu-
tical Sciences, The University of Tokyo, Tokyo, Japan. 2 National Institute of Pub-
lic Health, Saitama, Japan. 3 Tohoku University Graduate School of Medicine, 
Miyagi, Japan. 

Received: 23 December 2021   Accepted: 14 March 2022

References
 1. International Federation of Pharmaceutical Manufacturers & Associations. 

Rare diseases: shaping a future with no-one left behind. 2017. https:// 
www. ifpma. org/ wp- conte nt/ uploa ds/ 2017/ 02/ IFPMA_ Rare_ Disea ses_ 
Broch ure_ 28Feb 2017_ FINAL. pdf. Accessed 3 Mar 2022.

 2. 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. 
2017. https:// doi. org/ 10. 1186/ s13023- 017- 0618-0.

 3. PhRMA. A decade of innovation in rare diseases. 2015. http:// phrma- docs. 
phrma. org/ sites/ defau lt/ files/ pdf/ PhRMA- Decade- of- Innov ation- Rare- 
Disea ses. pdf. Accessed 3 Mar 2022.

 4. European Organization for Rare Diseases. Rare diseases: understanding 
this public health priority. https:// www. euror dis. org/ IMG/ pdf/ princ eps_ 
docum ent- EN. pdf. Accessed 8 Dec 2021.

 5. Sakushima K, Takeda H, Aoi Y. Orphan drug designation and development 
in Japan: 25 years of experience and assessment. Nat Rev Drug Discov. 
2021. https:// doi. org/ 10. 1038/ d41573- 021- 00045-3.

 6. Ministry of Health L and W. Overview of orphan drug/medical device des-
ignation system. https:// www. mhlw. go. jp/ engli sh/ policy/ health- medic al/ 
pharm aceut icals/ orphan_ drug. html. Accessed 3 Mar 2022.

 7. Information Center for Specific Pediatric Chronic Diseases J. Basic philoso-
phy of specific pediatric chronic diseases. https:// www. shoum an. jp/ 
about/ princ iple/. Accessed 8 Dec 2021.

 8. Ministry of Health L and W. Requirements for designated intractable 
diseases. https:// www. mhlw. go. jp/ conte nt/ 10601 000/ 00035 0131. pdf. 
Accessed 3 Mar 2022.

 9. K Ninomiya, A Kikuchi, T Takatsuki, T Kushida, Y Yamamoto, T Katayama, 
et al. Nanbyo Disease Ontology—Summary | NCBO BioPortal. https:// 
biopo rtal. bioon tology. org/ ontol ogies/ NANDO/?p= summa ry. Accessed 8 
Dec 2021.

 10. Mungall CJ, Mcmurry JA, Ohler SK, Balhoff JP, Borromeo C, Brush M, 
et al. The Monarch Initiative: an integrative data and analytic platform 
connecting phenotypes to genotypes across species. Nucleic Acids Res. 
2017. https:// doi. org/ 10. 1093/ nar/ gkw11 28.

 11. INSERM. Orphanet: an online rare disease and orphan drug data base. 
1999. http:// www. orpha data. org/ cgi- bin/ index. php. Accessed 8 Dec 
2021.

 12. K Ninomiya, H Nonomura, H Kinoshita, M Okura, K Imamura. A Japan-US 
comparison of information access and clinical trial implementation in 
rare and incurable diseases. In: The 39th Joint Conference on Medical 
Informatics (JCMI) and The 20th Annual Meeting of Japan for Medical 
Informatics. 2019. https:// confit. atlas. jp/ guide/ organ izer/ jcmi/ jcmi2 019/ 
subje ct/2- E-1- 08/ search. Accessed 8 Dec 2021.

 13. Takeda Pharmaceutical Company. Challenges of rare diseases in Japan. 
2020 Jan. https:// genet ics. qlife. jp/ docum ents/ RD_ White Paper. pdf. 
Accessed 3 Mar 2022.

 14. Ministry of Health L and W. Guidance for providing the National Database 
of Health Insurance Claims and Specific Health Checkups of Japan. 
https:// www. mhlw. go. jp/ stf/ seisa kunit suite/ bunya/ kenkou_ iryou/ iryou 
hoken/ resep uto/ index. html. Accessed 8 Dec 2021.

https://doi.org/10.1186/s13023-022-02290-0
https://doi.org/10.1186/s13023-022-02290-0
https://member.jrdirc.org/
https://nanbyodata.jp
https://www.ifpma.org/wp-content/uploads/2017/02/IFPMA_Rare_Diseases_Brochure_28Feb2017_FINAL.pdf
https://www.ifpma.org/wp-content/uploads/2017/02/IFPMA_Rare_Diseases_Brochure_28Feb2017_FINAL.pdf
https://www.ifpma.org/wp-content/uploads/2017/02/IFPMA_Rare_Diseases_Brochure_28Feb2017_FINAL.pdf
https://doi.org/10.1186/s13023-017-0618-0
http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA-Decade-of-Innovation-Rare-Diseases.pdf
http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA-Decade-of-Innovation-Rare-Diseases.pdf
http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA-Decade-of-Innovation-Rare-Diseases.pdf
https://www.eurordis.org/IMG/pdf/princeps_document-EN.pdf
https://www.eurordis.org/IMG/pdf/princeps_document-EN.pdf
https://doi.org/10.1038/d41573-021-00045-3
https://www.mhlw.go.jp/english/policy/health-medical/pharmaceuticals/orphan_drug.html
https://www.mhlw.go.jp/english/policy/health-medical/pharmaceuticals/orphan_drug.html
https://www.shouman.jp/about/principle/
https://www.shouman.jp/about/principle/
https://www.mhlw.go.jp/content/10601000/000350131.pdf
https://bioportal.bioontology.org/ontologies/NANDO/?p=summary
https://bioportal.bioontology.org/ontologies/NANDO/?p=summary
https://doi.org/10.1093/nar/gkw1128
http://www.orphadata.org/cgi-bin/index.php
https://confit.atlas.jp/guide/organizer/jcmi/jcmi2019/subject/2-E-1-08/search
https://confit.atlas.jp/guide/organizer/jcmi/jcmi2019/subject/2-E-1-08/search
https://genetics.qlife.jp/documents/RD_WhitePaper.pdf
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/iryouhoken/reseputo/index.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/iryouhoken/reseputo/index.html


Page 13 of 13Ninomiya and Okura  Orphanet Journal of Rare Diseases          (2022) 17:140  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 15. National Institute of Population and Social Security Research. Social 
Security In Japan. 2000. https:// www. ipss. go. jp/s- info/e/ Jasos/ Jasos. pdf. 
Accessed 8 Dec 2021.

 16. Ministry of Health L and W. A manual for those who are considering 
using NDB. https:// www. mhlw. go. jp/ conte nt/ 12400 000/ 00067 8470. pdf. 
Accessed 3 Mar 2022.

 17. Ministry of Health L and W. Guidelines for the National Database of 
Health Insurance Claims and Specific Health Checkups of Japan. 2021. 
https:// www. mhlw. go. jp/ conte nt/ 12400 000/ 00067 8473. pdf. Accessed 8 
Dec 2021.

 18. Hatano K, Ohe K. Information retrieval system for japanese standard 
disease-code master using XML web service. In: AMIA annual symposium 
proceedings. 2003;2003:859. Accessed 8 Dec 2021.

 19. Satomura Y, Yamazaki S, Sasaki T. A standard diagnostic terminology in 
accordance with ICD-10 and its application. JAMI. 1997;17:556–7.

 20. World Health Organization. ICD-10 Version:2019. https:// icd. who. int/ 
brows e10/ 2019/ en. Accessed 8 Dec 2021.

 21. Toshiro S, Katsunori S. 12th Kato’s integrated English-Japanese medical 
dictionary. Nanzando. In: Nanzando English-Japanese medical dictionary. 
2005.

 22. RESEARCH DATA ASSISTANCE CENTER. CMS Cell Size Suppression Policy. 
https:// resdac. org/ artic les/ cms- cell- size- suppr ession- policy. Accessed 3 
Mar 2022.

 23. Mitsutake N, Ishikawa T, Sato J, Goda K, Kitsuregawa M. Study on 
international statistical indicators using the National Database of 
Health Insurance Claims and Specific Health Checkups of Japan. JAMI. 
2020;39(4):189–94.

 24. Noda T, Kubo S, Tomoya M, Nishioka Y, Higashino T, Matsui H, et al. 
Improvement and verification of the patient matching method in the 
information database for receipt information and specified health exami-
nation (NDB). J Health Welf Stat. 2017;64(12):7–13.

 25. Research Group on Epidemiology and Living Conditions of Type 1 Diabe-
tes. Estimation of the prevalence of type 1 diabetes and insulin-depleted 
type 1 diabetes in Japan using NDB. 2015. https:// mhlw- grants. niph. go. 
jp/ system/ files/ 2017/ 172031/ 20170 9008A_ upload/ 20170 9008A 0012. pdf. 
Accessed 8 Dec 2021.

 26. INSERM. Prevalence and incidence of rare diseases: bibliographic data. 
Orphanet Report Series. 1984; www. orpha. net. Accessed 8 Dec 2021.

 27. INSERM. Orphadata: Epidemiological Data. 2021. http:// www. orpha data. 
org/ cgi- bin/ epide mio. html. Accessed 8 Dec 2021.

 28. Ministry of Internal Affairs and Communications. Population estimates 
annual report Japan 1 population by age (single years), sex and sex 
ratio—total population, Japanese population, Yearly 2018. 2018. https:// 
www.e- stat. go. jp/ en/ stat- search/ files? page= 1& layout= datal ist& toukei= 
00200 524& tstat= 00000 00900 01& cycle= 7& year= 20180 & month= 0& tclas 
s1= 00000 10116 79& stat_ infid= 00003 18071 38& tclas s2val=0. Accessed 8 
Dec 2021.

 29. European Organization for Rare Diseases. Survey of the delay in diagnosis 
for 8 rare diseases in Europe. 2017. www. euror dis. orgwww. euror dis. org. 
Accessed 8 Dec 2021.

 30. Science Council of Japan. System development and human resource 
development for the promotion of genomic medicine. SCJ Forum. 2020 
Nov 1;25(11):11_116–11_117. https:// www. jstage. jst. go. jp/ artic le/ tits/ 25/ 
11/ 25_ 11_ 116/_ pdf/- char/ ja. Accessed 8 Dec 2021.

 31. Ohe K. Significance of standard codes for disease names and the future 
of standard disease name masters. 2011. http:// www. byomei. org/ docum 
ents/ 10yea rSymp osium. pdf. Accessed 3 Mar 2022

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

https://www.ipss.go.jp/s-info/e/Jasos/Jasos.pdf
https://www.mhlw.go.jp/content/12400000/000678470.pdf
https://www.mhlw.go.jp/content/12400000/000678473.pdf
https://icd.who.int/browse10/2019/en
https://icd.who.int/browse10/2019/en
https://resdac.org/articles/cms-cell-size-suppression-policy
https://mhlw-grants.niph.go.jp/system/files/2017/172031/201709008A_upload/201709008A0012.pdf
https://mhlw-grants.niph.go.jp/system/files/2017/172031/201709008A_upload/201709008A0012.pdf
http://www.orpha.net
http://www.orphadata.org/cgi-bin/epidemio.html
http://www.orphadata.org/cgi-bin/epidemio.html
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&year=20180&month=0&tclass1=000001011679&stat_infid=000031807138&tclass2val=0
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&year=20180&month=0&tclass1=000001011679&stat_infid=000031807138&tclass2val=0
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&year=20180&month=0&tclass1=000001011679&stat_infid=000031807138&tclass2val=0
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&year=20180&month=0&tclass1=000001011679&stat_infid=000031807138&tclass2val=0
http://www.eurordis.orgwww.eurordis.org
https://www.jstage.jst.go.jp/article/tits/25/11/25_11_116/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/tits/25/11/25_11_116/_pdf/-char/ja
http://www.byomei.org/documents/10yearSymposium.pdf
http://www.byomei.org/documents/10yearSymposium.pdf

	Nationwide comprehensive epidemiological study of rare diseases in Japan using a health insurance claims database
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusions: 

	Background
	Material and methods
	Data sources
	Requests for the NDB data
	Number of patients
	Comparison of prevalence and natural history

	Results
	Data source
	Comparison of prevalence and natural history

	Discussion
	Data validation
	Prevalence
	Natural history
	Japanese policy on rare diseases
	Limitations

	Conclusion
	Acknowledgements
	References


