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Abstract

Background
Interventional studies are the fundamental method for obtaining answers to clinical question. However,
these studies are sometimes di�cult to conduct because of insu�cient �nancial or human resources or
the rarity of the disease in question. One means of addressing these issues is to conduct a non-
interventional observational study using electronic health record (EHR) databases as the data source,
although how best to evaluate the suitability of an EHR database when planning a study remains to be
clari�ed. The aim of the present study is to identify and characterize the data sources that have been
used for conducting non-interventional observational studies in Japan and propose a �ow diagram to
help researchers determine the most appropriate EHR database for their study goals.

Methods
We compiled a list of published articles reporting observational studies conducted in Japan by searching
PubMed for relevant articles published in the last 3 years and by searching database providers’
publication lists related to studies using their databases. For each article, we reviewed the abstract and/or
full text to obtain information about data source, target disease or therapeutic area, number of patients,
and study design (prospective or retrospective). We then characterized the identi�ed EHR databases.

Results
In Japan, non-interventional observational studies have been mostly conducted using data stored locally
at individual medical institutions (713/1463) or collected from several collaborating medical institutions
(351/1463). Whereas the studies conducted with large-scale integrated databases (195/1463) were
mostly retrospective (68.2%), 27.2% of the single-center studies, 46.2% of the multi-center studies, and
74.4% of the post-marketing surveillance studies, identi�ed in the present study, were conducted
prospectively.

Conclusions
Our analysis revealed that the non-interventional observational studies were conducted using data stored
local at individual medical institutions or collected from collaborating medical institutions in Japan.
Disease registries, disease databases, and large-scale databases would enable researchers to conduct
studies with large sample sizes to provide robust data from which strong inferences could be drawn.
Using our �ow diagram, researchers planning non-interventional observational studies should consider
the strengths and limitations of each available database and choose the most appropriate one for their
study goals.
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Trial registration
Not applicable.

Background
During the course of primary-care medical practice, a huge amount of patient data, including laboratory
results and diagnoses, administrative data, and health insurance information, are generated and collated
as electronic health records (EHRs). Patients’ individual EHRs are then archived in databases that can be
accessed by stakeholders throughout the medical �eld. Because these data arise through actual medical
activities, they are considered real-world data; that is, these are observational data obtained through real-
world medical practice rather than data obtained in an experimental setting.

Traditionally, interventional studies are the fundamental method for obtaining answers to clinical
questions. In such studies, researchers enroll patients, randomize them into two or more groups, provide
the groups different medical treatments, and compare the resulting data between groups. However, it is
sometimes di�cult to conduct interventional studies because of insu�cient �nancial or human resources
or the rarity of the disease in question. One means of addressing these issues is to conduct a non-
interventional observational study using EHR databases as the data source. EHR such as medical
records, claims data, and health insurance data are available at medical institutions, and large-scale
integrated EHR databases, organized and maintained by database providers, are also available as study
data sources (Fig. 1).Large-scale databases would be advantageous over small-scale databases because
they allow researchers to conduct non-interventional observational studies with a big sample size, which
affords robust data from which strong inferences can be drawn.

[insert Fig. 1 about here]

When planning a non-interventional observational study using a EHR database, researchers must �rst
identify the databases that are most suitable for their study purpose. Although many such databases are
available1, 2, they each have their strengths and limitations that must be considered and weighed against
one another. For example, most EHRs, and therefore most databases, lack patient data regarding the pre-
symptomatic stage of disease; therefore, many EHR databases will be of limited bene�t to researchers
who intend to investigate aspects of the early stages of disease onset such as the pre-symptomatic stage
of Alzheimer’s disease. This lack of data likely re�ects that, despite the potential bene�ts of early
preventive care3–6, patients in the pre-symptomatic stage of disease are rarely seen in hospital.
Researchers also need to consider important database characteristics such as the number of records,
accessibility to outcome data, duration of follow-up, and potential biases during data collection7. How
best to evaluate the suitability of an EHR database when planning a study remains to be clari�ed.

The aim of the present study is to identify and characterize the data sources that have been used for
conducting non-interventional observational studies in Japan and to propose a �ow diagram to help
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researchers assess the suitability of a potential EHR database for use in their non-interventional
observational study.

Methods

Determination of the data sources used for non-
interventional observational studies in Japan
We used a binary approach to determine the data sources used for past non-interventional observational
studies conducted in Japan.

In the �rst part, we conducted a PubMed search to �nd articles reporting observational studies conducted
in Japan in the last 3 years; the following search settings were used: a�liation �eld, Japan; article type,
observational study; publication date, December 1, 2017 to November 30, 2020; species, human; and
language, English. We excluded articles without an abstract or without a structured abstract; articles
reporting studies conducted multi-nationally or in a country other than Japan; and articles reporting non-
clinical studies, interventional studies, or studies with healthy subjects/controls.

In the second part, we obtained a list of articles reporting observational studies using data from one or
more of four large-scale Japanese EHR databases8–12: Japan Medical Data Center Claims Database
(JMDC Claim), Medical Data Vision Database (MDV Database), National Database of Health Insurance
Claims and Speci�c Health Checkups of Japan (NDB Japan), and Medical Information Database Network
(MID-NET). JMDC Claim and MDV Database are the largest EHR databases in Japan1. NDB Japan and
MID-NET are widely known databases in Japan that are provided by the Japanese governmental
organization. These four databases all include EHR data generated by the Japanese Diagnosis Procedure
Combination/Per-Diem Payment System (DPC; the Japanese medical payment framework); therefore,
these databases are sometimes colloquially referred to as “DPC databases”. For example, NDB Japan is
frequently called the “DPC database” because it is the most well-known database in Japan.

To obtain this information, we accessed the list of published articles available at the website associated
with each of the four databases. For JMDC Claim and MDV Database, the publication lists were very long
so we limited our search to the period January 2017 to June 2019. For NDB Japan and MID-NET, the
publication lists only included articles published since 2018.

After compiling our list of articles, we reviewed each abstract for information about data source, target
disease or therapeutic area, number of patients enrolled in the study, and study design. If the abstract did
not include this information, we reviewed the full text of the article. If the full text was not available or
lacked enough information, we excluded the article. Classi�cation of each article was conducted using
the following criteria:



Page 5/21

Data source: Articles were classi�ed into four types based on the source data used: (1) data stored at a
medical institution, (2) data collected from several medical institutions, (3) data obtained from a disease
registry or database, (4) data obtained from a large-scale integrated database. When the words “single-
center study” were included in the abstract or full text, the article was classi�ed as type (1); when an
article included the words “in a hospital”, “in our hospital”, “in our institution”, “at XXXX [institution
name]”, “in a unit”, “in a center”, or “in a department”, we assumed that this indicated a single-center
study, the article was classi�ed as type (1). Similarly, when the abstract or full text included the words
“multi-center study” or “in hospitals”, the article was classi�ed as type (2); when they included “registry” or
“study database” it was classi�ed as type (3); and when they included “large database” it was classi�ed
as type (4). Articles with the words “nationwide database” were also classi�ed as type (3) or (4) after we
carefully checked the actual name of the database, if available, in the rest of the abstract and full text.
Because post-marketing surveillance (PMS) studies are a kind of multi-center study, these articles should
also be classi�ed as (2). However, in Japan, PMS studies are conducted under Good Post-marketing
Study Practice regulations13, whereas observational studies are conducted under the ethical guidelines of
the Japan Ministry of Education, Culture, Sports, Science and Technology14; thus, PMS studies were
considered separately from the other multi-center studies.

Target disease or therapeutic area: Articles were classi�ed by using the following 19 classes with
reference to the 10th revision of the International Statistical Classi�cation of Disease and Related Health
Problems15: (1) infectious and parasitic diseases other than coronavirus disease 2019 (COVID-19), (2)
COVID-19, (3) cancer and neoplasm, (4) diseases of blood and blood forming organs, (5) endocrine,
nutritional and metabolic diseases, (6) diabetes, (7) mental disorder, (8) nervous system, (9) disease of
the eye and adnexa, (10) disease of the ear and mastoid process, (11) circulatory system, (12) respiratory
system, (13) digestive system, (14) Disease of the skin and subcutaneous tissue, (15) disease of the
musculoskeletal system and connective tissue, (16) disease of the genitourinary system, (17) pregnancy,
childbirth, and perinatal, (18) injury or other consequences of eternal causes, (19) others, including
surgery, transplantation, hemodialysis, dental, and pain.

Number of patients enrolled in study

The number of patients included in the �nal analysis was obtained by reviewing the abstract or full article
text.

Study design

Studies were classi�ed as either prospective or retrospective, depending on which word was used in the
abstract or full article text.

Characteristics of the large-scale integrated databases
By contacting the relevant organizations through their websites, we solicited information regarding the
procedures through which the four large-scale databases were established. JMDC Claim was constructed
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by the Japan Medical Data Center Inc. and comprises EHR data collected through daily medical practice
since 2005. MDV Database and related services have been maintained by Medical Data Vision Co., Ltd.,
since 2008. NDB Japan was constructed by the Japan Ministry of Health, Labour and Welfare in 2009.
MID-NET has been offered through a governmental organization (under the Ministry of Health, Labour
and Welfare) and the Pharmaceuticals and Medical Devices Agency since 2018. In characterizing these
databases, we focused on the (1) data sources and procedures for processing data, (2) data items
available, and (3) anonymization of data. We also contacted the companies responsible for two of the
databases (Japan Medical Data Center and Medical Data Vision) to ask for general information
regarding the construction and maintenance of their databases; the same questions regarding data
cleaning, data standardization, and database construction were sent to both companies.

Results

Determination of the data sources used for non-
interventional observational studies in Japan
Of 2513 articles identi�ed (2318 through PubMed and 195 through the websites of the large-scale
database providers), 1463 articles met the eligibility criteria (Fig. 2). The data sources used in the
identi�ed studies are shown in Table 1, strati�ed by study type.
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Table 1
Summary of the data source used for non-interventional observational studies conducted in Japan

Study type Data source Database
example

Strengths Limitations

Single-center study Data stored at a single
medical institution

- Medical
practice well-
known

Flexible
approach

Limited
volume of
data

Multi-center study Medical records
collected from
collaborating medical
institutions

- Study team
collaboration

Medical
practices can
differ by
institution

Post-marketing
surveillance studya

Medical records
collected from
collaborating medical
institutions

- Controlled
under GPSP
regulations

-

Study using a disease
registry/database

Disease registry

Disease database

All Japan
Utstein
Registry16,17

NinJa18,19

KCHF
Registry20,21

Disease-
speci�c test
results
available

Data usually
related to a
single
disease

Study using a dataset
from a large-scale
integrated database

Integrated large-scale
database

JMDC
Claimb

MDV
Databasec

NDB
Japand

MID-NETe

Data volume -
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Study type Data source Database
example

Strengths Limitations

PMS: Post-marketing surveillance; GPSP: Good Post-marketing Study Practice; NinJa: National
Database of Rheumatic Diseases in Japan; KCHF: Registry: Kyoto Congestive Heart Failure Registry;
JMDC: Japan Medical Data Center; MDV: Medical Data Vision; NDB Japan: National Database of
Health Insurance Claims and Speci�c Health Checkups of Japan; MID-NET: Medical Information
Database Network.

aA PMS study is a kind of multi-center study initiated by a sponsor and conducted under GPSP
regulations13,14.

bJMDC Claim is provided by Japan Medical Data Center, Inc.8.

cMDV Database is provided by Medical Data Vision Co., Ltd.9.

dNDB Japan is provided by the Ministry of Health, Labour and Welfare of Japan10, 11.

eMID-NET is sponsored by the Pharmaceuticals and Medical Devices Agency of Japan12.

A total of 713 (48.7%) studies were single-center studies. In these studies, the sample size was < 100 in
316 (44.3%) studies and 100–299 in 214 (30.0%) studies (Table 2). Thus, 64.3% of the single-center
studies used a sample size < 300. The single-center studies were conducted in various target diseases
and therapeutic areas.
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A total of 351 (24.0%) studies were multi-center studies. In these studies, the sample size was < 100 in 84
(23.9%) studies, 100–299 in 94 (26.8%) studies, and 300–999 in 89 (25.4%) studies. Thus, 76.1% of the
multi-center studies used a sample size < 1000. The multi-center studies were also conducted in various
target diseases and therapeutic areas.

A total of 39 PMS studies were identi�ed. Generally, PMS studies are used to gather information about a
new medicinal product or medical device after it has been granted marketing authorization; thus, 29 of
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the 39 PMS studies (74.4%) were conducted prospectively. In the 39 PMS studies, the sample size was
1000–2999 in 9 (23.1%) studies, 3000–9999 in 14 (35.9%) studies, and ≥ 10,000 in 2 (5.1%) studies.

A total of 165 studies conducted for the construction of a disease registry or database were identi�ed.
Such studies are usually conducted prospectively, although the disease registries or databases
themselves are sometimes used for retrospective secondary analysis. In the identi�ed studies, three
Japanese registries/databases were used by researchers of different studies: All-Japan Utstein
Registry16,17, National Database of Rheumatic Diseases in Japan (NinJa)18,19, and Kyoto Congestive
Heart Failure (KCHF) Registry20,21. In addition, although our focus was on studies conducted in Japan, we
identi�ed seven registry studies conducted by using the Surveillance, Epidemiology, and End Results
(SEER) program of the US National Cancer Institute.

Finally, we identi�ed 195 studies using large-scale integrated databases, 133 (68.2%) of which were
conducted retrospectively. The sample size was 10,000–99,999 in 59 (30.3%) studies and ≥ 100,000 in
54 (27.7%) studies. In the identi�ed studies, the following large-scale integrated databases were used:
MDV Database, 65 studies; JMDC, 84 studies (10 were studies using both MDV Database and JMDC);
NDB Japan, 17 studies; MID-NET, 2 studies. In the remaining articles, the databases used were referred to
only as “DPC database” and the actual names of the databases were not mentioned.

Characteristics of large-scale integrated databases
Summaries of the four large-scale integrated databases are shown in Table 3. NDB Japan is one of
several Japanese DPC databases. MID-NET was launched 2018 and includes laboratory data as well as
DPC information. The data sources, available data items, and anonymization status were obtained from
the websites of the respective databases8–12.
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Table 3
Japanese large-scale integrated databases and their characteristics

  JMDC Claima MDV
Databaseb

NDB Japanc MID-NETd

Characteristics
of the database

Information regarding
health insurance
claims and DPC
collected from
institutions through
standardized
procedures since
2005.

Claims
information,
DPC
information,
and laboratory
data collected
from
institutions
through
standardized
procedures
since 2008.

Claim
information on
medical
treatment,
dental
treatment,
medications,
and DPC.

Constructed in
2009.

Data of
subjects over
65-year-olds
are available.

Dataset
service has
been offered
since 2011.

Medical records,
health insurance
claims, and DPC
information.

Data from 23
medical sites
collected and
veri�ed.

Dataset service
has been offered
since 2018.

Data volume 5.6 million subjects

(as of June 2018)

2.8 million
subjects

(as of May
2019)

All Japanese
citizens (not
clearly
described)

4 million subjects

(as of November
2018)

Available data Information regarding
health insurance,
claims, DPC; medical
products’ information
coding; diagnosis;
number of patients;
complications;
surgery; medication
information; and
events.

Data from healthy
subjects are available.

Data are updated
monthly according to
pre-de�ned processes.

Information on
claims and
DPC and
laboratory data
are available.

Data updated
monthly
according to
pre-de�ned
processes.

Claim
information on
medical
treatment,
dental
treatment,
medications,
and DPC.

Use of NDB
Japan is
permitted for
evaluated
researchers
only.

NDB Open
Data Japan,
partial dataset,
is freely
available.

Demographic
data; hospital
visits/admissions;
disease and injury
diagnoses;
medical
treatment,
laboratory data,
results of
physiologic tests;
pharmacologic
data; and
medications.
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  JMDC Claima MDV
Databaseb

NDB Japanc MID-NETd

Number of
published
articles

185 articles published

(as of July 2019)

116 articles
published

(as of July
2019)

78 articles
publishede

(as of October
2020)

11 articles
published

(as of April 2020)

Anonymization? Anonymized Anonymized Subjects’
personal
information is
not available.
Anonymization
is up to the
individual
researcher.

Anonymized

JMDC: Japan Medical Data Center; MDV: Medical Data Vision; NDB Japan: National Database of
Health Insurance Claims and Speci�c Health Checkups of Japan; MID-NET: Medical Information
Database Network; DPC: Diagnosis Procedure Combination/Per-Diem Payment System (Japanese
medical payment framework).

aJMDC is provided by Japan Medical Data Center, Inc.8

bMDV is provided by Medical Data Vision Co., Ltd.9

cNDB Japan is provided by the Ministry of Health, Labour and Welfare of Japan10. NDB Open Data
Japan11.

dMID-NET is sponsored by the Pharmaceuticals and Medical Devices Agency of Japan12.

eThe article list of NDB Japan shows 119 items including technical reports and congress abstracts for
oral or poster sessions as well as published articles.

Health insurance companies transfer claims data derived at medical institutions to JMDC Claim
according to pre-de�ned procedures once a month. Similarly, MDV receives anonymized data from
medical institutions on a monthly basis; the data managers then check the data and update the
database. According to the MID-NET website, medical records and claims data are transmitted to the
Integrated Data Source of MID-NET through pre-de�ned procedures. The MID-NET system and data are
monitored and veri�ed at variable intervals.

The detailed data processing procedures for NDB Japan are not shown on the information website
offered by the Ministry of Health, Labour, and Welfare (MHLW)10. Although, the website states that the
use of the NDB Japan data is usually permitted for academic researchers only, MHLW does extract part
of the NDB Japan data to create a small dataset called NDB Open Data Japan, which is freely available
at the MHLW website11.

Discussion



Page 13/21

We investigated the data sources that have been used for conducting past non-interventional
observational studies in Japan. We also characterized four Japanese large-scale integrated EHR
databases by summarizing their data sources, available data, and anonymization status.

We found that non-interventional observational studies in Japan are mostly conducted by using data
stored at individual medical institutions or collected from several collaborating medical institutions. This
approach provides a limited volume of data, so such studies have a limited sample size. To increase the
sample size, researchers should consider using a disease registry, disease database, or large-scale
integrated EHR database. Such registries and databases have the advantage that the data are already
anonymized and cleaned.

Observational studies using large-scale databases are usually conducted retrospectively. However, we
found that 27.2% of the single-center studies, 46.2% of the multi-center studies, and 74.4% of the PMS
studies, identi�ed in the present study, were conducted prospectively. When a researcher focuses on a
new parameter as a study endpoint, they must take a prospective approach because no data for the
parameter is yet included in medical records at their medical institution or in integrated large-scale
databases. However, if the target parameter data is expected to be collected and added to EHRs and EHR
databases in the future, the researcher may wait for further data accumulation.

[insert Fig. 3 about here]

Based on our present �ndings, we developed a �ow diagram that can be used to assess the suitability of
a registry or database for use in a non-interventional observational study (Fig. 3). In this context, it is
crucial that the EHR database contains data related to the study endpoints, such as laboratory �ndings
and the treatments (exposures) the patients received. The database should also contain demographic
information as well as patients’ medication, surgery, and hospitalization histories. When the target
database lacks appropriate reference (comparison) population data, this information might be available
in other databases22, 23.

When planning a non-interventional observational study, it is helpful for researchers to know how a
database is constructed and what anonymization processes have been applied to the data. Appropriate
anonymization of data is important to adhere to current ethics and quality guidelines. Also, the database
should have been established through data-processing procedures that are satisfactorily explained and
reproducible. The database construction and data anonymization processes of JMDC Claim, MDV, and
MID-NET are explained on their websites8, 9, 12.

Having su�cient data to support an appropriate sample size is crucial to obtain robust outcomes. Even
when a potential database lacks a su�cient volume of data initially, a researcher might still consider
using the database when the data-processing approach is known and the volume of data is expected to
increase. If the patient follow-up period is too short to extract relevant data to cover the duration of the
intended study, researchers have the option of waiting for data updates to accumulate longer-term data.
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However, missing data might ultimately be unavoidable. For JMDC Claim database, data has been
collected since 2005. For MDV Database, since 2008. For NDB Japan, since 2009.

PMS studies are performed by taking a prospective approach to gather information about a new
medicinal product or medical device after it has been granted marketing authorization. Data related to
exposure to a new medicinal product is very limited in EHRs at the time when planning a PMS study, but
will be collected and added to EHRs at medical institutions and then collated into large-scale integrated
databases over time. If it is possible for a PMS researcher or sponsor to wait for the data to be
accumulated, they can use a large-scale database to conduct their study with less �nancial or human
resource costs. In fact, a researcher who intends to conduct a prospective study can use a large-scale
database by employing the tactic of waiting for data accumulation of the database. Prospective clinical
studies are rigidly managed, which usually means huge amounts of human and �nancial resources are
needed24, 25.

We acknowledge several limitations to the present study. First, we identi�ed the articles reporting
observational studies through PubMed search and database providers’ publication lists, instead of
accessing to clinical trial registration sites. That means we didn’t focus on all studies those have been
planned and initiated in Japan, but our analysis was based on information about completed and
published studies. Second, our group has not yet conducted an observational study using the EHR
databases evaluated in the present study; in the next phase of our research, we intend to conduct a study
using an appropriate EHR database. Finally, we do not discuss limitations regarding linking Japanese
EHR data stored on different platforms, such as the various health insurance databases.

Conclusion
Our analysis revealed that the non-interventional observational studies were mostly conducted using data
stored local at individual medical institutions or collected from collaborating medical institutions in
Japan. Disease registries, disease databases, and large-scale integrated EHR databases would enable
researchers to conduct studies with big sample sizes to provide robust data from which strong inferences
could be drawn. Using our �ow diagram, researchers planning non-interventional observational studies
should consider the strengths and limitations of each available database and choose the most
appropriate one to their study goals. Whereas observational studies using large-scale databases are
usually retrospective, a researcher, even planning a prospective study, can leverage a large-scale database
by employing the tactic of waiting for data accumulation of the database.
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KCHF: Kyoto Congestive Heart Failure; MDV: Medical Data Vision; MHLW: Ministry of Health, Labour, and
Welfare of Japan; MID-NET: Medical Information Database Network; NDB Japan: National Database of
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Figure 1

Overview of the construction of a large-scale, integrated, electronic health record (EHR) database White
parallelograms represent the data included in EHRs. Cylinders represent EHR databases. The dark
parallelogram represents the dataset provided to researchers who conduct non-interventional
observational studies.
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Figure 2

Results of our screening of observational studies in Japan
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Figure 3

Flow diagram for the assessment of the suitability of a registry or database for use in a non-
interventional observational study


