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Abstract: This review introduces the National Hospital Organization (NHO) database in Japan. The NHO has maintained two
databases through a system of data collection from 140 hospitals in the NHO. National Hospital Organization Clinical Data Archives
(NCDA) is collecting clinical information in real time from the electronic medical records since January 2016, and Medical
Information Analysis (MIA) databank is collecting daily insurance claims data since April 2010. The NHO database covers more
than 8 million patients in 140 hospitals throughout Japan. The database consists of the information of patient profiles, hospital
admission and discharge, diagnosis with ICD-10 codes, text data from medical chart, daily health insurance claims such as medical
procedures, medications or surgeries, vital signs and laboratory data, and so on. The NHO database includes a wide variety of diseases
and settings, including acute, chronic and intractable diseases, emergency medical services, disaster medicine, response to emerging
infectious disease outbreaks, medical care according to health policies such as psychiatry, tuberculosis, or muscular dystrophy, and
health systems in sparsely populated non-urban areas. Among several common diseases, the database has representativeness in terms
of age distribution compared with the Patient Survey 2017 by the Ministry of Health, Labour and Welfare. Interested researchers can
contact (700-dbproject@mail.hosp.go.jp) the NHO database division to obtain more information about the NHO database for
utilization.

Keywords: National Hospital Organization in Japan, real-world data, big data, diagnosis procedure combination, DPC, validation,
database, linkage

Introduction

National Hospital Organization

The National Hospital Organization (NHO) has 140 hospitals throughout Japan with approximately 52,000
hospital beds (Figure 1). The NHO provides ordinary acute care and emergency medical services, as well as
disaster medicine, response to emerging infectious disease outbreaks, policy medicine such as psychiatry,
tuberculosis, and muscular dystrophy, and health systems in sparsely populated non-urban arecas. The NHO
functions as a core hospital that provides primary to advanced medical care in each region, regardless of whether
it is an urban or suburban area. The NHO also covers treatment of intractable diseases that are difficult for
private hospitals to make a profit from, thus functioning as a fortress to protect the health of residents in each

region.
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Figure | Distribution of 140 hospitals in the National Hospital Organization all over Japan. The locations of some representative million cities are also indicated on the map.

National Hospital Organization Clinical Data Archives (NCDA) and Medical
Information Analysis (MIA) Data Bank

The NHO headquarters has established and maintained two databases: the first is the National Hospital Organization
Clinical Data Archives (NCDA), which collects real-time clinical information from the electronic medical records of
NHO hospitals. The information of the NCDA has been collected since January 2016 including information related to
clinical settings obtained from the Standardized Structured Medical Record Information Exchanged (SS-MIX) standar-
dized storage.! The second is the Medical Information Analysis (MIA) data bank, which collects daily insurance claims
information. The MIA data bank started in April 2010 and collects insurance claims information, including the payment
system by case-mix and diagnosis-related group (DRG) of diagnosis procedure combination/Per-Diem Payment System
(DPC/PDPS).> " The DPC data in Japan is a dataset that has been diversely used in hundreds of clinical epidemiological
studies over a wide range of subjects, such as internal medicine,* ' surgery,'® emergency medicine,'*'® psychiatry
medicine,'” geriatrics,'® and so on. These two databases can seamlessly link patient information and are used not only for
clinical epidemiological research, but also for other purposes and analyses such as clinical quality indicators, analysis of
hospital care or financial management, and so on. In the case of a COVID-19 pandemic or influenza pandemic, the
databases are utilized to provide timely information to the Ministry of Health, Labour and Welfare (MHLW) and the

National Institute of Infectious Diseases.'’

Data Coverage

In March 2021, the NHO database collects data from 140 hospitals with more than 8 million patients with 10 years of
follow-up (Table 1). Data quality checks and database construction are performed by the Information technology
department within the NHO. The multicentre, long-term data brings epidemiological relevance for detailed investigation,
which is especially important for the study of rare exposures and diseases. Patients with a history of consistent visits to
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Table | Patient Demographic in NHO Database

NHO Database Year 2010-2019

N (%)

NHO Database Year 2017

N (%)

Patient Survey 2017%

N (%)

Total patients

8,341,977

2,098,183

63,727,000

Men

3,944,721 (47.3%)

973,923 (46.4%)

26,645,000 (41.9%)

Women

4,397,256 (52.7%)

1,124,260 (53.6%)

36,918,000 (58.1%)

Age in 2017

<19

292,588 (13.9%)

4,960,000 (7.8%)

19-39

225,913 (10.8%)

5,677,000 (8.9%)

40-74

1,006,392 (48.0%)

32,221,000 (50.6%)

75 and more

573,290 (27.3%)

20,869,000 (32.7%)

Major diseases

Ischemic heart diseases

581,988 (7.0%)

155,459 (7.4%)

722,000 (1.1%)

Cerebrovascular diseases

543,665 (6.5%)

153,961 (7.3%)

1,115,000 (1.7%)

Malignant neoplasms

925,934 (11.1%)

317,025 (15.1%)

1,782,000 (2.8%)

Diabetes mellitus

939,548 (11.3%)

303,010 (14.4%)

3,289,000 (5.2%)

Dementia

257,454 (3.1%)

57,551 (2.7%)

704,000 (1.1%)

Notes: "The Patient Survey 2017 by the Ministry of Health, Labour and Welfare in Japan results publish the number of patients rounded to the nearest thousand.

NHO hospitals for more than 1 year have a median follow-up of 4.17 years, and a maximum follow-up of 10 years,
allowing for the study of diseases with long latency periods and long-term outcomes. Japan has adopted a universal
health insurance system where all Japanese and foreign nationals residing in Japan are mandated to join. This provides
equal access to medical care to all citizens regardless of region or income, and the NHO database includes broad range of
patients, regardless of their social background.

Data Governance, Practice, and Patient Confidentiality

NHO strives to operate within Japanese laws and guidelines to protect confidentially. To protect patient confidentiality,
patient identifiers are securely stored in the security room. Engineers are in charge of extracting the data in the security
room, anonymizing the data, and handing it over to the researchers. Researchers cannot access the database directly.
These processes ensure the anonymity and security of the information.

Funding Sources of NHO Database

The NHO database is developed and operated by the National Hospital Organization with its own funds.

Ethics for Researches Using NHO Database

For researchers who wish to use and analyze individual patient-level data in the NHO database, research proposals
should be submitted to be reviewed by the Institutional Review Board (IRB) in the NHO Headquarters or each hospital.
The IRB in the NHO includes external experts and covers a wide range of disciplines, including law, humanities, social
sciences, statistics, and medicine, to ensure a multidisciplinary review of ethical validity. Although individual informed
consent is not required to conduct the study due to the anonymized data, the research plan will be published on the NHO
website and patients will be guaranteed the opportunity to opt out. In addition, the detailed dataset definition regarding
the research has to be reviewed by the Review Board for Data Utilization in the NHO Headquarters whether the data
content is appropriate according to the study protocol.
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Details of NHO Database
Data Types and Contents

The data in the NHO database have insurance claims and clinical information with timestamp, covering many types of
facility-level and patient-level characteristics (Table 2): diagnosis, medical procedures, medications, laboratory test,
culture test, hospital admission and discharge, severity of diseases, etc. The most significant feature of the NHO database
is that information entered on the electronic medical record is collected in real time, allowing for analysis of the latest
hospital and patient information.

The diagnosis and code with the International Statistical Classification of Diseases and Related Health Problems 10th
Revision (ICD-10) and the Japanese claims code are also accompanied by a record of the disease’s start date. The
medical procedures defined by the Japanese reimbursement system, such as ICU admission and invasive ventilators, are
recorded in the database on a daily basis and the start and end dates, and duration of medical practices can be counted.
Especially, laboratory tests and culture tests are also recorded with the timestamp of ordering and performing tests,
submitting specimens, running tests, and reports of the results. Patient outcomes include a wealth of information, such as
death, length of stay, cost, and discharge destination. The NHO database does not collect the types of data with the
intention of specific research purposes, such as self-reported survey data or genotype data.

Data Linkage

The NHO data are available at both the patient and hospital levels, depending on the purpose. Since the patient data are
anonymized, data linkage at the patient level with the external database is not possible. However, data linkage at the hospital level
is possible, with established linkages to public data such as the Patient Survey and the Survey of Medical Institutions by the
Ministry of Health, Labour and Welfare, and demographic statistics. It is also possible to link the location information at the
patient or the hospital level, including zip codes and routes, to broad areas on the map that do not identify individual patients.

Frequency of Data Collection

The data is collected from each hospital to the NHO headquarters. Claims information is collected monthly and the
electronic medical records in real time via the internal secure network in the NHO. The collected data is built by
a specialized information department and made available to researchers.

Table 2 Summary of Data Collected in NHO Database

Category Data Element

Facility information Number of beds, Address, Facility type etc.

Patient profile Gender, Birth date, Height, Weight, Activity of daily living, Address, Postal code, etc.

Hospitalization Date of hospital admission and discharge, Outcome, Admission path, Discharge destination, Ambulance transport, etc.
Diagnosis Onset date, disease name and codes based on ICD-10 and Japanese insurance claim: Main disease, Disease triggering

admission, Comorbidity at hospital admission, Complications among hospitalization, Most and Second most resource-

using disease

Severity of diseases JCS, mRS, SOFA score, A-DROP scoring systemT, Killip classification, etc.

Medical practice Procedures, Medications, Surgeries, Rehabilitation etc. with date of creation and performed, quantity, cost, and duration,
etc.

Meal Date and content

Examination Laboratory test, Blood pressure, Heart rate, Body temperature, Respiratory rate, Oxygen saturation, etc.

Medical chart Chart by physician and nurse, discharge summary

38,39

Notes: TA-DROP scoring system is a modified version of CURB-65 developed by the Japanese Respiratory Society
Abbreviations: ICD-10, International Statistical Classification of Diseases and Related Health Problems |0th Revision; JCS, Japan Coma Scale; mRS, Modified-Rankin Scale;
SOFA, sequential Organ Failure Assessment score.
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Data Quality

The NHO has specialized engineers who constantly check the data registration status, and if omissions or delays occur,
will contact the hospital personnel and assist the hospital until the data is registered correctly. In addition, since the
claims data is submitted to the insurer or the government, the data is checked for errors through an error checking system
to ensure there are no input errors.

Data Resource Use
Validation Study

The NHO database is an invaluable source for clinical epidemiology and conducting observational studies. However, as
with other hospitals in Japan, the data in the NHO database itself is billing and clinical information obtained from
routine practice and is not originally intended for use in clinical research. Classification bias can occur when non-
sensitive or unspecific tests, or incorrect variables of diagnostic criteria are used. Therefore, some validation studies for
the NHO database have been conducted, and new studies are currently still ongoing. Since the information in the NHO
database can link to the medical charts in the NHO hospitals at the patient level, several validation studies were
conducted. In the validation study of diagnosis, procedures, and laboratory results in the NHO database with chart
reviews, the primary diagnosis had sensitivity of 78.9% and specificity of 93.2%, respectively.”’ Imai et al described the
validity of detecting previously resolved hepatitis B virus infection in the NHO database with the chart review as the
golden standard, with the positive predictive value (PPV) of 85.8%.%' In addition, the validation study of comparison
with the procedure-based and the diagnosis-based identifications of severe sepsis and disseminated intravascular
coagulation in administrative data was conducted.?® This validation study showed that the procedure-based algorithm
is more sensitive than the diagnosis-based algorithm and has the potential to improve the likelihood of disease
identification from the NHO database. Most recently, developing regression model-based event detection and validation
could identify postsurgical infections from the routinely-collected DPC data in the NHO database on a cut-off score with
C-statistic of 0.885, sensitivity of 92% and specificity of 72%, and on another cut-off score with sensitivity of 75% and
specificity of 91%.%

Published Works

The NHO database has been used for many other clinical epidemiology studies as well as validation studies: predictors of
survival in the elderly after cardiopulmonary resuscitation,*® risk stratification for physical morbidity associated with
atypical antipsychotic treatment in Parkinson’s disease,”” activities of daily living after hip fracture surgery in elderly
patients with spinal anesthesia,”® and a comparison of walking ability between peripheral nerve block and local
infiltration analgesia after knee joint replacement surgery.”’

Equalization of Medical Practices

To maintain and improve the quality of daily clinical practices with equality among all 140 hospitals in the NHO, the NHO
headquarter is providing the clinical indicators in various processes and outcomes by calculating the clinical indicator’s values
from the NHO database based on evidence-based guidelines.”®=° For example, some medical practices such as the proper
usage of anticancer drugs or anticoagulation, are based on several evidences and adopted in the guidelines. If the recommen-
dations are not followed in daily clinical practice and the medical treatment is carried out as desired, evidence-based
evaluations will not be possible. In that case, even if database records are used in observational studies, it may be difficult
to compare them with previously published studies based on the evidence. When the value of the clinical indicator has an
outlier, the NHO Headquarters provides supportive information to the hospitals for detecting the reasons.

Strengths and Weaknesses of NHO Database
Strengths

Strengths of the NHO database as a research resource include basic patient attributes and diagnoses, medical practices,
detailed laboratory tests and culture tests, and multicentre data collection from 140 hospitals on daily basis.
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Breadth of data

As a national hospital, it provides a uniform medical system throughout Japan. The NHO database covers a wide range of
diseases, from general diseases to policy medicine, intractable diseases, and rare diseases such as muscular dystrophy, severely
multiple handicapped children, intractable neurological diseases, tuberculosis, and AIDS. In addition, electronic medical record
information is linked to insurance claim information, which can be used for research on treatment effects and costs. It is one of the

few large and continuous databases that can be used for researches at various levels: individual, hospital, regional, and national.

Representativeness and focus of NHO database

In Table 1 and Figure 2, compared with the Patient Survey 2017,*° the NHO database has representativeness in terms of

the age proportion, and has focus on the acute care and severe diseases among the five major diseases defined by the

A Ischemic heart diseases B Cerebrovascular diseases
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Figure 2 Comparison of age distribution of patients between Patient Survey 2017 and NHO database in 2017 among the five major diseases: (A) Ischemic heart diseases,
(B) Cerebrovascular diseases, (C) Malignant neoplasms, (D) Diabetes mellitus, (E) Dementia.
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Ministry of Health, Labour and Welfare: ischemic heart diseases (ICD-10 code: 120-125), cerebrovascular diseases (160—
169), malignant neoplasms (C00—-C97), diabetes mellitus (E10-E14), dementia including vascular dementia (FO1) and
Alzheimer’s disease (F03). The patient number and proportion of the five major diseases stratified by age had very
similar patterns of age distribution between the NHO database and the Patient Survey 2017 (Figure 2). However, when
comparing the disease distribution, the NHO has a very higher proportion than the Patient Survey in the year 2017
(Table 1): ischemic heart diseases (NHO, 7.4% vs Patient Survey, 1.1%), cerebrovascular diseases (7.3% vs 1.7%),
malignant neoplasm (15.1% vs 2.8%), and diabetes mellitus (14.4% vs 5.2%). Since the Patient Survey covered clinics
and various types of hospitals throughout Japan, including many minor illnesses that do not require hospitalization, such
as the common cold. Comparing proportions of the five major diseases with the Patient Survey shows that the NHO
hospitals focus on acute and severe illness. For example, NHO’s percentage of cancer patients is far greater than the
patient survey. This is due to the presence of 35 of NHO’s 140 hospitals (including 3 cancer centers) that coordinate
cancer care in the region. The NHO also covers medical care for intractable diseases, and covers 68.8% of muscular
dystrophy patients (ICD-10 code G710) who visit hospitals and clinics, as estimated from the Patient Survey 2017.°

Weaknesses

Missing Data

As for claims data, missing measurements are few because checks are carefully performed for medical fee billings.
However, the claims data sometimes contain erroneous entries for clinical information such as patient profiles or patient
status. In addition, codes indicating “unknown” are sometimes selected. Our previous validation study showed the
validity of diagnoses, procedures, and laboratory data in the NHO database.”’ The primary diagnoses in the NHO
database had a specificity exceeding 96% and a sensitivity of 78.9%. The 10 common procedures of the NHO database
had over 90% in both specificity for nine procedures and sensitivity for six procedures.’® Although the validation study
showed 95% of agreement between the NHO database and chart reviews,?® there may be incorrectly entered or omitted
vital data. When analyzing data, careful examination of the proportions and patterns of missing values may be necessary
to make missing imputation.

Facility-Based Data

The data are created in each hospital. Therefore, the information out of the hospitals are not recorded. Social aspects
related to health, such as social support, family structure, use of over-the-counter medications, income, and education
level, are not recorded. There are some missing patient groups, such as uninsured patients and those who receive self-pay
treatment or uninsured care. However, the proportion of uninsured patients is very small in Japan’s universal health
insurance system.

General Issues of EHR and Challenges in NHO

Epidemiological studies using electronic health records (EHRs) data still generally have several weaknesses and over-
arching challenges, not only in the NHO database: validity of data, representativeness, data availability and interpreta-
tion, and missingness.*'* For example, as noted in the previous section, hospital EHRs do not contain information on
medical care provided outside the hospital. As a solution to this problem, based on the “Next Generation Medical
Infrastructure Law” (official name “Act on Anonymized Medical Data That Are Meant to Contribute to Research and
Development in the Medical Field”) which was legislated in 2018, the project has been initiated to expand the capability
of the data resources by the linkage of the EHR data from the NHO database and the clinics across the country held by
the Japan Medical Association. This collaboration will enable more consistent analyses of patient data and is expected to
contribute to new medical discoveries.

Conclusion

The NHO database accumulates real-world data based on medical care at 140 hospitals across the country, and is used for
many clinical studies. In recent years, many diverse medical information data resources exist in Japan that can be used
for research.** 7 For example, Biobank Japan, which has collected hundreds of thousands of serum samples and clinical
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information on diseases, is an example of other large-scale data resources.’®>’ Each of these medical information
databases has a different focus and layers of granularity, from the societal to the molecular level. In the future, increased
collaborations of data resources with different characteristics can be expected to yield new scientific findings, and it is
important that their use be accompanied by ethical protections. In Japan, as in many other countries, many issues remain
to be resolved in the future, such as laws, social consensus, ethical considerations, procedures, and technology, in order to
achieve linkage and utilization of diverse data resources. As these issues will be resolved and data are properly utilized in
the future, more diverse scientific outcomes will be achieved, from the individual level, such as tailor-made medicine, to
the societal level, such as policy evidence.

Data Resource Access
Access to patient-level data is provided by the NHO for health research purposes and is dependent on the research
protocol approved by the NHO’s ethical review committee.

Researchers who desire to use this data must plan their research in accordance with the Ministry of Health, Labour and
Welfare’s guidelines for medical research. Careful consideration must be given to the ethics of the research design,
protection of patients’ personal information, and access and preservation of data to ensure that patients' rights are
protected in conducting research. The NHO can provide collaboration and support for data coding and consultation by
the NHO researchers and professional information technicians to ensure that the data is fit for purpose. For more
information about applying to use the NHO database, please contact the Database planning division, Information
technology department of the NHO by e-mail (700-dbproject@mail.hosp.go.jp).
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