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Nationwide Population Science
Lessons From the Taiwan National Health
Insurance Research Database
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Large population-based studies can inform us on the preva-
lence, incidence, natural history, treatment, correlates, and as-
sociations of disease, as well as the pattern of health care uti-
lization. A special type of large population study encompasses

the population of an entire
nation. Advantages include
enormous sample size and
lack of selection and partici-

pation bias. These advantages are enhanced further when the
databases are rich in clinical, personal, and risk factor infor-
mation and when different pieces of information are linked to
permit joint analysis. Once the process for data accessing is es-
tablished, vast amounts of information can be obtained at mini-
mal cost, especially when additional collection and update of
information is carried out routinely for purposes inherent in
medical care and/or insurance coverage and reimbursement.

The Taiwan National Health Insurance (NHI) Research Da-
tabase is one of the largest nationwide population databases in
the world, covering approximately 23 million residents in
Taiwan.1 The NHI program was established in 1995 to deliver
universal coverage provided by a government-run, single-payer
compulsory insurance plan to centralize the disbursement of
health care funding. The program covered 99.0% of the island
population by 2004 and 99.5% of the population by 2010. Uni-
versal coverage reduces barriers to health care access for all citi-
zens, regardless of socioeconomic background and/or residen-
tial location. In 1997, the National Health Research Institute was
authorized to build the NHI Research Database to facilitate re-
search on health care utilization, health economics, and bio-
medical and behavioral research, as well as to provide informa-
tion guiding national health policy. Currently, the NHI Research
Database includes more than 26 data files containing informa-
tion on personal characteristics (sex, date of birth, place of resi-
dence, details of insurance, employment); family relationships;
details of clinical information, including date, expenditures, and
diagnosis related to both inpatient and outpatient procedures;
prescription details; examinations; and operations. Data are up-
dated biannually. Since 2003, the use of electronic medical rec-
ords has been mandated and standardized across 321 hospitals,
providing the foundation for digital health and data exchange.

By law, all Taiwan residents have a unique personal iden-
tification number that is used also for tax returns, bank ac-
counts, and all transactions. Thus, NHI Research Database data
are linkable to multiple national databases maintained by other
departments, including registries of births, deaths, house-
holds, immunizations, cancer, reportable infectious dis-
eases, and environmental exposures. This identification is also
linked to the national immunization information system and

mass population-based screening for cancers of the oral cav-
ity, colon, cervix, and breast, as well as myopia and urine
screenings and regular examinations in school children, new-
born screening, the rare disease and suicide registries, the Tai-
wan Pathogenic Microorganism Genome Database, and the
blood donor registry. A health cloud is currently being built that
will eventually further facilitate data linkage among various
registries, databases, and departments. In addition, Aca-
demia Sinica is establishing a biobank of more than 200 000
residents; the data in the biobank will be linked with NHI Re-
search Database data. With such extensive linkage, privacy is
protected through laws that dictate encryption of the unique
personal identification number (23 digits) and strict proce-
dures for data access and human subject review. To date, no
breach or leak is known to have occurred.

Since 1995, several large data centers have been established
in academic universities in Taiwan to mine the NHI Research
Database. More than 2016 articles had been published by mid-
2014 (http://nhipapers.idv.tw/healthdata/advance_ch.php),
including studies of drug adverse effects and risk of disease
(n = 163), drug safety and efficacy (n = 131), drug prescription
and utilization patterns (n = 169), clinical presentation (n = 117),
prognosis and health outcomes research (n = 682), cost-
effectiveness and health economics (n = 90), health services re-
search (n = 81), health care utilization (n = 220), methodology
(n = 46), ecologic correlation (n = 46), and risk factor analysis
(n = 56), as well as descriptive studies (n = 215) and studies of
other topics.2-4 Productivity is rapidly accelerating, with more
than 430 studies published in 2013. The large and longitudinal
nature of the data (nearly 20 years of follow-up data of the en-
tire population) permits a wide range of study design, includ-
ing cross-sectional, case-control, and retrospective and prospec-
tive cohort analyses, as well as family studies (family members
can be linked through parents’ identification numbers on birth
certificates). The large sample size provides opportunities for
the study of rare conditions. For example, in this issue of JAMA
Internal Medicine, Kuo et al5 identified 18 283 patients with sys-
temic lupus erythematosus (SLE) and their family members, in-
cluding parents, siblings, and twins, to estimate SLE heritabil-
ity, risk for specific family members, and relationships with other
autoimmune diseases. Typically, SLE studies include up to a few
hundred cases, and even large consortia, such as those conduct-
ing genome-wide association studies, usually include no more
than several hundred to several thousand cases.

Some other countries (Japan, Korea, and Scandinavian
countries [eg, Sweden and Denmark]) also have national da-
tabases with associated record linkage capacity. However,
relative to Taiwan, the population size for Scandinavian
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countries is small. For Japan and Korea, cross-linkage of reg-
istries is not as comprehensive. The Table shows some main
features of the national databases in Taiwan, Sweden, and
Korea. Biobank components from these national databases
are limited. Several other countries, including China and
those of the United Kingdom, have started large biobanks
that store biological samples from more than half a million
individuals.6,7

In the United States, the Department of Veterans Affairs,
Medicare, Medicaid, or health maintenance organizations (eg,
Kaiser Permanente) also have large databases but are more lim-
ited in scope and underrepresent minority and underserved
populations. Although several biobanks and biorepositories ex-
ist, there are many challenges for the United States in devel-
oping a nationwide database, including nonsharing multiple
payer systems and health care professionals and electronic
health record systems with firewalls. It is unclear whether the
2010 Affordable Care Act can help drive the process toward a
national system of real world data.

Given the extensiveness of the Taiwan database and its abil-
ity to answer a wide variety of questions, should we abandon
all other data collection efforts and await the definitive an-
swers from this national treasure? No. Most obviously, the data
reflect the genetics, health practices, disease patterns, and so-
cial and medical practices of the Taiwanese. Many factors can

vary among different countries and ethnicities. The preva-
lence of lactose intolerance, prevalence of hepatitis B, and pro-
vision of universal health insurance are just a few examples
of things that we know are different in Taiwan and would limit
generalizability of the findings. More broadly, as with all ob-
servational studies, nonexperimental results cannot prove cau-
sality. Nationwide observational studies assessing medica-
tions, procedures, and diet are particularly prone to bias by
indication in estimating treatment effects. Only randomiza-
tion can produce groups that are equivalent on measured and
unmeasured factors. In this regard, nationwide databases may
also offer opportunities to incorporate data in randomized
trials. These trials would benefit from the extensive, routine
collection of data and outcomes for trial participants in these
linked national databases.

We look forward to continuing to learn from the Taiwan
NHI Research Database and other national databases. Strin-
gent quality control is critical to ensure data validity and mini-
mize missing data. Centralized planning of the research agenda
may be important to avoid fragmentation of analytic efforts
or redundant or minimally informative findings. Ultimately,
the value of large national databases will depend on the cre-
ativity and novel hypothesis, sound study design, and adher-
ence to epidemiologic principles, as well as careful execution
of the studies by researchers.

Table. Comparison of Some Nationwide Research Databases

Characteristic Taiwan Sweden Korea
Year started 1995 1955 1989

Size, million 23 10 50

Single payer Yes Yes Yes

National health insurance data

Inpatient Yes Yes Yes

Outpatient Yes Yes Yes

Pharmacy data Yes Yes Yes

Over-the-counter drugs No No No

Chinese medicine Yes No Yes

Clinician information Yes Yes No

Hospital information Yes Yes No

Linkage to other databases

Registry

Household Yes No No

Birth certificate Yes Yes Partial (date of birth, no information on
parents or place of birth)

Death certificate Yes Yes Yes

Cancer Yes Yes Partial (through text mining)

Immunization record Yes No Partial (through text mining)

Reportable infectious disease Yes No No

Population-based mass screening program Yes No Partial (if related to insurance)

Myopia registry Yes No No

School children urine survey Yes No No

Adult preventive care servicea Yes No No

Neonatal screening for congenital adrenal
hyperplasia

No Yes No

Multigeneration registry Possibleb Yes No

Biobank Being
collected

Being
designed

No

a Biomarker data (eg, cholesterol
levels) are available on 2 million
individuals.

b Registry data would be obtainable
through linkage with unique
personal identification numbers.
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