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1. Introduction

Real-world data (RWD) on patient health status or the deliv-
ery of health care are routinely collected from a variety of sources,
including electronic medical records (EMRs), claims and billing
databases, product and disease registries, and devices used in the
home by patients, including mobile devices. Real-world evidence
(RWE) regarding the clinical utility and potential benefits and risks
of a medical product can be derived via analysis of RWD.! Ex-
amples of real-world health and medicine data include National
Health Insurance claims data, hospital EMRs, cancer registry data,
and reports on adverse drug reactions.

Among them, data on national health insurance claims are pro-
vided for research purposes by the Health Insurance Review and
Assessment Service and the National Health Insurance Corporation.
In Korea, social insurance was made compulsory in 1977 and ex-
panded to all citizens in 1989. In addition to western medicine,
Korean medical services were added to the National Health In-
surance in 1987. Korea has a universal health insurance system
covered by the National Health Insurance. The insurance program
covers nearly 100% of the Korean population of approximately 50
million. The database contains individual beneficiary information
and healthcare information, such as diagnosis, procedures, pre-
scriptions, and type of institution or department. Claims data for
research are shared by two national institutes, i.e., the Korean Na-
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tional Health Insurance Service (NHIS) and Health Insurance Re-
view and Assessment Service (HIRA).

These administrative claims datasets have high completeness
for variables required for reimbursement and low completeness
for health screening records. The strengths of RWD studies include
cost-effectiveness due to the use of already existing data, efficient
long-term follow up, and generalizability to the entire population
(guaranteed external validity). A major strength of RWD studies is
the analysis of insurance or medical record databases comprising
data from thousands of patients with specific conditions. The avail-
ability of such data saves time by avoiding the need to enroll par-
ticipants in clinical trials or observational studies. RWD is partic-
ularly advantageous for research on diseases with low prevalence.
In addition, RWD can provide insight into non-licensed indications
and rare side effects of licensed drugs not revealed by clinical tri-
als?.

RWD studies also have limitations. Insurance claims data are
collected for the purpose of payment/reimbursement, which limits
the validity of definitions of terms such as disease, condition, and
comorbidity.®> Additionally, data is shared between agencies, lim-
ited laboratory results are available, and details of adverse events
and use of non-reimbursed medications cannot be detected. While
RWD provide information on the radiology/laboratory tests ordered
by physicians, the results may be confounded by factors that are
not captured by insurance claims. Incomplete data are also an is-
sue, and may be seen in the context of sensitive diagnoses, drug
dosages and information on pharmaceutical companies. As a mat-
ter of principle, institutions cannot disclose all of their data. Even
EMRs, which include test results, can be very difficult to obtain
from certain agencies due to policy issues, among other reasons.
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Fig. 1. The study design based on RWD.

A flowchart describing type of clinical research study designs and their categorization. Observational study is a sub-concept of analytical study, and cohort, case-control,
case-crossover, cross-sectional, and self-controlled case series study can be performed as detailed research designs of it.

Therefore, researchers are not always able to conduct sophisti-
cated randomized controlled trials using RWD. Nevertheless, RWD
are useful for retrospective cohort studies. For example, after be-
ing released to the market, RWD can be analyzed to identify side
effects of drugs, and the medical expenses associated with treating
certain diseases.

In this article, study designs based on RWD, strategies and tools
for ensuring high-quality data, and a procedure for conducting re-
search based on RWE, i.e,, using data from a health insurance cor-
poration, are discussed.

2. Study design based on RWD

A researcher wanting to use RWD to understand a topic can
perform a descriptive study as an initial step.* RWD are feasible for
use in retrospective, observational studies. Therefore, most stud-
ies with cohort, case-control, and cross-sectional designs can be
conducted using such data (Fig. 1.). Additionally, RWD provide ex-
cellent material for healthcare research®. In a cohort study design,
people who have a certain condition or receive a particular treat-
ment are followed over time, and compared to another group of
people who have not been exposed to the condition or treatment.
The claims data can be used in a cohort study to emulate a ran-
domized clinical trial, and a popular mechanism for adjusting for
perturbation is a propensity score (PS).

Case-control studies select people with the outcome of interest,
and do not follow them over time. Researchers select people with a
particular outcome (the cases) and ascertain their exposures based
on interviews or medical records. The odds of having an exposure
with the outcome are compared to the odds of having an expe-
rience without the outcome. For case-control studies, the claims
data can be used to compare the “cases,” i.e., people who experi-
ence the outcome of interest, and “controls,” i.e., people who did
not experience the outcome of interest.

The case-crossover design is similar to the case-control design,
except that controls and cases are the same individuals. Individuals
are considered controls before the development of disease. Stud-
ies may compare two or more treatments or interventions by ad-
ministering one treatment or intervention followed by switching to
another. In the case of two treatments (e.g., A and B), half of the
subjects are randomly allocated to receive treatment A followed by

B, and half to receive treatment B followed by A. This study design
is criticized because of the possibility that the effects of the first
treatment may continue into the period of the second treatment.

The cross-sectional study design involves observation of a de-
fined population at a single point in time or time interval. There-
fore, the exposure and outcome are simultaneously determined.
The self-controlled cohort design compares the rate of outcomes
during exposure to treatment to the rate of outcomes prior to
the exposure. The self-controlled case series design compares the
rate of outcomes during exposure to treatment (cohort A) to the
rate of outcomes during the unexposed interval (cohort B), before,
between, and after exposures. This method is vulnerable to con-
founding due to time-varying effects.

RWD can be analyzed during retrospective cohort studies s to
identify risk factors for a particular disease, or to establish a causal
relationship between a particular behavior and outcome. There are
some examples of ideas on research design; observational findings
in health care: prevalence/incidence of target disease, large-scale
evidence generation and evaluation, comparative effectiveness and
safety of treatment or tests, risk factors of target disease, associa-
tion between factor A and B, screening/pilot study of a pragmatic
or randomized clinal trials, longitudinal outcomes of target disease
or treatment, conducting/evaluation of a patient-level predicting
model for target disease, and treatment patterns for chronic co-
morbid conditions in patient with target disease. The data must be
processed appropriately in such studies.

3. Tools

Generally, research involves data preprocessing, analysis, and
visualization using tools optimized for different functions, which
may or may not be familiar to the researcher. Pre-processing of
large-scale EMR data can be performed with commercial programs
such as MS-SQL and Oracle database management systems, or us-
ing free programs such as My-SQL and PostgreSQL. Other tools can
be used depending on the hospital information system. After refin-
ing the data set, the researcher can analyze it using programs like
R, Python, and SAS. For the claims data provided by NHIS or HIRA,
the SAS Enterprise Guide was previously used as standard, but is
gradually being replaced by analysis programs such as R, Python,
and SPSS. Nevertheless, researchers should be familiar with the ba-
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A schematic flowchart describing data sharing process of two type of Korean health insurance claim database. 1%t step is that the researcher obtains intuitional review board
(IRB) approval. Participate in the data sharing review process in accordance with the procedures of each organizations. The procedures for the two institutions are almost
identical. However, in HIRA, consultation with the person in charge before the data request process is added.

sic data preprocessing functions of SAS Enterprise before perform-
ing further statistical analyses using more familiar programs.

4. Brief procedure for conducting research based on RWE

There are two main sources of health insurance claims data for
research purposes: the HIRA Big Data Hub and the NHIS Sharing
Service (Fig. 2.). To use the data from either of these sources, the
researcher must obtain intuitional review board (IRB) approval and
participate in a data-sharing review process.

Researchers should consider the particular characteristics of the
HIRA and NHIS databases when selecting a data source. The HIRA
database includes unit and cost price data that and can be accessed
via a remote server. These data are useful when cost analysis is
difficult. The NHIS database contains data on date of death and the
results of medical examinations. Since claims databases do not in-
clude medical test results, obtaining blood test and lifestyle-related
questionnaire data is important. In summary, the researcher should
select the most appropriate data source for the particular research
topic.

5. RWD in integrative medicine

Current RWD research has mostly focused on analyzing the cur-
rent level of reporting and using world-wide RWD-based signal
detection for adverse drug events. Additionally, effectiveness data
may be generated using claims data. However, a limitation of stud-
ies of integrative medicine using RWD is that only limited prescrip-
tion herbal preparations and treatments are covered by insurance.
Therefore, RWD were applied late to integrative medicine research,

but their use has increased gradually since 2010 RWD-based re-
search of claims in the field of integrative medicine has mainly fo-
cused on the use of medical services & 7, reimbursement costs®,
effects of acupuncture?, comparisons with medical care'?, and the
status of oriental medicine prescription'!. However, as previously
described, RWD-based research of claims should use various so-
phisticated research designs, which may help to generate evidence
that reduces costs and time.

6. Conclusion

When using large datasets comprising data of unknown origin
or quality for RWD studies, a lack of access to analytical tools for
non-experts, or a lack of researchers familiar with the most appro-
priate statistical methodologies, can lead to inaccurate or unreli-
able conclusions'?. Researchers conducting studies based on RWE
must preprocess claims data, which requires an understanding of
the origin of those data. Furthermore, a research design appropri-
ate for the research question must be used, along with optimal
analysis methods and data analysis tools. Lastly, collaboration with
experts in other fields may be necessary.
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