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Recently, medical research using big data has become very popular, and its value has become increasingly recognized. The Korean 
National Health Information Database (NHID) is representative of big data that combines information obtained from the Na-
tional Health Insurance Service collected for claims and reimbursement of health care services and results obtained from general 
health examinations provided to all Korean adults. This database has several strengths and limitations. Given the large size, vari-
ous laboratory data, and questionnaires obtained from medical check-ups, their longitudinal nature, and long-term accumulation 
of data since 2002, carefully designed studies may provide valuable information that is difficult to obtain from other forms of re-
search. However, consideration of possible bias and careful interpretation when defining causal relationships is also important be-
cause the data were not collected for research purposes. After the NHID became publicly available, research and publications 
based on this database have increased explosively, especially in the field of diabetes and metabolism. This article reviews the histo-
ry, structure, and characteristics of the Korean NHID. Recent trends in big data research using this database, commonly used op-
erational diagnosis, and representative studies have been introduced. We expect further progress and expansion of big data re-
search using the Korean NHID.

Keywords: Database; Diabetes mellitus; Korea; Metabolism; National health programs

Review 
Others

https://doi.org/10.4093/dmj.2022.0193
pISSN 2233-6079 · eISSN 2233-6087

Diabetes Metab J 2022;46:552-563

Corresponding author: Seung-Hwan Lee  https://orcid.org/0000-0002-3964-3877 
Division of Endocrinology and Metabolism, Department of Internal Medicine, Seoul St. 
Mary’s Hospital, College of Medicine, The Catholic University of Korea, 222 Banpo-
daero, Seocho-gu, Seoul 06591, Korea 
E-mail: hwanx2@catholic.ac.kr

Received: Jun. 6, 2022; Accepted: Jun. 30, 2022

INTRODUCTION

In recent years, big data analysis has become one of the main-
stream areas of medical research. Since studies using big data 
have both strengths and limitations, they provide important 
insights that cannot be achieved by other forms of research. 
However, some possibilities of bias and caution in interpreta-
tion need to be acknowledged. The Korean National Health 
Information Database (NHID), which contains a nationwide 
claims database and health examination data, represents the 
Korean population and has become an attractive source of re-

search in various fields. In this review, we describe the charac-
teristics of the Korean NHID and provide an overview of re-
cent trends in research related to diabetes.

HISTORY OF NATIONAL HEALTH 
INSURANCE SERVICE AND HEALTH 
EXAMINATION

The Medical Insurance Act was enacted in 1963 in Korea. At 
that time, the medical insurance society could be established 
voluntarily at an industrial establishment with 300 workers or 
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more. Through several amendments, medical security for the 
entire population was achieved in 1989. The National Health 
Insurance Act, which was enacted in 1999 and enforced in Jan-
uary 2000, integrated all insurers into a single insurer (Nation-
al Health Insurance Corporation [NHIC]) and established an 
independent organization for health care review and evalua-
tion (Health Insurance Review Agency—currently the Health 
Insurance Review & Assessment Service [HIRA]) [1].

The implementation of health examinations for public offi-
cials, faculty and staff of private schools, and policyholders 
within the medical insurance corporation began in 1980. In 
the 1990s, screening for specific types of cancer was imple-
mented and expanded to include public officials, faculty and 
staff of private schools, workplace policyholders, regional poli-
cyholders, and their dependents. Through legislation and 
promulgation of the Framework Act on Health Screening in 
2008, the target diseases for general health screening were es-
tablished, and the list of items included in the screening test 
was improved in 2009. General health screening for regional 
household members and dependents was expanded to include 
people aged 20 years or older in 2019 [2].

The NHID refers to big data combining information ob-
tained from the National Health Insurance Service (NHIS) and 

health examinations. It includes qualification, insurance rate, 
medical check-up results, treatment details, elderly long-term 
nursing insurance data, clinic status, registered information on 
cancer and rare diseases, etc. This database was established in 
2011, and a sample cohort database was established in 2012 [3].

OPERATIONAL STRUCTURE OF THE 
NATIONAL HEALTH INSURANCE SYSTEM

The NHIS and HIRA are under the supervision of the Ministry 
of Health and Welfare, which plays a role in the formulation and 
implementation of policies. The NHIS is a non-profit organiza-
tion and a single insurer that manages the system in Korea. They 
are responsible for (1) managing the qualifications of insured 
individuals and their dependents; (2) imposing and collecting 
contributions; (3) paying healthcare service costs to healthcare 
service providers; and (4) purchasing health screening. Health 
service providers claim reimbursement of corporations’ share of 
healthcare service costs to the NHIS and HIRA and receive co-
payment from insured individuals. The HIRA evaluates the ad-
equacy of healthcare service costs by reviewing medical billing 
and claims and announces the review results to the NHIS and 
healthcare service providers (Fig. 1). The contribution of an em-

Fig. 1. Operational structure of National Health Insurance System (NHIS). Reproduced from Kim et al. [4]. HIRA, Health Insur-
ance Review & Assessment Service.
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ployee to the NHIS is determined based on wages, and that of a 
self-employed person is calculated from age, gender, household 
income, property, and owned vehicles. National Health Insur-
ance, Medical Aid, and Long-term Care Insurance are the main 
health care programs that universally cover the Korean popula-
tion. Approximately 97% of the population is enrolled in the 
National Health Insurance program, and 3% of the population 
is covered by medical aid programs [1,4,5].

HEALTH SCREENING POLICY

Health screening is performed to improve the health of citizens 
and reduce health care costs through the prevention of cardio-
vascular and cerebrovascular diseases and early detection of 
major cancers. Heads and members of regional policyholders 
aged 20 years or older are recommended to undergo health 
screening once every 2 years. All employees engaged in office 
work and employee dependents are also recommended to un-
dergo health screening once every 2 years. Employment-based 
policyholders engaged in non-office work must undergo 

health screening annually [2]. Cancer screening includes tests 
for stomach, liver, colorectal, breast, cervical, and lung cancers. 
The starting age of screening and test intervals is different for 
different types of cancers. All fees for general health screenings 
were charged to the NHIC. For cancer screening, 90% was 
charged to the NHIC, and 10% was co-paid by the examinee. 
However, all fees for medical aid beneficiaries are charged to 
national or local governments [2]. The number of participants 
who underwent health screening in the last 10 years is shown 
in Table 1. The number of eligible individuals and actual exam-
inees has increased gradually, and approximately 15 million 
people participate in health examinations every year. The rate 
of general health screening was approximately 75% in the last 
10 years but 67.8% in 2020 [6], possibly due to the coronavirus 
disease 2019 (COVID-19) pandemic.

TYPES AND VARIABLES COMPRISING NHID

There are two types of research databases. A customized data-
base refers to health information data collected, managed, and 

Table 1. Number of eligible individuals and actual examinees of health examination in recent 10 years

Variable 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

No. of eligible individuals 15,249,528 15,673,188 15,775,891 16,456,214 17,356,727 17,633,406 17,818,302 19,593,149 21,716,582 21,446,220

No. of actual examinees

Total no. (%) 11,070,569 
(72.6)

11,419,350 
(72.9)

11,381,295 
(72.1)

12,301,581 
(74.8)

13,213,329 
(76.1)

13,709,413 
(77.7)

13,987,129 
(78.5)

15,076,899 
(76.9)

16,098,417 
(74.1)

14,544,980 
(67.8)

Sex

   Men 6,117,787 6,277,362 6,258,804 6,716,277 7,152,110 7,360,929 7,470,196 8,106,914 8,395,046 7,659,607

   Women 4,952,782 5,141,988 5,122,491 5,585,304 6,061,219 6,348,484 6,516,933 6,969,985 7,703,371 6,885,373

Age, yr

   ≤19 22,066 25,852 30,395 28,855 27,898 27,698 25,498 21,548 16,162 13,126

   20–24 292,806 289,877 310,544 320,157 331,153 348,864 340,926 337,873 544,396 525,980

   25–29 959,981 861,405 879,338 886,824 906,928 974,937 972,343 1,008,398 1,144,773 1,095,797

   30–34 1,161,993 1,181,946 1,206,389 1,232,766 1,271,907 1,203,259 1,166,903 1,195,162 1,340,699 1,235,064

   35–39 1,070,355 1,083,236 1,020,708 1,139,037 1,193,888 1,231,963 1,267,513 1,335,464 1,385,978 1,209,388

   40–44 1,238,902 1,274,646 1,304,791 1,330,964 1,446,585 1,426,743 1,411,857 1,839,238 1,919,130 1,656,855

   45–49 1,329,572 1,361,423 1,371,396 1,512,407 1,653,299 1,729,097 1,751,848 1,732,167 1,767,840 1,520,351

   50–54 1,661,191 1,759,631 1,647,344 1,801,231 1,885,250 1,895,002 1,907,258 1,965,960 2,055,588 1,848,045

   55–59 1,062,443 1,152,283 1,204,758 1,337,416 1,492,845 1,586,881 1,644,551 1,662,173 1,648,391 1,497,048

   60–64 972,055 1,053,108 1,004,503 1,162,690 1,285,409 1,456,209 1,551,359 1,597,421 1,780,520 1,614,717

   65–69 333,237 322,477 318,096 362,290 451,578 455,019 490,695 868,891 860,339 900,574

   70–74 594,159 648,373 638,440 684,102 687,162 756,759 764,036 778,593 850,860 757,803

   75–79 226,827 245,203 267,378 293,277 334,352 343,885 387,835 416,163 414,459 372,947

   80–84 114,366 128,812 139,344 165,798 193,357 217,859 241,803 253,020 292,102 234,836

   ≥85 30,616 31,078 37,871 43,767 51,718 55,238 62,704 64,828 77,180 62,449
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maintained by the NHIC to be modified as requested for poli-
cy and academic research. The sample research database refers 
to the data standardized by extracting the sample to improve 
the limited access and use by investigators owing to the large 
size and personal, identifiable information issues. The sample 
cohort, medical check-up, elderly cohort, working women co-
hort, and infant medical check-up databases are available as 
sample research databases and allow long-term observation of 
the same individuals as a cohort [3]. The most recent sample 
cohort database includes one million people sampled based on 
data from 2006, which is approximately 2% of the total popula-
tion (48,222,537). Stratified random sampling was used from 
2,142 (2×17×21×3) strata constructed by sex (male and fe-
male: two groups), age (5-year age groups between 1 and 79 
and 80 years and above: 17 groups), eligibility and contribution 
(deciles of regional policyholders, deciles of employment-
based policyholders, and medical aid beneficiaries: 21 groups), 
and region (big city, middle or small cities, and rural areas: 
three groups) [7].

The NHID includes qualification, treatment, medical check-
up, and clinic tables. Variables included in the qualification ta-
ble are age, sex, location, type of subscription, and socioeco-
nomic statuses, such as income rank, disability, and death. The 
cause of death was determined upon request in the sample co-

hort database. The treatment table is composed of a database 
including statements (T20), details of treatment (T30), type of 
disease (T40), and details of prescription (T60) on the data 
from medical institutions, dental, oriental, and pharmacy [7,8]. 
The details of the variables included in each table of the sample 
cohort database are presented in Table 2.

The variables included in the health examination and ques-
tionnaire were changed over time (Table 3). Fifty-one variables 
were included in 2002–2008, 57 variables in 2009–2017, and 
108 variables in 2018–2019. Currently, the parameters mea-
sured using blood tests include fasting blood glucose (FBG), 
total cholesterol, triglyceride, high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cholesterol (LDL-C), 
hemoglobin, creatinine, aspartate aminotransferase, alanine 
aminotransferase, and gamma-glutamyl transferase. The in-
crease in the number of variables in 2018 to 2019 was mainly 
due to the detailed questionnaire on smoking and alcohol con-
sumption habits [7].

STRENGTHS AND LIMITATIONS OF THE 
NHID

There are several strengths and limitations that should be care-
fully considered when using the NHID. The most powerful 

Table 2. Variables included in the Korean National Health Information sample cohort database

Qualification table Year of construction, individual unique number, age, sex, location, type of subscription, deciles of  
contribution, type of disability, severity of disability, eligibility of medical check-up, sample type

Birth and death table Year of birth, date of death, cause of death

Treatment table

   Statement (T20) Start date of medical care, medical subject code, principal diagnosis, additional diagnosis, first date of  
hospitalization, route of hospitalization, official injury, operation (yes/no), days of medical care, days of 
hospital visit, days of total prescription, result of medical care, medical expenses (cost paid by insurer, cost 
paid by beneficiaries)

   Treatment details (T30)   Start date of medical care, classification and item of specification, code of medical care classification, dosage 
and frequency of medication or procedure, type of medical expense, unit price, total cost, drug classification

   Type of disease (T40) Start date of medical care, medical subject code, principal diagnosis, additional diagnosis, ruled-out diagnosis

   Prescription details (T60) Start date of medical care, code of medication, drug classification, dosage, total days of administration, cost 
of medication

Medical check-up table Anthropometry, blood pressure, vision, hearing ability, blood test (fasting glucose, lipid levels, hemoglobin, 
creatinine, estimated glomerular filtration rate, aspartate aminotransferase, alanine aminotransferase, 
gamma-glutamyl transferase), chest radiography, electrocardiogram, past medical history, family history, 
questionnaires (smoking, alcohol consumption, exercise)

Clinic table Institution classification code, address of institution, subject type, numbers of doctors, nurses, beds for  
admission, beds for operation, and beds for emergency room

Elderly long-term nursing table General information and rating result of application, claim specification, status of long-term nursing facility
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Table 3. Variables and questionnaires included in the health examination database

Classification Variable
Year of health examination

2002–2008 2009–2017 2018–2019
Health examination
   Obesity Height ○ ○ ○

Weight ○ ○ ○
Body mass index ○ ○ ○
Waist circumference  ○a ○

   Hypertension Systolic blood pressure ○ ○ ○
Diastolic blood pressure ○ ○ ○

   Sensory Vision ○ ○ ○
Hearing ability ○ ○ ○

   Diabetes Fasting glucose ○ ○ ○
   Hypertension, dyslipidemia, atherosclerosis Total cholesterol ○ ○ ○

Triglyceride ○ ○
HDL-cholesterol ○ ○
LDL-cholesterol ○ ○

   Anemia Hemoglobin ○ ○ ○
   Kidney disease Urine glucose ○

Urine occult blood ○
Urine pH ○
Urine protein ○ ○ ○

   Chronic kidney disease Serum creatinine ○ ○
Estimated glomerular filtration rate  ○b ○

   Liver disease Aspartate aminotransferase ○ ○ ○
Alanine aminotransferase ○ ○ ○
Gamma-glutamyl transferase ○ ○ ○

   Pulmonary disease Chest radiography ○ ○ ○
   Cardiac disease Electrocardiogram ○

Questionnaire
   Past medical history  ○c  ○d  ○d

   Family history  ○e  ○f  ○f

   Smoking Smoking status ○ ○ ○
Daily smoking amount ○
Average daily smoking amount (ex-smoker) ○ ○
Average daily smoking amount (current smoker) ○ ○
Smoking duration ○
Smoking duration (ex-smoker) ○ ○
Smoking duration (current smoker) ○ ○

   Alcohol consumption Drinking frequency ○ ○
Days of drinking per week ○
Amount of drinking per time ○
Amount of drinking per day ○ ○
Type of alcohol ○
Maximum amount of drinking per day ○

   Exercise Exercise frequency per week ○
Days of strenuous exercise per week ○ ○
Time of strenuous exercise per day ○
Days of moderate intensity exercise per week ○ ○
Time of moderate intensity exercise per day ○
Days of walking exercise per week ○
Days of strength training per week ○

   Hepatitis B Hepatitis B ○ ○

HDL, high-density lipoprotein; LDL, low-density lipoprotein.
aWaist circumference measurement was started in 2008, bEstimated glomerular filtration rate measurement was not performed in 2010 to 2011, cPast medical his-
tory, development year, cured or not on pulmonary tuberculosis, hepatitis, liver disease, hypertension, cardiac disease, stroke, diabetes, cancer, and other disease, 
dPast medical history and medical treatment of stroke, cardiac disease, hypertension, diabetes, dyslipidemia, pulmonary tuberculosis, cancer, and other disease, 
eFamily history of liver disease, hypertension, stroke, cardiac disease, diabetes, and cancer, fFamily history of hypertension, stroke, cardiac disease, diabetes, cancer, 
and other disease.
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strength is the number of individuals included in the database. 
Since the NHIC is a single insurer that manages the National 
Health Insurance System in Korea, virtually all Koreans (ap-
proximately 50 million) are enrolled in this program; therefore, 
the NHID could represent the entire Korean population. Fur-
thermore, the health screening policy described above enables 
the accumulation of medical check-up data, including anthro-
pometric measurements, past medical history, family history, 
laboratory data, and detailed questionnaires on lifestyle fac-
tors. Combining the claims database with health examination 
data makes the Korean NHID unique. Mortality data from 
Statistics Korea or other databases can be linked using resident 
registration numbers for wider application of the database [9]. 
Given the large size of the database, it can be utilized to study 
rare diseases or rare complications of treatment and to study 
specific populations such as the elderly group [10]. One exam-
ple is an observational study on acromegaly and cardiovascu-
lar outcomes, which included 1,874 patients with acromegaly 
[11]. It is also appropriate for long-term follow-up owing to the 
longitudinal nature of the database.

Since the data were not collected for research purposes, it is 
difficult to define causal relationships when performing out-
come studies. The main purpose of establishing this database 
was to record claims and reimbursements; therefore, data on 
medications or procedures not covered by the NHIS are not 
available. Also, information on the severity of medical condi-
tions are lacking and it is hard to reflect the health behaviors of 
beneficiaries. In addition, discrepancies may exist between the 
diagnosis encoded to claim medical bills and the actual dis-

ease. Therefore, setting an appropriate operational definition 
and validation may be crucial. As shown in Table 1, not all eli-
gible individuals undergo health check-ups, which may im-
pose a possibility of selection bias. Importantly, the linkage be-
tween the NHID and the electronic medical records of each 
hospital is very limited due to legal and privacy issues. Solving 
this problem might lead to a new leap forward in research us-
ing the NHID [12].

To request data from the National Health Insurance Sharing 
Service (http://nhiss.nhis.or.kr), researchers must obtain ap-
proval of the study protocol from the institutional review 
board and the data provision review committee at the NHIC. 
Access to and analysis of the NHID can be performed only in 
designated places, and the raw data cannot be retrieved from 
the server. Only the analyzed data can be obtained after ap-
proval. However, remote access and analysis are available for 
sample research databases. Recently, the process of requesting 
and reviewing data applications has taken a long time owing to 
the great increase in the number of researchers interested in 
the NHID.

TRENDS OF RESEARCH USING NHID

Since the establishment of the NHID, research and publica-
tions based on this database have increased significantly (Fig. 2). 
We searched PubMed using the keyword ‘NHIS’ or ‘National 
Health Insurance System’ or ‘NHID’ and ‘Korea’ or ‘Korean.’ A 
total of 1,692 published articles were identified. Among these, 
595 articles (35.2%) were on diabetes, metabolism, metabolic 

Fig. 2. The number of publications using National Health Information database from 2008 to 2021.
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syndrome (MetS), obesity, lipids, and cholesterol. A total of 
397 articles were identified using the keyword ‘diabetes.’

THE OPERATIONAL DEFINITION OF 
OUTCOMES IN DIABETES AND 
METABOLISM RESEARCH 

Type 2 diabetes mellitus
In research using the NHID, the operational definition of dia-
betes was applied considering the characteristics of the data-
base. The proportion of patients with diabetes was 13.2% ac-
cording to the International Classification of Disease, 10th re-
vision (ICD-10) codes (E11-14) alone, and 8.7% based on pre-
scription data alone in 2013 [13]. The Taskforce Team of Dia-
betes Fact Sheet of the Korean Diabetes Association concluded 
the operational definition of diabetes as either (1) patients who 
had both recordings of diagnosis (ICD-10 codes E11-14 for di-
abetes as either principal diagnosis or 1st to 4th additional di-
agnosis at least once a year) and prescription of anti-diabetic 
drugs; or (2) patients whose FBG levels from health check-up 
data were ≥126 mg/dL (Table 4) [13]. According to this defini-
tion, the prevalence of diabetes was 11.4% in 2013.

Dyslipidemia
The presence of dyslipidemia was defined as the presence of at 
least one claim per year under ICD-10 code E78 and at least 
one claim per year for the prescription of lipid-lowering agents 

or total cholesterol ≥240 mg/dL (Table 4) [14-16]. Lipid-low-
ering drugs include statins, ezetimibe, and fibrates. In addition 
to this operational definition, dyslipidemia was defined using 
health check-up data and prescriptions of lipid-lowering drugs. 
Hypercholesterolemia was defined as a total cholesterol level 
≥240 mg/dL or the use of a lipid-lowering drug. Hyper-LDL cho-
lesterolemia was defined as a serum LDL-C level ≥160 mg/dL 
or the use of a lipid-lowering drug. Hypo-HDL cholesterolemia 
was defined as a serum HDL-C level <40 mg/dL. Hypertriglyc-
eridemia was defined as a serum triglyceride ≥200 mg/dL. In 
the Korea Dyslipidemia Fact Sheet 2020, dyslipidemia was de-
fined as satisfying one of the definitions for LDL-C, HDL-C, or 
triglyceride as stated above [17].

Hypertension
The presence of hypertension was defined as the presence of at 
least one claim per year under ICD-10 codes I10 or I11 and at 
least one claim per year for the prescription of antihyperten-
sive agents or systolic blood pressure (BP) ≥140 mm Hg or di-
astolic BP ≥90 mm Hg (Table 4) [18,19]. Other studies have 
used a different operational definition of hypertension: ICD-
10 codes I10-I13 or I15 for the hypertensive disease usually re-
corded twice in the outpatient clinic, or once during hospital-
ization, and a history of prescription of antihypertensive drugs 
[20,21]. This definition includes hypertensive end-organ dam-
age, such as hypertensive renal disease (I12), hypertensive 
heart and renal disease (I13), and secondary hypertension 

Table 4. The operational definitions of commonly used outcomes and covariates in the field of diabetes and metabolism research

ICD-10 codes and additional definitions General health check-up results

Type 2 diabetes  mellitus E11-14 Recording as either principal diagnosis or 1st to 4th  
additional diagnosis at least once a year and  
prescription of anti-diabetic drugs

Fasting blood glucose ≥126 mg/dL

Dyslipidemia E78 Recording at least once a year and prescription of  
lipid-lowering agents (statin, ezetimibe, fenofibrate)

Total cholesterol ≥240 mg/dL

Hypertension I10-I11 Recording at least once a year and prescription of  
antihypertensive agents 

Systolic blood pressure ≥140 mm Hg or 
diastolic blood pressure ≥90 mm Hg

Myocardial infarction I21, I22 Recording at admission ≥1

Ischemic stroke I63, I64 Recording at admission ≥1 with claims for the imaging 
studies (brain CT or MRI) 

Heart failure I50 Recording at admission or outpatient clinic ≥1 

Chronic kidney disease N18, N19 Recording at admission ≥1 or outpatient clinic ≥2 eGFR <60 mL/min/1.73 m2

End-stage renal disease N18–N19, Z49, 
Z94.0, Z99.2

Dialysis ≥30 days or kidney transplantation during  
hospitalization

ICD-10, International Classification of Disease, 10th revision; CT, computed tomography; MRI, magnetic resonance imaging; eGFR, estimated 
glomerular filtration rate.
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(I15). In the Korea Hypertension Fact Sheet 2020, hyperten-
sion is defined as at least one health insurance claim for the di-
agnosis of essential hypertension (I10) each year [22].

Myocardial infarction and stroke
Myocardial infarction (MI) was defined according to ICD-10 
codes I21 or I22 recorded during hospitalization [23,24]. 
Stroke was defined using principal diagnosis codes from I60 to 
I64 with the enforcement of brain computerized tomography 
or magnetic resonance imaging at the emergency center or 
outpatient clinic, or during hospitalization [25]. Ischemic 
stroke was defined as a recording of ICD-10 codes I63 or I64 
during hospitalization with a claim for brain magnetic reso-
nance imaging or brain computerized tomography (Table 4) 
[23,24]. This definition has been widely adopted in previous 
studies using claims databases [26,27]. According to the vali-
dation of diagnostic codes of clinical outcomes in the NHID, 
the primary discharge diagnostic codes for MI (ICD-10 codes 
I21 and I22) showed favorable reliability, with a positive pre-
dictive value (PPV) of 92% [28]. In stroke and intracranial 
hemorrhage (ICH), in addition to the primary discharge diag-
nostic codes, consideration of relevant clinical information, 
such as hospitalization duration, imaging studies, and pre-
scription of antithrombotic agents, could improve the accuracy 
of diagnosis. For ischemic stroke (ICD-10 codes I63 and I64) 
and ICH (ICD-10 I60-62), the combination of primary diag-
nostic codes during hospitalization and brain imaging studies 
showed a PPV and sensitivity of 92.2% and 91.2%, respectively 
[28]. For ICH, the combination of primary diagnostic codes 
with hospitalization and brain imaging studies showed a PPV 
and sensitivity of 81.4% and 95.1%, respectively [28].

Heart failure 
Heart failure was defined using ICD-10 code I50 with more 
than one diagnosis during hospitalization or in an outpatient 
clinic (Table 4) [29]. Another study defined heart failure as 
ICD-10 I50 during hospitalization [30]. 

Chronic kidney disease and end-stage renal disease
Chronic kidney disease (CKD) was defined using the ICD-10 
codes N18 or N19 and an estimated glomerular filtration rate 
of <60 mL/min/1.73 m2 was calculated using the CKD Epide-
miology Collaboration Equation on more than two occasions 
during the medical check-up [31,32]. End-stage renal disease 
was defined using a combination of ICD‐10 codes (N18–N19, 

Z49, Z94.0, Z99.2) and initiation of renal replacement therapy 
for 30 days or more, and/or kidney transplantation during hos-
pitalization (Table 4) [33].

REPRESENTATIVE STUDIES RELATED TO 
DIABETES AND METABOLISM USING THE 
KOREAN NHID

Diabetes Fact Sheet in Korea 2021
The representative national estimates of diabetes in Korea can 
be analyzed using the Korea National Health and Nutrition 
Examination Survey (KNHANES) and the Korea NHID [34]. 
Among Korean adults aged ≥30 years, the estimated preva-
lence of diabetes was 16.7% in 2020. The proportion of adults 
with diabetes who achieved a glycosylated hemoglobin target 
of <6.5% was 24.5%. The prescription patterns of anti-diabetic 
drugs were analyzed. It was reported that 86.0% of adults with 
previously diagnosed diabetes were taking oral glucose-lower-
ing medications without insulin, and 7.5% were treated with 
insulin. Sulfonylurea was the most commonly used drug, fol-
lowed by metformin in 2002. During the past decade, the use 
of metformin has increased steadily to 86% of total antidiabetic 
drug prescriptions and metformin was the most frequently 
prescribed antidiabetic agent in Korea in 2018. The use of di-
peptidyl peptidase-4 (DPP-4) inhibitors increased markedly 
after their release in 2008 and dramatically increased to 62.0% 
in 2018. There was a steady decrease in the use of sulfonyl-
ureas/glinides, from 84% in 2002 to 43% in 2018. The use of 
insulin and thiazolidinediones remained stable from 2002 to 
2018 [34]. 

Gestational diabetes mellitus in Koreans
The clinical characteristics of gestational diabetes mellitus 
(GDM) in Korea have been reported using a large-scale popu-
lation dataset from the NHID [35]. The prevalence of GDM in 
Korean women between 2011 and 2015 was 12.7 %. The opera-
tional definition of GDM was as follows: visited the outpatient 
clinic more than twice with GDM codes and no previous his-
tory of diabetes; did not have a claim for diabetes based on 
ICD-10 codes E10-14 or oral antidiabetic drug or insulin be-
fore pregnancy; did not have an FBG level ≥126 mg/dL before 
pregnancy. The incidence rate of GDM increases with advanc-
ing age, pre-pregnancy body mass index, waist circumference, 
and FBG level [35].
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Cholesterol and BP levels and development of 
cardiovascular disease in Koreans with type 2 diabetes 
mellitus
In recent guidelines, cholesterol targets are based on several 
primary- and secondary-prevention statin trials that have 
shown improved outcomes with more intensive LDL-C lower-
ing. In addition to randomized controlled trials (RCTs), the 
optimal lipid or BP levels to prevent cardiovascular disease 
(CVD) could be investigated through big data analysis. Pa-
tients with type 2 diabetes mellitus over 40 years of age without 
CVD were divided into statin users and non-users, and the re-
lationship between LDL-C levels and the risk of CVD was ana-
lyzed [36]. There was an increased risk of CVD in individuals 
with an LDL-C level ≥130 mg/dL among those with type 2 di-
abetes mellitus who did not take statins. The risk of CVD was 
significantly higher in those taking statins with an LDL-C level 
of ≥70 mg/dL. The researchers recommended statin therapy 
for the primary prevention of CVD, with a target LDL-C level 
of <70 mg/dL [36].

The relationship between BP and CVD risk in patients with 
type 2 diabetes mellitus without CVD was analyzed. Systolic 
BP 130 to 139 mm Hg was associated with a significant in-
crease in the incidence of stroke (hazard ratio [HR], 1.15; 95% 
confidence interval [CI], 1.12 to 1.18) and MI (HR, 1.05; 95% 
CI, 1.02 to 1.09) compared to systolic BP 110 to 119 mm Hg 
[18]. Subjects with a diastolic BP of 80 to 84 mm Hg had a 
higher risk of CVD than those with a diastolic BP of 75 to 79 
mm Hg. The overall relationship between BP and CVD risk 
was positive, with greater strength observed in the younger age 
groups. The optimal cutoff for Korean patients with type 2 dia-
betes mellitus associated with a lower CVD risk may be 130 
mm Hg for systolic BP or 80 mm Hg for diastolic BP [18]. An-
other study examined the association of BP categories before 
age of 40 years with the risk of CVD later in life. In both young 
men and women, stage 1 hypertension (systolic BP 130 to 139 
mm Hg; diastolic BP 80 to 89 mm Hg) and stage 2 hyperten-
sion (systolic BP ≥140 mm Hg; diastolic BP ≥90 mm Hg) were 
associated with increased risk of CVD, coronary heart disease, 
and stroke [37].

Risk of cardiovascular events and death associated with the 
initiation of sodium-glucose co-transporter-2 inhibitors 
compared with DPP-4 inhibitors: CVD-REAL 2 
multinational cohort study
This study utilized data sourced from de-identified health re-

cords in 13 different countries located in four geographical re-
gions, which could be linked to CVD outcomes and mortality 
data [38]. Information from the Korean NHID was used. All 
initial episodes of new initiation of either sodium-glucose co-
transporter-2 (SGLT2) inhibitors or DPP-4 inhibitors were se-
lected. The use of a new SGLT2 inhibitor was associated with a 
substantially lower risk of hospitalization for heart failure (HR, 
0.69; 95% CI, 0.61 to 0.77) and death (HR, 0.59; 95% CI, 0.52 
to 0.67). The risks of MI and stroke were also significantly low-
er with SGLT2 inhibitors than with DPP-4 inhibitors [38]. A 
large number of patients, the consistency of the findings across 
13 countries with different healthcare systems, the inclusion of 
different SGLT2 inhibitors and DPP-4 inhibitors, and the ex-
clusion of anyone who had been on a DPP-4 inhibitor or 
SGLT2 inhibitor for at least a year before follow-up started all 
contribute to the robustness and credibility of these findings 
[39]. In contrast to clinical trials conducted in highly selected 
populations, real-world evidence (RWE) can be generalized to 
so-called average patients with type 2 diabetes mellitus.

Use of fenofibrate on cardiovascular outcomes in statin 
users with MetS 
Recently, RWE analysis has been conducted using a large-scale 
population-based cohort. The value of RWE begins with the 
limitations of RCTs. RCTs provide the highest level of evidence 
in medical science but the inevitable limitations of RCTs in-
clude limited patient populations and the trial environment, 
which is difficult to reproduce in the real world [5,40]. The po-
tential role of fenofibrate in cardiovascular risk reduction was 
analyzed using the Korean NHID [41]. Early clinical trials on 
fibrates are promising, but their role in CVD risk management 
has gradually diminished in the statin era. Using the Korean 
National Health Insurance Service-Health Screening Cohort, 
researchers attempted to demonstrate the additional benefits of 
fenofibrate add-on to statins [41]. Patients with MetS were in-
cluded in the study. Propensity score matching was performed 
for those treated with fenofibrate plus statins and those treated 
with statins only. The risk of composite CVD, including coro-
nary heart disease, ischemic stroke, and cardiovascular mortal-
ity, was significantly reduced in the combined treatment group 
compared with the statin-only group (adjusted HR, 0.74; 95% 
CI, 0.58 to 0.93; P=0.01). In particular, the HRs of composite 
CVD were lower in those with high triglyceride or low HDL-C 
(adjusted HR, 0.64; 95% CI, 0.47 to 0.87; P=0.005) compared 
with those with low triglyceride and high HDL-C. This study 
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may influence treatment guidelines for the benefit of fenofi-
brate in improving residual cardiovascular risk in patients with 
dyslipidemia during statin use.

Altered risk for cardiovascular events with changes in the 
MetS status
The KNHANES data, a nationally representative sample of Ko-
rea, is limited in that longitudinal follow-up data for the same 
subjects cannot be obtained. In contrast, the NHID contains 
serial data of the same individuals who undergo regular health 
examinations. In this regard, noteworthy studies have utilized 
serial data from the Korea NHID to examine the cumulative 
effect, variability, or changes in metabolic parameters [14-
16,19,23,26,33]. An example is a study that showed an altered 
risk of cardiovascular events with changes in the MetS status 
[42]. Among those who had undergone three or more health 
examinations, 72.7%, 15.6%, 6.1%, and 5.6% were in the MetS-
free, MetS-chronic, MetS-developed, and MetS-recovery 
groups, respectively. At a median follow-up of 3.5 years, the 
MetS-recovery group had a significantly lower major adverse 
cardiovascular event (MACE) risk than the MetS-chronic 
group (adjusted incidence rate ratio [IRR], 0.85; 95% CI, 0.83 
to 0.87). The MetS-developed group had a significantly higher 
MACE risk than the MetS-free group (adjusted IRRs, 1.36; 
95% CI, 1.33 to 1.39). Among the MetS criteria, the develop-
ment of the elevated BP criterion was related to the largest in-
crease in MACE. Healthcare providers may consider these re-
sults when planning a public health strategy to alleviate the 
burden of MACE.

CONCLUSIONS

In this review, we have summarized the history, structure, and 
characteristics of the Korean NHID. Recent trends in big data 
research using this database and representative studies have 
been introduced. Due to the purpose and nature of this data-
base, some limitations exist. However, several strengths also 
highlight the value of this database. A careful study design and 
analysis of real-world big data may produce valuable informa-
tion that can complement other forms of research. In the fu-
ture, institutional support for the linkage between the NHID 
and other forms of databases would be crucial for the expan-
sion of usability. 
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