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Background: We evaluated the validity and reliability of the operational definition of type 2 diabetes mellitus (T2DM) based on
the Korean National Health Insurance Service (NHIS) database.

Methods: Adult subjects (=40 years old) included in the Korea National Health and Nutrition Examination Survey (KNHANES)
from 2008 to 2017 were merged with those from the NHIS health check-up database, producing a cross-sectional dataset. We
evaluated the sensitivity, specificity, accuracy, and agreement of the NHIS criteria for defining T2DM by comparing them with
the KNHANES criteria as a standard reference.

Results: In the study population (n=13,006), two algorithms were devised to determine from the NHIS dataset whether the diag-
nostic claim codes for T2DM were accompanied by prescription codes for anti-diabetic drugs (algorithm 1) or not (algorithm 2).
Using these algorithms, the prevalence of T2DM was 14.9% (n=1,942; algorithm 1) and 20.8% (n=2,707; algorithm 2). Good re-
liability in defining T2DM was observed for both algorithms (Kappa index, 0.73 [algorithm 1], 0.63 [algorithm 2]). However, the
accuracy (0.93 vs. 0.89) and specificity (0.96 vs. 0.90) tended to be higher for algorithm 1 than for algorithm 2. The validity (accu-
racy, ranging from 0.91 to 0.95) and reliability (Kappa index, ranging from 0.68 to 0.78) of defining T2DM by NHIS criteria were
independent of age, sex, socioeconomic status, and accompanied hypertension or dyslipidemia.

Conclusion: The operational definition of T2DM based on population-based NHIS claims data, including diagnostic codes and
prescription codes, could be a valid tool to identify individuals with T2DM in the Korean population.
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INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) has in-

creased worldwide, and diabetes itself is closely related to an
increased risk of atherosclerotic cardiovascular diseases such
as myocardial infarction and ischemic stroke, as well as mor-
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tality. As a result, population-based data have been widely used
in epidemiologic studies [1-3] to identify individuals with dia-
betes and evaluate diabetes-related comorbidities and risk fac-
tors. The population-level classification of T2DM can also pro-
vide informative data to guide and prioritize populations at the
greatest risk and those most likely to benefit from interven-
tions and treatment. However, there is a limitation in the pop-
ulation-based claim database (DB) because accurate diagnoses
cannot be made due to limited clinical and laboratory infor-
mation, despite the advantage of the vast amount of data.

In Korea, two representative population-based DBs have
been used, the Korea National Health and Nutrition Examina-
tion Survey (KNHANES) DB, with a cross-sectional design,
and the National Health Insurance Service (NHIS) DB, with a
national claims DB cohort design [4]. The Korean NHIS, a sin-
gle-payer system for all residents, covers 97.1% of Koreans (ap-
proximately 50 million individuals), and this DB could be an
efficient resource for diabetes research based on the entire
population [5]. These big DBs have different advantages and
disadvantages, depending on their characteristics.

Clinical measures, including glycosylated hemoglobin
(HbA1c) and the oral glucose tolerance test (OGTT), are the
gold standards for diagnosing diabetes [6]. However, it is diffi-
cult to routinely conduct an HbAlc test or OGTT in a study
involving an entire population, especially for subjects with
mild hyperglycemia. Instead, an operational definition was ad-
opted to define diabetes using claims-based data and national
health examination data in the NHIS DB. Generally, T2DM
can be defined as the assignment of an International Classifica-
tion of Disease, 10th Revision (ICD-10) code corresponding to
T2DM (E11-14), with or without accompanying prescription
codes for anti-diabetic drugs, or a high fasting glucose level
(2126 mg/dL) in the health check-up DB [7]. However, differ-
ent operational definition criteria for diabetes were adopted for
previous studies, depending on whether the diagnosis was
based only on the corresponding ICD-10 codes [8,9], the use
of concomitant drugs prescription were included [10-15], or
fasting glucose results were included [16,17].

Whether the accuracy of defining diabetes based on claims
data using diagnostic codes (ICD-10) with or without pre-
scription codes (anti-diabetic drug use) is consistent with ac-
tual diabetes in the real-world is unknown. The quality of data
must first be evaluated for fitness for use. Previous validation
studies were performed based on comparisons with self-re-
ports, telephone-based surveys, or medical chart reviews [18].
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These methods may include biases, such as recall bias and se-
lection bias, that affect accuracy and concordance. Our study
aimed to evaluate the validity and reliability of the NHIS data-
based definition of T2DM by comparing it with other popula-
tion-based KNHANES data as a standard reference. The over-
all sensitivity, specificity, positive and negative predictive value,
accuracy, and agreement were analyzed. We also compared the
prevalence and concordance of T2DM when the two algo-
rithms were applied, depending on whether the prescription
codes and diagnostic codes were included in the criteria. To
the best of our knowledge, this was the first study to validate
the operational definition of T2DM using two big, linked Ko-
rean national DBs.

METHODS

The Institutional Review Board of The Catholic University of
Korea (IRB No.: VC18FESI0240) approved this study. The study
was conducted in compliance with the Declaration of Helsinki.
Written informed consent by the subjects was waived due to a
retrospective nature of our study and anonymous and de-iden-
tified information was used for analysis.

Data sources
The Korean NHIS program is a computerized DB containing
all claims data, including patient demographics, drug prescrip-
tions, diagnostic codes for the disease coding system (ICD),
insurers’ payment coverage, patients’ deductions, and claimed
treatment details [7]. Among the total datasets in the NHIS
DB, qualifications, claims, health check-up DB, and death in-
formation were used. We investigated whether there were fast-
ing glucose levels in the health check-up DB and whether there
were ICD-10 codes corresponding to T2DM and claimed pre-
scription data for anti-diabetic drugs in the Korean Health In-
surance Review and Assessment. All Korean citizens are en-
couraged to receive regular biannual or pre-employment health
evaluations provided by NHIS. This regular health examina-
tion included assessments of anthropometric measures, blood
pressure, social history, physical activity levels, and laboratory
tests after overnight fasting, including serum glucose, total
cholesterol, creatinine, liver function, and urinalysis.
KNHANES is a population-based cross-sectional survey de-
signed to assess Koreans’ health-related behavior, health condi-
tions, and nutritional status [19]. A retrospective sample of
non-institutionalized civilians was obtained from all geo-
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graphic regions in the country. In the KNHANES data, we an-
alyzed the laboratory test results (fasting glucose and HbAlc
levels) and collected responses to a questionnaire on whether
the people included took anti-diabetic drugs or were diag-
nosed with T2DM. Among the eight phases of the KNHANES,
data from the IV to VII phases (2008 to 2017) were analyzed,
and adults over 40 years old were included in the study. The
subjects surveyed by the KNHANES each year were matched
to the first claims data in the NHIS health check-up DB.

We identified a cohort of 39,701 subjects in the KNHANES
from 2008 to 2017. Subjects who had no data on glucose levels
in the medical check-up DB or did not undergo blood tests in a
fasting state (for more than 8 hours) were excluded (n=1,598).
Among them, 14,294 subjects in the NHIS health check-up DB
matched those in the KNHANES. Finally, 13,006 subjects were
included in the study, excluding those missing values for age,
sex, body mass index, household income, alcohol or smoking
status, regular exercise, or the presence of dyslipidemia, hyper-
tension, or chronic kidney disease (CKD) in the KNHANES
data (Fig. 1).

Population (Age =40 years) that were
included in KNHANES study
(2008-2017)

(n=39,701)

dmj

Definition of T2DM

According to the KNHANES, the presence of T2DM was de-
fined if any of the following were present: (1) fasting glucose
level of >126 mg/dL; (2) current use of any anti-diabetic medi-
cations; (3) a previous T2DM diagnosis; or (4) an HbAlc level
of 26.5%. The use of medications and information on medical
conditions were collected through the health interview ques-
tionnaire, using the face-to-face interview method [19]. Ac-
cording to the NHIS, T2DM was identified by the presence of
at least one of these criteria: (1) fasting glucose level of >126
mg/dL in the health check-up DB or (2) the presence of ICD-
10 codes corresponding to T2DM (E11-14) with or without
accompanying prescription codes for any anti-diabetic drugs
in the claims data. Concerning defining T2DM by the NHIS
dataset, two algorithms based on claims data were applied, an
algorithm for diagnosing T2DM when prescription codes were
accompanied by diagnostic codes (algorithm 1) and an algo-
rithm that only required diagnostic codes (algorithm 2).

A

Missing data or performed laboratory test without

fasting status (>8 hours) (n=1,598)

Fasting glucose test was performed
(n=38,103)

No data on corresponding medical check-up cohort

study in NHIS (n=23,809)

\ 4

Missing values on KNHANES (n=1,288)

Laboratory data (glucose, HbA1lc)

Age, sex, BMI

Household income

Smoking/drinking status, regular exercise
Presence of hypertension®/dyslipidemia®
Presence of CKD®

Final study population
(n=13,006)

Fig. 1. Study diagram. KNHANES, Korea National Health and Nutrition Examination Survey; NHIS, National Health Insurance
System; HbA ¢, glycosylated hemoglobin; BMI, body mass index; CKD, chronic kidney disease. *Systolic blood pressure >140 mm
Hg and/or diastolic pressure =90 mm Hg or on medication, "Total cholesterol >240 mm Hg and/or on medication, “Estimated glo-

merular filtration rate <60 mL/min/1.73 m?.
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Definition of hypertension, dyslipidemia, and
socioeconomic variables

Variables were defined based on the KNHANES data. Hyper-
tension was defined as a systolic blood pressure of =140 mm
Hg or diastolic blood pressure of >90 mm Hg or taking anti-
hypertensive drugs [20]. Dyslipidemia was defined as a total
cholesterol level of >240 mg/dL or taking lipid-lowering drugs
[21]. CKD was defined when the estimated glomerular filtra-
tion rate was <60 mL/min/1.73 m? [22]. Information on house-
hold income was obtained through a questionnaire and di-
chotomized at the higher 25th percentile or divided into quar-
tiles. Household income was calculated as an equivalent in-
come by dividing monthly income into the square root of the
family size. Alcohol intake was classified into three categories:
never drinker, mild drinker (0 to 30 g/day), and heavy drinker
(>30 g/day) [23]. The final education level was classified as ele-
mentary school graduation (education duration <6 years),
middle school graduation (<9 years), high school graduation
(<12 years), and university or higher (>12 years). When the
education level was classified into two groups, they were classi-
fied as those who graduated from middle school or lower (edu-
cation duration <9 years) and those who graduated from high
school or higher (>9 years). Regular walking was defined as
walking for at least 30 minutes per day at least five times a week
[24].

Statistical methods

T2DM was classified based on whether it satisfied the diagnos-
tic criteria of the NHIS and KHNANES, respectively. Accord-
ingly, the subjects were divided into four subgroups (NHIS-/
KNHANES-, NHIS+/KNHANES-, NHIS-/KNHANES+, and
NHIS+/KNHANES+, where positivity indicated a case corre-
sponding to T2DM according to the criteria used). We sum-
marized the characteristics of the participants by the presence
or absence of T2DM according to four groups. An indepen-
dent t-test was conducted on the continuous variables, and a
chi-squared test was conducted on the categorical variables.
The validity of the NHIS definition of T2DM was measured by
estimating the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and accuracy using the
KNAHNES criteria as the standard. Accuracy was expressed as
a proportion of correctly classified subjects (true positive and
true negative) among all subjects [25]. The Kappa coefficient
with corresponding 95% confidence intervals (CI) was also
calculated to assess the reliability of the two diagnostic criteria
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for T2DM. In general, when the Kappa coeflicient was larger
than 0.8, there was excellent consistency, and when the Kappa
value was between 0.6 and 0.8, there was good consistency
[26]. Additionally, we evaluated whether there were differences
in the agreement between the two T2DM criteria according to
age, sex, household income, educational level, and the presence
of hypertension or dyslipidemia. Data analysis was performed
using SAS version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

The prevalence of T2DM according to operational
definitions by the NHIS and KNHANES

The overall prevalence of T2DM satisfying KNHANES criteria
was 14.2% (n=1,843). The prevalence of T2DM in the NHIS us-
ing algorithm 1 was 14.9% (n=1,942), and using algorithm 2, it
was 20.8% (n=2,707) (Table 1). When classifying T2DM using
the diagnostic criteria of the NHIS (algorithm 1) or KNHANES
data, the prevalence of subjects who did not meet both the NHIS
and KHNANES diagnostic criteria (true negative) was 82.1%
(n=10,683); 381 subjects (2.9%) only met the KNHANES di-
agnostic criteria (false negative), 480 subjects met (3.7%) only
the NHIS criteria (false positive), and 1,462 (11.2%) met both

Table 1. The prevalence of type 2 diabetes mellitus according
to the NHIS and KNHANES diagnostic criteria stratified by
the NHIS algorithm used

NHIS criteria KNHANES criteria Total
No Yes
Algorithm 1
No 10,683 (82.1) 381(2.9) 11,064 (85.1)
Yes 480 (3.7) 1462 (112) 1,942 (14.9)
Algorithm 2
No 10,025 (77.1) 274(2.1) 10,299 (79.2)
Yes 1,138 (8.7) 1,569 (12.1) 2,707 (20.8)
Total 11,163 (85.8) 1,843 (14.2) 13,006 (100)

Values are presented as number (%). Algorithm 1: at least one of the
following criteria was met: (1) fasting glucose level =126 mg/dL or (2)
International Classification of Disease, 10th Revision (ICD-10) codes
corresponding to type 2 diabetes mellitus (E11-14) with accompany-
ing prescription codes for any anti-diabetic drugs; Algorithm 2: at
least one of the following criteria was met: (1) fasting glucose level
>126 mg/dL or (2) ICD-10 codes corresponding to type 2 diabetes
mellitus (E11-14).

NHIS, National Health Insurance System; KNHANES, Korea Nation-
al Health and Nutrition Examination Survey.
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Table 2. Characteristics of the study population classified as type 2 diabetes mellitus according to the KNHANES and NHIS crite-
ria (algorithm 1)

KNHANES criteria
NHIS criteria (algorithm 1) Yes No Pvalue
Yes No Yes No
Number 1,462 (11.2) 381(2.9) 480 (3.7) 10,683 (82.1)
Age, yr 63.5£9.5 61.1+10.9 60.8+10.5 56.3£10.9 <0.001
Age >65 years 746 (51.0) 152(39.9) 190 (39.6) 2,718 (25.4) <0.001
Male sex 799 (54.7) 190 (49.9) 174 (36.3) 4,702 (44.0) <0.001
Height, cm 156.6£9.0 156.4+9.4 156.4+9.4 156.8+9.2 <0.001
Weight, kg 60.3+10.7 60.8+11.3 60.8+11.3 57.5£10.7 <0.001
BMI, kg/m’ 25.0£3.0 253%3.2 253%3.2 23.8£29 <0.001
Household income <0.001
Quartile 1 (lowest) 425 (29.1) 103 (27.0) 116 (24.2) 1,681 (15.7)
Quartile 2 416 (28.5) 96 (25.2) 130 (27.1) 2,580 (24.2)
Quartile 3 307 (21.0) 106 (27.8) 118 (24.6) 2,994 (28.0)
Quartile 4 (highest) 314 (21.5) 76 (20.0) 116 (24.2) 3,428 (32.1)
Education duration, yr <0.001
<6 602 (41.2) 157 (41.2) 188 (39.2) 2,757 (25.8)
6-9 268 (18.3) 62(16.3) 72 (15.0) 1,479 (13.8)
10-12 376 (25.7) 97 (25.5) 151 (31.5) 3,514 (32.9)
>13 216 (14.8) 65(17.1) 69 (14.4) 2,933 (27.5)
Occupation (yes) 836 (57.2) 229 (60.1) 281 (58.5) 7,415 (69.4) <0.001
Smoking <0.001
Current 290 (19.8) 78 (20.5) 75 (15.6) 1,761 (16.5)
Ex-smoker 425 (29.1) 87(22.8) 80 (16.7) 2,339 (21.9)
Non-smoker 747 (51.1) 216 (56.7) 325 (67.7) 6,583 (61.6)
Alcohol consumption <0.001
Heavy 138 (9.4) 31(8.1) 37(7.7) 755 (7.1)
Mild 797 (54.5) 213 (55.9) 288 (60.0) 6,986 (65.4)
None 527 (36.1) 137 (36.0) 155 (32.3) 2,942 (27.5)
Hypertension (yes) 909 (62.2) 217 (57.0) 203 (42.3) 3,603 (33.7) <0.001
Dyslipidemia (yes) 203 (13.9) 75 (19.7) 72 (15.0) 1,212 (11.4) <0.001
CKD (yes) 120 (8.2) 25 (6.6) 14(2.9) 238(2.2) <0.001
Laboratory findings
Fasting glucose, mg/dL 141+40 123+24 100+11 95+9 <0.001
HbAlc, % 83+2.1 72%+1.3 59+0.7 5.6+0.6 <0.001
Total cholesterol, mg/dL 181+41 203+40 199+42 195+34 <0.001
HDL-cholesterol, mg/dL 45+11 47+12 49+12 50+12 <0.001
Creatinine, mg/dL 0.88+0.26 0.86+0.22 0.83%£0.36 0.83+0.23 <0.001
eGFR, mL/min/1.73 m? 86.8+£19.8 87.9+18.5 89.0£16.9 90.4+16.2 <0.001

Values are presented as number (%) or mean + standard deviation.
KNHANES, Korea National Health and Nutrition Examination Survey; NHIS, National Health Insurance System; BMI, body mass index; CKD,
chronic kidney disease; HbAlc, glycosylated hemoglobin; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate.
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Fig. 2. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), accuracy, and agreement accord-
ing to the different algorithms of defining type 2 diabetes mellitus in Korean National Health Insurance System data. Algorithm 1I:
at least one of the following criteria was met: (1) fasting glucose =126 mg/dL or (2) International Classification of Disease, 10th
Revision (ICD-10) codes corresponding to type 2 diabetes mellitus (E11-14) with accompanying prescription codes for any anti-
diabetic drugs. Algorithm 2: at least one of the following criteria was met: (1) fasting glucose =126 mg/dL or (2) ICD-10 codes

corresponding to type 2 diabetes mellitus (E11-14).

(true positive) (Table 2). When the condition of using an anti-
diabetic drug was excluded from the NHIS criteria (algorithm
2), 10,025 (77.1%) subjects did not meet either set of criteria,
274 subjects (2.1%) met only the KHNANES diagnostic crite-
ria, 1,138 (8.7%) met only the NHIS, and 1,569 (12.1%) met
both criteria (Supplementary Table 1). According to algorithm 1,
the subgroup that satisfied both criteria (NHIS+/KNHANES+)
was older; had a higher proportion of male gender, hyperten-
sion, and CKD; higher HbAlc levels, and lower income and ed-
ucation levels than the subgroup that satisfied only one set of
criteria (NHIS+/KNHANES-, NHIS-/KNHANES+) or were in
the non-diabetic group (NHIS-/KNHANES-) (Table 2).

Concordance measures

The overall sensitivity, specificity, PPV, NPV, accuracy, and
Kappa coeflicient of the NHIS diagnostic criteria (algorithm 1)
compared to the KNHANES criteria was 79% (95% CI, 77 to
81), 96% (95% CI, 95 to 96), 75% (95% CI, 73 to 77), 97% (95%
CIL, 96 t0 97), 93% (95% CI, 93 to 94), and 0.73 (95% CI, 0.72 to
0.75), respectively. When algorithm 2 was adopted in the NHIS
criteria, sensitivity, specificity, PPV, NPV, accuracy, and the
Kappa coefficient were 85% (95% CI, 84 to 87), 90% (95% CI,
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89 t0 90), 58% (95% CI, 56 to 60), 97% (95% CI, 97 to 98), 89%
(95% CI, 89 to 90), and 0.63 (95% CI, 0.61 to 0.64) (Fig. 2). The
mean sensitivity (ranging from 73% to 83%), specificity (rang-
ing from 93% to 97%), PPV (ranging from 67% to 82%), NPV
(ranging from 94% to 98%), accuracy (ranging from 91% to
95%), and agreement (Kappa index, ranging from 0.68 to 0.78)
of the NHIS definition criteria (algorithm 1) were not different
by age, sex, income level, education status, and accompanied
hypertension or dyslipidemia (Table 3).

DISCUSSION

Opverall good validity and consistency of the diagnostic criteria
using NHIS data were observed, which did not differ by age,
sex, socioeconomic factors, or accompanied hypertension or
dyslipidemia. When two diagnostic algorithms were applied to
NHIS data according to whether the diagnostic codes were ac-
companied by prescription codes (algorithm 1) or not (algo-
rithm 2), the prevalence of T2DM by algorithm 1 was lower
than by algorithm 2, which was similar to the prevalence using
the KNHANES data. In addition, although good reliability was
observed for both algorithms, specificity and accuracy tended
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Table 3. Sensitivity, specificity, predictive value, accuracy, and agreement of the operational definition of type 2 diabetes mellitus
based on NHIS criteria (algorithm 1) compared to KNHANES criteria as a standard reference

T2DM
Total Sensitivi Specifici PPV NPV Accurac Kappa
o N N ty P ty Y pp
Overall 13,006 1,462 480 10,683 381 0.79 0.96 0.75 0.97 0.93 0.73
(0.77-0.81) (0.95-0.96) (0.73-0.77) (0.96-0.97) (0.93-0.94)  (0.72-0.75)
Age, yr
40-65 9,200 716 290 7,965 229 0.76 0.96 0.71 0.97 0.94 0.70
(0.73-0.78)  (0.96-0.97)  (0.68-0.74)  (0.97-0.98)  (0.94-0.95)  (0.68-0.73)
>65 3,806 746 190 2,718 152 0.83 0.93 0.80 0.95 0.91 0.75
(0.81-0.86)  (0.93-0.94)  (0.77-0.82)  (0.94-0.96)  (0.90-0.92)  (0.73-0.78)
Sex
Male 5,865 799 174 4,702 190 0.81 0.96 0.82 0.96 0.94 0.78
(0.78-0.83)  (0.96-0.97)  (0.80-0.85)  (0.96-0.97)  (0.93-0.94)  (0.76-0.80)
Female 7,141 663 306 5,981 191 0.78 0.95 0.68 0.97 0.93 0.69
(0.75-0.80)  (0.95-0.96)  (0.65-0.71)  (0.96-0.97)  (0.92-0.94)  (0.66-0.71)
Incomes
Q1 2,325 425 116 1,681 103 0.80 0.94 0.79 0.94 0.91 0.73
(0.77-0.84)  (0.92-0.95)  (0.75-0.82)  (0.93-0.95)  (0.89-0.92)  (0.70-0.77)
Q2-4 10,681 1,037 364 9,002 278 0.79 0.96 0.74 0.97 0.94 0.73
(0.77-0.81) (0.96-0.97) (0.72-0.76) (0.97-0.97)  (0.94-0.94)  (0.71-0.75)
Education, yr
<9 5,585 870 260 4,236 219 0.80 0.94 0.77 0.95 0.91 0.73
(0.78-0.82) (0.94-0.95) (0.75-0.79) (0.94-0.96) (0.91-0.92)  (0.71-0.75)
>9 7,421 592 220 6,447 162 0.79 0.97 0.73 0.98 0.95 0.73
(0.76-0.81) (0.96-0.97) (0.70-0.76) (0.97-0.98) (0.94-0.95)  (0.70-0.75)
Hypertension
Yes 4,932 909 203 3,603 217 0.81 0.95 0.82 0.94 0.91 0.76
(0.78-0.83) (0.94-0.95) (0.79-0.84) (0.94-0.95)  (0.91-0.92)  (0.74-0.78)
No 8,074 553 277 7,080 164 0.77 0.96 0.67 0.98 0.95 0.69
(0.74-0.80) (0.96-0.97) (0.63-0.70) (0.97-0.98)  (0.94-0.95)  (0.66-0.71)
Dyslipidemia
Yes 1,562 203 72 1,212 75 0.73 0.94 0.74 0.94 0.91 0.68
(0.68-0.78) (0.93-0.96) (0.69-0.79) (0.93-0.95) (0.89-0.92)  (0.63-0.73)
No 11,444 1,259 408 9,471 306 0.80 0.96 0.75 0.97 0.94 0.74
(0.78-0.82) (0.95-0.96) (0.73-0.78) (0.97-0.97) (0.93-0.94)  (0.73-0.76)

Values are presented as point estimate (95% confidence interval).

NHIS, National Health Insurance System; KNHANES, Korea National Health and Nutrition Examination Survey; TP, true positive; FP, false
positive; TN, true negative; FN, false negative; PPV, positive predictive value; NPV, negative predictive value; Q1, lowest quartile; Q2-4, second

to the fourth quartile.

to increase in the algorithm that included both diagnostic and
prescription codes (algorithm 1).

The prevalence of T2DM in the NHIS data using algorithm
1 (adopting both diagnostic and prescription codes) was lower,
around 5.9% lower than when algorithm 2 (adopting only di-
agnostic codes) was applied. False positives (cases identified in
NHIS claims data as having T2DM that were not diagnosed
with T2DM by KNHANES criteria) increased when T2DM
was defined only by diagnostic codes (8.7% in algorithm 2,
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3.4% in algorithm 1). The overall prevalence of T2DM identi-
fied using algorithm 1 in this study was similar to the overall
prevalence published in the 2021 Korea Diabetes Fact Sheet us-
ing KNHANES data (16.7%, approximately 6.05 million peo-
ple) [15]. The mean HbAlc level in the NHIS+/KNHANES-
group (false positives) was 5.9% using algorithm 1 and 5.7%
using algorithm 2 in the study. There may be cases in which
claims were issued for a T2DM diagnosis in subjects with pre-
diabetes or early T2DM who did not require medications.
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Also, even though both algorithms (whether or not prescrip-
tion claims data were included) provided good agreement
based on the Kappa index, higher specificity, and accuracy for
defining T2DM based on the NHIS were observed when
claims for diagnostic codes were present along with prescrip-
tion codes. When both diagnostic codes and prescription
codes were included in the criteria for defining T2DM in the
NHIS dataset, it helped to distinguish between patients who
were in a prediabetic or early diabetic state and those who were
in overt diabetes requiring treatment.

Concordance and the consistency of the diagnostic value
based on NHIS criteria (algorithm 1) were not different ac-
cording to age, sex, socioeconomic factors, and accompanied
hypertension or dyslipidemia. The accuracy and specificity
were over 90%, and the mean Kappa index showed good reli-
ability (ranging from 0.68 to 0.78). These trends were consis-
tent when algorithm 2 was applied (data not shown). A previ-
ous validation study compared accuracy and consistency using
self-reports or telephone surveys as a reference standard [18].
Self-reports and telephone surveys are prone to recall bias, so-
cial desirability bias, poor understanding of the survey ques-
tions, incomplete knowledge, or their accurate diagnosis infor-
mation. The literature review demonstrated that participants’
sociodemographic characteristics, such as age, gender, race,
setting, and socioeconomic and health status, were associated
with incomplete data linkage and the potential for systematic
bias in reported outcomes [27]. Otherwise, our study used
KNHANES data, a population-based surveillance system, as a
reference standard. The KNHANES data has the advantage of
minimizing selection bias compared to a diagnosis based on an
electric medical chart review or interviews because the target
population of the KNHANES comprises nationally representa-
tive non-institutionalized civilians in Korea. In addition, in-
cluding clinical measures (HbA 1c) as one of the diagnostic cri-
teria in the reference standard for assessing validation can help
overcome the potential limitation with systemic bias. Also, data
linkage between the KNHANES and NHIS compensated for
the shortcoming in the claims data, which was a lack of clinical
information such as disease duration or glycemic control sta-
tus, by adding information about self-reported surveys and
urine or blood sample measurements in the KNHANES.

Validity of national claims administrative data was also eval-
uated in other countries such as Japan [28], Canada [29], and
the USA [18]. Based on the Japanese national claim DB, the al-
gorithm that contains both diagnosis-related codes for diabe-
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tes and medication codes had higher specificity (mean, 99.4%
vs. 91.6%) and agreement (mean Kappa index, 0.80 vs. 0.49)
than the algorithm that contains only diagnosis-related codes
[28]. According to healthcare administrative data from Cana-
da, compared with electronic medical records, the algorithm
with the best specificity and PPV while maintaining sensitivity
above 80% was either one hospitalization or physician claim
and either one prescription for drug or diabetes-specific fee
code at any time [29]. Validity of physician claims data-based
on ICD-9 codes in the USA demonstrated that the sensitivity
ranged from 26.9% to 97.0%, specificity ranged from 94.5% to
99.4%, and the Kappa index ranged from 0.8 to 0.9 [18]. Com-
paring the sensitivity, specificity, and Kappa agreement to oth-
er countries, the algorithm based on Korean NHIS data also
demonstrated good validity and reliability.

Several limitations to this study should be considered. First,
selection bias may have occurred because two-thirds of the sub-
jects were excluded due to missing data on fasting glucose levels
in the medical check-up DB or covariates in the KNHANES
data, as well as cases where the person refused to provide per-
sonal information. In addition, only subjects aged 40 years or
older were included in this study because national health
check-up was conducted for 40 years or older. Second, among
the diagnostic criteria in the KNHANES data used as a stan-
dard reference, questionnaires were also used to classify pa-
tients with T2DM through a self-reported survey. Other labo-
ratory tests and data, such as the OGTT or hyperglycemia-ac-
companied symptoms, were not present in the data used to di-
agnose T2DM. As a result, the KNHANES data also did not
fully reflect all patients with T2DM in real-world settings.
Third, defining T2DM according to claims-based data can
overlook patients with untreated diabetes or those who did not
require treatment. Clinical factors such as disease duration, di-
abetes management status, or accompanied hypertension or
dyslipidemia, were not assessed through the NHIS data. De-
spite these limitations, validating the operational diagnosis of
T2DM by linking these two big national DBs, including clini-
cal measures (HbAIc), represents a very important and timely
investigation approach for future diabetes research in Korea.

In conclusion, population-based NHIS claims data can be
useful in identifying subjects with T2DM by using diagnostic
and prescription codes as diagnostic criteria in epidemiologic
studies. The validity and accuracy of the population-based
claims data for identifying T2DM were well documented and
independent of sociodemographic and metabolic risk factors.
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