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HAordAgo] opd A AAS] W AP el A0 SRIE] 14 OR 27.4%) (HZ X 1; available online). ©170] 3, &
THE 1) A9 2 2 -5 153 5 DA™Y AA BEAY HE
2 R fdo] A 20209(86.6%, 1169)°l 7 =

2. QIq1sky EM ?ko, 202599 66.7% (827)E 7153t 2020 ©
2019-20259 A £2= F2 104 vt dF30A T 7P &2 HFE AXSAT wH A Ax] dA8E Al
FEHATH20199 44.4%, 20209 86.6%, 20259 60.2% A TAA vl&-2 20199 48.2% (13%), 20219 38.5% (5

). ESH GOAl
(20214 343

ol i
O F 23.1%, 20234 117

SO %

7 B17} A%
o= 25.0%, 20244

), 20224 4

0.6% (139), 20234 47.7% (21%9), 20244
52.9% (27%8) At

E1. 23N E 295 A 5 9 A7 107 ¥ TAE(F7E, 2019-20254)
7= 20194 20204 20214 20224 20234 20244 2025

AA| A} 5 27 134 13 32 44 51 123

4 &2} £
194 1 0 2 1 0 1 2
29 1 1 1 1 1 1 2
34 1 0 0 0 1 3 3
49 1 1 0 3 3 2 6
54 5 2 0 7 2 5 12
64 3 42 1 2 6 6 37
79 4 76 4 12 9 16 39
8¥ 5 2 4 1 7 3 22
9¥d 3 1 0 1 5 3 =
104 4 8 1 2 4 8 -
11¢ 0 0 0 2 5 2 -
124 1 1 0 0 1 1 -

105 9 g8 0.21 1.01 0.10 0.24 0.32 0.37 0.90

-=data not available. "=/} EAZE 9] 2019-20259 A7|% FHUSEAGAFE B g 3lo] 423 Y2025 AEE 192E 897K A mvt
Z3oFoTh
B2 099 ¢85S S8 AN AR5 23 249X AF(F7 &, 20254)
ArSH QA2
= 20254 2E oKt 5
==l ==} 243
14 2 2.9 3.2 2.9
24 2 3.0 3.0 3.0
34 3 4.2 4.5 4.1
49 6 4.6 (A) 49 (A) 4.6 (A)
54 12 8.9 (A) 10.0 (A) 8.9 (A)
6¥ 37 37.0 9.0 (A) 11.2 (A)
74 39 27.8 (A) 19.7 (A) 18.0 (A)
84 22 6.7 (A) 8.7 (A) 6.7 (A)
A 20259 AA HAY 82 27 Y H G E0] AT AARE 20T A (EAH FR).
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Trends and Risk Factors of Enterohemorrhagic Escherichia coli
Infections in Gyeonggi Province, 2019-August 2025
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ABSTRACT

Objectives: This study aimed to analyze epidemiological trends in enterohemorrhagic Escherichia coli (EHEC) infections in
Gyeonggi Province and explore risk factors associated with the marked increase in cases observed in 2025.

Methods: Epidemiological investigation data collected from 2019 through August 2025 were analyzed. To assess the increase in cases
in 2025, the Farrington algorithm was applied using 2019-2023 data as the baseline period. Three analytical models were compared
according to the handling of 2020 data: Model 1 included all 2020 data, Model 2 excluded all 2020 data, and Model 3 excluded only
outbreak-related cases from 2020. Food exposure categories were additionally reclassified into meat, ground meat products, dairy
products, and vegetables/fruits according to the 2024 revision of the epidemiological investigation form.

Results: EHEC infections occurred year-round, with the highest incidence observed from June to August. From January through
August 2025, 123 cases were reported, a level comparable to the peak recorded in 2020. All three models detected statistical alerts
during July-August 2025, indicating that the increase in cases was atypical regardless of how the 2020 outbreak data were handled.
Meat consumption accounted for the largest proportion of reported food exposures, with yukhoe, being particularly prominent
among cases in 2025. In addition, the serogroup distribution shifted from O157 dominance toward an increased prevalence of
non-0157 serogroups, particularly 0103 and O26.

Conclusions: The 2025 surge appears to reflect a shift from localized outbreaks toward more widespread sporadic transmission,
characterized by frequent raw beef exposure and increasing diversity of non-O157 serogroups. Strengthening multi-serogroup
surveillance and refining epidemiological investigation forms, particularly by subdividing food exposure items, are essential for

precise source tracking, earlier detection, and effective prevention.

Key words: Enterohemorrhagic Escherichia coli; Epidemiological investigation; Farrington algorithm; Risk factors
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Introduction adhering to and proliferating on the colonic epithelium, EHEC
produces toxins that inhibit protein synthesis in host cells and
Enterohemorrhagic Escherichia coli (EHEC) infection is an induce cellular injury, resulting in intestinal mucosal damage

acute infection caused by Shiga toxin-producing E. coli. After and hemorrhagic diarrhea. The main clinical manifestations
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Key messages
(D What is known previously?

Enterohemorrhagic Escherichia coli (EHEC) infections in
Gyeonggi Province have historically been associated with
undercooked or raw beef consumption and have often
presented as localized outbreaks, including the childcare
center outbreak in 2020.

(@ What new information is presented?

In 2025, EHEC infections in Gyeonggi Province ap-
peared to shift toward a more sporadic transmission
pattern rather than being concentrated in localized out-
breaks. The serogroup distribution also became more
diverse, with a marked increase in non-O157 sero-
groups compared with the previously dominant O157
serogroup.

® What are implications?

Despite these epidemiological shifts, raw beef consump-
tion remained a prominent exposure among reported
cases. Therefore, rather than simplifying epidemiological
investigation forms, it is important to refine and subdi-
vide the food exposure sections to enable more precise
source tracking.

include abdominal pain, vomiting, fever, and watery or bloody
diarrhea [1,2]. Most patients recover without sequelae; howev-
er, approximately 3-5% develop hemolytic uremic syndrome,
a potentially fatal complication characterized by hemolytic
anemia, thrombocytopenia, and acute kidney injury [3]. The
incubation period of EHEC infection is relatively short, gen-
erally 1-4 days and up to 7 days. However, infected patients
may shed the bacteria for several days to several weeks, from
shortly before symptom onset through the symptomatic pe-
riod and even after clinical recovery, allowing transmission to
continue. This prolonged bacterial shedding, together with the

low infectious dose of approximately 10-100 colony forming
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unit, means that infection can occur after exposure to only a
small amount of the pathogen. These characteristics facilitate
person-to-person transmission and foodborne outbreaks [4].
In the Republic of Korea (ROK), continuous surveillance has
been conducted since EHEC infection was designated a legally
notifiable infectious disease in 2000. The nationwide incidence
rate per 100,000 population increased from 0.20 in 2016 to
0.53 in 2024, indicating an overall upward trend.

For EHEC infection, diagnosis is confirmed by isolating
and identifying E. coli harboring Shiga toxin genes (stx! or
stx2) from specimens such as stool samples or rectal swabs. A
“confirmed case” is defined as a person who presents with clin-
ical symptoms consistent with EHEC infection and whose in-
fection has been confirmed by diagnostic testing. A “suspected
case” is defined as a person suspected of having EHEC infec-
tion based on clinical symptoms and an epidemiologic asso-
ciation, but without laboratory results meeting the criteria for
confirmatory diagnosis. A “pathogen carrier” is defined as an
asymptomatic person with laboratory-confirmed infection.

This infection occurs year-round but shows a seasonal pat-
tern, with cases concentrated during the summer months.
Major sources of infection include raw or undercooked beef
products, particularly ground beef, as well as unpasteurized
milk or juice and contaminated vegetables [3,5]. In the ROK,
a representative example is the 2020 cluster outbreak at a
childcare center in Ansan-si, in which undercooked beef and
raw meat dishes such as yukhoe were identified as suspected
sources of infection. In particular, as the number of cases in
Gyeonggi Province has rapidly increased since the beginning of
2025 and cluster infections have been reported in settings such
as restaurants in Namyangju-si, epidemiological investigation

of recent changes in occurrence patterns and associated risk

www.phwr.org Vol 19, No 24, 2026
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factors has become urgent [6].

Therefore, this study aimed to analyze recent incidence
trends and epidemiological characteristics, including patients’
food exposure histories, based on EHEC cases reported in
Gyeonggi Province from 2019 through August 2025. We
further sought to explore factors associated with the surge in
cases in 2025 and to provide foundational evidence for estab-
lishing future prevention and surveillance strategies for EHEC

infection.

Methods

1. Study Population and Data Sources

This study analyzed epidemiological investigation data
for EHEC infections reported in Gyeonggi Province from
2019 through August 2025. The data were obtained from the
Integrated Disease and Public Health Management System
through 2023 and from the Integrated Disease Control and
Prevention Information System from 2024 onward. The study
population included reported individuals classified as “con-
firmed cases,” “suspected cases,” or “pathogen carriers” based
on the results of epidemiological investigations; those classified
as “not a case” were excluded. However, one case reported in
2019 was reclassified as a “confirmed case” after re-review of
the clinical presentation and polymerase chain reaction results.
Including this case, a total of 424 individuals were included in

the final analysis.

2. Detection of Excess Case Counts Using the
Farrington Algorithm
The Farrington algorithm was used to detect excess EHEC

case counts in Gyeonggi Province in 2025 [7]. The algorithm

www.phwr.org Vol 19, No 24, 2026

estimates the expected number of cases based on historical
time-series data and determines whether the observed number
of cases exceeds a statistically significant threshold. The expect-
ed number of cases was estimated using a Poisson regression
model fitted to historical data from the corresponding periods
in previous years, as follows: 11, represents the expected number
of cases at time t, 3, the intercept, and 3, the coefficient for the

time trend.

logwt):ﬂo-"ﬁlt

Based on the estimated expected values, the upper predic-
tion limit was calculated, and a statistical alert was defined as
a time point at which the observed number of cases exceeded
this upper threshold [8]. The surveillance period was set from
2024 to 2025. At each surveillance time point, the expected
number of cases and the upper threshold were estimated using
a rolling-window method that referenced data from the corre-
sponding periods in the preceding 5 years. Three models were
constructed according to how the 2020 outbreak data were
handled: Model 1 included all 2020 data, Model 2 excluded all
2020 data, and Model 3 excluded only the 103 cases associ-
ated with the Ansan-si cluster outbreak.

Statistical analyses were performed using the farrington-
Flexible function in the surveillance package in R software (ver-

sion 4.5.1; R Foundation for Statistical Computing).

3. Reclassification and Analysis of Food Exposure
Variables
Food exposure variables were redefined to reflect changes
in investigation items following the 2024 revision of the epi-

demiological investigation form. The analyzed items were

975


http://www.phwr.org

I Public Health Weekly Repo: ’\

reclassified into four categories: meat products (beef, pork, serogroups were classified as O157 or non-O157, and specific
chicken, duck, lamb, and organ meats), ground meat products serogroups were further identified among non-O157 isolates.
(hamburger patties and sausages), dairy products (milk, cheese, Cases in which the serogroup could not be identified during
and yogurt), and vegetables/fruits (raw vegetables, fresh fruits, the testing process were classified as “Unknown.” The annual
and juice). Consumption of any item within a category was frequency and proportion of each serogroup category were cal-
considered consumption of that food group. For meat prod- culated and compared.

ucts, cooking or heating status before consumption was addi-

tionally assessed. Results

4. Serogroup Classification and Analysis Methods 1. Annual and Monthly Incidence

To analyze the serogroup distribution of causative patho- The number of EHEC infection cases in Gyeonggi Province
gens identified in patients with EHEC infection, serogroup was 134 in 2020, including cases associated with the Ansan-si
information was obtained from the Gyeonggi Province epide- outbreak, and 123 in 2025, corresponding to incidence rates

miological investigation reports. O157 was identified using an of 1.01 and 0.90 per 100,000 population, respectively. Cases

E. coli selective medium, whereas non-O157 serogroups were occurred throughout the year but tended to be concentrated
identified by submitting specimens to the Gyeonggi Province during the summer months, particularly from June to August.
Institute of Health and Environment for testing. The identified The number of cases reported during June-August was 4 in

Table 1. Number of cases and incidence rate per 100,000 populations of EHEC infection in Gyeonggi Province, 2019-2025
[tem 2019 2020 2021 2022 2023 2024 2025
Cases 27 134 13 32 44 51 123
Monthly number of cases
January 1 0 2 1 0 1 2
February 1 1 1 1 1 1 2
March 1 0 0 0 1 3 3
April 1 1 0 3 3 2 6
May 3 2 0 7 2 5 12
June 3 42 1 2 6 6 37
July 4 76 4 12 9 16 39
August 5 2 4 1 7 3 22
September 3 1 0 1 5 3 -
October 4 8 1 2 4 8 =
November 0 0 0 2 5 2 =
December 1 1 0 0 1 1 -
Incidence” 0.21 1.01 0.10 0.24 0.32 0.37 0.90
EHEC=enterohemorrhagic Escherichia coli: -=data not available. “Calculated using the annual midyear resident population of Gyeonggi
Province from the Korean Statistical Information Service as the denominator. "The 2025 data cover January through August only.
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2019,40in 2020, 3 in 2021, 5 in 2022, 7 in 2023, 8 in 2024,
and 32 in 2025. In particular, 39 cases were reported in July
2025; however, epidemiological investigations indicated that
these represented sporadic community infections rather than

an outbreak associated with a specific event (Table 1).

2. Demographic Characteristics

From 2019 through 2025, cases were concentrated pri-
marily among children aged <10 years, who accounted for
44.4% of cases in 2019, 86.6% in 2020, and 60.2% in 2025.
Infections were also reported among adults aged >60 years, in-
cluding 3 cases (23.1%) in 2021, 11 cases (25.0%) in 2023,
and 14 cases (27.4%) in 2024 (Supplementary Table 1; avail-
able online). The proportion of cases involving group child-
care or school settings, including daycare centers, kindergar-
tens, and elementary, middle, and high schools, was highest in
2020, when a major outbreak occurred (86.6%, n=116). In
2025, this proportion reached 66.7% (n=82), the highest level
since 2020. The corresponding proportions in the remain-
ing years were 48.2% (n=13) in 2019, 38.5% (n=5) in 2021,
40.6% (n=13) in 2022, 47.7% (n=21) in 2023, and 52.9%
(n=27) in 2024.

3. Detection of Excess Case Counts in 2025

Using the Farrington Algorithm

Observed monthly case counts from April to August 2025
were compared with the upper prediction limits estimated by
each model. In Model 1, which included all 2020 data, the up-
per prediction limits were the highest because data from the
large-scale outbreak were incorporated into the baseline used
for threshold estimation. As a result, statistical alerts were trig-
gered in April, May, July, and August, but not in June. Model 2,
which excluded all 2020 data, produced the lowest upper pre-
diction limits, and statistical alerts were observed continuously
from April through August. Model 3, which excluded only the
103 cases associated with the Ansan-si outbreak, produced in-
termediate upper prediction limits between those of Models
1 and 2, and statistical alerts were also observed continuously
from April through August. Overall, all three models identified
statistical alerts during the main epidemic period for EHEC in-

fection in 2025, including July and August (Table 2, Figure 1).

4. Food Exposure Characteristics of Patients,
2019-2025

Among patients with available food exposure information,

Table 2. Detection of excessive EHEC infection cases using the Farrington algorithm in Gyeonggi Province, 2025
Upper threshold
Month Number of cases
Model 1 Model 2 Model 3
January 2 29 3.2 29
February 2 3.0 3.0 3.0
March 3 4.2 4.5 4.1
- 6 4.6 (A) 49 (A) 4.6 (A)
May 12 8.9 (&) 10.0 (&) 8.9 (&)
June 37 37.0 9.0 (A) 11.2 (A)
July 39 27.8 (A) 19.7 (A) 18.0 (A)
August 22 6.7 (&) 8.7 (A) 6.7 (A)
EHEC=enterohemorrhagic Escherichia coli. A: Months with observed case counts exceeding the upper prediction limit estimated by the
Farrington algorithm were flagged as statistical alerts.

www.phwr.org Vol 19, No 24, 2026
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Figure 1. Detection of excess EHEC cases using the Farrington algorithm in Gyeonggi Province, 2025
(A) Model 1, (B) Model 2, (C) Model 3. Data from 2024 are shown for temporal comparison; the primary analysis period was 2025.

EHEC=enterohemorrhagic Escherichia coli.

meat consumption was the most frequently reported exposure
in all years: 100% in 2019, 92.3% in 2020, 100% in 2021,
87.0% in 2022, 72.4% in 2023, 68.4% in 2024, and 77.8% in
2025. Among patients who reported raw meat consumption,
most had consumed beef (Table 3). Specifically, the proportion
of patients who consumed beef among those who reported raw
meat consumption was 4 of 6 in 2020, 6 of 7 in 2022, and
3 of 6 in 2023. In 2025, 15 of the 18 patients who reported
raw meat consumption had consumed raw beef dishes, such as
yukhoe or yukhoe bibimbap, further suggesting raw beef con-

sumption as a major food exposure among EHEC cases.

978

5. Changes in the Serogroup Distribution of the

Causative Pathogen

The causative pathogens of EHEC infection were broadly
classified into O157 and non-O157 serogroups. From 2019 to
2022, 0157 was the predominant serogroup, accounting for
44.4% of cases in 2019, 64.2% in 2020, 46.2% in 2021, and
40.6% in 2022. However, from 2023 onward, the distribution
shifted, with non-O157 serogroups becoming more promi-
nent (Figure 2). In 2025, non-O157 serogroups were identi-
fied in 47 cases (38.2%); among these, 0103 (14 cases) and
026 (5 cases) were the most frequently identified. Meanwhile,

the proportion of cases classified as “Unknown,” in which the

www.phwr.org Vol 19, No 24, 2026
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Table 3. Food consumption history among patients with EHEC infection in Gyeonggi Province, 2019-2025
[tem 2019 2020 2021 2022 2023 20249 2025
Food consumption
Ever 18 (66.7) 91 (67.9) 10 (76.9) 23 (71.9) 29 (65.9) 19 (37.3) 54 (43.9)
Never 6(22.2) 4 (3.0) 2 (15.4) 5 (15.6) 8(18.2) 29 (56.9) 58 (47.2)
Unknown 3Ly 39(29.0) 1(7.7) 4(12.5) 7 (15.9) 359 11 (8.9)
Food categories”
Meat 18 (100.0) 84 (92.3) 10 (100.0) 20 (87.0) 21 (72.4) 13 (68.4) 42 (77.8)
Ground meat 3(16.7) 7 (7.7) 1(10.0) 6(26.1) 7 (24.1) 6 (31.6) 12 (22.2)
Dairy 11 (61.1) 67 (73.6) 3 (30.0) 8 (34.8) 13 (44.8) - -
Vegetables/fruits 7 (38.9) 78 (85.7) 7 (70.0) 9 (39.1) 19 (65.5) = =
Meat”
Cooked 16 (88.9) 73 (86.9) 9(90.0) 12 (60.0) 15 (71.4) 7 (53.8) 20 (47.6)
Raw 2(11.1) 6(7.1) 1(10.0) 7 (35.0) 6 (28.6) 5(38.5) 18 (42.9)
Unknown 0(0.0) 5(6.0) 0 (0.0) 1(5.0) 0(0.0) 1(7.7) 4(9.5)
Unit: n (%). EHEC=enterohemorrhagic Escherichia coli; -=data not available. a)Percentages for food items were calculated as the proportion
of “Yes” responses among patients who responded to each item. “Percentages for meat subitems were calculated using the number of patients
who reported meat consumption as the denominator. “Dairy and vegetables/fruits were not assessed in 2024-2025 due to revisions to the
epidemiological investigation form.

Bl 0157 [ non-0157 [ Untyped

100 -

[e2] ©
o o
1 1

Proportion (%)
S
o

20 1

2019

2020

2021 2022 2023 2024 2025

Figure 2. Annual distribution of EHEC serogroups in
Gyeonggi Province, 2019-2025
Numbers inside the bars indicate case counts. EHEC=enterohemorrhagic

Escherichia coli.

serogroup could not be identified during the testing process,
increased to 41.2% (21 cases) in 2024 and 43.1% (53 cases) in

2025, indicating a recent upward trend.

www.phwr.org Vol 19, No 24, 2026

Discussion

Unlike the 2020 outbreak at a childcare center in Ansan-
si, which was centered in a specific facility, the 2025 EHEC in-
fections in Gyeonggi Province were characterized by sporadic
occurrences across the community. To objectively assess this
abnormal increase, the Farrington algorithm was applied using
different approaches to handling the large-scale 2020 outbreak
data (Models 1-3). Statistical alerts were consistently observed
across all models during July-August 2025. These findings
suggest that the recent increase reflects a broader rise in EHEC
cases rather than an increase attributable to a single localized
outbreak. In addition, diversification of the causative patho-
gens was observed, with the predominant pattern shifting from
the previously dominant O157 serogroup toward non-O157
serogroups.

This pattern was reflected in the epidemiological charac-

teristics of the two municipalities with the highest numbers
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of cases in 2025. In Namyangju-si, consumption of raw beef
dishes, such as yukhoe bibimbap, at a specific restaurant was
identified as the suspected source of infection. In Pyeongtaek-
si, although no cluster outbreak associated with a single facility
was identified, most cases reported consumption of yukhoe or
other beef dishes during epidemiological investigations, sug-
gesting a possible epidemiological association. Taken together,
these findings indicate that the recent increase in EHEC cases
in Gyeonggi Province was characterized by repeated raw beef
exposure across different local settings.

Recently, reported cases of EHEC infection have increased
not only in Gyeonggi Province but also in other countries, and
the epidemiologic pattern has shifted from facility-based clus-
ter outbreaks toward more sporadic occurrence [9]. This in-
crease in reported cases may also be partly attributable to ad-
vances in diagnostic testing. With the widespread introduction
of multiplex polymerase chain reaction assays, which can si-
multaneously detect multiple enteric pathogens in stool speci-
mens, the detection sensitivity for Shiga toxin—-producing E.
coli has improved. Therefore, the possibility that reported cases
among asymptomatic or mildly symptomatic individuals have
increased compared with the past cannot be excluded [10,11].

This study was conducted using surveillance data derived
from the reporting and epidemiological investigation systems
for legally notifiable infectious diseases; however, several limi-
tations should be considered. First, changes to the epidemio-
logical investigation form following the 2024 revision of the
Korea Disease Control and Prevention Agency system may
have introduced discontinuity in the data. Specifically, the
2019-2023 forms included detailed, multiple-response items
for food groups known to be associated with EHEC infection,

whereas the 2024-2025 forms simplified food classification

980

into general-purpose variables commonly used for waterborne
and foodborne infectious diseases. This change created practi-
cal difficulties in precisely identifying suspected food vehicles
and tracing infection sources. Second, the possibility that the
increase in reported cases in Gyeonggi Province in 2025 was
influenced by detection bias resulting from advances in diag-
nostic technology and expanded testing cannot be excluded.
Although excess case counts were assessed using the Farrington
algorithm, this approach provides statistical estimates that
should be interpreted with caution. In particular, the effect of
increased testing volume could not be quantitatively controlled
because data on the total number of tests performed and test
positivity rates are not separately aggregated within the epide-
miological investigation system.

Despite these limitations, this study showed that statistical
alerts during the summer season were consistently observed
across all three analytical models with different approaches to
handling the 2020 outbreak data. These findings suggest that
the increase in cases concentrated during a specific period is
unlikely to be explained solely by detection bias and may re-
flect a genuine increase in EHEC infections. This study also
provides empirical evidence that the epidemiologic pattern of
EHEC infection in Gyeonggi Province has recently changed.
Considering the low infectious dose and foodborne transmis-
sion characteristics of EHEC, public awareness campaigns
and health education should be strengthened during the sum-
mer season, particularly regarding preventive measures such
as avoiding raw beef dishes, including yukhoe, and ensuring
thorough cooking. In the future, as the infectious disease sur-
veillance system is enhanced, multifaceted analyses incorporat-
ing the total number of tests performed and test positivity rates

should also be conducted.

www.phwr.org Vol 19, No 24, 2026
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Furthermore, these findings are consistent with recent do-
mestic and international trends showing increases in sporadic
EHEC cases and the emergence of non-O157 serogroups. This
supports the need to establish a multi-serogroup surveillance
system that encompasses diverse serogroups beyond the ex-
isting O157-focused surveillance and diagnostic framework
[12]. In addition, because the possibility of testing and detec-
tion bias remains—for example, increased identification of
meat-related exposures due to intensified inspections of meat
and processed ground-meat products—the current “Guidelines
for the Management of Waterborne and Foodborne Infectious
Diseases” should be revised and strengthened to enable more
objective identification of infection sources. Specifically, the
current simplified food exposure items should be further sub-
divided and systematized, with particular emphasis on high-
risk food groups associated with EHEC infection.

In conclusion, this study analyzed epidemiological inves-
tigation data from Gyeonggi Province from 2019 through
August 2025 and found that recent epidemiologic patterns
of EHEC infection were characterized by frequent raw beef
exposure and increasing diversity of non-O157 serogroups.
Establishing a multi-serogroup surveillance system and en-
hancing the epidemiological investigation form will be essential
for the early detection of community-level transmission, ac-
curate identification of infection sources, and proactive public

health responses.
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(1) B HejolA BB A FA BED
3818 4 & (glycated hemoglobin, HbA1c) AARS Pty
Y] A7) @9 24 AHE gk
HAo= AA - 71718
of Wk, A A - A= 7| Aol Exto] W4
o| & 7 Adst7] sl 19964 vl=ollA = Tt MA H
Fotxg]

8% Aol AT,

2 (National Glycohemoglobin Standardization
Program, NGSP)°| A= gt te] A4FAIH (Diabetes
Control and Complications Trial) A2} 23+ LA A]7]
© EZIE FASHAUT5]. =4 4/32He} 3 (International
Federation of Clinical Chemistry and Laboratory Medicine,
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A GHEATH4] o] F Thfet 48 HbAle HAAMEE
°] NGSP E& IFCC 7]l 950l B, AAM 7F
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I 38 992 o223 ZrH12-14]. A, AZRAE 71&4
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ABSTRACT

Objectives: This study aims to examine the importance of and challenges associated with chronic disease management in a super-
aged society, highlight the role of laboratory medicine standardization, and propose standardization policies within the national
healthcare system.

Methods: This review analyzes the necessity and importance of laboratory medicine standardization in the management of chronic
diseases and standardization strategies for key laboratory medicine tests for each chronic disease.

Results: A national laboratory medicine standardization system was established, and the National Medical Reference Laboratory
is currently operating within the Korea Disease Control and Prevention Agency. Projects to standardize laboratory medicine are
underway through quality assessments of laboratory medicine institutions and systems.

Conclusions: To improve the quality of healthcare services in a super-aged society, the production of certified reference materials for
laboratory medicine, implementation of legally enforceable policies, training for medical professionals, and continued investment are

necessary. These efforts are expected to promote innovation in the healthcare system and to prepare for the future.
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Introduction

As of 2024, the Republic of Korea (ROK) had already en-
tered a super-aged society, with the proportion of individuals
aged =65 years exceeding 20% of the total population [1]. This
has led to increasing practical burden associated with rapidly
rising healthcare expenditures. In particular, older adults fre-

quently suffer from chronic diseases and often present with
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multiple conditions simultaneously, making them a major
driver of rising healthcare costs [2]. In addition, demographic
shifts and the growing burden of chronic diseases threaten the
overall sustainability of the national healthcare system, includ-
ing efficient medical resource allocation, quality management
of diagnosis and treatment, and patient safety.

Effective management of chronic diseases requires ac-

curate diagnosis and continuous follow-up, which directly
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Key messages
(D What is known previously?

The Korea Disease Control and Prevention Agency op-
erates a National Medical Reference Laboratory to stan-
dardize laboratory medicine for chronic diseases.

(@ What new information is presented?

Standardization of laboratory medicine is crucial for the
effective management of chronic diseases. Lack of stan-
dardization in laboratory medicine can lead to duplicate
testing, misdiagnosis, and a decline in the reliability of
public health policies, among other issues.

® What are implications?

Standardization of laboratory medicine is not limited to
improving testing technology; it is a crucial policy for
improving the quality of medical services in a super-aged
society.

contribute to better patient outcomes and improved quality of
life. Standardization of laboratory tests refers to the process of
ensuring consistent results regardless of where the test is per-
formed, thereby enabling comparability, interoperability, and
reliability. Standardized testing serves as a transformative foun-
dation for the broader healthcare system, encompassing early
disease diagnosis, improved treatment outcomes, enhanced
cross-institutional data comparability, and the establishment of
a patient-centered continuum of care. In addition, these chang-
es may help reduce healthcare costs.

This article provides an in-depth analysis of the importance
of chronic disease management in a super-aged society and
demonstrates how diagnostic test standardization plays a pivot-
al role in this process through specific examples. Furthermore,
this paper reviews the current status of the diagnostic labora-

tory standardization policies in the ROK and presents policy

www.phwr.org Vol 19, No 24, 2026

recommendations for expanding the role of the National
Medical Reference Laboratory (NMRL) of the Korea Disease
Control and Prevention Agency (KDCA) and maintaining its
ongoing programs as it is essential for ensuring the future sus-

tainability of the national healthcare system.

Main Text

1. The Increasing Importance of Chronic Disease

Management in a Super—aged Society

A super-aged society has an increased prevalence of chronic
diseases, thereby imposing a structural burden on the national
economy that extends well beyond a simple rise in healthcare
costs. According to the National Health Insurance Service, per
capita medical expenses for older adults are more than twice
the national average, clearly demonstrating that population ag-
ing is the single most significant driver of rising healthcare ex-
penditure [3]. If this trend continues, a substantial share of the
national health budget may become concentrated on chronic
disease management, thereby creating a vicious cycle where-
in the capacity for future-oriented investment, including the
adoption of new technologies and medical innovation, is pro-
gressively eroded.

Older patients frequently present with multiple concurrent
chronic conditions, including diabetes, cardiovascular disease,
and chronic kidney disease. Such comorbidity significantly in-
creases the complexity of patient management. For example,
patients with chronic kidney disease and impaired renal func-
tion require careful and precise adjustment of diabetes medi-
cations, and failure to do so may lead to serious complications
such as adverse drug reactions or hypoglycemic shock. In such

complex clinical scenarios, where treatment decisions for one
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condition directly affect another, accurate and reliable diag-
nostic test results are essential in preventing medical errors and
guiding optimal treatment decisions.

In a super-aged society, chronic disease management ex-
tends far beyond just the treatment of individual conditions. It
represents a fundamental national healthcare strategy for en-
suring the sustainability of the healthcare system and patient
safety through life-course management grounded in reliable

diagnostic data.

2. The Ciritical Role of Diagnostic Test
Standardization in Chronic Disease
Management
Chronic disease management extends beyond short-term

treatment, with long-term prevention and monitoring at its

core. Standardized diagnostic testing is essential for ensuring
cross-institutional data interoperability and establishing a pa-
tient-centered continuum of care. Beyond being a mere techni-
cal advancement, it represents a critical factor in safeguarding
patient safety and enhancing the quality of healthcare in a su-
per-aged society. In particular, diagnostic test standardization
enables long-term, data-driven decision-making that is central
to chronic disease management by ensuring the traceability of
data across the entire life course. The specific clinical and eco-
nomic benefits of diagnostic test standardization are outlined

below.

1) Ensuring diagnostic accuracy and treatment
reliability

(1) Standardization of glycated hemoglobin testing
for diabetes management

Glycated Hemoglobin (HbA1c) is a key indicator of
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long-term glycemic control in patients with diabetes. However,
measurement methods have historically varied across labora-
tories and instruments, resulting in poor consistency between
results and considerable confusion in establishing clinical diag-
nostic and treatment criteria [4].

To address this issue, the National Glycohemoglobin
Standardization Program (NGSP) was established in the
United States in 1996, promoting standardization by align-
ing laboratory results with those of the Diabetes Control and
Complications Trial [5]. The International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC) devel-
oped a precise reference measurement procedure and estab-
lished a standard for reporting HbA1c results in mmol/mol,
and conversion equations between NGSP and IFCC values
were subsequently validated [4]. Since then, various commer-
cial HbA1c assays have been calibrated to NGSP or IFCC stan-
dards. Consequently, inter-laboratory variation has decreased,
cross-institutional and international comparability of results
has improved, and the reliability of both diagnostic threshold
determination (e.g., adopting HbA1¢>6.5% as the diagnostic
criterion for diabetes) and long-term patient management have
substantially increased [4].

However, despite these international standardization ef-
forts, inter-laboratory variation in HbAlc testing persists be-
cause of several factors. First, technical differences arise from
variations in measurement principles. Ion-exchange high-per-
formance liquid chromatography (HPLC), which is based on
charge differences, and immunoassays, which recognize spe-
cific epitopes, exhibit different reactivity toward sample com-
ponents. Differences in antibody recognition sites and reagent
reaction conditions, such as pH and ionic strength, across

manufacturers can introduce variability in results even when
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identical serum specimens are tested. Second, interference may
also be introduced through patient-related factors. Hemoglobin
variants can distort measured values by causing peak overlap
during HPLC analysis or by altering antibody binding affin-
ity in immunoassays. Additionally, conditions such as anemia
and chronic liver disease, which affect red blood cell lifespan,
are major sources of biological bias independent of true gly-
cemic status. Third, there may be clinical implications from
inconsistent traceability to reference materials. A domestic
study found that depending on whether laboratories achieved
standardization, estimates of diabetes prevalence could range
from 10.91% to 13.09%, and the prevalence of impaired fast-
ing glucose could be overestimated by as much as 40.49% [6].
Furthermore, a recent multicenter comparative study found
that only 26% of 19 HbAlc point-of-care testing devices met
both IFCC and NGSP performance criteria, suggesting that
quality management based on international standards must
be implemented at the manufacturing stage and that rigorous
independent performance verification prior to clinical applica-

tion remains essential [7].

(2) Standardization of lipid testing in
cardiovascular disease management

Dyslipidemia is a key risk factor for cardiovascular disease,
and lipid testing plays a critical role in assessing patient risk
and guiding treatment decisions. Non-standardized lipid test
results may misclassify cardiovascular risk in approximately
10% of patients, potentially leading to unnecessary pharmaco-
logical interventions or adverse clinical outcomes [8].

The U.S. Centers for Disease Control and Prevention
(CDC) has established the Cholesterol Reference Method

Laboratory Network (CRMLN), which operates reference

www.phwr.org Vol 19, No 24, 2026

measurement procedures and provides a framework for stan-
dardizing calibrating measurements across manufacturers
and laboratories. Through these efforts, standardized lipid
data have formed the evidence base for clinical practice guide-
lines, enabling the establishment and application of low-den-
sity lipoprotein cholesterol (LDL-C) treatment targets, such
as LDL-C<55 mg/dl in patients with coronary artery disease
[9-11].

Direct lipid measurement methods still exhibit substan-
tial between-method variation compared with reference mea-
surement procedures (ultracentrifugation), with high-density
lipoprotein cholesterol values ranging from —8.6% to +8.8%
and LDL-C values from —11.8% to +4.1%. The main causes
are as follows [12-14]. First, manufacturer-specific techni-
cal variations. Differences among manufacturers in the types
of surfactants used for lipoprotein separation, target analyte
recognition specificity, and inhibitor efficiency can contribute
to inconsistencies in results. Second, nonspecific interference
arising from variations in specimen lipid composition. When
residual lipoproteins in hypertriglyceridemic serum or atypical
lipoprotein particles such as lipoprotein(a) are not completely
removed during pretreatment or are misidentified as the tar-
get analyte, measured values may be distorted [14]. Third, in-
consistencies in calibration methods across different testing
systems. Systematic differences in results across manufactur-
ers arise from variations in instrument optical characteristics
and the calibration equations applied to measurement outputs.
Fourth, reagent lot-to-lot variation and environmental variabil-
ity. Test results may change subtly because of reagent lot-to-lot
variations or fluctuations in laboratory environmental condi-
tions. Therefore, quality verification is required when chang-

ing calibrator or reagent lots in laboratory testing systems, and
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continuous quality control with periodic monitoring through-

out the testing processes is essential.

(3) Standardization of creatinine and urine
albumin testing in chronic kidney disease
management

Serum creatinine and the urine albumin-to-creatinine ratio
(ACR) are essential tests for the diagnosis, staging, prognosti-
cation, and treatment planning of chronic kidney disease. In
particular, creatinine concentration is directly used to calculate
the estimated glomerular filtration rate (eGFR) and is essential
for clinical decision-making, including chronic kidney disease
staging (e.g., eGFR<60 ml/min/1.73 m?), dialysis initiation,
and medication adjustment [15]. Additionally, ACR reflects
glomerular permeability and serves as a key indicator for the
early detection of kidney injury, prediction of disease progres-
sion in patients with diabetes and hypertension, and assess-
ment of cardiovascular risk. Clinical practice guidelines rec-
ommend ACR thresholds of 30 and 300 mg/g, underscoring
the importance of accurate measurement [15,16]. However,
substantial inter-laboratory and inter-method variation, with
differences exceeding +40% even in identical urine specimens,
has led to confusion in applying clinical thresholds and risk
classification [17].

To address this issue, an international standardization
program launched in 2006, combined with the distribution
of National Institute of Standards and Technology reference
materials (SRM 967 and 967a), led major manufacturers to
transition serum creatinine testing to methods using isotope
dilution mass spectrometry (IDMS) traceability [18-20]. In
the ROK, the accuracy-based proficiency testing (ABPT) pro-

gram launched by the Korean Association of External Quality
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Assessment Service (KEQAS) in 2011 led to substantial im-
provements in creatinine testing accuracy, with mean bias
decreasing from 10.8% in 2011 to 0.8% as of 2023 [21].
However, the Jaffe method, which is still used by approximately
90% of laboratories in the ROK, has an inherent technical limi-
tation: nonspecific interfering substances that produce “pseu-
docreatinine” effects result in a high positive bias, particularly
in the low-concentration range. In particular, the non-compen-
sated Jaffe method exhibits a pronounced tendency to produce
a positive bias in low-concentration specimens. Additionally,
the complexity of open systems, in which reagents, calibrators,
and instruments from different manufacturers are used inter-
changeably, has been identified as a major factor that under-
mines the maintenance of metrological traceability.
International standardization of urine albumin testing has
been pursued since 2008, with established IDMS reference
measurement procedure and reference materials (SRM 2925
and 360606) [17]. However, commercial immunoassays still ex-
hibit severe variation, from —35% to +34%, when compared
with the reference measurement procedure [22]. The primary
sources of this bias are differences in epitope recognition speci-
ficity among manufacturer antibodies and matrix effects aris-
ing from urinary protein degradation products. In particular,
in the low-concentration range (<15 mg/L) that is critical for
early kidney injury diagnosis, errors are further compounded
by nonspecific adsorption of the analyte onto container walls
and limit of quantitation issues, underscoring the need for a
national quality management infrastructure to elevate and

harmonize standardization across clinical settings in the ROK

[21-23].
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2) Efficient use of medical resources and cost
reduction benefits

Diagnostic test standardization enhances the accuracy and
reliability of results, thereby minimizing misdiagnosis, reduc-
ing false-positive and false-negative results, and maximizing
the overall efficiency of healthcare services. Discrepancies in
test results are a primary driver of repeated testing across mul-
tiple healthcare institutions, thereby increasing the financial
burden on individuals and undermining the efficient alloca-
tion of medical resources at a national level. In particular, stan-
dardized test results enable clinicians to establish more precise
and timely treatment plans, thereby slowing the progression of
complications and potentially reducing the need for high-cost
interventions, such as dialysis or prolonged hospitalization.

The CDC lipid standardization program—the Accuracy-
Based Monitoring Program, formerly known as the Lipids
Standardization Program/CRMLN—serves as an empiri-

cal demonstration of this economic impact. As of 2007, the

program’s annual operating cost was approximately USD 1.7
million, whereas the annual net economic benefit generated
reached approximately USD 338 million even under conser-
vative assumptions. When the median expert panel estimate
is applied, this value increases to USD 7.6 billion annually, re-
flecting the monetized benefit of accurate diagnosis through
test standardization in terms of reduced cardiovascular disease
mortality and increased life expectancy [24]. In the ROK, se-
rum creatinine standardization has yielded remarkable prog-
ress, with the bias reducing from 10.8% in 2011 to 0.8% in
2023, resulting in improved precision in eGFR calculation and

substantially enhancing the reliability of disease staging [21].

3) Maximizing the utility of public health and research
data

Standardized diagnostic data extend beyond individu-

al clinical information and serve as a reliable strategic as-

set for national health policy development and healthcare

Table 1. Current status and effects of laboratory medicine standardization for major chronic diseases

Major standardization

Diseases Test items entities and methods Major clinical outcomes?®
Diabetes HbAlc NGSP and IFCC reference Ensuring international harmonization of the
methods diagnostic threshold (6.5%) and reducing
misclassification rates
Cardiovascular Lipid tests (total cholesterol, CDC CRMLN and IFCC Improving cardiovascular risk stratification
disease LDL-C, HDL-C) accuracy and providing a basis for preventive
treatment
Chronic kidney =~ Serum creatinine and urine IDMS traceable method, Enhancing the precision of eGFR estimation
disease albumin NIST Reference and improving the reliability of kidney disease

materials

staging

HbAlc=glycated hemoglobin; NGSP=National Glycohemoglobin Standardization Program; IFCC=International Federation of Clinical
Chemistry and Laboratory Medicine; LDL-C=low-density lipoprotein cholesterol; HDL-C=high-density lipoprotein cholesterol;
CDC=Centers for Disease Control and Prevention; CRMLN=Cholesterol Reference Method Laboratory Network; IDMS=isotope dilution mass
spectrometry; NIST=National Institute of Standards and Technology: eGFR=estimated glomerular filtration rate. *Clinical outcomes may
differ with variations in the level of standardization maturity between analytes—for example, lipid tests, which have undergone long-term

standardization since the 1950s and are well integrated into clinical guidelines, versus urine albumin, where international standardization has

been initiated more recently and technical improvements are still ongoing.
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big-data—driven research. Metrological traceability established
through certified reference materials (CRMs) and reference
measurement procedures enables the comparability of data
generated across different times and locations. This is an essen-
tial prerequisite for integrated data analysis in epidemiologi-
cal studies, including multicenter clinical trials or long-term
follow-up investigations. Such data consistency generates mul-
tiple benefits. First, it enhances the reliability of health statistics
by ensuring the accuracy of national health indicators derived
from initiatives such as the Korean Genome and Epidemiology
Study and the Korea National Health and Nutrition Examination
Survey, and enabling the formulation of effective chronic dis-
ease prevention policies. Second, it supports clinical decision-
making by improving the accuracy of lipid testing, thereby en-
hancing the precision of cardiovascular risk stratification and
enabling clinical practice guidelines such as ATP III to function

effectively in the real-world clinical setting. Third, standardized

large-scale clinical data serve as core datasets for building arti-
ficial intelligence-based disease prediction models and devel-
oping personalized treatment strategies, thereby forming the
foundation for national competitiveness in future precision
medicine. Fourth, it ensures the interoperability of test results
within the healthcare delivery system, thereby securing data
continuity across the patient’s life course and preventing medi-
cal errors.

Table 1 summarizes the standardization status and clinical
effects of diagnostic tests for major chronic diseases, and Table
2 presents the policy and economic implications of diagnostic

test standardization for the healthcare system.

3. Background and Role of the National Medical
Reference Laboratory of the Korea Disease
Control and Prevention Agency

Standardized diagnostic testing substantially enhances the

Table 2. Policy and economic impact of laboratory test standardization on the healthcare system

Domain

Policy and economic impact

Remarks

Healthcare financial

development

Healthcare industry
innovation

precision medicine big data

Patient safety system

between institutions

Reduce national healthcare expenditures by

sustainability minimizing unnecessary duplicate testing and
preventing overutilization
Public health Establishing a foundation for reliable national
infrastructure health statistics and data-driven health policy

Strengthening the international competitiveness
of domestic diagnostic industry, and building

Enabling the continuity of patient care across the
entire healthcare pathway, preventing medical
errors through the interoperability of results

Generates economic value exceeding hundreds of
millions of dollars annually”

Ensures data quality in national health surveys
(e.g., Korea National Health and Nutrition
Examination Survey)

Supports export growth through IDMS traceability
certification

Ensures data continuity within the healthcare
delivery system

cardiovascular mortality and increased life expectancy.

IDMS=isotope dilution mass spectrometry. *Cost-benefit analysis of the Centers for Disease Control and Prevention’s lipid standardization
program [24] found that the annual operating cost of the program was approximately USD 1.7 million (as of 2007), and the annual economic
benefit that was generated was estimated at USD 338 million, even under conservative assumptions (0.5% contribution to cholesterol
reduction). When applying the median estimate from an expert panel (5% contribution), annual economic value increased to USD 7.6

billion. These estimates reflect the monetized value of improved diagnostic accuracy in terms of standardization, contributing to reduced
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accuracy and reliability of test results, reduces the likelihood of
misdiagnosis, and enables clinicians to establish more accurate
and timely diagnostic and treatment plans. To meet this need,
standardization efforts are actively underway worldwide to
align test results with their “true values.”

To enhance the accuracy of diagnostic testing in the ROK
and ensure the reliability of the chronic disease management
system, KDCA established the NMRL in 2011. The primary
impetus for its establishment was to address the absence of an
integrated standardization management system for improving
diagnostic test reliability, overcome the limitations of the ex-
isting peer-mean-based external quality assessment approach,
and establish a “true value”-based evaluation system with in-
ternationally traceable standards. The NMRL operates under
the KDCA in collaboration with laboratory medicine experts,
with the vision of “enhancing the early detection, prevention,
and management of chronic diseases through the establish-
ment of a reliable national laboratory medicine standardization
system.” To ensure accuracy that is internationally recognized,

the NMRL operates high-resolution analytical instruments

based on IDMS, including an isotope dilution liquid chroma-
tography/mass spectrometry system for HbAlc and creati-
nine testing and an isotope dilution gas chromatography/mass
spectrometry system for lipid analytes such as total cholesterol
and triglycerides (Table 3). Through these systems, the NMRL
performs reference measurement procedures recognized by
international organizations such as the Joint Committee for
Traceability in Laboratory Medicine, thereby playing a cen-
tral role in determining the “true values” of diagnostic tests in
the ROK. Building on this technical capacity, the NMRL has
obtained and maintained an international reference labora-
tory status for major chronic disease analytes, including its
designation as an IFCC HbA1c Network Laboratory in 2012
and membership in the CDC-led CRMLN in 2013 (Table
3). Furthermore, in accordance with Clinical and Laboratory
Standards Institute guideline C37-A, the NMRL collaborates
with five medical institutions to produce frozen serum-based
secondary reference materials with commutability equiva-
lent to patient serum specimens. These materials are used in

diagnostic test standardization programs and contribute to

Table 3. International accreditation status of National Medical Reference Laboratories

International

Total cholesterol
Triglycerides

Glucose

[tems arganization Reference method
HbAlc IFCC IFCC reference method (LC/MS/MS)
Total cholesterol CRMLN CDC reference method (ID-GC/MS, Abell-Kendal, p-quantification)
Triglycerides
HDL-C, LDL-C
HbAlc JCTLM JCTLM reference method (LC/MS/MS, ID-GC/MS)
Creatinine

HbAlc=glycated hemoglobin; IFCC=International Federation of Clinical Chemistry and Laboratory Medicine; LC/MS/MS=liquid
chromatography-tandem mass spectrometry; HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol;
CRMLN= Cholesterol Reference Method Laboratory Network; CDC=Centers for Disease Control and Prevention; ID-GC/MS=isotope

dilution gas chromatography/mass spectrometry; JCTLM=Joint Committee for Traceability in Laboratory Medicine.

www.phwr.org Vol 19, No 24, 2026 999



http://www.phwr.org

PHWR

metrological traceability assessment of laboratory testing sys-
tems in the ROK, as well as ABPT for hospital laboratory med-
icine departments (Table 4). To implement diagnostic test
standardization effectively, NMRL collaborates with profes-
sional societies, including the Korean Society for Laboratory
Medicine and the KEQAS to conduct quality monitoring pro-
grams for private diagnostic laboratories and quality assess-
ment of diagnostic testing systems. As of 2025, this initiative
has led to the certification of 434 diagnostic testing systems
from 28 manufacturers as products with metrological trace-
ability to internationally accredited reference laboratories. At
the policy level, the NMRL continues to strengthen the legal
and technical foundation for embedding diagnostic test stan-
dardization as an institutional norm in clinical practice, mov-
ing beyond mere recommendation, by linking standardization
requirements to Health Insurance Review and Assessment
Service notifications and mandating NMRL certification for

point-of-care HbA1¢ testing products.

4. Conclusions and Recommendations
Diagnostic test standardization represents a fundamen-

tal and effective strategy for addressing healthcare challenges

arising from the rapid transition to a super-aged society and
for ensuring the sustainability of the healthcare system. Beyond
mere technical improvement, it delivers multifaceted benefits
including enhanced patient safety, improved quality of health-
care services, reduced national healthcare expenditures, and
big data-driven healthcare innovation. This article demon-
strates that the achievements of the KDCA’s NMRL over the
past 15 years constitute a critical foundation for the qualitative
advancement of the national healthcare system. However, a
gap between standardization efforts and actual clinical practice
remains, indicating the need for sustained and strengthened
national-level commitment. On this basis, the following final
recommendations are presented.

First, the role of the NMRL should be expanded. In addi-
tion to current chronic disease analytes, the scope of standard-
ization should be extended to major items in national health
programs, and efforts should advance from secondary refer-
ence material production toward the production and distribu-
tion of CRMs.

Second, the policy and legal foundation should be strength-
ened. Legal and regulatory frameworks to ensure the imple-

mentation of standardization should be established, and the

Table 4. Standard material production system managed by the Korea Disease Control and Prevention Agency

ltems Production organization

Production volume (2024)

Purpose

HbAlc, glucose Seoul National University

Bundang Hospital

Total cholesterol,
triglycerides, HDL-C,
LDL-C

Severance Hospital, Konkuk
University Medical Center,
Chungnam National
University Hospital

Serum creatinine, urine  Asan Medical Center

albumin

HbAlc (3,000 vials),
glucose (3,060 vials)

Lipid (6,073 vials)

Creatinine (6,636 vials),
urine albumin (235
vials) laboratory medicine systems

Quality control monitoring of clinical
laboratories, quality assurance of
laboratory medicine systems

Quality control monitoring of clinical
laboratories, quality assurance of
laboratory medicine systems

Quality control monitoring of clinical
laboratories, quality assurance of

HbAlc=glycated hemoglobin; HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol.
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scope of standardization programs should be expanded to in-
clude small medical institutions, thereby building a nationwide
standardization management network.

Third, sustained investment and collaboration are required.
Stable funding and specialized personnel are essential for the
continuity of standardization programs, and an integrated col-
laborative framework encompassing medical institutions, aca-
demia, and industry should be established to promote both
technical and institutional advancement.

Fourth, awareness should be enhanced through education.
Continuous education programs targeting clinicians and rel-
evant professionals should be implemented to foster recogni-
tion of standardization as an essential component of healthcare
quality and safety and to embed this recognition within clinical
culture.

In addition to cost savings, investment in diagnostic test
standardization will serve as a critical foundation for advanc-
ing population health and securing future sustainability of the

healthcare system.
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QuickStats

Trends in Beverage Intake, 2015-2024

Beverage intake among the Korean population aged 1 year and over was 276 g in 2024 and has shown an increasing trend
over the past 10 years (Figure 1). Beverage intake was higher among men than among women and was highest among individ-

uals in their 20s and 30s (Figures 1, 2).
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Figure 1. Trends in beverage intake, 2015-2024 Figure 2. Beverage intake by age groups, 2024

*Beverage intake in Figure 1 was calculated using age- and sex-specific structures of the estimated population in the 2005 Korea Census.

Source: Korea Health Statistics 2024, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

Reported by: Seungeun Oh @, Division of Health and Nutrition Survey and Analysis, Department of Chronic Disease Prevention and
Control, Korea Disease Control and Prevention Agency
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