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ojdrt. ¥ Hxo AL, SHAY 6.9%7F ¥ 19-24A],
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ot 1009HY o]4F 2007 Yt 6.0%,
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1. ZE B2AGF9 2o AT AS-19 1= Y A5 tigh 71 A4 7|&FA
HE 2 sl S msont asn 0P mean masszos
BAGTL JAYHE A5tk 2.6% 6.4% 307% 40.6% 17.7%  2.0%  3.66+0.94
HAGL AFE 4+ = JHE A5k 3.6% 6.6% 315% 409% 15.8%  1.6%  3.60+0.96
BAG =2 HEA I JHE Aot 3.9% 83% 32.1% 38.7%  14.5% 2.5% 3.53+0.98
U HEE F /M 583 AL HAG 0 4.1% 105%  333% 347% 15.3% 2.1% 3.48+1.01
HojFqlth
BAG=2 AE-8ol o2 ogid 3.4% 109%  37.0% 35.0% 11.5% 2.2% 3.41£0.95
BAISA] 0] sl Agstact
BAGI2 299 EQolv FRAES FolE  4.6% 13.6%  33.7% 34.2% 11.6%  2.3% 3.35+1.01
FEE A ZstAk
BAYSS 2oy S2S FHo ot 3.5% 10.7%  37.1%  34.0% 10.8%  3.9% 3.39+0.95
BAGILO A3 Z5ol BAS U2 HHE  4.8% 127% 34.6% 33.6% 112%  3.1% 3.35+1.01
Al-5-sk et
A} vHol A e = WE& BAE =0l 3.8% 119% 38.4% 31.4% 113%  3.2% 3.36+0.97
o]t
HAG=L2 3| FE Y 22 o9 6.2% 207% 34.0% 283%  7.6%  3.2% 3.11+£1.03
FH kAT
B2 5 99 97] tuE gt mAg = lxdy] #e] a4 digt =1 Q14 7[&5A
eS8 sl 28 msom 2w (IR masszes
HAG=2 Aoty A= ghet YR E STl A 0.2% 1.0% 10.5% 32.1% 56.2% 4.43+0.74
Al&-sfoF stk
HAGIL2 3922 JE SRE-S FATA 0.6% 1.3% 11.1% 49.0% 38.0% 4.23+0.74
QFfisfiof ghch
BAG=2 oA FJAHERE AF7|H 02 AT 0.6% 1.2% 15.1% 49.8% 33.3% 4.1440.75
gfjof ghot(el: AH 2] g)
BAGTL 51922 AW S 2 ML AS 1.4% 3.4% 16.8% 41.2% 37.2% 4.09+0.89
H2 02 Ao gt
HAGZL I A5 4 Q= Afd 32 H2E 1.0% 2.8% 18.6% 52.6% 25.0% 3.98+0.80
chFstafjof ghet (<f: onm Al ALO|E 9
oo thet T4 g, f-FE )
BAG 2 JEE s dgEy Fd=2=2 0.7% 2.1% 20.8% 52.5% 23.9% 3.97+0.77
Aok seh(e: THFLHY FE, A&
E]x]aisﬂz)
HAGTL A7) Bt T 2AS Eol= HHE 1.6% 3.8% 18.5% 46.4% 29.7% 3.99+0.88
Al&-sfoF gtk
HAG2 Adntojo A F7E 1 8= 1.6% 3.1% 19.3% 48.3% 27.7% 3.97+0.86
3| _H;_S——L /\P/K] EL] Hasﬂ o]: —6]—1:]-
HAG L AZALY] FAS FRE A BYEH 1.3% 3.7% 19.6% 48.0% 27.4% 3.97+0.86
gfjoF gttt
BAG=2 5|9 22 B L2 720 tig] 1.6% 4.1% 19.0% 43.2% 32.1% 4.00+0.91

A4 2ok et
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2 41372 % Ao tiro] BAsgtk Ay
A A% AR 57.9%, A 42.1%), A% AIE A
41.1%, *1 58.9%).
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[y |

AXBTh ZAEPER 54 AE SF R WAl

E 3 @ BEEAS 2. 4% 2UgRd g

FARAL A2kt
(IBM Co)& ©]-g3te] £ 35t

EA 117]A] IBM SPSS Statistics 25.0
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QmY o] WshE ot 519) - 2R, Beh - BE &

o] 24 27ke aoketd, RUEL BAYH0] A7
19 Buol e /ERE SYste Qe 3R AT Y
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of7|3t 29 AL3|A WHQl 5 RAL Bolzt, FRA, AL
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2. 8% AYY 7| UHIZ U3t BATRo| oIEHY

e

FA(Ms=3.11-3.60)°F Bl @<, & 29 §E=9 Ft
(Ms=3.97-4.43)0] Z¥tH o0&
F2U19 #HYS AT U, IF M2 49 S
tiHlshy] 9ot HAE=] 52 JE B2 &F el
et =S 277 AF9] ot Ag AT

FAXNCR, FF BHAG=Y AxHY &
of SEAES HAGTS At AT Wit JHE =
ol Al Alg-shor et (vl 1%
HHl& 88.3%), 924 AEUY SRES FAHHA AU
of 3} (87%), ‘=RIoIA HAAHEE F71H =2 AgsHoF
SHeR(e]: g =2 F) (83.1%) o= Bdste ALz e
How, o] Hietsel ey Tt e A SEA
] 83% ol/Fol At

ot SHAE S HAT=2 o H2A R 5
2ol gl AA 2A[sHof Tt (75.3%), "ABAR] ek A
HE A BUERoF I (75.4%). "&2vHololA S5
i gHtEe AEE A ZYEZ S oF & (76.0%) 52
getoll disiA e Bl W2 AXE . &
O ARFELR THE ARSI B4 FEE AAISHAY ZYH
Al "3 = SHA=ol
OF Ueth g £

SL TR

R L)

3) §A 205HBep 20|, HHE2FN YL 2} 7|Hs Melshs FeE 6 A
=2 YEH(E-58)0 H2 HH1-3F
MiE R0t X017} GACHUE
H 2ol Fol0fet 8 X0
210 et M2=Tt =2 Y
off thet MEle =2 HHol Ed

1302

E(1=746} ARI5IR =t 5=049
JOR TLOIRICL 2t MEIE YE L B A1 THS TIST 20 PAXOR, BB UfEt AT B 4 240

3. B1G=0] chgt &

x10|

BAGT tigh AFE 1 - A JAE Q14 Zpolg H
Aa7lof QA WA Z219 JAEHY 450 tiet A4S
Z4517] 913t 10239 3 B2 g A
(M=3.43, SD=0.75). 181 % 9 7] tiHlE et
aee A% Q14 10839 BHES ol8st] E o 3
=& 7459 tHM=4.08, SD=0.59).

o|AY 1T HrE &gsto] RU9 meT A
of thgt 4jo] A= Yt 7hof] oA thE2] £43517] §
Fyotqlet. B4 23}, dae] el Hg A
=7 =& Hh(M=3.74, SD=0.60)°] A =7} @2 Hch
(M=2.99, SD=0.72)°l Bls] HAT=2] Z21419 G|
HEAZ L 250l Hofii Boh FHAQ A4S Belom,
o] o= FAHCZ FouFTH(t[966]=17.50, p<0.001).
Hol| gt A=t w2 JH(M=3.81,
SD=0.58)0] & HH(M=3.16, SD=0.74)Ect ZAF=S]
F2H19 AxgE] A% tgt I A4 =t Fou]
ot o ETHt[966]=14.43, p<0.001).

ARl FT BAGo] udd] 45l et 914 2}

MZ|E0f IH2 IEH|E A QIAlS]

i

T

3 t-tests

=R

8

o7 2, AH

4

2 J9(M=3.87, SD=0.65)°1 HlsjA] BAG=S] FF 7
B 917] dulE flg Qxdy] A% HadE o oA <
Aoh= A o2 YERHTH([998]=9.99, p<0.001). E3F, HH
of tigt A=t w2 W (M=4.26, SD=0.47)°] @2 3
tH(M=3.95, SD=0.62)2t RAGZ| F35 o
2] - A5 tigt 87 &7t fulshA ERTH9661=8.36,
p<0.001).

AzH 9 &

HEBTHE Hotok| 510 SE-SOll T2t M2 =T}

JoH L) 24 49.2%, 044 50.8%; MZIEH H4 53.2%, 034 46.8%; x?[1]=1.55, p=0.224). DIR7IX|2, HEO|| Cist M2|E 1 - X
|7} LIEFLEX| QUUTHIRIT HA 51.8%, 04 48.2%; M EA 50.3%, 04A 49.7%; x*[1]=1.55, p=0.653). S1240| AL, AR
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ABSTRACT

We examined public perceptions of health authorities’ infodemic response communication and the perceived necessity of
infodemic management for future infectious disease crises. The survey was conducted online with a nationwide sample of
1,000 adults in the Republic of Korea through quota sampling based on age, gender, and region. Findings revealed that while
participants perceived health authorities adequately provided information about coronavirus disease 2019 information, they
perceived inadequate responses to major societal issues of infodemics such as misinformation, anxiety, fear, social conflict, and
distrust. Moreover, there was a high demand for infodemic management and communication strategies for future infectious

disease crises. This study suggests the consistent need for systematic and effective infodemic management for future infectious

disease responses.

Key words: Infodemic; COVID-19 pandemic; Infectious disease crisis; Trust in the government
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Introduction

During the coronavirus disease 2019 (COVID-19) pan-
demic, the World Health Organization (WHO) emphasized
not only the importance of systematic management of the
epidemic but also the importance of managing the infodemic
[1]. An infodemic refers to the phenomenon where an over-
whelming amount of information, regardless of its validity,
spreads socially through the Internet and other communica-
tion channels [2]. Particularly after the COVID-19 outbreak,
there was a surge in inaccurate and uncertain information,

along with an increase in uneven production and consumption

www.phwr.org Vol 17, No 31, 2024

of information related to risk perception and response [3].
Consequently, the infodemic phenomenon has been recog-
nized as a socioeconomic issue [1].

The seriousness of the consequences of infodemics dur-
ing global infectious disease crises has been reported from sev-
eral perspectives. For instance, infodemics have been shown to
provoke negative emotions, such as anxiety, fear, and hostility,
foster social unrest, and lead to inefficiencies in crisis-response
processes [4]. In the Republic of Korea (ROK) and other coun-
tries, the spread of false information about the production of
protective equipment, such as masks, amplified public fear, re-

sulting in a short-term rise in prices and supply shortages [5].
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Key messages
(D What is known previously?

With growing interest in the impact of infodemics amid
the COVID-19 pandemic, there is a need to explore ef-
fective infodemic management strategies.

(@ What new information is presented?

We found that respondents perceived that health au-
thorities adequately fulfilled their role in providing
COVID-19 information; however, they perceived a lack
of effective responses to major infodemic issues like mis-
information, anxiety, fear, social conflict, and distrust.
There was generally high demand for health authorities
to enact infodemic communication for future crises.

(® What are implications?

The current findings were resulted from the government’s
briefing and information dissemination efforts during the
COVID-19 infodemic, suggesting the consistent need for
systematic and effective infodemic management for future
infectious disease responses.

Moreover, criticism arose that infodemics related to the treat-
ment and prevention of infectious diseases led to behaviors
that threaten public health (such as consuming methanol to
combat COVID-19). Infodemics also spread social conspiracy
theories, fostering distrust in national public health measures
and vaccination policies, thereby undermining public trust in
the government [6].

To minimize the damage caused by infodemics, individuals
must strengthen their media literacy and avoid being deceived
by false or inaccurate information. However, in the current in-
formation media environment, it is challenging to overcome
infodemics solely through individual capabilities and efforts.
This difficulty exists because platforms, such as YouTube, of-

ten provide excessive sensational misinformation to increase

1306

views and subscribers, making it difficult for users to identify
accurate information [2]. Additionally, information recipients
tend to accept information that aligns with their values as true,
even when they are warned that it is false [7]. Thus, beyond
personal effort, additional fundamental guidelines and support
are required.

Therefore, for more effective preparation and responses to
infodemics, it is crucial that governments and health authori-
ties earn the public’s trust. This is especially important in times
of social crisis with high uncertainty, when providing reliable
resources for the public to acquire and use information be-
comes vital. This study reports on a survey conducted in 2023,
after the end of the COVID-19 pandemic, involving 1,000
adults nationwide. Specifically, it examines the public’s per-
ception of COVID-19 infodemic communication by govern-
ment health authorities, including the Korea Disease Control
and Prevention Agency (KDCA). It also analyzes the public’s
perception of the necessity for health authorities to manage
infodemics in preparation for future infectious disease crises.
Moreover, this study explores how these perceptions vary de-
pending on the level of trust in health authorities with the aim

of identifying appropriate measures to respond to infodemics.

Methods

1. Survey Participants and Procedure

A nationwide online survey was conducted by the re-
search firm Macromill Embrain, targeting 1,000 adults aged
19-69 years residing across all 17 provinces of the country,
from September 22, 2023 to September 26, 2023. The sam-
ple size was determined based on the results calculated using

G*power 3.1.9.7 (Universitit Diisseldorf), with a t-test set at
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an effect size of 0.2 and a significance level of 0.05 (requiring
1,084 participants for a power of 0.95 and 620 participants
for a power of 0.80). Quota sampling was performed based on
gender, age, and region of origin. The survey included ques-
tions about exposure to and awareness of misinformation
concerning COVID-19 and other diseases, information us-
age patterns related to COVID-19 and diseases, experiences of
the COVID-19 infodemic, perceptions of trust in health au-
thorities, and health authorities’ responses to infodemics. The
respondents also provided information about their personal
backgrounds. This study reports the results, focusing primarily
on questions related to perceptions of public trust in health au-
thorities and their infodemic responses.

Among survey respondents, 50.9% were men and 49.1%
were women. The age distribution was as follows: 6.9% were
aged 19-24, 10.3% were aged 25-29, 17.5% were in their
30s, 21.7% were in their 40s, 23.4% were in their 50s, and
20.2% were in their 60s. Educational attainment was report-
ed as follows: 0.4% had completed middle school or lower,
20.4% had graduated from high school, 16.5% had completed
a 2-3 year college degree, 50.1% had a bachelor’s degree, and
12.6% had a master’s degree or higher. Monthly household
income was categorized as follows: less than 1 million won
(5.8%), 1-2 million won (6.0%), 2-3 million won (16.1%),
3—4 million won (15.9%), 4-5 million won (14.8%), 5-6 mil-
lion won (14.0%), 6-7 million won (8.4%), and more than 7
million won (19.0%). Additionally, 70.1% of the respondents
reported having been diagnosed with COVID-19, and the ma-
jority (91.7%) had received at least two doses of a COVID-19
vaccine. Political ideology was distributed as follows: 28.9%
identified as progressive, 45.1% as moderate, and 26.0% as

conservative. The study was approved by the Institutional

www.phwr.org Vol 17, No 31, 2024

Review Board (IRB) of Sahmyook University (IRB No. SYU
2023-10-023).

2. Survey Questions and Measurement
1) Public perception of health authorities’
communication and information provision during
the COVID-19 infodemic
Respondents were asked about their perceptions of “the

communication and information provision by health authori-
ties, including the KDCA, during the COVID-19 pandemic”
through a set of 10 questions. The responses were rated on a
5-point scale (1=strongly disagree and 5=strongly agree). The
pandemic period was defined as January 20, 2020 (when the
first COVID-19 case was diagnosed in ROK) to May 31, 2023
(when the government declared the end of the pandemic).
The questions, developed with reference to domestic and in-
ternational literature on infodemics and their management
[1,4], measured various aspects of infodemics, such as whether
“health authorities provided guidance on misinformation or
manipulated information,” whether “they provided informa-
tion to reduce public anxiety of fear,” and whether “they cor-

rected rumors and conspiracy theories” (Table 1).

2) Public perception of the need for health
authorities’ information management and
communication for future preparedness for
infectious disease crises

Respondents were asked about their opinions on “the in-
formation management and communication by health author-
ities, such as the KDCA, in preparation for future infectious
disease crises” through a set of 10 questions. They were also

rated on a 5-point scale (1=strongly disagree and 5=strongly
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Table 1. Descriptive statistics of public perception of health authorities’ communication during the COVID-19 infodemic
[tem S.trongly Disagree  Neutral Agree sty L M£SD
disagree agree know
Health authorities provided up-to-date 2.6% 6.4% 30.7% 40.6% 17.7% 2.0%  3.66+£0.94
information
Health authorities provided trustworthy 3.6% 6.6% 31.5% 40.9% 15.8% 1.6%  3.60£0.96
information
Health authorities provided fact-checking 3.9% 8.3% 32.1% 38.7% 14.5% 25%  3.53+0.98
information
Among the many pieces of information, 4.1% 10.5% 33.3% 34.7% 15.3% 21%  3.48%1.01
health authorities highlighted the most
important ones
Health authorities explained medical 3.4% 10.9% 37.0% 35.0% 11.5% 2.2%  3.41£0.95
jargon, difficult medical concepts, and
statistical figures
Health authorities provided information to ~ 4.6% 13.6% 33.7% 34.2% 11.6% 2.3%  3.35%1.01
reduce public anxiety or fear
Health authorities corrected rumors or 3.5% 10.7% 37.1% 34.0% 10.8% 39%  3.39+0.95
conspiracy theories
Health authorities provided information to ~ 4.8% 12.7% 34.6% 33.6% 11.2% 3.1%  3.35+1.01
reduce social conflict or distrust
Health authorities addressed frequently 3.8% 11.9% 38.4% 31.4% 11.3% 3.2%  3.36+£0.97
changing and confusing content
Health authorities provided guidance 6.2% 20.7% 34.0% 28.3% 7.6% 3.2%  3.11+1.03
on misinformation or manipulated
information
COVID-19=coronavirus disease 2019; M=mean; SD=standard deviation.

agree). Some of the questions were adapted from those used to
measure perceptions of COVID-19 communication responses
(such as ‘Health authorities should correct and guide misinfor-
mation and conspiracy theories’). Additional items were de-
veloped based on prior research emphasizing the importance
of real-time monitoring of infodemic issues [8] and manag-
ing various media and channels, including social media [5]. A
comprehensive set of questions was designed to cover the fac-
tors highlighted in the WHO’s policy briefing on managing the
COVID-19 infodemic (Table 2) [1].

3) Trust in the KDCA and government

Respondents were asked to rate their trust in various in-
stitutions regarding disease-related information on a 5-point
scale (1=do not trust at all and 5=trust completely). Trust levels
were measured” separately for the KDCA (M=3.55, SD=0.87)
and the government (including the central government and
Ministry of Health and Welfare) (M=3.24, SD=0.94). The
study divided respondents into two groups based on their trust
levels: high trust (4-5 points) and low trust (1-3 points) for
the KDCA (high, 57.9%; low, 42.1%) and government (high,
41.1%; low, 58.9%).

1) Trust in health authorities was similar to or slightly lower than in professional groups (mean [M]=3.56, standard deviation [SD]=0.78) and higher

than in the media (M=2.82, SD=0.84).
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Table 2. Descriptive statistics of public perception on the need for health authorities’ infodemic management for future
infectious disease crisis preparedness

ltem S.trongly Disagree  Neutral Agree STy MzSD
isagree Agree

Health authorities should provide accurate and 0.2% 1.0% 10.5% 32.1% 56.2% 4.43£0.74
trustworthy information to the public

Health authorities should correct and guide against 0.6% 1.3% 11.1% 49.0% 38.0% 4.23+0.74
misinformation and conspiracy theories

Health authorities should regularly provide the latest 0.6% 1.2% 15.1% 49.8% 33.3%  4.14£0.75
information to the public (e.g., regular briefings)

Health authorities should legally regulate 1.4% 3.4% 16.8% 41.2% 37.2%  4.09+0.89
misinformation or fake news

Health authorities should diversify channels or 1.0% 2.8% 18.6% 52.6% 25.0% 3.98+0.80

pathways for communication with the public (e.g.,
official responses to misinformation reporting
websites and YouTube channels)
Health authorities should provide information in 0.7% 2.1% 20.8% 52.5% 23.9% 3.97+0.77
various tailored formats for different segments of
the population (e.g., information for high-risk
groups and generation-specific digital content)

Health authorities should provide information to 1.6% 3.8% 18.5% 46.4% 29.7%  3.99£0.88
reduce public anxiety and fear

Health authorities should continuously monitor 1.6% 3.1% 19.3% 48.3% 27.7%  3.97£0.86
information shared and spread on social media

Health authorities should continuously monitor news 1.3% 3.7% 19.6% 48.0% 27.4%  3.97+0.86
and information from the media

Health authorities should take action to remove 1.6% 4.1% 19.0% 43.2% 32.1%  4.00£0.91

misinformation or fake news

M=mean; SD=standard deviation.

3. Statistical Analysis A statistically significant difference in perceptions based on
Descriptive statistics were examined to analyze the pub- trust was confirmed if the significance level of the t value was
lic perception of health authorities’ communication during p<0.001. Statistical analyses were performed using the IBM

the COVID-19 infodemic and the public perception of the SPSS Statistics 25.0 (IBM Co.).
need for future infodemic management. The distribution of
responses on a 5-point scale, along with the means and stan-
dard deviations, was analyzed for each survey question®.
Differences in the perceptions of infodemic communication
between groups with high and low trust in health authorities

were tested using a t-test to compare the mean differences.

2) The mean and standard deviation were computed using only the responses on the 5-point scale, excluding those marked as ‘don’t know.’
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Results

1. Public Perception of Health Authorities’
Communication During the COVID-19
Infodemic
The descriptive statistics presented in Table 1 analyze

the public’s perception of health authorities’ communication

during the COVID-19 infodemic. Respondents perceived
the health authorities” efforts positively (‘agree” and ‘strongly
agree’), with the highest ratings for ‘providing up-to-date infor-

mation’ (58.3%), ‘providing trustworthy information’ (56.7%),

‘providing fact-checking information’ (53.2%), and ‘highlight-

ing the most important information among the many pieces

of information’ (50.0%). This suggests that the public posi-
tively evaluated the timeliness, reliability, and accuracy of the

COVID-19 information provided by health authorities.
Conversely, items that respondents tended to perceive

negatively (‘strongly disagree’ and ‘disagree’) included ‘provid-
ing guidance on misinformation or manipulated information’
(26.9%), ‘providing information to reduce public anxiety or
fear’ (18.2%), ‘providing information to reduce social conflict
or distrust’ (17.5%), and ‘addressing frequently changing and
confusing content’ (15.7%). In summary, the public felt that
health authorities’ responses to mitigate the harmful effects of
the COVID-19 infodemic, such as misinformation or manipu-
lated information, anxiety-triggering information, and infor-
mation that incites social conflict, were insufficient.

In conclusion, while the public recognized that health au-
thorities successfully performed the traditional role of pro-
viding one-way information during the pandemic, they were
perceived as less effective in addressing major societal issues

caused by the infodemic, such as falsehoods, manipulation,

1310

anxiety, fear, social conflict, and distrust. These perceptions
are also reflected in the average response scores reported in the
right column of Table 1.

These public perceptions correspond to the KDCA’s ac-
tual crisis communication practices. From 2020 to 2021, the
KDCA conducted 475 briefings and distributed 1,674 press
releases, demonstrating significant efforts to disseminate infor-
mation [9]. The KDCA’s Public Health Risk Communication
Standard Operating Procedure (2nd edition), which was uti-
lized during the COVID-19 outbreak, was published in 2018
and emphasized transparent information provision based on
experiences from the 2015 MERS response [10]. Therefore,
the positive public response to the timeliness and reliability
of information can be attributed to the systematic communi-
cation response based on the past experiences of the KDCA.
Additionally, aspects evaluated less positively may serve as im-
portant indicators for the KDCA to improve its communica-

tion response system.

2. Public Perception of the Need for Health
Authorities’ Infodemic Management for Future
Infectious Disease Crisis Preparedness
Table 2 presents the descriptive statistical results of analyz-

ing public perceptions of the need for infodemic management

and communication strategies by health authorities, including
the KDCA, in preparation for future infectious disease crises.

Compared to the average ratings for communication during

the COVID-19 pandemic reported in Table 1 (Ms=3.11 to

3.66), the averages in Table 2 (Ms=3.97 to 4.43) were general-

ly higher. This suggests that having experienced the COVID-19

pandemic, the public has a significantly higher demand for

proactive information management and communication

www.phwr.org Vol 17, No 31, 2024
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strategies by health authorities for future crises.

Specifically, respondents indicated that health authorities
should ‘provide accurate and trustworthy information to the
public’ (combined response rate for ‘strongly agree’ and ‘agree’
at 88.3%), ‘correct and guide against misinformation and con-
spiracy theories’ (87%), and ‘regularly provide the latest infor-
mation to the public (including routine briefings)’ (83.1%).
More than 83% of respondents agreed on the necessity of these
strategies.

On the other hand, respondents showed relatively lower
support for the strategies, such as ‘health authorities should
take action to remove misinformation or fake news’ (75.3%),
‘should continuously monitor news and information from me-
dia’ (75.4%), and ‘continuously monitor information shared
and spread on social media’ (76.0%). Thus, it appears that the
respondents are relatively negative about the government re-
stricting free information sharing and performing roles that
involve deleting, monitoring, or watching specific information.
Nonetheless, it is noteworthy that more than 75% of the re-

spondents agreed on the necessity for these strategies.

3. Differences in Perception of Infodemic
Communication Based on Trust in Health
Authorities
Before analyzing the differences in perception” based on

trust levels, scales were constructed using the average respons-

es to the 10 questions designed to measure perceptions of

COVID-19 infodemic communication (M=3.43, SD=0.75).
Another scale was constructed using the average of ten ques-
tions regarding perceptions of the need for infodemic com-
munication in preparation for future infectious disease crises
(M=4.08, SD=0.59).

Using these scales, a t-test was conducted to analyze how
the perceptions of COVID-19 infodemic communication dif-
fered between groups with varying trust levels. The results
showed that the group with high trust in the KDCA (M=3.74,
SD=0.60) had a significantly more positive perception of
health authorities’ communication during the COVID-19 in-
fodemic than that of the low-trust group (M=2.99, SD=0.72).
This difference was statistically significant (t[966]=17.50,
p<0.001). Similarly, the group with high trust in the govern-
ment (M=3.81, SD=0.58) also had a significantly higher posi-
tive perception of infodemic communication than that of the
low-trust group (M=3.16, SD=0.74; t{966]=14.43, p<0.001).

Differences in the perceptions of infodemic communica-
tion based on trust in health authorities were examined using
t-tests. The analysis revealed that the group with high trust in
the KDCA (M=4.23, SD=0.48) recognized the need for info-
demic communication in future infectious disease crises more
strongly than that of the low-trust group (M=3.87, SD=0.65;
t[998]=9.99, p<0.001). Additionally, the group with high
trust in the government (M=4.26, SD=0.47) had a signifi-
cantly higher demand for future infodemic management and

communication than that of the low-trust group (M=3.95,

3) As previously reported, trust levels in KDCA and the Korean government were assessed on a 5-point scale (1=Do not trust at all, 5=Trust very
much). Based on these scores, respondents were categorized into high-trust (4-5 points) and low-trust (1-3 points) groups. The gender and age
distributions within each trust group are detailed below. There was no significant difference in gender distribution between the high and low trust
groups for the KDCA (high trust group: 49.2% men, 50.8% women; low trust group: 53.2% men, 46.8% women; x*[1]=1.55, p=0.224). Similarly,
no significant gender difference was observed between the high and low trust groups for the government (high trust group: 51.8% men, 48.2%
women; low trust group: 50.3% men, 49.7% women; %*[1]=1.55, p=0.653). In terms of age, there was no significant difference in the average
age between the high trust group (M=45.7, SD=14.1) and the low trust group (M=44.5, SD=12.4) for the KDCA (t[998]=1.27, p=0.141). However,
the high trust group for the government had a significantly higher mean age (46.6 years, SD=14.5) compared to the low trust group (44.2 years,

SD=12.6; p=0.004).

www.phwr.org Vol 17, No 31, 2024
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SD=0.62; t[966]=8.36, p<0.001).

Thus, public trust in health authorities is a significant factor
in evaluating communication during the COVID-19 period.
Moreover, varying levels of trust in the KDCA and the govern-
ment influenced how the public perceived the necessity of the
health authorities’ role in preparing for future infectious dis-
ease crises, indicating that the key to resolving infodemics lies

in enhancing trust.

Conclusion

This study analyzed the results of a nationwide survey con-
ducted on 1,000 Korean adults following the conclusion of the
COVID-19 pandemic. It examined the public perceptions of
government health authorities concerning COVID-19 and fu-
ture infodemic communications. It also examined how these
perceptions vary according to the level of trust in authorities.

The findings can be summarized as follows: While the
public was satisfied with the timeliness, accuracy, and reli-
ability of the information provided by health authorities dur-
ing the COVID-19 pandemic, they perceived that health au-
thorities did not respond effectively enough to problems, such
as misinformation, anxiety, fear, social conflict, and distrust.
Additionally, the analysis based on trust levels revealed that
groups with higher trust in the KDCA and government rated
health authorities’ communication during the COVID-19 in-
fodemic more positively and expressed a higher demand for
future infodemic management and communication.

These results can be interpreted as reflecting the efforts
of the KDCA, health authorities, and the government, which
provided transparent and prompt information during the

COVID-19 period through continuous briefings, active press

1312

releases, and existing standard operating procedures for public
health risk communication. Consequently, similar efforts are
essential to manage infodemics during future infectious dis-
ease crises, and there is a need to develop specific infodemic re-
sponse guidelines and manuals for more scientific and effective
communication. In particular, tailored communication strate-
gies are required to overcome potentially severe social conflicts,
negative emotions, confusion, and inefficiencies in the crisis re-
sponse that infodemics can cause. Additionally, future research
should explore how diverse age, gender, and other demograph-
ic groups perceive infodemics, providing valuable insights into
prioritizing target groups when developing communication

strategies for managing infectious disease crises.
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TST=tuberculin skin test; IGRA=interferon-gamma release assay.
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T2 FEANZLH AAAN-IGRA 44 IGRA FA/UIX BA A E54 Zs Aol AR
osioIxt it 240 Chg 249
&H|(95% Al=|77h pat &H|(95% 412|772 pat
3
@i Reference Reference
o4 0.81 (0.68-0.96) 0.017 0.96 (0.79-1.16) 0.655
AGHAD
0-19 Reference Reference
20-34 1.56 (1.23-1.96) <0.001 1.04 (0.79-1.37) 0.754
35-49 1.08 (0.84-1.37) 0.555 0.36 (0.26-0.49) <0.001
50-64 2.32 (1.83-2.94) <0.001 0.44 (0.31-0.62) <0.001
>065 2.63 (1.54-4.48) <0.001 0.36 (0.19-0.66) 0.001
IGRA 23} A& 53]
IGRA () Reference Reference
IGRA (+) Q1 4.91 (3.27-7.38) <0.001 6.56 (4.29-10.03) <0.001
IGRA (+) Q2 9.53 (7.03-12.91) <0.001 13.38 (9.56-18.73) <0.001
IGRA (+) Q3 12.49 (9.48-16.45) <0.001 18.15 (13.19-24.99)  <0.001
IGRA (+) Q4 21.61 (17.21-27.12)  <0.001 31.81 (24.01-42.16)  <0.001
IGRA (+), IFN level >10 1U/ml 29.51(23.25-37.45) <0.001  43.51(32.21-58.79) <0.001
A2E FF
ArE 1.23 (0.97-1.57) 0.088
SHES 1.36 (1.07-1.74) 0.013
FIAE 1.22 (0.94-1.58) 0.132
a14aE Reference
A A9 FEYH-GA FEAATA FA 17.42 (8.25-36.79)  <0.001 4.32(2.03-9.22) <0.001
A&7 SAAHvs. 2 WAL SAR 5) 1.71 (1.43-2.03) <0.001 1.65 (1.35-2.01) <0.001
28 1919 Agk
HIV 16.99 (2.38-121.40) 0.005 13.27 (1.73-102.09) 0.013
=RLEy 3.36 (1.08-10.45) 0.036 2.87 (0.92-8.91) 0.068
T 1.57 (1.22-2.03) <0.001 1.12 (0.85-1.47) 0.416
HEAlE AP 3.54 (0.88-14.20) 0.074
TR 1.14 (0.16-8.12) 0.895
2AE|RolE A7 AR (FHEAY 7 180Y olW) 2.94 (1.22-7.08) 0.017 2.70 (1.09-6.67) 0.032
TNF Z3A AH (528 71 180¢Y W) 9.38 (2.34-37.69) 0.002 9.07 (2.17-37.91) 0.003
IGRA=interferon-gamma release assay: IFN=interferon; HIV=human immunodeficiency virus; TNF=tumor necrosis factor. %4 oAz}
o] 79 IGRA YAt o] o] H Ao A= A 9Jet "HhHS Cox vlE 93 28 B4 A3, Iohis Cox vlE 93 28 B4 =
ol Aol thet ¢mu] AA A3} pgh 0.05 v|gto &2 Fo5H e WSS AEste] s Cox HlE 98 2d 242 AR Ql: AeHE
4] 0.35-0.67 1U/ml, Q2: 0.67-1.41 TU/ml, Q3: 1.41-3.33 TU/ml, Q4: 3.33-10 IU/ml.

= o IGRA 49 27 A SR ARAE $27

248 2% Wy Yt ZHE 4TS Bgow, ol

7 AR SRR IGRA FAY A 240 1] F AL FS AN FEFom, 654 o4 1

o A% Wgo] 12,402 F7H0] FAYow FRA o4k o|H o] HANEA otk FBAN A= At
Ao =

oF 81%<] 23 WA o anE B, off eIA = 354 mjgte] g2 =7k A A IA <
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B3 AEZAGHY A5 ad-=71 AAAG AR 48 2 A5 HE Ao wheh $3HE NNT
IGRA ¥g/0IX|z= IGRA ¥A/X|2 =37
Zial A T Zi3H urAl My HEE X0l NNT (95% A12|712h)”
A=(n) 212(n) U=(n) 2U2(n)
354 Wit
IFN Q1” 15 6,578 2 4,152 0.001799  556.0(319.4-2142.8)
IFN Q2 34 5,137 1 3,316 0.006317 158.3 (116.1-248.6)
IFN Q3 36 4,272 2 2,856 0.007727  129.4 (94.0-207.5)
IFN Q4 62 3,824 10 2,478  0.012178 82.1 (59.2-134.0)
IFN level >10 TU/ml 57 2,176 1 1,309  0.025431 39.3 (31.0-53.9)
35-64A
IFN QI 12 13,874 2 7,397 0.000595 1,682.0 (826.0-NNH 46,267.5)
IFN Q2 28 15,099 4 8,124  0.001362  734.2 (454.4-1,911.2)
IFN Q3 30 15,915 6 8,320  0.001164  859.2 (487.6-3,612.6)
IFN Q4 60 15,979 2 8,289 0.003514 284.6 (221.3-398.7)
IFN level >10 IU/ml 40 9,990 2 5,162 0.003617 276.5 (201.4-441.1)
65A1 ol
IFN Ql 2 1,006 0 275  0.001988  503.0 (210.9-NNH 1,308.1)
IFN Q2 3 1,028 0 310 0.002918  342.7 (160.9-NNH 2,637.2)
IFN Q3 1 1,094 0 309 0.000914 1,094.0 (369.7-NNH 1,140.7)
IFN Q4 2 1,054 0 280  0.001898  527.0 (221.0-NNH 1,370.3)
IEN level >10 TU/ml 2 662 0 187 0.003021  331.0 (138.9-NNH 862.4)
NNT=numbers needed to treat; IGRA=interferon-gamma release assay: IFN=interferon; NNH=numbers needed to harm. %
F ARG = Y1 E 2o]9] 95% Al=]F7E0] shetoll 24291 Fo] LIt o|(F AR Al 2 WY =7 F7h) ol2Th AR
Ao A= NNT A4t Al 95% Al 77ke] AehS NNHE @35 "Ql: JIEHE $3] 0.35-0.67 1U/ml, Q2: 0.67-1.41 TU/ml,
Q3: 1.41-3.33 IU/ml, Q4: 3.33-10 IU/ml.
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Tuberculosis Risk and Efficacy of Latent Tuberculosis Infection
Treatment among Participants of National Latent Tuberculosis
Infection Screening Program
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ABSTRACT

The study aim was to investigate the natural history of latent tuberculosis infection (LTBI) and the efficacy of LTBI treatment
among participants in the national LTBI screening program. Individuals who underwent an interferon-gamma release assay
(IGRA) between 2017 and 2020 were included, and tuberculosis (TB) development was investigated until April 2021. Cox
proportional hazards models were used to investigate the risk factors affecting TB incidence among IGRA-negative and IGRA-
positive individuals who did not undergo treatment. Additionally, the numbers needed to treat (NNT), stratified by age and
interferon levels, were calculated among IGRA-positive individuals who did not undergo treatment and those who completed
treatment. A comparison with contacts enrolled within the same period was performed. A total of 1,120,948 participants were
included and 798 TB cases were identified. After adjusting for age, sex, history of TB exposure, and high-risk TB conditions,
higher interferon levels were associated with a higher risk of TB incidence. This trend was particularly prominent in younger
age groups; it was not observed in older age groups. The tendency toward a lower NNT among younger IGRA-positive
individuals with higher interferon levels was observed among participants of the national screening program and contacts.
Overall, a higher NNT was observed among participants of the national screening program than among contacts. However,
among study participants with higher interferon levels who were under the age of 35 years, an NNT comparable to that of
contacts was observed. Stratifying TB risk according to age and interferon levels could lead to more efficient LTBI screening

and treatment on a national scale. Further research is warranted to validate this strategy.

Key words: Latent tuberculosis infection; Treatment efficacy; Interferon-gamma release assay; Congregate settings

*Corresponding author: Ju Sang Kim, Tel: +82-32-280-5866, E-mail: kimjusang@catholic.ac.kr

Introduction latent tuberculosis infection (LTBI) [1]. Screening and treat-
ment of LTBI are very important for eradicating tubercu-

Approximately a quarter of the world’s population has losis (TB), and the World Health Organization (WHO)
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Key messages
(D What is known previously?

Unlike the situation with contacts, a lack of evidence on
the risk of tuberculosis (TB) and preventive effects of la-
tent tuberculosis infection (LTBI) treatment was noted
among participants in the national LTBI screening pro-
gram implemented in 2017.

(@ What new information is presented?

Among participants in the national LTBI screening pro-
gram, LTBI treatment was approximately 81% effective
in preventing TB. Higher levels of interferon in younger
age groups were associated with an increased risk of TB.
In these groups, low numbers indicated a need for treat-
ment, and LTBI treatment was highly effective. Some
groups exhibited numbers needed to treats comparable
to those of contacts.

(® What are implications?

Stratifying TB risk according to age and interferon levels
will enable more efficient LTBI screening and treatment
on a national scale.

recommends active LTBI screening for middle- and high-
income countries with a low active TB incidence rate (<100
cases per 100,000 population) [2]. Currently, the Republic of
Korea (ROK) is actively implementing LTBI screening for con-
tacts of infectious TB patients, medically high-risk groups, and
healthcare workers, as recommended by other international
clinical practice guidelines. Moreover, ROK has been conduct-
ing LTBI screening for workers in group facilities (e.g., daycare
centers, kindergartens, schools, social welfare facilities, and
postpartum care centers), first-year high school students, and
persons subject to draft physical examination through the “na-
tional LTBI screening program” in 2017-2019 in accordance

with the “TB-free Korea Program” (March 24, 2016). Because

www.phwr.org Vol 17, No 31, 2024

LTBI screening for only the target populations as recommend-
ed by the WHO has limited impact on reducing the nation-
al TB incidence rate [3], some have advocated for increased
LTBI screening by identifying new high-risk groups for TB
[4]. Identification of targets for LTBI screening requires clear
evidence of preventive effect from diagnosis and treatment of
LTBI. However, to date, TB prevention has been demonstrat-
ed only among contact of infectious TB patients or medically
high-risk groups, while the effectiveness of LTBI treatment
among workers in group facilities has not been reported. This
study aimed to analyze the incidence rate of active TB cases
among workers in group facilities, healthcare workers, first-
year high school students, and out-of-school adolescents who
were screened under the “national LTBI screening program”
(hereinafter “national screen program examinees”) and com-
pare the findings to those of the contacts of active TB patients
(hereinafter “contacts”) to examine the effectiveness of LTBI

treatment.

Methods

1. Study Population

Our study population comprised household contacts and
group facility contacts, healthcare workers screened for LTBI
in accordance with the Tuberculosis Prevention Act amended
in 2016, workers in group facilities (such as postpartum care
centers, daycare centers, kindergartens, schools, and child wel-
fare facilities), first-year high school students and out-of-school
adolescents who were screened as 2017 national screen pro-
gram examinees, and those who tested positive in the inter-
feron-gamma release assay (IGRA) performed as a part of the

draft physical examination between 2017 and 2020. Although
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the national screen program examinees should also include
inmates of correctional facilities, they were excluded because
their LTBI treatment records were difficult to identify in the
National Health Insurance Service (NHIS) database. All groups
other than contacts were screened for LTBI because they had
the “group living” risk factor. They were all grouped together
as “national screen program examinees” for the analysis, and
the incidence rate of active TB and effectiveness of LTBI treat-
ment were compared to those of contacts. The exclusion crite-
ria were (1) history of active TB; (2) only tuberculin skin test
(TST) for LTBI screening; and (3) diagnosis of active TB with-
in 30 days of IGRA (prevalent TB case). The following were
also considered in this study: (1) presentation of the overall ac-
tive TB status among national screen program examinees reg-
istered between 2017 and 2020; (2) analysis of active TB in-
cidence rate among 2017 national screen program examinees
with completion of the longest follow-up to identify the natural
course of LTBI; and (3) comparative analysis of national screen
program examinees and contacts registered in 2017 and 2018
with a 2-year follow-up to determine the numbers needed to

treat (NNT) for identifying the effectiveness of LTBI treatment.

2. Data Collection Method

This retrospective cohort study was based on (1) the na-
tional LTBI screening program database, (2) household con-
tacts screening database, and (3) group facility contacts da-
tabase and was conducted by linking NHIS database and na-
tional TB notification database for identifying LTBI treatment
status and active TB incidence. Specific study design and infor-

mation used from each database are described in the protocol

of this study [5].

1326

3. Analyses

Follow-up of patients started from the date of IGRA and
ended on the date of active TB notification or date of death. For
all other cases, the end date of follow-up was April 30, 2021.
A multivariate Cox proportional hazards model was used to
analyze the influence of each explanatory variable on active TB
incidence. A univariate Cox proportional hazards analysis was
first performed to select significant variables with p-value<0.05
in the likelihood ratio test for model fitness and the selected
variables were used in the multivariate analysis.

Among the explanatory variables, age was classified into
five groups (<20, 20-34, 35-49, 50-64, and =05 years). For
LTBI, treatment completion was defined as exceeding 80% of
the scheduled dose within 1.3 times the scheduled treatment
period, while treatment discontinuation was defined as starting
a treatment, but not satisfying the criteria described above. For
treatment discontinuation, cases in which active TB occurred
during treatment were classified separately. Those who started
treatment were classified according to three LTBI treatment
regimens (4R, 9H, and 3HR) widely used currently and ac-
tive TB prevention effect was analyzed according to the type of
LTBI treatment regimen, regardless of whether the treatment
was completed. Additionally, those in whom treatment was
completed, were classified separately to analyze the TB preven-
tion effect.

To determine the natural course of LTBI, active TB in-
cidence rates between IGRA-negative and IGRA-positive/
untreated cases were compared. To analyze the effectiveness
of LTBI treatment, active TB incidence rates between IGRA-
positive/untreated, IGRA-positive/treatment completed, and
IGRA-positive/treatment discontinued cases were compared.

Interferon level during IGRA was determined as the key

www.phwr.org Vol 17, No 31, 2024
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explanatory variable for predicting TB incidence rate and ef-
fectiveness of treatment, with IGRA-positive patients with in-
terferon level 210 IU/ml assigned to one group and patients
with interferon level between 0.35 IU/ml and below 10 IU/ml
equally divided into four groups (from the first quarter with
the lowest interferon level to the fourth quarter with the high-
est level). Accordingly, TB incidence rate and effectiveness of

treatment in these five groups were analyzed.

Results

Between 2017 and 2020, a total of 1,191,483 individuals
participated in LTBI screening under the national LTBI screen-
ing program. After applying the exclusion criteria, a total of
1,120,948 national screen program examinees were included
in this study (Figure 1). Among persons subject to draft physi-

cal examination, only 25,166 IGRA-positive examinees were

included in the cohort, while IGRA-negative examinees were
analyzed separately as their information could not be veri-
fied. Among the national screen program examinees, a total
of 798 active TB cases were identified from 30 days after the
LTBI screening to April 2021. The TB incidence rates were 9.8
cases per 100,000 person-years in the IGRA-negative group,
121.4 cases per 100,000 person-years in the GRA-positive/
untreated group, and 23.6 cases per 100,000 person-years in
the IGRA-positive/treatment completed group (Table 1). The
TB incidence rate ratio (IRR) of the IGRA-positive/untreated
group relative to the IGRA-negative group was 12.40 (95%
confidence interval [CI]: 10.67-14.43) and IRR of the IGRA-
positive/treatment completed group relative to the IGRA-
positive/untreated group was 0.19 (95% CI: 0.14-0.27),
showing that completing LTBI treatment reduced the risk of
TB incidence by 81%. In the draft physical examination group

that included only IGRA-positive examinees, there was a total

(n=1,191,483)

Participants of national LTBI screening program between 2017 and 2020

A,

> Participants with past TB history (n=5,175)

Participants without past TB history (n=1,186,308)

Who underwent only TST (n=28,486)

A4

y

> Data error (n=4)

Participants who underwent IGRA (n=1,157,818)

Notified as active TB within 30 days after the

Y

A4

LTBI screening date (co-prevalent TB) (n=171)

Who underwent IGRA without co-prevalent TB (n=1,157,647)

> Inmates of correctional facilities (n=11,533)

|

)

Main cohort (n=1,120,948) Candidates for military conscription (n=25,166)

Figure 1. Flow chart showing enrollment of participants of national LTBI screening program

LTBI=latent tuberculosis infection; TB=tuberculosis; TST=tuberculin skin test; IGRA=interferon-gamma release assay.
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Table 1. TB incidence by LTBI status among participants of national LTBI screening program except for candidates for military
conscription
LTBI status N Follow-up TB case TB incidence Inc.idence rate Incjdence rate
(pyr) (n) (/100,000 pyr) ratio (95% ClI) ratio (95% ClI)
IGRA negative 961,206  3,208,034.8 314 9.8 Reference -
IGRA positive/ 95,630 328,648.7 399 121.4 12.40 (10.67-14.43) Reference
not treated
IGRA positive/ 51,846 173,714.9 41 23.6 - 0.19 (0.14-0.27)
treatment completed
IGRA positive/ 9,404 30,914.6 11 35.6 = 0.29 (0.15-0.53)
treatment interrupted
IGRA positive/ 1,980 4,980.1 0 0.0 - -
still on treatment
IGRA indeterminate 850 2,312.1 1 433 4.42 (0.11-24.80) =
IGRA positive/ 32 19.7 32 - - -
active TB development
during LTBI treatment
Total 1,120,948 3,748,624.9 798 21.3 - -
TB=tuberculosis; LTBI=latent tuberculosis infection; CI=confidence interval; IGRA=interferon-gamma release assay.

of 167 active TB cases during the study period. The TB inci-
dence rates were 363.3 cases per 100,000 person-years in the
IGRA-positive/untreated group and 57.7 cases per 100,000
person-years in the IGRA-positive/treatment completed group
(Supplementary Table 1; available online). Meanwhile, the IRR
of the IGRA-positive/treatment completed group relative to
the IGRA-positive/untreated group was 0.16 (95% CI: 0.09-
0.27), showing a prevention effect of approximately 84% when
LTBI treatment was completed.

To identify the natural course of LTBI, the active TB in-
cidence rates among 724,480 IGRA-negative and 85,814
IGRA-positive/untreated among the national screen program
examinees who were screened for LTBI in 2017 were calcu-
lated (Supplementary Table 2; available online). When IGRA
results were not considered, the TB incidence rate was highest
among those aged =65 years (134.9 cases per 100,000 popu-
lation), while the TB incidence rate was also high among those

who were confirmed to have LTBI based on contact tracing
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within 2 years after LTBI screening or after having contact
with a TB patient after the screening date (1,219.5 and 1,730.1
cases per 100,000 population, respectively). Interferon lev-
els presented by IGRA results were divided into four quarters
(Q1:0.35-0.67 IU/ml, Q2: 0.67-1.41 IU/ml, Q3: 1.41-3.33
IU/ml, and Q4: 3.33-10 IU/ml) and interferon level >10 IU/
ml was classified separately to examine the active TB incidence
rate in these five groups of IGRA-positive examinees. The re-
sults showed that the active TB incidence rate became higher as
interferon level increased. When the results were verified by a
multivariate Cox proportional hazards model, the hazards ratio
of the Q1, Q2, Q3, Q4, and interferon level >10 IU/ml groups
relative to the IGRA-negative group was 6.56 (95% CI: 4.29-
10.03), 13.38 (95% CI: 9.56-18.73), 18.15 (95% CI: 13.19-
24.99), 31.81 (95% CI: 24.01-42.16), and 43.51 (95% CL:
32.21-58.79), respectively, when adjusted for age, sex, TB
contact, and the effects of high-risk disease that increases TB

incidence rate, which showed a pattern of increased risk of TB

www.phwr.org Vol 17, No 31, 2024
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incidence with increasing interferon level (Table 2). In the age-
stratified analysis, a prominent trend showing increased risk of
TB incidence with increasing interferon level was found in the
<20 and 20-34 age groups (Supplementary Table 3; available
online). Such a trend was much less prominent in the 35-49
and 50-64 age groups, while a significant trend was not ob-
served in the 265 age group.

To determine the effectiveness of LTBI treatment in re-
ducing the risk of TB incidence, age-stratified analysis was
performed to determine the 2-year cumulative TB incidence
rate among 97,688 IGRA-positive/untreated national screen
program examinees who were screened for LTBI in 2017
and 2018 and 52,764 IGRA-positive/treatment completed
examinees. In addition, NNT was also calculated (Table 3).
Meanwhile, to compare the effectiveness of LTBI treatment
between national screen program examinees and contacts, the
NTT among 16,384 IGRA-positive/untreated and 10,556
IGRA-positive/treatment completed contacts who underwent
contact tracing during the same period was calculated using
the same method (Supplementary Table 4; available online).
The NNT is a calculation of how many people with latent TB
infection need to be treated to prevent one person from devel-
oping TB. The number of people was described by rounding
up the NNT calculated in Table 3 and Supplementary Table
4. Both the national screen program examinees and contacts
showed lower NNT among IGRA-positive individuals who
were younger and had higher interferon level. Contacts aged
<35 years showed a low interferon level with NNT ranging be-
tween 13 and 51, while those aged 35-64 years showed NNT
ranging between 122 and 185, depending on the interferon
level. Among national screen program examinees aged <35

years, all groups, except the Q1 group, showed NNT ranging

www.phwr.org Vol 17, No 31, 2024

between 40 and 159, which was comparable to that of the con-
tacts. Conversely national screen program examinees aged 35—
64 years, from Q1 to Q3 groups showed NTT ranging between
735 and 1682, while the Q4 and interferon level >10 IU/ml
group showed NNT of 285 and 277, respectively. Among the
older adults aged =65 years, the trend of decreasing NNT with
higher interferon level was not found in both contacts and na-
tional screen program examinees, but NNT tended to be high-

er in all interferon intervals than younger age groups.

Discussion

The findings of this study showed that the TB incidence
rate was 12.4 times higher among national screen program
examinees who are IGRA-positive than among those who are
IGRA-negative, while LTBI treatment was approximately 81%
effective in preventing TB. IGRA-positive national screen pro-
gram examinees showed a trend of increased risk of TB inci-
dence with increasing interferon level; this trend was promi-
nent in younger individuals, but not in older adults aged >65
years. With respect to the effectiveness of LTBI treatment,
national screen program examinees aged <35 years showed
lower NNT at lower interferon level, indicating that the effec-
tiveness of treatment was comparable to that in the contacts.
Meanwhile, national screen program examinees aged 35-64
years showed NNT comparable to that of the contacts only at
high interferon levels. Older national screen program examin-
ees and contacts showed higher NTT than younger age groups,
indicating that the effectiveness of treatment was not signifi-
cant compared to younger age groups.

In the ROK, the TB incidence rate has been decreasing

sharply since the 2010s. Meanwhile, a greater emphasis is
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Table 2. Natural history of LTBI-risk factors for development of TB among participants with negative IGRA result and those
with positive IGRA result but not treated”

; Univariable analysis® Multivariable analysis®
Risk factor : :
Hazard ratio (95% CI)  p-value Hazard ratio (95% CI)  p-value

Sex

Male Reference Reference

Female 0.81 (0.68-0.96) 0.017 0.96 (0.79-1.16) 0.655
Age (yr)

0-19 Reference Reference

20-34 1.56 (1.23-1.96) <0.001 1.04 (0.79-1.37) 0.754

35-49 1.08 (0.84-1.37) 0.555 0.36 (0.26-0.49) <0.001

50-64 2.32 (1.83-2.94) <0.001 0.44 (0.31-0.62) <0.001

=65 2.63 (1.54-4.48) <0.001 0.36 (0.19-0.66) 0.001
IGRA result: interferon level”

IGRA () Reference Reference

IGRA (+) Q1 4.91(3.27-7.38) <0.001 6.56 (4.29-10.03) <0.001

IGRA (+) Q2 9.53 (7.03-12.91) <0.001 13.38 (9.56-18.73) <0.001

IGRA (+) Q3 12.49 (9.48-16.45) <0.001 18.15 (13.19-24.99)  <0.001

IGRA (+) Q4 21.61 (17.21-27.12) <0.001 31.81 (24.01-42.16)  <0.001

IGRA (+), IFN level >10 1U/ml 29.51 (23.25-37.45) <0.001 43,51 (32.21-58.79)  <0.001
Income level

Low 1.23 (0.97-1.57) 0.088

Middle low 1.36 (1.07-1.74) 0.013

Middle high 1.22 (0.94-1.58) 0.132

High Reference
Past TB exposure—positive LTBI test result in 17.42 (8.25-36.79) <0.001 4.32(2.03-9.22) <0.001

contact investigation

Healthcare workers 1.71 (1.43-2.03) <0.001 1.65 (1.35-2.01) <0.001

(vs. other congregate settings)
High TB-risk diseases

HIV 16.99 (2.38-121.40) 0.005 13.27 (1.73-102.09) 0.013
Hematologic malignancy 3.36 (1.08-10.45) 0.036 2.87(0.92-8.91) 0.068
DM 1.57 (1.22-2.03) <0.001 1.12 (0.85-1.47) 0.416
Gastrectomy 3.54 (0.88-14.20) 0.074
Head & neck cancer 1.14 (0.16-8.12) 0.895
Long-term use of glucocorticoid 2.94 (1.22-7.08) 0.017 2.70 (1.09-6.67) 0.032
(within 180 days before the screening date)
Use of TNF-inhibitors 9.38 (2.34-37.69) 0.002 9.07 (2.17-37.91) 0.003

(within 180 days before the screening date)

LTBI=latent tuberculosis infection; TB=tuberculosis; IGRA=interferon-gamma release assay; CI=confidence interval; IFN=interferon;
HIV=human immunodeficiency virus; DM=diabetes mellitus; TNF=tumor necrosis factor. *Candidates for military conscription were
excluded from this analysis, as only those with positive IGRA result were included in this study. “Survival analysis was conducted using a
univariable Cox proportional hazards model. “Survival analysis was conducted using a multivariable Cox proportional hazards model by
selecting variables that were significant (p-value<0.05) in the likelihood ratio test for model fit in the univariable Cox proportional hazards

model. ?Q1: interferon level 0.35-0.67 IU/ml, Q2: 0.67-1.41 IU/ml, Q3: 1.41-3.33 IU/ml, Q4: 3.33-10 IU/ml.
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Table 3. Effect of LTBI treatment—age and interferon level stratified NNTs among participants of national LTBI screening
program
IGRA positive/ IGRA positive/
not treated treatment completed Risk
. NNT (95% CI)?
B Total TB Total difference
cases (n) participants (n) cases (n) participants (n)

Age <35 yr

IFN Q1” 15 6,578 2 4,152 0.001799  556.0 (319.4-2,142.8)

IFN Q2 34 5,137 3.316 0.006317 158.3 (116.1-248.6)

IFN Q3 36 4,272 2 2,856 0.007727 129.4 (94.0-207.5)

IFN Q4 62 3,824 10 2,478 0.012178 82.1(59.2-134.0)

IFN level >10 IU/ml 57 2,176 1 1,309 0.025431 39.3 (31.0-53.9)
Age 35-64 yr

IFN Q1 12 13,874 2 7,397 0.000595 1,682.0 (826.0-NNH 46,267.5)

IFN Q2 28 15,099 4 8,124 0.001362 734.2 (454.4-1,911.2)

IFN Q3 30 15,915 6 8,320 0.001164 859.2 (487.6-3,612.6)

IFN Q4 60 15,979 2 8,289 0.003514  284.6 (221.3-398.7)

IFN level >10 IU/ml 40 9,990 2 5,162 0.003617 276.5 (201.4-441.1)
Age =65 yr

IFN Ql 2 1,006 0 275 0.001988 503.0 (210.9-NNH 1,308.1)

IFN Q2 3 1,028 0 310 0.002918  342.7 (160.9-NNH 2,637.2)

IFN Q3 1 1,094 0 309 0.000914 1,094.0 (369.7-NNH 1,140.7)

IFN Q4 2 1,054 0 280 0.001898 527.0 (221.0-NNH 1,370.3)

IFN level >10 1U/ml 2 662 0 187 0.003021 331.0 (138.9-NNH 862.4)
LTBI=latent tuberculosis infection; NNT=numbers needed to treat; IGRA=interferon-gamma release assay; TB=tuberculosis; CI=confidence
interval; IFN=interferon; NNH=numbers needed to harm. “In some subgroups, the lower bound of the 95% confidence interval for the risk
difference included negative values (i.e., indicating an increased risk of TB with LTBI treatment). In these subgroups, when calculating the
NNT, the upper bound of the 95% confidence interval is expressed as the NNH. b>Qli interferon level 0.35-0.67 IU/ml, Q2: 0.67-1.41 IU/ml,
Q3: 1.41-3.33 1U/ml, Q4: 3.33-10 IU/ml.

being placed on the importance of LTBI screening and treat-
ment for lowering and maintaining the TB incidence rate to a
level similar to that in other advanced countries. Unlike other
advanced countries, which consider TB among immigrants
as the biggest issue in national TB control, ROK considers TB
among the elderly as an urgent issue. However, LTBI treatment
is still not being actively applied to the elderly because it offers
little benefit to older adults due to the fact that even if they are
diagnosed with LTBI from a TB infection that occurred de-
cades ago, the risk of actual progression to active TB is much

lower than that in younger age groups [6]. Moreover, older

www.phwr.org Vol 17, No 31, 2024

adults have a higher risk of adverse advents associated with
LTBI treatment, especially hepatotoxicity [7]. Nonetheless,
ROK has a large discrepancy in TB incidence rate between gen-
erations, with younger age groups showing low TB incidence
rate and very low LTBI rate. This is a common phenomenon
found in some East Asian countries that achieved rapid eco-
nomic development over the past 30-40 years. Considering
these circumstances, rather than expanding LTBI screening
and treatment for the elderly, a more realistic option would be
to protect the younger age groups from TB in hopes of lower-

ing the TB incidence rate when the current younger generation
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becomes older.

Since ROK expanded screening for contacts in group facili-
ties in 2013; TB outbreaks in group facilities associated with
mostly younger generations, such as postpartum care centers,
daycare centers, kindergartens, or schools, have become a so-
cial issue. In this backdrop, ROK has been implementing pre-
emptive LTBI screening for workers in group facilities start-
ing from August 2016, in accordance with the Tuberculosis
Prevention Act. This study is significant in that it confirmed
the effectiveness of LTBI treatment in workers in group facili-
ties, which has not been shown to date, and found that this
effectiveness was comparable to that in contacts. For LTBI
screening to be considered cost-effective, the target popula-
tion must show a high risk of TB incidence without LTBI treat-
ment; however, national screen program examinees, including
workers in group facilities, showed relatively lower risk of TB
incidence than that in contacts, who are the top priority targets
for LTBI screening. Relatively low risk of TB incidence due to
the low predictive power of IGRA can inevitably lead to unnec-
essary LTBI treatment, which can also lead to decreased treat-
ment initiation rate. Recently, a scoring system based on meta-
analysis of individual patient data for predicting the risk of TB
incidence in individuals, rather than groups, has been devel-
oped, which demonstrated that the risk of TB incidence can
be predicted more precisely [8]. In that study, instead of inter-
pretation based on the two choices of IGRA-positive or nega-
tive, T-cell immune response was quantified and inputted as a
variable for predicting TB incidence. This study also found that
workers in group facilities in the ROK showed higher risk of
TB incidence and effectiveness of treatment with increasing in-
terferon level, which is presented in the IGRA results. In other

words, it was shown that the risk of TB incidence in individuals

1332

could be stratified by age and interferon level, and by applying
such a treatment strategy, treatment effectiveness comparable
to that in contacts can be achieved in group facilities in work-
ers aged <35 years and in workers aged 35-64 years with high
interferon level.

In addition, the primary purpose of LTBI screening for
workers in group facilities is not because of high risk of TB in-
cidence in workers themselves, but based on the chance of in-
fecting others when TB outbreak occurs, especially secondary
TB, due to the nature of group facilities. In fact, when active
TB cases that occurred among workers in group facilities who
participated in the National LTBI Screening Program were
linked to the contacts database and analyzed as index cases, the
results showed that many contacts were found in group facili-
ties when the index patient was aged <35 years and worked in
a group facility [9]. Among 26 index TB cases involving in-
dividuals aged <35 years who work in social welfare facilities,
daycare centers, kindergartens, schools, and postpartum care
centers, a total of 1,967 contacts were identified, of whom,
3.30 patients were estimated to develop secondary TB within
two years. Among 120 index TB cases involving first-year high
school students, out-of-school adolescents, and persons subject
to draft physical examination, 13,040 contacts were identified,
of whom, 33.07 patients were estimated to develop secondary
TB within 2 years. Among 87 index TB cases involving health-
care workers aged <35 years, a total of 2,920 contacts were
identified, of whom, 13.15 patients were estimated to develop
secondary TB within 2 years. Workers in group facilities and
healthcare workers should not only weigh the pros and cons of
LTBI treatment from their own perspective, but must also con-
sider how much they can contribute to the reduction of sec-

ondary TB from the perspective of the society as a whole [7].
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Accordingly, it is necessary to identify the effect of prevention
on development of secondary TB from a mid-to-long-term
perspective through contacts database.

Our study is the first to identify the TB incidence rate and
associated risk factors in a large-scale cohort. However, this
study also had the following limitations: First, the mean follow-
up period was relatively short at 3.3 years, and thus, there are
limitations in identifying the effectiveness of LTBI screening
from a mid-to-long-term perspective. It is known that the risk
of TB incidence is highest within 2 years of being infected with
Mycobacterium tuberculosis; but subsequently, a decreased
risk of TB incidence still remains [6]. Unlike contacts, many
of whom were recently infected, the majority of national LTBI
screening examinees were suspected to have been infected in
the past, and not in recent years. Therefore, these individuals
need to be assessed from a mid-to-long-term perspective of
more than 2 years, to identify the effectiveness of LTBI screen-
ing and treatment. Another limitation was that sufficient sta-
tistical power could not be assured due to the relatively small
number of TB cases in some sub-groups. In particular, there
was only a small number of examinees and TB cases among
the elderly, and as a result, sufficient statistical power could not
be assured when calculating the NNT. Furthermore, most of
the national LTBI screening examinees were healthy individu-
als with no underlying diseases. Accordingly, there was only a
small number of examinees with diseases associated with high
risk of TB incidence, and thus, sufficient statistical power could
not be assured when calculating the effects of a specific disease
on TB incidence.

In conclusion, the effectiveness of LTBI treatment was
confirmed not only in contacts, for whom the effectiveness of

LTBI treatment is already widely known, but also in workers in

www.phwr.org Vol 17, No 31, 2024

group facilities. Importantly, the risk of TB incidence was high-
er when interferon level, obtained using IGRA, was higher, and
this trend was prominent among the younger age groups. It is
expected that more effective screening and treatment can be
implemented at the national level through a strategy that can
determine the risk of TB incidence stratified by age and inter-

teron level; future studies on this approach are necessary.
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ABSTRACT

The “biomonitoring for exposure to tobacco smoke” program is designed to monitor the levels of direct or indirect exposure
to tobacco smoke among Koreans and evaluate the effectiveness of smoking cessation policies. This program measures 11
biomarkers, including nicotine metabolites, alkaloids, and heavy metals, in urine samples collected from the National Health
and Nutrition Examination Survey. Quality management is crucial for ensuring the high reliability of measurement results
within the overall analysis system. Key components of quality management include internal and external quality controls,
inter-laboratory comparisons, assessments of measurement fundamentals, reproducibility evaluations, and on-site assessments.
Quality management also involves assessing the relevance of analysis system controls, adherence to guidelines, routine quality
control, and participation in international proficiency testing, all overseen by a Quality Management evaluation committee.

Thus, institutions involved in the biomonitoring for exposure to tobacco smoke must ensure the appropriateness of their

analytical performance by understanding and adhering to quality control guidelines.
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Introduction

Survey results on exposure to harmful substances in ciga-
rette smoke constitute subjective information that relies on the
memories of the respondents. Therefore, there are limitations
in using the information as quantitatively analyzed data related
to individual exposure. In addition, in several cases, a signifi-
cant difference has been observed between survey results and

actual exposure of the body to secondhand smoke. Therefore,

www.phwr.org Vol 17, No 31, 2024

to comprehensively evaluate human exposure to tobacco-
derived harmful substances, biomonitoring using biological
samples must be performed along with the survey. Republic
of Korea (ROK)’s “biomonitoring project for exposure to to-
bacco smoke” analyzes the levels of biomarkers indicative of
smoking-related harms, using urine samples collected dur-
ing the Korea National Health and Nutritional Examination
Survey (KNHANES). Measurement of cotinine, a nicotine me-

tabolite, in urine samples began from the 3rd KNHANES in
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Key messages
(D What is known previously?

The “Biomonitoring for exposure to tobacco smoke”
program aims to generate statistical data on the risks
and levels of direct or indirect tobacco smoke exposure

among Koreans.

@ What new information is presented?

Quality management is implemented to ensure the reli-
ability of these statistical data. The appropriateness of the
analytical performance system is also evaluated through
internal and external quality controls.

® What are implications?

Through the quality management processes of this pro-
gram, we strive to enhance the reliability of our assess-
ments by adhering to quality control standards and stan-
dardizing the analytical system.

2005. Starting from the 9th KNHANES in 2022, the analysis
has been expanded to include 11 types of biomarkers of smok-

ing-related harms, including cotinine, nicotine, nornicotine,

trans-3’-hydroxycotinine, anabasine, and 6 types of heavy
metals (Table 1). The measurement results of these biomark-
ers were published together with the results of the KNHANES.
Therefore, it has been used as an academic data source in stud-
ies on various smoking-related health effects, such as identify-
ing exposure levels to tobacco-derived harmful substances by
age group and measuring disease risk. Accordingly, the Korea
Disease Control and Prevention Agency (KDCA) promoted
the “Quality control for biomonitoring of smoking harmful
effects [1]” project as an overall inspection system for moni-
toring smoking-related harms to ensure quality assurance of
the reliability of national statistics. Here, quality control refers
to producing reliable test results by systematically managing
all inspection processes before and after analysis, personnel,
equipment, and environment, and early detection and preven-
tion of unspecified causes of errors [2,3]. Therefore, evaluation
strategies, such as internal and external quality control, com-
parative evaluation between testing laboratories, and evalua-

tion of measurement traceability, reproducibility, number of

Table 1. List of biomarkers to tobacco smoke exposure

Biomarker

7th (2016-2018)

Nicotine metabolites and alkaloids
Nicotine -
Nornicotine -
Cotinine [
trans-3'-Hydroxycotinine =
Anabasine -
Metals
Lead -
Mercury -
Nickel -
Cadmium =
Aluminium -

Cromium =

Survey® term
8th (2019-2021) 9th (2022-2024)
- [ )
= ()
[ [ )
= ()
- [
- [
= ()
- [
= [ )
- [
= [ )

YKorea National Health and Nutrition Examination Survey.
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on-site inspections, and acceptable range criteria, have been
established and are implemented every year. Quality control
measures, such as adequate management of analytical instru-
ments, compliance with guidelines, regular internal quality
control, compliance with acceptance criteria for quality control
materials, and participation in foreign proficiency programs,
have been evaluated. In addition, the testing agency ensures
the adequacy of the analysis performance by identifying factors
that may affect the measurement results according to system-
atic quality control criteria. Herein, we would like to introduce
the quality control criteria for biomarker testing for biomoni-
toring smoking-related harms in the ROK (Table 2) and the

quality control results.

Main Text

1. Evaluation of Internal Quality Control

Internal quality control consists of setting acceptable rang-
es for quality control materials, analyzing them, and confirm-
ing the measurements. Depending on the test characteristics,
quality control materials, which are homogeneous and stable

substances, are measured repeatedly under the same optimal

conditions for at least 20 days to establish an acceptable range
of the average and standard deviation (SD). Then, the trend
of change in statistical indicators (average value, SD, and coef-
ficient of variation) for each concentration of quality control
material should be graphed every month to check the pattern
of change [4]. Evaluation of internal quality control is per-
formed based on Westgard multi-rules. Laboratories that ana-
lyze biomarkers of smoking-related harms adopt 1, as a stan-
dard for sample reinjection (warning) and 15, 2,5, Ry, and 10x
as standards for reanalysis (reject) (Table 3) [5-7]. If even one
rule is violated, the result is considered unreliable. Accordingly,
appropriate measures must be taken after identifying the na-
ture and cause of the error. Internal quality control conducted
by the KDCA’s smoking-related harms laboratory and Green
Cross Laboratories (GC Labs), which analyzed biomarkers re-
lated to smoking-related harms in 2023, did not produce any
measurement values that violated the acceptable range criteria
for quality control materials. Therefore, the precision of the test
results is considered to have been secured by minimizing anal-

ysis errors that occur during the test process.

Table 2. Quality management of ‘biomonitoring for exposure to tobacco smoke” program

Evaluation item

Content

Internal quality controls
External quality controls

Measurement elementary quality evaluation

Reproducibility evaluation

Comparative evaluation between analytical
institutions

On-site evaluation

To quantify analysis errors occurring during the analysis process as objective
indicators to confirm the precision of the analysis results

To verify the accuracy of analysis results by minimizing errors through
participation in proficiency programs

To evaluate the result based on the criteria of the Certified Reference Material

To check the difference in analyte concentration or smoking rate between the
previous period and the current period

To check the analysis results between analytical institutions to determine
whether the correction for the result value should be reflected

The committee of quality management to directly evaluate the appropriateness
of the inspection performance system

www.phwr.org Vol 17, No 31, 2024
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Table 3. Criterion of internal quality controls: Westgard multi-rules

Criterion Classification of criterion Content
15 Random error” One measurement exceeds +2SD
154 Random error” One measurement exceeds +3SD
25 Systematic error” Two consecutive measurements exceed +2SD, and on the same side of the mean
Rys Random error” The difference of two measurements in the same run exceed the —2SD, and the
other by +2SD
10x Systematic error” Ten consecutive measurement are on the side or the other of the mean

SD=standard deviation. “Random errors occur unpredictably and vary from one measurement to another. ”Systematic errors are errors that

shift all measurement in a standardized way.

2. External Quality Control Evaluation

External quality control was performed using domestic and
foreign proficiency tests to confirm the accuracy of test results
by minimizing errors in result values that occur during the test
process. The participating laboratories in the biomonitoring
of smoking harmful effect’s program participate in proficiency
testing for each analyte at least twice a year. There are slight
differences in the acceptable range criteria for each proficiency
test, but almost all programs use the standard deviation index
(SDI). After analyzing the same unknown samples in blinded
experiments in the laboratories of multiple participating insti-
tutions, the extent of difference in the measurement values ob-
tained by the laboratory of the relevant institution is evaluated
based on the average and SD of values obtained by the labora-
tories of all participating institutions.

If the organization performing the proficiency testing no-
tifies an unsatisfactory result, the underlying cause must be
investigated, and appropriate corrective action must be tak-
en within 30 days. In 2023, the KDCA’s smoking-related
harms laboratory and GC Labs, participated in the College of
American Pathologists program for analyzing 3 types of nico-
tine metabolites and alkaloids (nicotine, cotinine, and anaba-
sine) and 4 types of heavy metals (aluminum, chromium, lead,

and mercury) for each analyte, twice a year, and all met the

1344

acceptance criteria.

3. Evaluation of Measurement Traceability
Evaluation of measurement traceability refers to whether
the measured values fall within the clear criteria presented in
the certificate for each analyte using certified standard materi-
als [8]. The certified standard material prepared by the qual-
ity control evaluator (recruited from the biomonitoring qual-
ity control agency for smoking-related harms, from now on
referred to as quality control evaluator) is analyzed blindly in
the participating laboratories in the biomonitoring of smok-
ing harmful effect’s program, and the results are evaluated ac-
cording to the values in the certificate for the certified standard
material. Cotinine, nickel, lead, mercury, cadmium, aluminum,
and chromium were the analytes evaluated for measurement
traceability in 2023. The evaluation results implied measure-
ment traceability because the measurement values for each an-

alyte were within the acceptable range of valid values.

4. Evaluation of Reproducibility

Reproducibility was evaluated to confirm that all the test
procedures were reproducible and that the results were ob-
tained equally. The quality control evaluator randomly se-

lected approximately 100 samples with evenly distributed

www.phwr.org Vol 17, No 31, 2024
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concentrations of 11 types of biomarkers to perform biomoni-
toring analysis for smoking-related harms among previously
measured positive samples. Subsequently, these were analyzed
through experiments using an blind sample as participating
laboratories in the biomonitoring of smoking harmful effect’s
program. Depending on the measurement results, the relation-
ship between the difference in concentration of each analyte
and the smoking rate was checked to determine whether the
results required any corrections. In 2023, reproducibility was
evaluated using one type of analyte, cotinine, and measurement
agreement for 89 samples that were quantitatively reported as
above the lower limit of quantification in the values measured
in 2022 and 2023, was analyzed. The slope of linear regression
analysis was 1.052 (95% confidence interval [CI] 1.034 to
1.069), and the y-intercept was -0.0688 (95% CI -0.4799 to
0.5313). Therefore, the 95% CI for the slope did not include 1,
but the 95% CI for the y-intercept included 0. Although there
is ambiguity regarding the slope and y-intercept of the regres-
sion analysis, the correlation coefficient was 0.997; however,
since this is greater than the evaluation standard of 0.95, the

difference cannot be considered clinically significant.

5. Comparative Evaluation between Laboratories
A comparative evaluation was performed between the
smoking and health research laboratory in KDCA and GC
Labs. On the day the quality control evaluator prepared the
samples, the measurements were repeated twice using the test
method (such as analysis equipment and analysis conditions)
established by each institution’s laboratory. The correlation be-
tween five types of analytes, including nicotine metabolites and
alkaloids, was analyzed. The slopes of the regression graphs

were 1.091, 0.880, 1.071, and 1.067 for nicotine, nornicotine,

www.phwr.org Vol 17, No 31, 2024

cotinine, and hydroxycotinine, respectively, with no significant
difference. However, for anabasine, the slope was 2.916, the y-
intercept was -9.624, and the correlation coefficient was 0.512,
indicating a difference in measured values between laborato-
ries, at high concentrations. The main reason for this is that
anabasine was detected at a very low concentration (quantifica-
tion limit of <1 ng/mL) in most samples (32 out of 50), mak-
ing it impossible to obtain an appropriate regression equation
to confirm agreement. Second, in the analysis of 6 heavy metal
analytes, the slopes of the regression graphs for nickel, lead,
mercury, and cadmium were 0.844, 0.746, 0.479, and 0.764,
respectively, showing a relatively high correlation between
the two laboratories. However, the results of GC Labs showed
higher values at high concentrations. Therefore, it was assumed
that there are differences in the testing procedures between the
two laboratories, such as the analysis equipment, quality con-
trol materials, and pretreatment processes. There was a signifi-
cant difference in results between the two laboratories for alu-
minum and chromium. However, similar to the main reason
for the difference in analysis results of anabasine, the difference
here was speculated to occur because they were primarily mea-
sured at low concentrations in urine samples. For comparative
evaluations between laboratories, it is advantageous to interpret
results by performing correlation analysis on multiple samples
within the concentration of the calibration curve. However,
there were limitations in the urine sample collection method,
making it difficult to arrive at a conclusion. Accordingly, to en-
sure uniformity of analysis results, the laboratories were unified
into GC Labs, and the KDCA was responsible for supervising

the testing system and reviewing and utilizing test results.
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6. On-Site Inspection

On-site inspection was performed by the quality control
evaluator who visits the two laboratories in person twice a year
to evaluate the adequacy of the inspection performance system
according to a pre-written checklist. At this point, inspection
guidelines, inspection performance evaluation, appropriateness
of inspection performance, internal quality control, external
quality control, and major changes during the audit period are
inspected. During the on-site inspection conducted in 2023,
the overall test performance was confirmed by evaluating the
adequacy of the test performance guidelines of each labora-
tory, the operation system of the facilities and equipment, and
the proficiency of laboratory personnel. No problems were de-
tected during the on-site inspection at the KDCA’s smoking-
related harms laboratory and GC Labs. Accordingly, the op-
erating system was found to be well maintained in accordance
with appropriate criteria for testing guidelines, internal and
external quality control results, and specimen handling and

management.

Conclusion

From 2022 to 2024, procedures requiring modifications
have been managed by revising laboratory test procedures and
guidelines for smoking-related harms through the quality con-
trol for smoking-related harms monitoring project. Regarding
the accuracy of test results, reliable measurement values were
obtained in the two laboratories as shown by the results of ex-
ternal quality control evaluation (foreign proficiency program)
and measurement traceability evaluation. In addition, the anal-
ysis method and reagent conditions were adequately followed

in the two laboratories according to the test procedures, and
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no errors were detected in the test procedures. However, the
comparative evaluation between the KDCA’s laboratory and
GC Labs, on the harmful effect of tobacco smoking, showed
differences between the two laboratories for some heavy metals
at high concentrations (such as nickel, lead, mercury, and cad-
mium). In addition, regression equations for evaluation at low
concentrations were not calculated for anabasine, aluminum,
and chromium. Accordingly, to ensure stable calculation of the
KNHANES data (for which these data are used), testing agen-
cies were unified into GC Labs, and the KDCA implemented
international standard test methods and quality control to
maintain the objectivity of biomonitoring tests. Moreover, the
KDCA aims to continue research to improve the quality and
to operate test methods related to national-level biomonitoring
for smoking-related harms, including research to explore new
biomarkers in accordance with the World Health Organization

Framework Convention on Tobacco Control.
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QuickStats

Trends in the Perceived Health Status among Adults, 2013-2022

In 2022, 40.9% and 36.1% of men and women, respectively, perceived their health status (aged =19 years, age-standard-
ized) in everyday life as “Good” or “Very Good”, an increase of 1.2%p and 2.7%p, respectively, compared to 2021. The per-

ceived health status in 2022 was the highest since 2013, and that of men was higher than that of women (Figure 1).
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Figure 1. Trends in the perceived health status among adults, 2013-2022
*Prevalence of perceived health status: percentage of adults who report their health in everyday life as “Good” or “Very Good”, among those

aged =19 years.

¥The mean in Figure 1 was calculated using the direct standardization method based on a 2005 population projection.

Source: Korea Health Statistics 2022, Korea National Health and Nutrition Examination Survey, http://knhanes.kdca.go.kr/

Reported by: 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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