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ABSTRACT

This study evaluated the short-term impact of a community-based environmental intervention for the reduction of high-
risk drinking prevalence in a Seoul district since 2021. The evidence-based intervention relies on collaboration among various
sectors and entities in the local community. Comparing high-risk drinking prevalence between the intervention and control
areas between 2020 and 2022, the intervention area shows a 10.8% decrease, while the control area exhibits a 7.0% increase.
These results suggest the intervention’s potential impact on reducing the region’s high-risk drinking prevalence. Therefore,
there is a need to explore the impact of an environmental change approach at the metropolitan government level to reduce the

prevalence of high-risk drinking for the promotion of overall health in Seoul.
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Introduction exceeds KRW 15 trillion, outweighing the social burden of

smoking, which stands at approximately KRW 13 trillion in

Depending on the amount, pattern, and duration of con-
sumption, alcohol, a class 1 carcinogen, has a variety of nega-
tive effects on the physical and mental health of drinkers. This
not only incurs increased healthcare costs but also undermines
productivity. It also affects social safety and well-being, con-
tributing to issues such as domestic violence, traffic accidents,

and crime. The socioeconomic cost of alcohol consumption
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the Republic of Korea (ROK) [1].

Therefore, the National Health Plan 2030 has selected the
high-risk drinking prevalence as one of the key indicators to be
addressed.

High-risk drinking refers to consumption levels that can
lead to health problems and alcohol use disorders. In ROK,

high-risk drinking is characterized by imbibing more than
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Key messages
(D What is known previously?

Despite the growing evidence of the effectiveness of
the environmental change approach in reducing high-
risk drinking and alcohol-related harm, there is a lack
of such interventions at the community level in the
Republic of Korea.

(@ What new information is presented?

A decline in the prevalence of high-risk drinking was
observed in the area where community-based environ-
mental change interventions were implemented, in con-

trast to non-intervention areas.

® What are the implications?

The community-based environmental approach im-
plemented for the first time in the Republic of Korea
showed promising potential to reduce high-risk drinking
prevalence. It is suggested that there is a need to explore
an environmental change approach at the metropolitan
government level to control high-risk drinking for the
promotion of overall health in Seoul.

one bottle of soju (or more than five shots for women) at a
time more than twice a week [2]. The United States National
Institute on Alcohol Abuse and Alcoholism defines high-risk
drinking as drinking more than 4 glasses per day or 14 glasses
per week for adult men aged <65 years and more than 3 glass-
es per day or 7 glasses per week for women or men aged >65
years [3]. Fortunately, high-risk drinking is a preventable is-
sue, and there has been a substantial amount of research focus-
ing on individual-level interventions to prevent or manage this
problem.

However, akin to any other healthy lifestyle aspect, drink-
ing behavior is profoundly influenced by the physical and so-

cial environment. Individual-level interventions have limited

www.phwr.org Vol 17, No 13, 2024

success in reducing high-risk drinking and its associated
harms, particularly in ROK, where a permissive culture of
drunkenness prevails. Even when diligently addressing behav-
ior modification for high-risk drinking at the individual level,
accomplishing the goals set becomes exceedingly challenging
within a social milieu that endorses and fosters drinking [4].

In this context, it is necessary to examine instances where
smoking prevalence have been reduced through physical and
social environmental alterations. Measures like designating
non-smoking areas, raising tobacco prices, and imposing re-
strictions on advertisements have been advocated to alleviate
health issues and social burdens caused by smoking. As these
policies persist over time, there is not only a shift in smoking
prevalence but also a transformation in societal perceptions of
smoking. The once compelling glorification of smoking and
smokers gradually loses its persuasive impact [5].

As for alcohol problems, interventions targeting high-risk
drinking and alcohol-related harms through environmental
change approaches offer a potential avenue to overcome the
limitations of individual-level interventions. The environmen-
tal change approach focuses on modifying the social, cultur-
al, and economic aspects of the environment to bring about
comprehensive changes in the overall drinking behavior and
reduce the harms associated with drinking. These measures
include increasing taxes on alcohol, raising alcohol prices, re-
stricting advertising, regulating sales (time and location), and
limiting access for minors. The evidence supporting the effec-
tiveness of this environmental change approach is unequivocal,
with the World Health Organization (WHO) promoting the
Strengthen, Advance, Facilitate, Enforce, and Raise (SAFER)
initiative. This initiative aims to safeguard against high-risk

drinking and minimize its social impacts, advocating for its
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implementation at the national and local levels [6].

In ROK, finding a comprehensive intervention to induce
environmental changes aimed at reducing the prevalence of
high-risk drinking and its associated harms has been challeng-
ing. In response, Jungnang-gu, Seoul, opted to introduce a
community-based environmental change approach to improve
the annual high-risk drinking prevalence and related health
indicators among residents. This comprehensive intervention
has been developed and implemented since 2021.

As the inaugural effort to assess the effectiveness of an en-
vironmental change intervention at the basic autonomous dis-
trict level in ROK, this study aimed to analyze the shifts in the
prevalence of high-risk drinking, a variable capable of identify-

ing short-term effects, before and after the intervention.

Methods

To assess the impact of community-based environmental
change interventions on local high-risk drinking prevalence, a
comprehensive intervention was implemented from 2021 to
2022. The focus area for the intervention was Jungnang-gu,

one of the autonomous districts of Seoul, with a population

of approximately 400,000. As a comparative measure, the
remaining 24 autonomous districts served as control areas,
where no interventions were implemented, allowing each dis-

trict to continue with its existing practices.

1. Community-based Environmental Change

Intervention Models

The community-based environmental change intervention
model used in this study is an intervention aimed at reduc-
ing high-risk drinking and its adverse consequences within the
community. The core model, derived from the components of
Holder et al. [7]’s Community Trial Project and the WHO-led
SAFER strategy, was constructed by adopting strategies that
can be implemented at the community level. Simultaneously,
an extended model was developed to address the additional
community-specific needs (Figure 1).

This model underscores the critical role of collaborative
efforts among various community resources as an essential
prerequisite for implementing effective interventions. Each in-
tervention was strategically guided by a specific community re-
source. To ensure access to Screening, Brief Intervention, and

Referral to Treatment services, executive boards of the local

Main model Expanded model
Inter- Restrictions Drinking- Responsible Access to Access to Underage Public
vention on alcohol driving beverage SBIRT SBIRT drinking awareness
accessibility prevention service of general prevention
population
I I I I I I I
Strategy Enactment of Strengthening <Inebriation- High-risk Mobile high- <Bilding Alcohol-free
regulations DUI free drinking risk drinking a healthy day campaign
restricting enformcement enjoyment> screen- & self-care drinking culture
alcohol and zero program advice at local program in my family>
consumption drinking- clinics, dental at elementary
in public driving clinics or schools
spaces campaign pharmacies

Figure 1. A Community-based environmental change intervention model for reducing high-risk drinking and alcohol-related

harm

SBIRT=Screening, Brief Intervention, and Referral to Treatment; DUI=driving under the influence.
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medical, dental, and pharmacy associations played pivotal roles
in reaching out to their respective members and encouraging
them to participate in the program to increase the number of
participating organizations, rather than dispatching a separate
staff member to each health center for conducting a commu-
nity health center high-risk drinking screening and counseling
program. Participating organizations received program imple-
mentation guides and screening instruments used for identify-
ing individuals engaged in high-risk drinking and providing
recommendations based on the results of the screening.

In the intervention area, some of the components of the
intervention model were launched in 2021, with the full spec-
trum of intervention components activated in 2022 within the
designated intervention area. Additional details on the content

of the intervention have been outlined by Kim et al. [8].

2. Participants

The study was conducted in Jungnang-gu, one of the 25
autonomous districts in Seoul, an urban area with a popula-
tion of approximately 400,000. In 2018, the high-risk drink-
ing prevalence in Jungnang-gu, which was reviewed during
the planning phase of the intervention, was 21.6% among
drinkers, ranking as the third highest among the 25 districts
in Seoul. Notably, this figure significantly differed from that of
Gangdong-gu, which had the lowest high-risk drinking preva-
lence at 13.0% among drinkers [2]. Given the sustained occur-
rence of this indicator in Jungnang-gu over an extended peri-

od, an intervention plan was formulated as a countermeasure.
3. Study Content and Data Collection

The independent variable in this study was either the im-

plementation or absence of a community-based environmental

www.phwr.org Vol 17, No 13, 2024

change intervention, designating Jungnang-gu, where the in-
tervention was executed, as the intervention area, and consid-
ering the remaining districts of Seoul as the control area. No
interventions were implemented in the control area.

The dependent variable was the prevalence of high-risk
drinking among annual drinkers at the community level. The
annual high-risk drinking prevalence among drinkers was de-
fined as the percentage of individuals who consumed alcohol
in the past year, with an average of 7 or more glasses (or 5 cans
of beer) for men and 5 or more glasses (or 3 cans of beer) for
women, and drank at least twice a week in the past year. In this
study, the term ‘high-risk drinking prevalence’ or ‘high-risk
drinking prevalence among drinkers’ referred to the prevalence
of high-risk drinking rate among annual drinkers [2].

Data on the high-risk drinking prevalence were collected
from the annual Korea Community Health Survey (KCHS)
conducted by the Korea Disease Control and Prevention
Agency. Starting in 2022, the majority of community health
surveys have been conducted from August to October of each
year, with results release around June of the following year.
For this study, gender- and age-specific standardized high-
risk drinking prevalence from the KCHS collected in 2020
served as the baseline measure, while the prevalence of high-
risk drinking in 2022 served as the post-intervention measure.
Furthermore, data on high-risk drinking were collected for all
years from 2008 to 2022, encompassing the period when the
KCHS was initially conducted. This comprehensive dataset al-
lowed for the examination of the time series of high-risk drink-
ing prevalence for each of the 25 autonomous districts [2].

Although the interventions in this study aimed at reducing
both high-risk drinking and its associated harms, unpublished

national-level data on drinking harms were unavailable. This
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limitation emerged because the study focused on the short-
term outcomes within <2 years following the implementation
of the interventions. Consequently, the study exclusively uti-

lized high-risk drinking as an outcome variable.

4. Statistical Analysis Methods

To examine the time series of high-risk drinking prevalence
across the 25 autonomous districts in Seoul from 2008 to
2022 and assess the changes in Jungnang-gu’s ranking among
these districts before and after the intervention, a boxplot was
generated to depict the distribution of high-risk drinking prev-
alence among annual drinkers by year.

Given the limited number of observations available from
the initiation of the intervention in the intervention area and
beyond, two in 2021 and two in 2022, it was deemed inappro-
priate to apply double-difference analysis or interrupted time
series analysis regression models [9]. Therefore, to indirectly
assess the impact of the intervention, the difference in mean
high-risk drinking prevalence between the intervention and
control areas was analyzed using a t test, stratified into pre-in-
tervention and post-intervention periods.

Additionally, the prevalence of high-risk drinking for the
intervention and control areas were plotted at baseline in 2020
and 2022 after the intervention to observe the changes. The
percentage change from baseline was then calculated and com-
pared in each area. This was defined as the % change in high-
risk drinking prevalence, which was calculated for each of the
24 districts in the control area. And the average % change
in the control area was computed and compared with the %
change in the intervention area. The data were analyzed using

the SAS Institute software version 9.4 (SAS Institute).
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Results

1. Status of Community Environmental Change
Interventions (Outputs of the Implementation
of the Community Environmental Change
Interventions)

1) Establishment and operation of a regional council

To facilitate the implementation of community-based en-
vironmental change interventions, memorandums of under-
standing were signed by pertinent stakeholders in the local
community, and a council was organized to conduct launching
ceremonies and annual meetings. In addition, ongoing discus-
sions occurred periodically with each participating institution
or organization throughout the year to refine the intervention
strategy and allow each institution or organization to take own-
ership of the project. The council was named the <Jungnang-
gu Drinking Environment and Culture Improvement

Council>, and the participating organizations were as follows:
— For the interventions included in the core model:

Jungnang-gu Office (Health Center), Jungnang-gu Council,

Jungnang Police Station, Korean Foodservice Industry As-

sociation Jungnang-gu Branch, Jungnang-gu Medical, Dental,

and Pharmacy Associations, Jungnang-gu Mental Health and

Welfare Center, and three emergency healthcare centers in the

area.

— For the interventions included in the extended mod-
el: Seoul Dongbu District Office of Education, Residents’

Association, and Jungnang Council for Improving Drinking

Culture.

2) Intervention status

As of October 31, 2023, an overview of the interventions

www.phwr.org Vol 17, No 13, 2024
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categorized by intervention strategy is presented in Table 1.

2. Change in the Prevalence of High-risk Drinking
Rates
1) Distribution of high-risk drinking prevalence in 25
districts of Seoul, 2008-2022
Based on the box plot of the distribution of annual high-
risk drinking prevalence among drinkers in 25 districts of
Seoul (Figure 2), a noticeable decrease in the high-risk drink-

ing prevalence across all districts in Seoul was observed in

2020, before the intervention. This decline coincided with the
strong promotion of social distancing measures in response to
the coronavirus disease 2019 (COVID-19) pandemic, which
served as the baseline for this study. This decline continued in
2021 due to the impact of social distancing measures.

Upon reviewing the placement of the intervention area,
Jungnang-gu, on the boxplot, it consistently appeared near the
top among the 25 districts in all but 3 years throughout the 13-
year period (from 2008 to 2020). As a point of reference, the

locations of Dongdaemun-gu, which has similar characteristics

Table 1. Summary of the implementation status of community-based environmental change interventions

Participating entities

Intervention

Implementation status

Main model District council

accessibility

Police station
prevention

Korea foodservice

industry association service
Healthcare facility

Expanded model  Public or workplace

Restrictions on alcohol ¢ Amendment of the ordinance completed

Drinking-driving

Responsible beverage

Access to SBIRT

Access to SBIRT of
general population

Schools Underage drinking
prevention
Homes Public awareness

* Designation of Zone 1 as a alcohol-restricted area
(penalty imposition scheduled)

* Developing measures to strengthen enforcement
against drunk driving and aiding and abetting drunk
driving

* Extension of drinking-driving enforcement hours until
4 a.m.

* Enforcement of drinking-driving for kick scooters/
bicycles

* Promotional banners placed at 17 major intersections

* 314 restaurants or pub/bar participated

* Incorporated video training for alcohol providers
into the mandatory hygiene education program for
restaurant operators

* 57 local clinics, dental clinics, and pharmacies
participated

* 4 health center and branch offices participated

* Completed mobile self-report AUDIT-C screening for
521 individuals

* 51 individuals completed the program

* Pilot project for all students in one school

* Annual education sessions planned for 2nd-grade
students at one elementary school

* Broadcasting campaign videos on monitors in elevators
across 611 units in 61 apartment complexes

* Year-round broadcast of shortened versions on 19
unmanned public service kiosks

SBIRT=Screening, Brief Intervention, and Referral to Treatment; AUDIT-C=Alcohol Use Disorders Identification Test - Concise.
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Table 2. Differences in mean high-risk drinking prevalence between intervention and control areas before and during the

intervention period

Pre-intervention period (2008-2020)

Intervention period (2021-2022)

MeantSD t p-value MeantSD t p—value
Control area 16.7£3.1 -4.38 <0.001 13.1£2.8 -0.87 0.387
Intervention area 20.5+2.7 14.8+0.0

SD=standard deviation.

to the intervention area in terms of social indicators, and
Gangnam-gu, which has the highest number of bar establish-
ments among the 25 districts in Seoul, were presented.

When the three communities were compared, Dongdae-
mun-gu and Gangnam-gu exhibited a decline in the prevalence
of high-risk drinking rates from the baseline in 2020 to 2021,
followed by a notable increase in 2022, coinciding with the
relaxation of social distancing measures amid the COVID-19
pandemic. In contrast, the high-risk drinking prevalence in
Jungnang-gu remained relatively stable from 2022 to 2021.
The intervention area ranked 3rd in 2020, 6th in 2021, and
8th in 2022 among the 25 districts in high-risk drinking prev-

alence, positioning it within the middle 50% group.
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2) Comparing the differences in high-risk drinking
prevalence between the intervention and control
sites: results of stratification analysis

Table 2 presents the results of the t test analysis of the dif-
ference in the mean values of high-risk drinking prevalence
between the intervention and control areas, stratified by pre-
intervention and post-intervention periods. In 2020, prior to
the intervention, the prevalence of high-risk drinking rate in
the intervention area was significantly higher than that in the
control area (p<0.001). However, the analysis showed no sig-
nificant difference in high-risk drinking prevalence between
the intervention and control areas during the intervention pe-

riod (2021-2022) (p=0.378).
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3) Changes in the pre— and post-intervention
high-risk drinking prevalence and % change

Figure 3 A illustrates the prevalence of high-risk drinking in
the intervention and control areas. Prior to the intervention, in
2020, the prevalence of high-risk drinking in the intervention
area was 16.6%, decreasing to 14.8% in 2022. In contrast, the
control areas experienced a slight increase in high-risk drink-
ing prevalence, rising from 12.9% pre-intervention to 13.5%
post-intervention.

After calculating these changes as a percentage of the base-
line for each district and then averaging the percentage changes
for the control areas, the high-risk drinking prevalence in 2022
increased by 7.0% from the baseline. Conversely, the interven-
tion neighborhoods experienced a 10.8% reduction in high-

risk drinking prevalence in 2022 from baseline (Figure 3B).

Discussion
This quasi-experimental study analyzed the impact of a

community-level environmental change approach on the high-

risk drinking prevalence among annual drinkers. The findings

A Changes in high-risk drinking prevalence

indicate that the environmental change approach intervention
led to a reduction in the high-risk drinking prevalence com-
pared with the absence of intervention.

The intervention model in this study included a variety of
strategies that could be implemented at the local level, includ-
ing public drinking restrictions, impaired driving prevention,
responsible alcohol service, and screening and counseling for
high-risk drinkers at the local clinics, dental clinics, and phar-
macies. There is no precedent for such a multisectoral envi-
ronmental approach in ROK. To the best of our knowledge,
this study is the first to evaluate the effectiveness of such an ap-
proach in this country.

It is not difficult to identify studies conducted in other
countries that have employed environmental change approach-
es to address high-risk drinking prevalence and related harmful
drinking behaviors. A systematic review assessing the effective-
ness of key strategies used in environmental change approach-
es found that organizing and activating community resources,
implementing various interventions falling under the umbrella
of environmental approaches to drinking (including commu-

nity mobilization, responsible alcohol provider training, and

B % Change compared to baseline (2020)

- . - b)
17 —— Intervention area 8 7.0%
——— Control area 6
cl.)'a<|J 16 16.6 4
o A -
5®
S 2 2
g x 15 0 : .
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Figure 3. Changes in high-risk drinking prevalence and percentage of change

“High-risk drinkers among 1-year drinkers. ”Average % change across the 24 Districts in Seoul.
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strict enforcement of laws governing impaired driver licens-
ing), impaired driving interventions such as increased police
enforcement patrols and the use of car ignition interlocks, re-
stricting alcohol advertising, limiting the density of restaurants
and bars as well as wholesale and retail establishments that sell
alcohol, increasing alcohol prices, and increasing alcohol taxes
were more likely to be effective in reducing harmful alcohol use
[10].

With regard to the mechanism underlying this effect,
Holder et al. [7] evaluated the effects of implementing an in-
tervention falling under the ‘utilizing multiple interventions’
category of the evidence-based interventions mentioned above.
Furthermore, a theoretical model of how such interventions
can reduce the prevalence of high-risk drinking and harm-
ful drinking was presented. According to this model, restrict-
ing access to alcohol through strengthening licensing require-
ments for alcohol retail outlets and providing responsible serv-
ing training for alcohol servers can reduce the opportunity to
drink, subsequently reducing the amount of alcohol consumed.
This reduction in turn mitigates high-risk drinking, leading to
a decrease in alcohol-related issues such as violence and inju-
ry. In terms of police countermeasures against impaired driv-
ing, increasing impaired driving patrols and simultaneously
publicizing them to the community increases the fear of being
caught, thereby discouraging impaired driving.

The community-based environmental change interven-
tion employed in this study introduced a novel component
to Holder et al. [7] model: screening and counseling for high-
risk drinking in the local clinics, dental clinics, and pharmacies.
This element is the only aspect of the WHO’s five strategies
on SAFER that does not overlap with the model proposed by
Holder et al. [7]. Conducting screening for high-risk drinking

492

and providing advice to reduce or abstain from drinking in pri-
mary healthcare settings can help connect individuals in need
of professional assistance to treatment settings, subsequently
mitigating the physical and mental health consequences of
drinking [10].

Despite the evidence supporting the effectiveness of com-
munity-based environmental change approaches in reducing
high-risk drinking and alcohol-related harms, the adoption of
such approaches appears to face challenges in ROK. This is at-
tributed to the fact that environmental change necessitates the
active involvement and collaboration of diverse community re-
sources. Achieving cross-sectoral consensus proves to be a de-
manding process, and the foundation of engaging and collabo-
rating with diverse communities relies on the awareness of the
drinking problem and fostering the determination to address
it. However, these efforts seem to be hindered by the pervasive
culture of binge drinking in ROK.

Although acknowledging the short-term nature of this im-
pact evaluation, the results of this study suggest the potential
of community-based environmental change interventions to
positively influence the environment. This potential lies in the
collaboration of various local resources within the intervention
area, with this collaboration being an ongoing and structured
endeavor, not a one-time occurrence. To facilitate the wide-
spread adoption of this model in ROK and the attainment of its
objectives, it is imperative to establish a sustainable collabora-
tive structure for organizing community resources.

In particular, considering the spread of the interven-
tion area in this study to other autonomous districts in Seoul,
the institutions and organizations involved in the interven-
tion project (such as the council, police department, Korean

Foodservice Industry Association branch, and healthcare
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practitioner organization branch in Jungnang-gu) also exist in
other autonomous districts in Seoul. In essence, the basic local
resources needed for expansion to other municipalities are al-
ready in place. In addition, this study has delineated the inter-
vention’s content, specifying the roles and methods for each of
these community resources, thereby providing a blueprint for
implementation in other areas.

In the end, the community environmental change inter-
ventions proposed in this study can be implemented by secur-
ing the workforce in charge of collaborative networking among
local resources in each autonomous district. This necessitates
the allocation of the equivalent of one full-time worker, and a
review by the Seoul Metropolitan Government is imperative
to ensure that the departments currently in charge of sobri-
ety projects in each local government designate a responsible
personnel.

In this study, interventions were conducted focusing on
environmental change approaches applicable at the basic local
government level. However, community-level environmental
change approaches will show more tangible results if they are
accompanied by policy approaches at the higher levels of lo-
cal governments and the national level, such as regulations on
various forms of indiscriminate advertising and interventions
on alcohol availability, such as restricting the time and place of
alcohol consumption and sales or introducing pricing policies.

Further studies should be conducted to evaluate the me-
dium- and long-term effects of the community-based environ-
mental change interventions implemented in this study, and a
variety of alcohol-related variables other than high-risk drink-
ing prevalence could be included as outcome variables. This re-
quires administrative and financial support to ensure that im-

plementation of the community-based environmental change

www.phwr.org Vol 17, No 13, 2024

interventions can be sustained in the intervention area.

In conclusion, a community-level environmental change
intervention, conducted for the first time in ROK, was ob-
served to be effective in improving the local high-risk drinking
prevalence. Although this is a short-term impact evaluation at
this stage of the intervention, it is important to note that the re-
sults suggest that community-level environmental change ap-
proaches may be able to reduce high-risk drinking and, most of
all, that the intervention was implemented through collabora-
tion between local resources.

In the future, environmental change approaches that can
improve the prevalence of high-risk drinking should be at-
tempted at the local government level to improve the health of
the entire Seoul Metropolitan Government, including the in-
tervention area, which are anticipated to play a significant role

in mitigating high-risk drinking across ROK.

Declarations

Ethics Statement: The study was approved by the Insti-
tutional Review Board of the Catholic University of Korea
(IRB no. MC22QISI0089).

Funding Source: This work was supported by the Research
Program funded by the Korea Disease Control and Pre-
vention Agency (fund code 2021-11-023).
Acknowledgments: The authors extend our heartfelt appre-
ciation to Jungnang-gu Public Health Center and the local com-
munity resources that participated in the <Jungnang Alcohol
Use Environment and Culture Improvement Partnership>
for their continuous dedication and contributions to on-
going activities aimed at enhancing the health of the local

community.

493


http://www.phwr.org

PHWR

Conflict of Interest: The authors have no conflicts of inter-
est to declare.

Author Contributions: Conceptualization: SJJ, BCS, HKL,
HAB. Data curation: SBL, JTK, SYH. Formal analysis: BCS.
Funding acquisition: SJJ. Investigation: SYH, YJS, MHB,
SBL, MHK, JRK, JTK. Methodology: SJJ, BCS, HKL. Project
administration: SYH. Resources: JRK, JTK, MP. Software:
BCS. Supervision: SJJ, HKL, HAB, MP. Validation: HKL,
MHB, Y]JS. Visualization: BCS, MP. Writing — original draft:

SJJ, BCS. Writing — review & editing: SJJ, BCS, HKL.

References

1. Lee SM, Kim KA, Ra KW. Study on the socioeconomic
costs of health risk factors: a focus on the years 2015-
2019. National Health Insurance Service, Health Insur-
ance Research Institute; 2022.

2. Korea Disease Control and Prevention Agency (KDCA).
Korea community health at a glance 2022: Korea Com-
munity Health Survey (KCHS). KDCA; 2023.

3. Patel AK, Balasanova AA. Unhealthy alcohol use. JAMA

494

10.

2021;326:196.

Sudhinaraset M, Wigglesworth C, Takeuchi DT. Social
and cultural contexts of alcohol use: influences in a social-
ecological framework. Alcohol Res 2016;38:35-45.

Lim HK, Khang YH. Tobacco price increases in Korea and
their impact on socioeconomic inequalities in smoking
and subsequent socioeconomic inequalities in mortality: a
modelling study. Tob Control 2021;30:160-7.

Rekve D, Banatvala N, Karpati A, et al. Prioritising action
on alcohol for health and development. BM]J 2019;367:
16162.

Holder HD, Gruenewald PJ, Ponicki WR, et al. Effect of
community-based interventions on high-risk drinking
and alcohol-related injuries. JAMA 2000;284:2341-7.
Kim J, Lee HK, Seong BC, et al. A comprehensive com-
munity intervention to reduce alcohol-related harms: no
more alcohol to drunken project. ] Korean Acad Addctn
Psychiatry 2023;27:1-7.

Tryon WW. A simplified time-series analysis for evaluat-
ing treatment interventions. J Appl Behav Anal 1982:15:
423-9.

Siegfried N, Parry C. Do alcohol control policies work? An
umbrella review and quality assessment of systematic re-
views of alcohol control interventions (2006 - 2017). PLoS
One 2019;14:e0214865.

www.phwr.org Vol 17, No 13, 2024


http://www.phwr.org
https://chs.kdca.go.kr/chs/stats/statsMain.do
https://chs.kdca.go.kr/chs/stats/statsMain.do
https://chs.kdca.go.kr/chs/stats/statsMain.do
https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ciSereArtiView.kci?sereArticleSearchBean.artiId=ART002953470
https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ciSereArtiView.kci?sereArticleSearchBean.artiId=ART002953470
https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ciSereArtiView.kci?sereArticleSearchBean.artiId=ART002953470
https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ciSereArtiView.kci?sereArticleSearchBean.artiId=ART002953470

=
A =&
elSSN 2586-0860
https://doi.org/10.56786/PHWR.2024.17.13.2 Public Health Weekly Report

X XHoHO| Chet St RUE™ HA S 1=
v

4 7H0] I

Il

H

T
K

ry Of
0

z =

Arj Ao AL At A AR WA Kl st Z7heka 9o, olo] uret A AR A el Fagol K %
253 e}, olo] B AL 201790 WA AR wE AT veE Ao Fule] A% Aol it Fake AFsiol, ol Aal
A2 A% A% BAS AEH 02 ojssly AT S ekl mUHY AAS s nA St AR A A% FFL B4
7] 99 B 2T MR E Aold FUSS qo s T folHe Fee) AR AR AF JFL A AT vwsde A
% 4L 97 0|88 9 A9 ol& BT WS o

£ gQlstgnt A&7 AEE Bl f9vlsta g3t 23 & AEste] 54 Ak tigt 135t 491 Difference-In-Differences

analysis (DID analysis) 2t AIAIE A& APt 27] B4 23} AHE & (G99 FUSS ARA, i A4 H43, A

4 5
o] 9E7)% 0§89 Sk Belo] ¥tk ANES MR A8 B AR thel LB A DID analysiset AAL
42 495193 1 A3t 29 0§ BN $uIG F7P BAFT B AL A HF A3} B A% AEsta, Wsto]
No| AEA A 298 B3] B4 BAHL BT oo ol HUEY AAE THT A A k] GACIAE cherd BX2ke] @
22 Bgotol HojeS Fusty, $PH LAL B A% Ad A% GFL s HFAA Y 24 W FY BB nRESS
ASHE 0] SasteL OIF A ANAE B Ol S % $AE B 2d AY RAYIE HUNL AV 24 33

A = H, B34 Z¥Hnon-communicable disease, NCD)> 25
g A AAHCR Fa3 AN A F SR HFEIL e
AIA 271717 World Health Organization (WHO)Ol| T2 wH[1], v TgAg oz QIS AP E AMGRIQl F

Received November 27, 2023 Revised January 8, 2024 Accepted January 9, 2024
*Corresponding author: @%I5t, Tel: +82-2-2228-1579, E-mail: flyinyou@gmail.com

Copyright © Korea Disease Control and Prevention Agency

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:// KDCA
M Creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any Korea Disease Control and
medium, provided the original work is properly cited. Prevention Agency

www.phwr.org Vol 17, No 13, 2024 495


http://www.phwr.org
http://crossmark.crossref.org/dialog/?doi=10.56786/PHWR.2024.17.13.2&domain=pdf&date_stamp=2024-4-4
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

@ M=Z0| €A & HE=2?

glolEE4E S LYE TP AV s ] o] & A+
A]

o eSS W, AR WY F =AY FHe 5B A
Agt AP o % QY ol8Bol SRS T 4 9
.

® AlNEe?

2 g0l =Ed 29E Brder AdAs i At A%
YFZ 2ot A T AF oie] - oS ZYET Al
A 59 F2Ae dEA. ol A AAAE= <
A7 L HAassh] A% el o 3 He A
g et AR 9 T VoA 71og Aoz 7did
.

TFAHCE WHOE SHE o8 ZYET A4
20| Y= itk WHO= v 2ge] iy
I AFYE 52 AAISH, olF fI't A=Y AT 2AE
Y E 5= Global NCD Monitoring Frameworks 7]'ds
tH4l. o] ZHEAdYaE 7 dld=o] A= U HFdA
o] @grZ H<o] metstal, TRt oA g Mk v}

HAoh= o] =32 ABRATH4]. ol& Sl HlAAE gt 1

T
I

B

_,d
2

1

i
riok

l‘

496

A aelof tigt %714, 294 M SHstal o]Pd 4
Ao, o] F HIF o R Bty Al thdlS AT 4 Ut
[5]. STEPwise approach to surveillance= WHOZ} 7R3t H]
A Aol AF a]lol tigh 3k A AA oltHo).
ol AAE &M, vIHAY A9 8 ¥ 820E F71H
B ARG o]F 3 S7HERE HISg 27514 HI Y
d Agto] 919 Ry W ES Hlalstal E£Ask= Zo] 7t

59FTHG]. Global Burden of Disease Study (GBD)= & AlA|

1o

o] A FEZ {rIshal 245k A=, EAAS - 37
491 Institute for Health Metrics and Evaluation®] $=I=3]
3L UHH7]. GBD= WA AghEt ofyzt, oot A
T ARE ARlel] Higt =7HE, A HolHE AlEsiH, ol
¥ gl wela Wshe sobe 4 gl
2 AAe ATE Hzeg A
A9 2 Iy wjgg olsfste H "AlolH, olF 7|Hte
Zt=2 =7hE vl EUE Y-S 9 v 2ee iy

s A
Alget 4=

-

X

3
i)
)
ok
Al
é
)
!
i
iy
o
i L

i

I APLEL AAAZ & Q= vk At

Rl
pacs

FYANAE FUAGGFRA} AFEF UG HAS
F3 Tt 2419 £.400] o] 2olA| 1 k. FUAGIFE
A 2R ARSE, A% B, AF L GFHA A 5
o 2442 Bol 29 AFFAEWAY 4 29, 4453
220 AL 5 24 G J)u A2l E BE &
oh FUAGGYRA DAL WG T AT Bstol

AF, 71, S, B9, EULHE 74 52 DAL Bgs

)

www.phwr.org Vol 17, No 13, 2024


http://www.phwr.org

g Aexte] A& olg W, A o= AN WiE 52 &
AMsto], Tddee] FHEN A= Y, A& a¥f 5o it
O AEE A ol AR wde] At

8% 7|9t dojg e &85, avAed 2

R 2] 7]efska ek
& 710] HBAL o4 of
£3] AbeT} 22 A 2

Y
re
)
ol
=
oy
o
ox,
rtj
ox,
i)

olFol v A FFOT 57| AV AFel 7t
11, Eo] WA AP, T4, A% 3 59 v

3 A7 BA ST 5 9
15014 FESAA et olSo] tia et AAH A
7] o] Waste, st AR DA Ho] 1 o=
27hse 4L olo] thet Z2bHolx auAel e of
WA BEL o471 F R Qs AARS) A% AAAH R
Z7beka QAT AR 8 BT & Uk w7
94 WA it 77t olHs 2 2
HZh Y B Es RUE Y @ Pelo] Wae] tirEL 9
.

Syok e FAHow ) $Yo teret J1BE
o Ao vZGA A& 7o) WA e &Ko
AT Gow], T ANE wioR Tkt sto|Setelt
A2 Agoa 9tk o2

il

£°] Centers for Disease Control
and Prevention¥} United States Environment Protection
Agency= AAAE] T Al A7 HAe HAoeral At
Aoz gigsy] A ot A A=E ALokL A
[14]. F-HolA%E European Centre for Disease Prevention
and Control?t European Environment Agency+= ©]& 3 A
shoh g ko] Ao That A9t 2AE ASHOR 5

3, 0|2 53] 459 oS 522 WAL Yk wetA

www.phwr.org Vol 17, No 13, 2024

A Aot FAHS A
3} 22 Ao v YA ko) ABBAE AA
2 BAjstel sho) AaAeiet vzl W% BUHY
A7 FEo] Basith oF Fol A B4 Ao A% AL
avtdon BRI, ASH L AAH £4L Ha% 5
92 Aoltt.

B ATAL AR B AR LA w7 At

o] JHBAE EATLEMN, AAAE T o] F WA

i
opN
lI.?l',
:?L_',
e
£
A
=
=
2,
H
R
e

_lZi

A AT A7 FFL serekn HoF Ao] sl 5
Al 302 ATt AL Hike] AR AR A 717

oS A 40 BB AEH EAL HABIE Yo

Arg o] Abs T A%, f3AHE AEE g8ste] AE
A& AZE msf 2 23 DB 7H8717H20124 149 147H
20209 12€ 319), 474 9T 52 L3k, Il &
A3t g AFE(T 3] T 100 ha ©14F D 24A17F o]4F 2|<%)
20179 AT A& &L O R A5

AR 2 A 9g AbE 9 AT gE AR JFA
qoz st AAsta,
Skt speich. SHgE AHE 9% A9L AE TgAER
o] W4zt A A ojig ST AR 44718
TG A A=

F ATt 23 St Ae s wied

A H71edEd &
7<% 2d 385 pg/m’, oJArstA A
oF YAkslerA SoA % ) 0.028 ppmTt 3.8 ppm FEL

497


http://www.phwr.org

PHWR

= & i) Ha 358004 BA= 248744 A ekt
TH15L. olo] #9 7129 & A=x FEI} 7t A F0|
oF 2712 wE6lgln). Al AFE v A3} S4E ofo]
F2jote] fi7129Y Are & -5 FELE ATHAL 3
o, ke Il o &

(1) LA ZFE 2 727k v 50 km oWl A9 A
g

(2) 2L

9= Al QA

AE 139 ol tig A2 LA o]Fo] Q& A

(3) B4t A5k A9, 9 A9 WA FL(2017.
05.06) PM109] 24h-H =7} EA AL(2017.05.05)
PM109] 24h-Hd st 1 A eH(2017.04.06-2017.05.
05) PM10 24h-5%9] standard deviation®] 2H]9] gr&ch
IAAY 2 NG9S FHE AR =& Ao At

(4) ARIEA 4 FHEA AR A" FEAYsE
9| g

= A9 9 HE A = A

r_|):
A
9
i=)
gl
r‘—\ll—l
oyl
of
02,11
o
o
r o
_915
k=
>
4,
BN
=
X,
18
o

Agstgom, A4 Al AHEH 9] AR T A3, BAH
KOSIS Zt® 5& o8ttt =& A9 ol i 7|7t
(2017.05.06) A¥ 1¥7t tfP4AHE(T] 8] HA o] 100 ha ©]
ol AE Al - 7 FolA & AT ATLEATH 4
o] H|3t Al - I - LE FA9] AASHLAL oFYTt. JIFEA

sl4 B4 ode, 4

2 5 9l WRHeL, S Al
8, 57} QT WS AET T AMAESE )R

shsto] ZgateALh AHE WAy

oz Eslo] AL, 7 Ao] thet HEA A A3}

gow,

ASATHE 2). B3 BA 7} h2A %S AFal] A9

ALEANE 4L FelsrhEs & 1),

= 1 T

27 FH7} REsto] Aol B AL w4

213709 iz Al - 2 - - A Fof| disto] APF-FE-57F
Q1L 71& AME WY X9 1:10, FAH AR =& (9 111
T2 A S oA THA 3).

e

Bl AR 7 2Rl EA(PM2.5), D4t

LA S5 2 Thad] By
313 Wojuhe 9o A 9%
55} AF2t £

olEx| X4

M| x|

39 4

pul

v}

=0 AY EYA P 50 kmofl &5k Al 2

WA ¥4 50 km £5H, Y PM10 Ho L7 7120
o]AFQl ¢

P

¥ A9(2017.05.05) PM10 24h-F 5 E+1 A 2(2017.04.06-2017.05.05) PM10 24h-5%9] 2SD.

498

www.phwr.org Vol 17, No 13, 2024


http://www.phwr.org

52 g27 F8 A9 AT BA% 54
RIS AH|SHA = PN B EES Z|CH
AHA)
35-39 43 36.1 39.9
40-44 96 40.0 44.8
45-49 53 45.0 49.8
50-54 36 50.1 54.9
55-59 1 55.3 55.3
AR (%)
Tertile 1 76 47.6 49.6
Tertile 1 77 49.6 50.4
Tertile 1 76 50.4 56.8
B7H1T(%)
Tertile 1 76 0.1 5.1
Tertile 1 77 5.2 18.8
Tertile 1 76 19.1 64.3
3 42 gEE T8 AY
O|LEH|SHE A =
SERERA ol T D0 e
AHE A A
EEX9 1 2-1-1 11
L&A 2 3-2-1 10
FAE AR k& XY
=EAY 1
T =& A9 1 2-0-0 21
S 2 X9 2 2-2-1 19
B s 93 2-2-2 4
g =2 29 10 Bala) 10
L=y
e AH 1 2-0-0 19
=& XY 2 =il=1l 4
F s AY 3
== A9 10 4-1-2 9

g vy w40 B9, 84,
SEE R

www.phwr.org Vol 17, No 13, 2024

T4 AYPATL 2A BF A% 2
Z| 5t ICD-10 CODE
A w4 w2 J43, J44 (J430 A1)
ARA 150
A4 J45
g J10-18
s|dAd A 120-25
2. 24 gty
ARE AP DAY o3 FA/oHEA IS ERlstr]
LEA/HEET AY W o 2 Y o]&E F71 o

v Ago] Hisf A HIE=E wole WIFoE £45 APst
Act.

ARSI ASo] e =S/ eETE 3 A T

A A5 o 2 A o] 5o s A 2stlH. Chi-
square 2415 &-&5to] AHE A AFY o] 3149] Ao
7t foqustA WA et=A] EA ST 7 o 2 4 o]
& e Xots BEE &85l 95% A=FH95% con-
fidence interval, 95% CD< AF&ESIIT. & 7|WFO = AHE
Y A% 299 o 9 4 ol8EY WIE EA5H] 9
3 109 B A 201749 AA AFol|A AHE LAY AT
o] o & A o] &EY H] E A= S ARSI ]
23} F wEdolA o 22 4 o] &EY HI7t E9] {9
oshA Erhal dtEs Ao fisid AE7tet AR oE

F7F AR AR, & ¥ HEET9 A% 9
A A Je o] &9 WsE E45H7] fldl Difference-In-
Differences analysis (DID analysis)& 1335} tt. o] F2HEH
= 54 A AZ 2 A7y} gj239] AolE H|wsh] 9
S AHEEE RALE, ka4 Abdo] WASHA] A=

mo] dlEE= 2l 9 A ol &EI A ol F AA| < %

499


http://www.phwr.org

PHWR

A o] &EC] Ht Mo

| & Aol & Hlwsta FAo] H]

w237 w57 9 % U ol§E2 vl fg) vm
gzl 4% BAS

(0]
Ag A

o Aol Q13 w3}

)

Aagstolch. AW 5
H|ERHo 2K A7) uet wisks
woi qlaf w3 AL A

o =
24 95

2]

=5

Zo

R8s

I % 9lek. A A o)A g22L G,

1, A R ol BETe ¢, AEES

g Atk Y fJd2 7IHke 2 I3A|e}F DID

o ofefo} k.

DID 374 W =(T,~Tpy~(C,~Cy)

A[IBA=T,~T,

time series analysis)= 5ol 28

7] FAI AEAgRlE B

o] Wg Zolete Aol BPL

of

=

s meol 3%

AlS]

== SN

ZH AmolA B4 AR o
AAE &4 (interrupted
FAo] wtet A gE, &
oto] i vl HollA
¥ o] &850 W3t 5
Sl AlAE dolg9
s A5

B4 AR BA 2
214 ofmg L Bsto] ]l Tefat S el

sgatol o 4

Qlth. Generalized Additive Models 2 &S &85 & L0
A AREE AAE BA 9 Al o3 Er

g(Heart failure,)
=B, +fy(wildfire,)+f,(Season,)+£;(Month)+&(t)

QE AL R (WA 40,5 4§ B A7 WA
AN Z450 AR ABAAEY
A4 Y LB (IRB 4-2023-0433)2] 591 Bttt

Y
o
re
1o
Mo
i
iy

a3 9 RS A9 AA = 1,116,485H
o2 o] F /o] 564,585 01 2H, 42 551,9007°]

o ol& e HE, 38 AN RovIsHA S7t

T FYuIstA F7Fstalom, A B AS Y o] & 3
£ oA w4 H2E, W, S84 AT AR EHy
& FoulstA F7FIATHIR 6).

55, A% W A0] 12 w329 99 L 49 ol § %
. GO T OEOe A2 O AE 0%

== BTT oemoigus ooz oigzs P omaipoigze azieiw olgas PV
g A wHde 168,124 12,126 14,228 <0.001 716 704 <0.001
ARA 168,124 8,450 11,756 <0.001 839 818 <0.001
A4 168,124 28,048 28,884 <0.001 802 784 <0.001
H 3 168,124 15,992 18,628 <0.001 3,524 3,757 <0.001
8 HES 168,124 41,479 46,579 <0.001 2,819 3,450 <0.001

500

www.phwr.org Vol 17, No 13, 2024


http://www.phwr.org

=13
=

chet Zo] 24
e b ek

oZ
R
o

%)
T
m

(
D). AlE 2 AR BE Hd
o]-&E2 Hl= 3¥Y HEEH95% CI: 1.26 [1.19-1.33], p-
value<0.001; 95% CI: 1.22 [1.16-1.29], p-value<0.001)%+

-

(o

HH(95% CI: 1.10 [1.04-1.16], p-value=0.001; 95% CI:
1.07 [1.02-1.12], p-value=0.006)°1A+= 254 Z7}s}
AL, A4(95% CI: 1.03 [0.93-1.14], p-value=0.56; 95%
CI: 0.98 [0.89-1.08], p-value=0.651)3} Tt w24 =&
2H95% CI: 0.98 [0.89-1.09], p-value=0.75; 95% CI: 1.04
[0.95-1.13], p-value=0.403)> &7 H|le S04 &2
5 froJokA] ghgth. WA AEH(95% CI: 1.43 [1.29-1.58],
p-value<0.001; 95% CI: 0.97 [0.89-1.07], p-value=0.605)
< =& E FOASH S7IEFAAIT, BlleEdolA=

oI5t ekt

Ao WE L& =&Y A7 9
the 7t 2ol EAHAUHIY 2). L&, M
LEd BF S84 A-E3K95% CI 1.17 [1.15-1.20], p-
value<0.001; 95% CL: 1.12 [1.11-1.13], p-value<0.001),
HH(95% CI: 1.16 [1.14-1.19], p-value<0.001; 95% CI:
1.44 [1.41-1.46], p-value<0.001), H41(95% CI: 1.03
[1.01-1.05], p-value<0.001; 95% CI: 1.12 [1.11-1.14],
p-value<0.001), A%4(95% CI: 1.39 [1.35-1.43], p-value<
0.001: 95% CI: 1.14 [1.11-1.17], p-value<0.001)°14 &
oJulstA S7FstiAEt, WA Hfg #AeH95% CI: 1.17
[1.15-1.20], p-value<0.001; 95% CL: 0.99 [0.97-1.01],
p-value=0.431)2 L&A= FsHA S71et §H, Bl
EwolAE FonlshA] gt

HE7F AR S 5ol 471 Y 018E9] HoA =&

oA o ZA Feuidt SV Bl AR Hgt 23 &

B 6. AME A A% o2 vl 7o) o 2 4 ol g I5
s = 01 M= 0|% = 01™ M= 0|%
= BTT oeimoigus aizeRoigas PO omlpi gz aziiw oigys PTVAe
gHg w4 wde 261,321 14,785 14,650 <0.001 1,069 1,108 <0.001
AEA 261,321 10,624 12,118 <0.001 839 818 <0.001
4] 261,321 51,301 57,541 <0.001 802 784 <0.001
Hg 261,321 22,589 32,487 <0.001 3,524 3,757 <0.001
g4 A 261,321 51,269 57,406 <0.001 2,819 3,450 <0.001
LER HE=E2 LET H=22
CECRE I ! CECCE R !
A i —— i|_._| o i bt i b
1 0.00 10.006 I <0.001 ! <0.001
AL 4 }—'Lo—{ }—04'—{ A1 4 :m i fof
q.56 0.651 <p.001 | <0.001
dea || i EEN e e
! <0.001 0.606 ! <0.001 ! <0.001
ormAA | i SRYTAA | i . o
HEE | 05 0,403 oEs | <0.001 0.431
10 12 14 16 10 12 14 16 10 11 12 13 14 10 11 12 13 14
HEUT U OIEEH|(21) M=% 22 0| EEHI(2F)
JEN. AR T AR A7 A o] 8EY Y| 8 2. Ahs A A5 Azt 9= o] &-E< ¥

www.phwr.org Vol 17, No 13, 2024

501



http://www.phwr.org

PHWR

=
W HEEE BT gaste FAAL, AHE A olF
£ AA A oG EAE =F 2d & A7 44 ol&

£ 6,992.46/10% B

ddEe dd ol gEURE =& 28 ¥
5,597.76/10%F H)ET} 80.05% S7HHTHILE 3). ez

oA ARHom Qe A7t 9 ol §EL LI HET

g FAIROY, AHE A o] % AHEo] WAy

¢ A A ol gERE =2 2d £ A

£1381.56/105 H)Ect AA| o] §EAHE &

£ 29 & A%t e o]-&E: 556.73/109F HR)°] 68.54%

SEERE R EEE

SR EADAE [P, EIES
ojn, y&- 105 BT A%t Y ¢ 9 o] &Eoltt. 1=

B B2 A SA41e ARgo] WAe AlgolH, wek A4

o ARgol WA A%S B YHE I L YK o8
Bolth. B UL 4 B4 o)F 44 49 L 9 ol 8

A2 AIAE wolg el H|at 241 AEst
%2 5Ksmoothing) T ZL o]t} mFtofA] 4]

— LEF
—— L& (counterfactual)
H| &7
7,000
=
o
= 6,000
i
oo
)
iy
ol 5,000
~
Bl
4,000 T T T |
MELE Lz MEEE
= 2E 5

A9 Al A o] 8E2] W30
estimate, 0.252; p-value<0.001)+= AH&

FA1S BT A2 A O|F event (143

|(pre-interruption slope;
A ol A S7tste
YR QIRE #ish
Z=0](level change; estimate, —0.044; p-value=0.986)< A%
Hadhe FAE EALH FvIsHA] 3ttt Event® Q1%
obEA RIS W dY
interruption slope; estimate, —0.183; p-value=0.127)& 5%
O foulskA] FATHLE 5, BF I 2).

AAL B4E B3l wE&TollA ARHe] A4 A o]
£9] ¥35}50|(pre-interruption slope; estimate, 0.649; p-
£ B3 A

o8& 9A] Z4dl= FAl(post-

value<0.001)& AHE "4 o)A Z7}5k= FA

— EEF
—— L& (counterfactual)
H=E7

550 1

500

450

O|8&(/10Th

A

400

%zt ol

350 -

40+

O|8&(/10Th

A

%zt

0 25 50 75 100

[
o
0‘1
i)
g
e
>
mlm

www.phwr.org Vol 17, No 13, 2024


http://www.phwr.org

£ 913 0]3 event (AHE )R Ql5H

estimate, 52.525; p-value<0.001)7} Et} o

H5}5=0] (level change;
7P T

< HRl 7, event® QI3 o}F/ BIE BHYPT 9 o] &E
2 ZtAast= FAl(post-interruption slope; estimate, —0.866;

p-value=0.029)5 HItH(1d 6, &3 X 3).

2 A7t 20179 TS A g A9 HkeE XY
o Fle Aoz AE AT ofgA o] Al

o Askol sl AR ol AR eS wEA
ofsl BWA T BAL Hastehs WS BASH: w4

of Bl AR ANH, Y9 o §E) Bl HEY AFBIA
7V ol golsiA B7HTh ME ol hE WA A
Fo] e e o889 vl AHGA, Y9 o] §B vl
3184 4 LBeIA 71 ol SsHA F7Het. 1 ¥ 4

3001
Z
o
=
" 250-
0
=)
i
2 2004
N
8l
150 L—— . . S .
0 25 50 75 100
AIZHINE)

J 6. 9E FAE

R AT 9 o]&-E W}

www.phwr.org Vol 17, No 13, 2024

AL

A7 AE 9 A7} R3]S B AHE 27 9]
A%=9] o|-&& F7tol sl Ffnlstal erget 2
Wi, 271 1538 B4 o8 9 153 B4 ffit

Aottt AR E s oplEe Hi71e9 oz % AR

=

—_

=)
i

i)

=
n

e Nel
2=

!

1o

P& == 7170 BA Lol 2851 [18], DeFlorio-Barker
5(1919 =%o] b2, PM2.5 10 pg/m® 713 49 A=
61%9] Algd @Azl o 7 olst Qo] =7}
sk, 71 9] 7|7kl
Z7keich, Aol WAIRH A9 PM2.57F AR B 7151
iZoll[19], HMAAQl AEHEe2 F7isHA ke APA
ol wet AR dste] F7t 1=t 41 Yottt
DID analysis®t A4 242 Zgsto] 1xole B4S 5
o L& H=ETe] o @ Y ol &E HaE HPst
Ao, 1% o7 o889 FIvIT 57 F 4 B =
oA TR QI

2 d7E 34 dolgE 83 k& NI 93]
A1) A4, T A A% &3t

E=E0 A27 AL E Bl A7 o] A |

0.69%°] Adardgto gz Qg o]

1133lof, RAND/UCLA Z&4
HHH(RAND/UCLA Appropriateness Method)= Ar&-5to] 2
o] AZ7 A 193 E HAsth. RAND/UCLA A4

gL 7140 A28 A8 st g, B

(Del-phi) 4]0]2ka FTH21). o] WL 7]&e] BTt A}
82 A4, £ao] tst va A9} QA WEA o
AL AYHE WAoo, B ATIH9 ol e ]
el BAoA BAT & Yk WAWS I8 ¥ 282
24714 do]

FRE Fof A7 A4HE BAsD B4 BAS I

503


http://www.phwr.org

PHWR

52 5 Sle AAHQ BUEY AlLEe) g Ha o]
o HT2 AR Qg frledn e AV
et A7 Aol di&st=t B, g &

s
s ARt #d 7182 A VRS AAdASS] A I9F

N
Y
chrl
T
o
ki

ojof w2t & AFME Abee IR AdAE Y 2y
B AAE Adstast gt RUEHF AAE A AR 2l
A 9l o] SA9 Bg GARE Us S o WA, AR Q1A
Sl o] SACIA = A Asf B 72 b % ZYEF A
AE Al ogRt FA%e] dEe St Holy AR 2o
79k vpdsks Aol S85ith AES Az S A, &
A5, AAA, BABAR, FAHJAR 542 AAE S3f A
& =g o9 fgolE, =73 HlolE, A HAte] 4 glo]
H 52 ZET 5 A A7A njF] FFHes gHE
AE GOl E 53 24 F= 550 E AW 24E st A

=9 FoF A9 2 = e A T HES wefoA

it
o

S G2 Aol BT 4 e, HEHoRE A Hot
A% % AGe] @Y 24 2 g Rl F4 B n2
22 Aok et olo] met WY mUHPL AW
T mBAQ WY g AL e 4 ek B @7 o
w9 2ol BUEY AA A A 2 e GAe] o
A48 5 AT

g8 gAY A%, FrdoRE 4 4% A% 2A4E
£% 443 dold 443 nEsty LAL B4 g 9
Aolch. o GAloIAE 7% AP 914 9@ the] BAelA mted

ft

504

rl'

(48l dheh 2
B3 27HA7 Basht

S #2 BAT AYS T 3T 5 ek o BHoIA
WA B AR 44208 duto] 49 HETL A
30)g B9 =olstel o nEsE BUHY A @ 24 B

9tk ol 4429 24 DAL

o 714 A7 JFL AT wF Ao Ful v

Aggol ek 1) 4712 539 ]
23} A=) FABIAX T, Aol
AAR Qlste] AL WolS HAY 4 o HaT] 7]
7oz A WA A% 2L A5
olo] w2 A wao] B ATE
23} g 220] 494874 T3] Wato] w2 U o) 9
ql9le] ol 850 et AT AW HAE 717 %

o] T 37h 7o Wasit 4) & o
Fol A AR AR o8] old] =F adlo] e F ¥
A7) geds B2 2o 49
95to] e 4 o) D A9 ol 85

www.phwr.org Vol 17, No 13, 2024


http://www.phwr.org

Declarations

Ethics Statement: This study was approved by the Institu-
tional Review Board of Yonsei University Health System
Severance Hospital (IRB 4-2023-0433).

Funding Source: This research was supported by the “Korea
Disease Control and Prevention Agency research project
(project No. 2023-12-105).

Acknowledgments: None.

Conflict of Interest: The authors have no conflicts of inter-
est to declare.

Author Contributions: Conceptualization: HJP, BYY, JHS,
JHY. Data curation: BYY, JYO, YWK. Formal analysis: HJP,
BYY, YWK. Funding acquisition: JHY. Investigation: JHY.
Methodology: HJP, BYY, JYO, JHY. Project administration:
JHS, JHY. Resources: JHY. Supervision: JHS, JHY.
Validation: BYY. Visualization: HJP, BYY. Writing —
original draft: HJP, JML. Writing — review & editing: BYY,
JHS, JHY.

Supplementary Materials

Supplementary data are available online.

References

1. Waswa J, Wairegi S, Asiko L. Non communicable diseases
-the elephant in the room. Res ] Food Nutr 2018:2:55-64.

www.phwr.org Vol 17, No 13, 2024

10.

11.

12.

13.

Zhou T, Guan H, Yao J, Xiong X, Ma A. The quality of
life in Chinese population with chronic non-communica-
ble diseases according to EQ-5D-3L: a systematic review.
Qual Life Res 2018;27:2799-814.

Singer M. Non-communicable diseases. In: Cockerham
WC, Dingwall R, Quah S, editors. The Wiley Blackwell
encyclopedia of health, illness, behavior, and society. John
Wiley & Sons; 2014. p. 1686-90.

Krishnan A. Sustainable surveillance systems for noncom-
municable diseases in developing countries: a bridge too
far or a realizable dream? Int ] Noncommun Dis 2016;1:
53-4.

Mattke S, Chow JC. Measuring health system progress in
reducing mortality from noncommunicable diseases. Rand
Health Q 2012;2:14.

Riley L, Guthold R, Cowan M, et al. The World Health
Organization STEPwise approach to noncommunicable
disease risk-factor surveillance: methods, challenges, and
opportunities. Am J Public Health 2016:;106:74-8.
Tichenor M, Sridhar D. Metric partnerships: global bur-
den of disease estimates within the World Bank, the World
Health Organisation and the Institute for Health Metrics
and Evaluation. Wellcome Open Res 2019;4:35.

GBD 2019 Diseases and Injuries Collaborators. Global
burden of 369 diseases and injuries in 204 countries and
territories, 1990-2019: a systematic analysis for the Global
Burden of Disease Study 2019. Lancet 2020;396:1204-22.
Erratum in: Lancet 2020;396:1562.

Jang SY, Ju EY, Choi S, et al. Prehypertension and obe-
sity in middle-aged Korean men and women: the third
Korea national health and nutrition examination survey
(KNHANES III) study. J Public Health (Oxf) 2012;34:
562-9.

Ngaruiya C, Bernstein R, Leff R, et al. Systematic review
on chronic non-communicable disease in disaster settings.
BMC Public Health 2022;22:1234.

Dohrenwend PB, Le MV, Bush JA, Thomas CF. The im-
pact on emergency department visits for respiratory illness
during the Southern California wildfires. West ] Emerg
Med 2013;14:79-84.

Liu T, Xu Y], Zhang YH, et al. Associations between risk
perception, spontaneous adaptation behavior to heat waves
and heatstroke in Guangdong province, China. BMC Pub-
lic Health 2013;13:913.

Thomas V, Lopez R. Global Increase in climate-related
disasters. ADB Econ Work Pap Ser 2015:(466):i-v, 1-38.

505


http://www.phwr.org
https://sryahwapublications.com/article/abstract/2637-5583.0203009
https://sryahwapublications.com/article/abstract/2637-5583.0203009
https://doi.org/10.1002/9781118410868.wbehibs407
https://doi.org/10.1002/9781118410868.wbehibs407
https://doi.org/10.1002/9781118410868.wbehibs407
https://doi.org/10.1002/9781118410868.wbehibs407
https://journals.lww.com/ijnc/Fulltext/2016/01020/Sustainable_surveillance_systems_for.1.aspx
https://journals.lww.com/ijnc/Fulltext/2016/01020/Sustainable_surveillance_systems_for.1.aspx
https://journals.lww.com/ijnc/Fulltext/2016/01020/Sustainable_surveillance_systems_for.1.aspx
https://journals.lww.com/ijnc/Fulltext/2016/01020/Sustainable_surveillance_systems_for.1.aspx
https://ssrn.com/abstract=2709331
https://ssrn.com/abstract=2709331

PHWR

14.

15.

16.

17.

Ruiz A, Gerding J, Cruz M, Laco J, Funk R. Centers
for Disease Control and Prevention National Center for
Environmental Health/Agency for Toxic Substances and
Disease Registry roles in hurricane response and postdi-
saster mosquito controll. ] Am Mosq Control Assoc 2020;
36(2s):78-81.

GBD 2019 Diseases and Injuries Collaborators. Global
burden of 369 diseases and injuries in 204 countries and
territories, 1990-2019: a systematic analysis for the Global
Burden of Disease Study 2019. Lancet 2020;396:1204-22.
Erratum in: Lancet 2020;396:1562.

Reid CE, Brauer M, Johnston FH, Jerrett M, Balmes JR,
Elliott CT. Critical review of health impacts of wildfire
smoke exposure. Environ Health Perspect 2016;124:1334-~
43.

Grant E, Runkle JD. Long-term health effects of wildfire
exposure: a scoping review. ] Clim Chang Health 2022;6:
100110.

506

18.

19.

20.

21.

Jia Y, Lin Z, He Z, et al. Effect of air pollution on heart
failure: systematic review and meta-analysis. Environ
Health Perspect 2023;131:76001.

DeFlorio-Barker S, Crooks J, Reyes J, Rappold AG. Car-
diopulmonary effects of fine particulate matter exposure
among older adults, during wildfire and non-wildfire
periods, in the United States 2008-2010. Environ Health
Perspect 2019;127:37006.

Medina YF, Ruiz AJ, Rondon MA. A standardized physical
examination method for joints to determine rheumatoid
arthritis activity using the modified RAND/UCLA appro-
priateness method. ] Multidiscip Healthc 2023;16:1287-
99.

Khodyakov D, Grant S, Denger B, et al. Practical consid-
erations in using online modified-Delphi approaches to
engage patients and other stakeholders in clinical practice
guideline development. Patient 2020;13:11-21.

www.phwr.org Vol 17, No 13, 2024


http://www.phwr.org
https://doi.org/10.1016/j.joclim.2021.100110
https://doi.org/10.1016/j.joclim.2021.100110
https://doi.org/10.1016/j.joclim.2021.100110

Establishing a Comprehensive Monitoring System for
Natural Disasters: The Associations between Wildfire Exposure
and Health Outcomes

Heejoo Park’, Byungyoon Yun?, Juho Sim?, Juyeon Oh', Yangwook Kim', Jongmin Lee?, Jin—ha Yoon***

'Department of Public Health, Graduate School Yonsei University, Seoul, Korea, 2Department of Preventive Medicine, Yonsei University
College of Medicine, Seoul, Korea, ®Institute for Occupational Health, Yonsei University College of Medicine, Seoul, Korea

ABSTRACT

This study examines the health impacts of a 2017 wildfire on residents in both exposed and non-exposed areas, highlighting
the increasing importance of health consequences related to natural disasters in contemporary society. The research utilizes
retrospective data to compare health outcomes before and after the wildfire, between the two groups. Health impacts are
assessed through rates of outpatient visits and hospitalizations, with a focus on conditions such as congestive heart failure,
chronic obstructive pulmonary disease, and pneumonia in the exposed area. The study conducted rapid analysis using
advanced techniques, including the double-difference method and time series analysis, to identify significant changes and
outcomes. Expert consultations and the Delphi method enhanced the accuracy of the analysis, aiding in the identification
of vulnerable areas and health conditions. The research emphasizes the importance of collaboration with various agencies to
secure data during the pre-preparedness phase and recommends proactive on-site investigations and tracking and observation
protocols during retrospective analysis. In the response phase, the focus was on rapid data collection, advanced analysis
identification of high-risk populations in exposed areas, and precise tracking and response strategies. Furthermore, the
study suggests the potential for proposing legislative measures to support residents in exposed areas. The establishment of a
comprehensive and systematic monitoring system based on the findings of this research, is expected to contribute to a deeper
understanding of natural disaster exposure and its associated health impacts, as well as to the development of effective response

strategies.

Key words: Non-communicable diseases; Investigation; Environmental monitoring; Natural disasters
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Introduction global mortality [1], responsible for approximately 71% of all
deaths [2]. In contrast to infectious diseases, which result di-
According to the World Health Organization (WHO), rectly from pathogenic agents, NCDs emerge from a complex

non-communicable diseases (NCDs) are a prominent cause of interplay of lifestyle, genetic, and environmental factors [3].
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Key messages
(D What is known previously?

When natural disasters such as bushfires occur, environ-
mental factors contribute to an increase the risk of non-
communicable diseases, including respiratory and car-
diovascular diseases.

@ What new information is presented?

The monitoring system developed and applied in this
study revealed, through data analysis, that outpatient
and hospitalization rates for ischemic heart disease and

pneumonia increased among residents exposed to the
wildfires.

® What are implications?

The findings from this study highlight the importance
of minimizing the health impacts of natural disasters by
establishing robust pre-event and post-event prepared-
ness and response monitoring systems. This research is
poised to contribute to the formulation of effective pre-
vention and response strategies, aiming to mitigate the
health effects of natural disasters and support govern-
ments and relevant agencies.

This category encompasses conditions such as cardiovascu-
lar disease, cancer, diabetes, chronic respiratory disease, and
more, all of which, over the long term, significantly dimin-
ish an individual’s health status and overall quality of life [2].
Consequently, both effective monitoring and management of
NCDs are crucial not only for enhancing individuals’ quality of
life but also for bolstering public health on a national level and
curbing healthcare costs.

The WHO operates various monitoring systems and pro-
grams worldwide. It has created the Global NCD Monitoring
Framework to oversee the incidence and mortality of NCDs,
as well as the policies and actions adopted by countries in ad-

dressing them [4]. This framework helps member states gain

508

a better understanding of the current NCD status within their
borders and supports the development of essential preventive
and response strategies [4]. Furthermore, it facilitates the cre-
ation and execution of national and regional strategies con-
cerning NCDs and their risk factors, providing a foundation
for the implementation of more effective countermeasures [5].
The STEPwise approach to surveillance (STEP) is a standard-
ized framework for monitoring NCD risk factors, developed by
the WHO [6]. This system provides for regular examination of
the primary risk factors for NCDs, facilitating the comparison
and analysis of these factors and the incidence of NCDs across
countries facing similar conditions [6]. The Global Burden of
Disease Study (GBD) is a comprehensive assessment of the
global burden of disease led by the Institute for Health Metrics
and Evaluation (IHME) [7]. The GBD study offers national
and regional data on various diseases, causes of death, and
NCDs. These data are instrumental for understanding patterns
and changes in the global burden of disease [8]. These inter-
national monitoring systems and studies play a crucial role in
clarifying the transmission and incidence patterns of NCDs.
This understanding enables countries to develop and imple-
ment measures for reducing the incidence of and mortality
from NCDs through comparative monitoring across nations.
In the Republic of Korea (ROK), several surveys and analy-
ses are conducted through the National Health and Nutrition
Examination Survey (NHANES) and the Health Insurance
Review and Assessment Service. The NHANES is a represen-
tative sample survey that plays a crucial role in shaping health
policies. It serves as the foundation for initiatives such as na-
tional health plan policies and health promotion programs by
investigating the health level, health behaviors, and food and

nutrition intake of the population. This survey examines key
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health metrics such as weight, height, blood pressure, blood
sugar, and cholesterol levels. Additionally, it gathers informa-
tion on lifestyle habits in relation to NCDs. The collected data
provide valuable insights for assessing and managing the risk of
developing NCDs such as obesity, hypertension, diabetes, and
hyperlipidemia [9]. On the other hand, the Health Insurance
Review and Assessment Service conducts an examination and
analysis of health and healthcare utilization patterns of the pop-
ulation using health insurance claims data. This analysis yields
detailed healthcare information, including the specific condi-
tions for which people seek medical attention and the treat-
ments they receive. For instance, the Health Insurance Review
and Assessment Service analyzes healthcare utilization patterns
among patients with NCDs, including prescription drug use.
This analysis provides essential information on NCD preva-
lence, treatment patterns, and the effectiveness of treatments.
Such insights are vital for the effective treatment and manage-
ment of NCDs, informing the development of pertinent health
policies. These surveys and analyses play a key role in identify-
ing NCD incidence and associated risk factors. Through use
of these data, targeted health policies can be established and
implemented, contributing significantly to improving overall
population health and reducing the burden of diseases.
Previous studies have revealed the association between nat-
ural disasters and NCDs [10]. Specifically, the risk of respira-
tory diseases increases following events such as wildfires owing
to the impact of fine particulate matter [11]. Additionally, heat
waves can result in various health issues, including heat stroke,
dehydration, and kidney disease [12]. These impacts are es-
pecially pronounced in vulnerable populations, necessitating
more systematic healthcare policies. However, the transient

and unpredictable nature of natural disasters poses challenges

www.phwr.org Vol 17, No 13, 2024

to our capacity for immediate and effective response. Despite
the global increase in natural disasters driven by extreme
weather events [13], there is a notable lack of research on
NCDs resulting from these disasters. This underscores the im-
portance of monitoring and managing NCDs induced by natu-
ral disasters.

Internationally, and in contrast to domestic efforts, various
organizations in the United States and Europe continue to ex-
amine the correlation between natural disasters and NCDs, of-
fering diverse guidelines and resources based on their research
findings. Notably, entities such as the Centers for Disease
Control and Prevention (CDC) and the U.S. Environmental
Protection Agency (EPA) furnish guidance and a range of re-
sources aimed at mitigating health risks and facilitating ef-
fective responses to natural disasters [14]. In Europe, the
European Center for Disease Prevention and Control (ECDC)
and the European Environment Agency (EEA) remain actively
engaged in research and investigations concerning the connec-
tion between disasters and disease, with the goal of enhancing
national response capabilities. Drawing from insights gained in
previous studies and international experiences, it is clear that
establishing a comprehensive natural disaster and NCD moni-
toring system in the ROK is imperative. This entails a systemat-
ic analysis of the correlation between natural disasters, such as
wildfires, and NCDs. Such a monitoring system would enable
the effective management of health risks during disasters and
contribute to the minimization of social and economic losses.

This study seeks to propose an investigation and sur-
veillance system for NCDs by analyzing the correlation be-
tween wildfire occurrences and the emergence of NCDs dur-
ing natural disasters. The aim is to develop a system capable

of monitoring and responding to the emergence of NCDs in

509


http://www.phwr.org

PHWR

the aftermath of such disasters. Through the identification
of health effects associated with natural disasters and timely
preparation and response to vulnerable areas, this study aims
to minimize and manage the health impacts of NCDs on both
individuals and society as a whole, ultimately reducing social

losses.

Methods

1. Target
1) Selection of wildfire—exposed areas

The study utilized Korea Forest Service data to identify sig-
nificant 2017 wildfires for the exposure group. These wildfires
were chosen based on exceeding 100 hectares and lasting more
than 24 hours. Selection criteria included wildfire duration,
data availability from January 1, 2012, to December 31, 2020,
and potential health impacts.

Wildfire-exposed areas were categorized into wildfire-af-
fected areas and expanded wildfire-affected areas, with corre-
sponding control areas selected for each area. The assessment
of expanded wildfire-affected regions considered the radius
from the wildfire origin and the occurrence of the wildfires.
The National Institute of Environmental Science, affiliated with
the Ministry of Environment, analyzed footage acquired by

Chollian Satellite 2B, the geostationary environmental satellite.

The analysis revealed that concentrations of ground air pollut-
ants from the wildfires on the east coast were at least 3.5 times
and up to 24 times higher than usual in the observation net-
work. This included elevated levels of up to 385 ug/m’ for ul-
tra-fine particles, and up to 0.028 ppm and 3.8 ppm for nitro-
gen dioxide and carbon monoxide, respectively [15]. Hence,
areas where ambient air pollution level data were accessible
were given further consideration. The Korea Forest Service
provided data on wildfire occurrences, and air pollution infor-
mation was available from the Ministry of Environment’s Air
Korea, exclusively at the eup, myeon, and dong levels, signi-
fying village and town-scale units. However, recognizing that
wildfire impacts may span across multiple villages, and with
only one air pollution monitoring station per municipality (or
city, county, or district) in mountainous areas, this study estab-
lished the municipality level as the regional selection unit. The
expanded wildfire-exposed areas were selected in the sequence
specified below, outlining the wildfire-exposed areas (Table 1).

(1) Areas within a 50-kilometer radius of the origin were
chosen.

(2) Regions with a history of significant wildfires within
one year before and after the occurrence date were excluded.

(3) In locations with a monitoring station, wildfire-exposed
areas were selected if the 24-hour maximum concentration of

PM10 on the day of the event (May 6, 2017) was greater than

Table 1. Summary of wildfire exposure areas

Expanded forest fire exposure area

Division Forest fire area Air pollution measurement station
Non-installed area Installation area
Definition ~ Wildfire origin area  Cities and counties within a 50 km radius If the source is within a 50 km radius and

of the source

the maximum PM10 concentration on the
day of occurrence is above the standard”

YBaseline value=PM10 24h-maximum concentration the day before the occurrence (2017.05.05)+2SD of PM10 24h-concentration for the

month before (2017.04.06-2017.05.05).

510

www.phwr.org Vol 17, No 13, 2024


http://www.phwr.org

PHWR

or equal to the sum of two times the standard deviation (SD) of
the 24-hour maximum concentration of PM10 on the day be-
fore the event (May 5, 2017) and the 24-hour maximum con-
centration of PM10 in the month before (i.e., April 6 to May 5,
2017).

(4) An advisory committee comprising industrial and en-
vironmental health experts reviewed the validity of the chosen
wildfire-exposed areas and extended wildfire-exposed areas.

(5) In areas without monitoring stations, the selection was
based on the presence of the wildfire origin and the occurrence

of wildfires.

2) Selection of control areas exposed to wildfires

To assess the health effects of wildfires, control areas were
chosen based on the wildfire occurrence status provided by the
Korea Forest Service and KOSIS data from Statistics Korea.
Apart from the exposed areas, this study randomly picked cit-
ies, counties, and districts with comparable demographic char-
acteristics to those of the exposed areas. These districts were se-
lected from among those without significant wildfires (damage
area of 100 hectares or more) within one year before and after
the specified period (May 6, 2017). The demographic charac-
teristics taken into consideration included age, gender, farm
population, the number of basic living recipients, and the num-
ber of elderly care institutions. The incorporation of additional
variables that reflect local characteristics reduces the number
of eligible cities, counties, and districts available for matching.
Therefore, three key variables representing local characteris-
tics—age distribution, gender distribution, and farm popula-
tion distribution—were utilized for the matching process. To
ensure randomness, the population was divided into five-year

increments according to their average age. Additionally, in the
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random selection process, the average age was categorized into
five-year intervals. Furthermore, the gender ratio and the agri-
cultural population’s proportion were calculated relative to the
middle-of-the-year population of each city and county. These
data were then classified and utilized based on the three quar-
tiles. The same exercise was conducted to determine the ratio
of each city and county’s population involved in farming. For
both wildfire areas and expanded wildfire-exposed areas, a cor-
responding control area was selected. Areas without available
control candidates due to a lack of suitable matches were ex-
cluded from selection (Table 2). Additionally, this study pre-
sented a summary of demographic characteristics to provide an
overview of both the exposed and control areas (Supplementary
Table 1).

For the 213 control cities, counties, and districts, a 1:10
randomization was conducted for wildfire-exposed areas, and

a 1:1 randomization was used for expanded wildfire-exposed

Table 2. Wildfire non-exposure candidate area demographic
characteristics
cl?\igg’?éfiz;::cs reﬁigis Min Max

Age (yr)

35-39 43 36.1 39.9

40-44 96 40.0 44.8

45-49 53 45.0 49.8

50-54 36 50.1 54.9

55-59 1 55.3 55.3
Gender (%)

Tertile 1 76 47.6 49.6

Tertile 1 77 49.6 50.4

Tertile 1 76 50.4 56.8
Farm population (%)

Tertile 1 76 0.1 5.1

Tertile 1 77 5.2 18.8

Tertile 1 76 19.1 64.3
N=number.
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Table 3. Number of candidate wildfire non-exposure areas

Wildfire exposure area

Demographic characteristics
(age—gender—farm population)

Non-exposure group (N of regions)

Forest fire area
Exposure area 1
Exposure area 2
Expanded wildfire exposure area
Exposure area 1
Extended exposure area 1
Extended exposure area 2

Extended exposure area 3

Extended exposure area 10
Exposure area 2

Extended exposure area 1

Extended exposure area 2

Extended exposure area 3

Extended exposure area 10

2-1-1 11
3-2-1 10
2-0-0 21
2-2-1 19
Vi) 4
A2 10
2-0-0 19
3-1-1 4
4-1-2 9

N=number.

areas based on age, gender, and rural population (Table 3).

3) Surveyed disease items

Previous studies have demonstrated that wildfire smoke
comprises a complex mixture of gases, including fine particu-
late matter (PM2.5), carbon monoxide, nitrogen oxides, and
volatile organic compounds, which can stimulate respiratory
illnesses and trigger immune responses leading to inflamma-
tion. Through a review of prior studies and relevant literature,
this study identified chronic obstructive pulmonary disease,
asthma, pneumonia, ischemic heart disease, and heart failure as
the diseases to be observed in the pilot study. These conditions
have been cited in the literature as having a significant relation-

ship to wildfires (Table 4) [16].

2. Analytical Methods

To assess the acute/sub-acute impacts following the wildfire
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Table 4. Disease list to be observed in previous research
Disease ICD-10 CODE

J43, J44 (exclude J430)

Chronic obstructive
pulmonary disease

Heart failure 150
Asthma J45
Pneumonia J10-18
Ischemic heart disease 120-25

event, this study examined whether an increase occurred in the
utilization of outpatient and inpatient services in both the ex-
posed and unexposed areas. The control group, representing
the unexposed area, was defined as an area that did not experi-
ence wildfires for one year and had a population similar to that
of the exposed area. Utilizing data from the National Health
Insurance Service, analyses were performed for examining in-
creased incidences of ischemic heart disease, pneumonia, asth-

ma, heart failure, and chronic obstructive pulmonary disease.
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The number of outpatient and inpatient visits before and
after the wildfires was classified by disease and summarized for
both exposed and unexposed groups. Chi-square analysis was
employed to determine the significance of differences in visit
numbers before and after the wildfires. For each outpatient and
inpatient visit, a 95% confidence interval (95% CI) was calcu-
lated using a Poisson distribution. To assess changes in outpa-
tient and inpatient service utilization in the two years preceding
and following the wildfires, the ratio and confidence interval
of outpatient and inpatient service utilization, both before and
after the wildfires were computed for the overall population in
2017 by region per 100,000 people. Subsequently, these re-
sults were examined in consultation with experts to identify
conditions with notably high rates of utilization of outpatient
or inpatient services in the exposed group for further analysis.

For the purpose of further analysis, a difference-in-differ-
ences (DID) analysis was initially conducted to examine the
change in annual outpatient and inpatient service utilization
rates for the exposed and unexposed groups. DID is a method
employed to compare the difference between experimental and
control groups before and after a specific event. It evaluates the
change trend and difference between the predicted utilization
rate of outpatient and inpatient services in the exposed group
without the event and the actual utilization rate of outpatient
and inpatient services after the event. Simultaneously, it com-
pares the ratio of the utilization rates of outpatient and inpa-
tient services of the unexposed group to that of the exposed
group. By comparing the before-and-after relationship between
the experimental group and a homogeneous control group,
unobservable factors that change over time can be removed, al-
lowing causal effect estimates to be identified. To analyze the

causal effect of an event with DID analysis, it is necessary to
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utilize data from before and after the event for both the control
and experimental groups. Respectively, and can be classified
into the following four groups. The control group before the
event can be categorized as C, and the experimental group as
T}, and the control group after the event can be categorized as
C, and the experimental group as T',. The formula for estimat-

ing causality and DID based on the four groups is as follows:

Causality=T,-T,

DID estimation method=(T,-T;)-(C,~Cp)

Second, an interrupted time series analysis, which is a
method for examining changes in trends after a specific event
in longitudinally recorded data, was employed. This allowed
the identification of alterations in the utilization rates of out-
patient and inpatient services for specific diseases following
the wildfires in both the exposed and unexposed groups. The
analysis accounted for age, gender, long-term trends, and sea-
sonal factors based on monthly trends. Interrupted time se-
ries analysis methods are designed to discern the distribution
and patterns within time-series data, facilitating the prediction
of future trends. Through the use of quantitative forecasting
methods, historical data of the variable to be predicted reveals
different patterns, allowing the design of a model that assumes
that such patterns will repeat in the future. The equation for
the interrupted time series analysis employed in this study us-

ing the GAM model is as follows:

g(Heart failure,)
=Bo+to(wildfire, ,)+f,(Season,)+£;(Month,)+&(t)

All analyses were conducted using R (version 4.0.5). This
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study adhered to the ethical principles of the Declaration of
Helsinki and was approved by the Institutional Review Board

of Yonsei University Severance Hospital (IRB 4-2023-0433).

Results

The total population in the exposed group and unexposed
group areas was 1,116,485, comprising 564,585 males and
551,900 females. The analysis revealed variations in the num-
ber of outpatient and hospitalization visits in the two years be-
fore and two years after the wildfires, with differences between
the exposed and unexposed groups and by disease. Specifically,
the number of outpatient visits in the exposed group signifi-

cantly increased after the wildfires compared to before the

wildfires for all conditions. However, the number of hospital-
izations increased significantly only for pneumonia and isch-
emic heart disease (Table 5).

In the unexposed group, the number of outpatient visits in
the two years before and after wildfires increased significantly
after wildfires in cases of heart failure, asthma, pneumonia,
and ischemic heart disease. Additionally, the number of inpa-
tient visits before and after wildfires increased significantly af-
ter wildfires in cases of chronic obstructive pulmonary disease,
pneumonia, and ischemic heart disease (Table 6).

Based on the number of visits before and after the wild-
fires, the ratio of annual hospitalization utilization before and
after the wildfires was analyzed as follows (Figure 1). The ratio

of annual hospitalization utilization between the exposed and

Table 5. Number of outpatient and hospitalization uses by exposed group before and after wildfire outbreak
N of N of N of N of
. . outpatient visits  outpatient visits hospitalizations  hospitalizations
Disease Population p-value p-value
per year per year per year before per year after
before forest fire  after forest fire wildfire wildfire
COPD 168,124 12,126 14,228 <0.001 716 704 <0.001
Heart failure 168,124 8,450 11,756 <0.001 839 818 <0.001
Asthma 168,124 28,048 28,884 <0.001 802 784 <0.001
Pneumonia 168,124 15,992 18,628 <0.001 3,524 3,757 <0.001
Ischemic heart 168,124 41,479 46,579 <0.001 2,819 3,450 <0.001
disease
N=number; COPD=chronic obstructive pulmonary disease.
Table 6. Number of outpatient and hospitalization uses in d groups before and after wildfire outbreak
N of N of N of N of
. . outpatient visits  outpatient visits hospitalizations  hospitalizations
Disease Population p-value p-value
per year per year per year before per year after
before forest fire  after forest fire wildfire wildfire
COPD 261,321 14,785 14,650 <0.001 1,069 1,108 <0.001
Heart failure 261,321 10,624 12,118 <0.001 839 818 <0.001
Asthma 261,321 51,301 57,541 <0.001 802 784 <0.001
Pneumonia 261,321 22,589 32,487 <0.001 3,524 3,757 <0.001
Ischemic heart 261,321 51,269 57,406 <0.001 2,819 3,450 <0.001
disease
N=number; COPD=chronic obstructive pulmonary disease.
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Figure 1. Ratio of annual hospitalization utilization rates
before and after wildfires
COPD=chronic obstructive pulmonary disease.

unexposed groups before and after the wildfires significantly
increased in the case of ischemic heart disease (95% CI: 1.26
[1.19-1.33], p-value<0.001; 95% CI: 1.22 [1.16-1.29], p-
value<0.001) and pneumonia (95% CI: 1.10 [1.04-1.16],
p-value=0.001; 95% CIL: 1.07 [1.02-1.12], p-value=0.000).
However, the ratios for asthma (95% CI: 1.03 [0.93-1.14],
p-value=0.56; 95% CI: 0.98 [0.89-1.08], p-value=0.651)
and chronic obstructive pulmonary disease (95% CI: 0.98
[0.89-1.09], p-value=0.76; 95% CI: 1.04 [0.95-1.13], p-val-
ue=0.403) were not significant in the exposed and unexposed
groups. In contrast, heart failure (95% CIL: 1.43 [1.29-1.58],
p-value<0.001; 95% CI: 0.97 [0.89-1.07], p-value=0.605)
significantly increased in the exposed group but not in the un-
exposed group.

The ratio of annual utilization of outpatient services be-
tween the exposed and unexposed groups before and after the
wildfires was analyzed as follows (Figure 2). Both the exposed
and unexposed groups had significantly higher rates of isch-
emic heart disease (95% CI: 1.17 [1.15-1.20], p-value<0.001;
95% CI: 1.12 [1.11-1.13], p-value<0.001), pneumonia (95%
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Figure 2. Ratio of annual outpatient utilization rates before
and after wildfires
COPD=chronic obstructive pulmonary disease.

CL: 1.16 [1.14-1.19], p-value<0.001; 95% CI: 1.44 [1.41-
1.46], p-value<0.001), asthma (95% CI: 1.03 [1.01-1.05], p-
value<0.001; 95% CI: 1.12 [1.11-1.14], p-value<0.001), and
heart failure (95% CI: 1.39 [1.35-1.43], p-value<0.001; 95%
CI: 1.14 [1.11-1.17], p-value<0.001). However, chronic ob-
structive pulmonary disease (95% CI: 1.17 [1.15-1.20], p-val-
ue<0.001; 95% CI: 0.99 [0.97-1.01], p-value=0.431) signifi-
cantly increased in the exposed group but not in the unexposed
group.

An expert advisory meeting was convened to review the va-
lidity of the results for heart failure and to determine whether
further analysis was warranted. The review indicated a larg-
er and more significant increase in the exposed group in the
above ratio of hospitalization utilization. Drawing upon exist-
ing knowledge and expert input, the review team conducted
additional DID and interrupted time series analyses. The hos-
pitalization utilization rate was decreasing in both the exposed
and unexposed groups before the wildfires. However, after the
wildfires, the actual hospitalization utilization rate in the ex-

posed group (annualized hospitalization utilization rate two
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years after wildfire exposure: 6,992.46/100,000) was 80.05%
higher than the rate expected if the wildfires had not occurred
(annualized hospitalization utilization rate two years after wild-
fire exposure: 5,597.76/100,000) (Figure 3). The annual uti-
lization rate of outpatient services for heart failure was increas-
ing in both the exposed and unexposed groups. However, after
the wildfires, the actual utilization rate in the exposed group
(556.73/100,000) was 68.54% higher than the rate expected
if the wildfires had not occurred (annual utilization rate of out-
patient services two years post-exposure: 381.56/100,000)
(Figure 4).

The x-axis of the interrupted time series analysis graph rep-
resents the number of months in the two years before and after
the event, while the y-axis indicates the annual utilization rate
of inpatient and outpatient services per 100,000 people. The
vertical red dashed line on the graph signifies when the wild-
fires occurred, and the solid blue line represents the expected
utilization rate of outpatient and inpatient services if the wild-
fires had not occurred. The blue dashed line illustrates the ac-
tual utilization of inpatient and outpatient services after the

wildfires, and the red dotted line is a smoothing graph utilized

—— Exposure group
—— Exposure group (counterfactual)
Non-exposure group
7,000

6,000 4

5,000 4

Annual outpatient utilization
rate (/100,000)

4,000 T T T )
Wildfire exposure  Exposure 2 years after
2 years ago wildfire exposure

Figure 3. Changes in heart failure hospitalization rate due to
exposure to forest fires
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to determine patterns and trends in the time-series data. The
change in actual hospitalization utilization for heart failure in
the exposed group (pre-interruption slope; estimate, 0.252;
p-value<0.001) was increasing before the wildfires. After the
wildfires, the change due to the event (level change; estimate,
—0.044; p-value=0.986) decreased slightly but was not signifi-
cant. Hospitalization utilization, reflecting the subacute effect
of the event, also showed a downward trend (post-interruption
slope; estimate, —0.183; p-value=0.127) but was not signifi-
cant (Figure 5, Supplementary Table 2).

The interrupted time series analysis revealed an increasing
trend in the actual outpatient service utilization rate for heart
failure in the exposed group prior to the wildfires (pre-inter-
ruption slope; estimate, 0.649; p-value<0.001). Following the
wildfires, there was a marked increase in this trend attributable
to the event (level change; estimate, 52.525; p-value<0.001),
which was then followed by a declining trend in outpatient
service utilization, reflecting the subacute effects of the event
(post-interruption slope; estimate, —0.866; p-value=0.029)

(Figure 6, Supplementary Table 3).
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Figure 4. Changes in heart failure outpatient utilization rate
due to exposure to forest fires

www.phwr.org Vol 17, No 13, 2024


http://www.phwr.org

w
o
1

N
o
1

rate (/100,000)

Annual hospitalization utilization

N
o
1

0 25 50 75 100
Time (mo)

Figure 5. Changes in hospitalization utilization for heart
failure considering monthly trends (2 years)

Discussion

This study investigated the association between wildfires
and subacute illnesses in residents of wildfire-exposed and
non-exposed areas during the 2017 wildfires in the ROK.
From a short-term planning perspective, the findings can help
promptly identify health impacts resulting from natural disas-
ters, such as wildfires, and explore strategies for minimizing
unnecessary analyses. Respiratory diseases, including heart fail-
ure and pneumonia, were selected on the basis of a literature
review due to their potential to influence a broad spectrum of
illnesses and the likelihood that they would have a significant
impact on health outcomes resulting from wildfires [16,17].
Initially, this study sought to determine key changes and out-
comes, such as changes in numbers and rates, using relatively
expedited analyses. The ratio of utilization of outpatient servic-
es before and after the wildfires in the exposed group increased
most significantly in cases of heart failure, and hospitalization
utilization in ischemic heart disease showed the greatest in-
crease. In the unexposed group, the ratio of utilization of other
outpatient services before and after wildfires saw a significant

increase in cases of pneumonia, and the ratio of hospitalization
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Figure 6. Changes in heart failure outpatient utilization
considering monthly trends (2 years)

utilization saw a significant increase in cases of ischemic heart
disease. Subsequently, both a literature review and expert con-
sultation were conducted to identify significant and plausible
findings regarding the increased utilization of the aforemen-
tioned services due to exposure to wildfires. This helped deter-
mine whether further advanced analyses were necessary and
which conditions should be included in the advanced analyses.
The effects of air pollution from wildfires on heart failure occur
regardless of the duration of exposure [18]. DeFlorio-Barker et
al. [19] found that a 10 pg/m’ increase in PM2.5 was associ-
ated with a 0.61% increase in cardiovascular hospitalizations
during the wildfire season and a 0.69% increase in cardiovas-
cular hospitalizations during the rest of the year. To refine the
analysis for heart failure, we considered previous research that
suggested that wildfires are associated with much higher in-
creases in PM2.5 [19] and, thus, higher overall cardiovascular
disease. Advanced analyses using DID analysis and interrupted
time series analysis were conducted to compare the utilization
rates of outpatient and inpatient services between the exposed
and unexposed groups, revealing a significant increase in the
rate of utilization of outpatient services in both analyses.

This study has sought to establish the objectivity and
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validity of researchers” opinions through expert advisory com-
mittees in the selection of exposure areas (disaster-affected ar-
eas) using retrospective data, the selection of related diseases,
and the derivation of meaningful results from the analysis.
In recognition of the limitations of short-term analyses, par-
ticularly unmeasured confounders, two rounds of expert re-
view were conducted using the RAND/UCLA appropriateness
method (RAM). RAM is employed to determine the appro-
priate use of technology and it combines a critical review of
the literature with input from clinical experts [20]. In health
services research, RAM is referred to as a “modified Delphi
method” because it adds a discussion round [21]. This method
integrates a critical review of the literature and the opinions of
clinical experts to determine the appropriate use of technol-
ogy, thereby helping to overcome the limitations of a short-
term analysis. It also underscores the importance of developing
a systematic monitoring system to ensure the continuity of the
study and address the limitations of the analysis by obtaining
mid- to long-term data. This approach is crucial for respond-
ing to long-term and significant health risks, such as air pollu-
tion from wildfires. Governments and relevant organizations
can use this information to raise awareness of the health im-
pacts of natural disasters, including wildfires, and develop ef-
fective prevention and response strategies.

Hence, this study proposes a monitoring system for natu-
ral disasters, including wildfires. This system can be broadly
categorized into the pre-cognition and preparation phase and
the response phase. In the pre-cognition and preparation stage,
laying the foundation for securing data in advance through
cooperation with various ministries is crucial for the response
and monitoring system after a natural disaster occurs. If we

take wildfires as an example, collaboration with the Korea
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Forest Service, the Ministry of Environment, local govern-
ments, the Ministry of Health and Welfare, and the Ministry of
the Interior and Safety can gather appropriate data upon expo-
sure to wildfires as well as data from medical institutions and
community health centers. Preliminary retrospective data will
be used to inventory and pilot analytical items, identify areas
vulnerable to wildfires, and assess potential health impact risks.
The results can be employed to establish the areas vulnerable to
wildfires in stages and pre-define the prospective field survey
collection items for both exposed vulnerable areas and non-
exposed (control) areas. Ultimately, protocols should be de-
veloped for field surveys and targeted population follow-up in
wildfire-vulnerable and control areas. This will enable custom-
ized monitoring and effective on-the-ground response strate-
gies. The process outlined in this study can serve as an example
of the pre-awareness and preparedness phases of a monitoring
system.

In the response phase, the medium-term focus is on rap-
id data collection through field surveys immediately after the
event and response through advanced analytics. Protocols es-
tablished in the pre-cognition and preparation phases for field
surveys and follow-ups are utilized to collect and analyze ba-
sic information and the medical records of exposed and non-
exposed residents, along with environmental measurements
from the exposure site. The analysis helps identify individuals
at high risk for health effects, enabling a close follow-up and
support system for high-risk individuals. Refinements that
emerge from this process can be discussed through ongoing
Delphi-style expert advisory meetings to create more sophis-
ticated monitoring systems and follow-up protocols. Ongoing
surveillance allows for tracking long-term health impacts and

advocating for legislation relevant to residents of exposed areas.

www.phwr.org Vol 17, No 13, 2024


http://www.phwr.org

Such legislation could encompass medical assistance for high-
risk populations facing significant health impacts, a legal foun-
dation for environmental and health monitoring systems, and
policies promoting community health and well-being. All these
steps contribute to a monitoring system focused on protect-
ing the health and safety of people after a natural disaster and
strengthening response capabilities in the long term.

This study has several limitations:

1) Statistical power and reliability could be enhanced with
data collected over a more extended period. However, due to
data limitations, the study focused on two years before and af-
ter the event to correct for seasonal variations. To assess the
occurrence of diseases based on various exposure factors, addi-
tional studies using long-term data are required to investigate
monthly utilization rates of outpatient and inpatient services
by disease over four years (48 months) for both the exposed
and control groups.

2) Data limitations led to the use of age, gender, and farm
population distribution as regional matching variables. Further
research is needed to correct and match social variables such as
NCD indicators, including smoking and alcohol consumption
rates, which show regional variations.

3) Aside from heart failure, diseases did not show signifi-
cant changes before and after the wildfires, suggesting that dis-
ease incidence may have been influenced by other disasters oc-
curring during the study period. Further research is required to
explore the impact of other disasters on disease incidence.

4) Due to data limitations in this study, additional research
is required to investigate monthly utilization rates of outpatient
and inpatient services by disease for four years (48 months) in
both the exposed and control groups. This will enable a more

thorough examination of disease occurrences based on various

www.phwr.org Vol 17, No 13, 2024

exposure factors.

In conclusion, it is expected that the establishment of a
comprehensive and systematic monitoring system as a result
of this study will contribute to a deeper understanding of the
exposure and health effects of natural disasters, fostering the
development of effective responses. The systematic approach
presented in this study will serve as a crucial foundation for the
development of health impact monitoring systems for wildfires

and other natural hazards.
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ABSTRACT

On April 12, the Korea Disease Control and Prevention Agency unveiled “The 2nd National Action Plan for the Prevention

and Control of Healthcare-Associated Infections (2023-2027).” This initiative aims to foster a safer healthcare environment

against infections by addressing the shortcomings of “The 1st National Action Plan for the Prevention and Control of

Healthcare-Associated Infections (2018-2022), and establishing an enhanced national-level infection prevention and control

system, reflecting the changed conditions in medical settings since coronavirus disease 2019.

Key words: Healthcare-associated infection; National Action Plan for Prevention and Control of Healthcare-Associated

Infections; National Action Plan; Infection prevention and control
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Introduction

Healthcare-associated infections (HAIs) can develop in
patients, guardians, visitors, and staff of medical institutions
during various medical procedures such as hospitalization, ex-
amination, and courses of treatment. Essentially, these are new
infections that manifest while individuals are undergoing med-
ical care, infections that were not initially present upon hospi-
tal admission. Common HAIs include bloodstream infections,
urinary tract infections, and ventilator-associated pneumonia
[1]. The occurrence of HAIs contributes to an increase in pa-
tient mortality and fatality rates. Additionally, both individual

patients and medical system bear an increased burden, evident

526

in escalated medical costs due to extended hospitalization and
limited treatment options due to limitations on available an-
tibiotics. In the Republic of Korea (ROK), specific policies
have been pursued in a segmented manner to address these
issues, including ‘The 1st Master Plan for Infectious Disease
Prevention and Control (2013-2017),” “The Establishment
of a Consultative Committee on Measures against HATs
(2015),” and ‘The Implementation of National Action Plan on
Antimicrobial Resistance (2016).” However, frequent incidents
of cluster infections, such as the mass deaths of newborns due
to contaminated injections in 2017 and cluster outbreaks of
sepsis associated with propofol in 2018, underscore the need

for comprehensive, nationwide measures to address HAIs

www.phwr.org Vol 17, No 13, 2024
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Key messages
(D What is known previously?

Effective control of healthcare-associated infections re-
quires a comprehensive national-level management sys-
tem, coupled with necessary environmental development
and infection control practices by healthcare workers.

@ What new information is presented?

‘The 2nd National Action Plan for Prevention and
Control of Healthcare-Associated Infections broadens
Korea Disease Control and Prevention Agency's focus
from a system centered on acute care hospitals to one
that also includes small and medium-sized hospitals and
long-term care hospital.

(® What are implications?

While overall healthcare-associated infection rates are
declining in the Republic of Korea, plans should be de-
veloped for areas with inadequate management to ensure
the protection of healthcare service users. Implementing
an appropriate evaluation and support system is crucial.

holistically. Consequently, ‘The 1st National Action Plan for
the Prevention and Control of HAIs (2018-2022) was estab-

lished in 2018.

Body

The incidence of major HAIs in ROK has been decreasing
due to persistent efforts such as the establishment of National
Action Plan, continuous expansion of the scope of manage-
ment, and dissemination of detailed guidelines [2]. In intensive
care units, the incidence of HAIs decreased from 4.83 cases
per 1,000 days of hospital stay in 2012 to 2.72 cases in 2022.
However, since 2020, awareness of infection control in ROK
has increased due the coronavirus disease 2019 (COVID-19)

pandemic, necessitating the need for a national policy that

www.phwr.org Vol 17, No 13, 2024

encompasses institutions vulnerable to infection control,
such as small and medium-sized and long-term care hospi-
tals. Accordingly, the Korea Disease Control and Prevention
Agency (KDCA) announced ‘The 2nd National Action
Plan for Prevention and Control of Healthcare-Associated
Infections (2023-2027)’ to present the direction of a stronger
infection control policy reflecting the changed conditions in
medical settings since COVID-19 (April 12, 2023).

Under the 1st National Action Plan, the KDCA has broad-
ened the scope of infection control by extending the criteria
for establishing infection control rooms and designating in-
fection control personnel (now applicable to hospital-level
medical institutions with more than 100 beds, compared to
the previous threshold of 150 beds). The foundation of the
infection control system has been expanded by including
more organizations and widening the surveillance areas of the
Korean National Healthcare-associated Infections Surveillance
System. Additionally, a network has been established to pro-
vide technical support and guidance on infection control to
small and medium-sized hospitals that lack infection con-
trol resources. Collaboration among relevant ministries has
strengthened compensation measures, such as the establish-
ment of the ‘Operating Room Patient Safety Management Fee.’
Furthermore, the evaluation has been enhanced by introducing
appropriateness evaluation for neonatal intensive care units.

However, despite the success of the 1st National Action
Plan, the current level of infection control is insufficient to pro-
tect healthcare service recipients in the changed environment
since COVID-19 (Figure 1).

Accordingly, the KDCA collaborated with infection control
experts to establish a committee dedicated to promoting the

development of countermeasures. This committee, jointly with
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Limitation of 1st plan

Direction of 2nd plan

Vulnerable healthcare facilities to
spread of infection

Strengthening healthcare facilities
criteria to prevent infection

Medical personnel-centered infection
control education system

Expanding infection control education
system to non-medical personnel

Insufficient of infection control base in
small and medium hospitals

Expanding criteria target for infecion
control department operaion

Some notifiable HAI diseases
have been increased

Establishing response system for
managing national notifiable diseases

Figure 1. Limitations of the 1st Na-
tional Action Plan and Direction of
the 2nd National Action Plan

HAI=healthcare-associated infection.

the experts, promoted the establishment of the 2nd National
Action Plan based on the results of the performance evaluation
and surveys on the 1st National Action Plan. Consequently,
intending to minimize blind spots in infection control, the
KDCA, collaborated with relevant ministries with relevant re-
sources—such as the Ministry of Health and Welfare and the
Ministry of Environment—to establish 12 key tasks organized
in 4 promotion strategies. The details are discussed below
(Figure 2).

First, our focus is on enhancing the medical institutions’
facilities and environmental management systems. Given
that medical institutions are frequently accessed by high-risk
groups, such as critically ill and immunocompromised pa-
tients, external factors to strengthen the protection of high-risk
areas for infections should be enhanced. We aim to strengthen
facility standards in high-risk areas, including negative pres-
sure isolation rooms and single rooms in intensive care units,
and to establish specific ventilation standards for reducing the
spread of infection within medical facilities prone to infections.
Additionally, based on the results of the surveys on infection
control in medical institutions, we plan to create a safe injec-
tion administration environment by preparing medication-
related guidelines suitable for the actual situation of small and

medium-sized and long-term care hospitals and clinic-level
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medical institutions. Additionally, in collaboration with the
Ministry of Environment, we plan to discuss the revision of
guidelines for the separate disposal of medical waste, ensuring
an efficient response in the event of new infectious diseases and
improving the implementation of medical waste disposal.
Second, we will expand the foundation of the infection
control system and strengthen infection control competencies.
Effective infection control programs and systems can reduce
HAIs by more than 30% [3]. According to the 2018 National
Survey on Healthcare-Associated Infections, Medical institu-
tions with infection control systems showed 90% of checking
infection occurrences rate, 85% of infection control activities
rate, 96% of checking disinfection and sterilization of medical
device. However, medical institutions without infection con-
trol systems showed 73% in checking infection occurrences
rate, 60% in infection control activities rate, 81% in checking
disinfection and sterilization of medical device [4]. Therefore,
we will expand the obligation to operate infection control
rooms, establish an infection control committee, designate in-
fection control personnel, and distribute specific guidelines
for the practice of infection control rooms to support them in
playing a critical role in infection control in medical institu-
tions. Additionally, we aim to strengthen the statutory infec-

tion control education system for previous workers at medical
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The 2nd National Action Plan for healthcare-associated
infection prevention and control (2023-2027)

Keeping Healthcare Facilities Safe from
Infection and Ensuring Healthy Citizens

Prevent and reduce HAI through the enhance
HAI infrastructure and control efforts

Core tasks

. (@ Expand the infrastructure necessary
Improve infection for infection control
control through @ Foster a environment to safer use
bet_t_er healthcare of pharmaceuticals and medical
facility standards devices by healthcare providers

and environmental @ Safe management of healthcare waste
management

(@ Refine institutional foundations to
support implementation of effective IPC
( Strengthen healthcare workforce

capacity through improving the IPC
education framework

Refine institutional
foundations to support
implementation of

effective IPC ® Build a safety culture for IPC
@ Diversify the HAI surveillance
@ Enhance evaluation of the
Enhance the implementation of IPC in healthcare
facilities

adequacy of infection
control evaluation
and support

@ Develop appropriate cost reimbursement
for infection control and prevention
support

(D Strengthen public anc private
cooperation for IPC implementation
@ Refine legal and administrative
RFéips)gg:teurSey?tg:n foundation for IPC implementaion
(3 Efforts to reduce transmission of
targeted MDROs

Figure 2. The 2nd National Action Plan for Prevention and
Control of Healthcare-Associated Infections (2023-2027)
HAI=healthcare-associated infection; IPC=infection prevention and

control.

institutions and reduce blind spots in management by expand-
ing training to non-medical personnel such as caregivers and
cleaners. We will review it to strengthen the competencies of
prospective healthcare professionals through systematic infec-
tion control education from the undergraduate curriculum.

Collaborating with related ministries, we plan to promote the

www.phwr.org Vol 17, No 13, 2024

enhancement of infection control competencies of related oc-
cupations, such as nursing assistants, to strengthen the imple-
mentation of infection control in clinic-level medical institu-
tions. Additionally, we have newly designated and operated
‘Healthcare-Associated Infection Prevention and Control
Week’ to raise awareness of the importance of and improve
infection control practices among the public [5]. By raising
awareness of infection control among administrators of medi-
cal institutions, we plan to spread enhanced awareness of the
importance of infection control to all medical workers.

Third, we will expand the surveillance system for HAIs and
enhance the evaluation and reward system for infection con-
trol activities of medical institutions. We aim to improve sur-
veillance indicators to expand the scope of surveillance from
the existing acute hospital-centered surveillance system to in-
fections in long-term care hospitals and clinic-level medical
institutions frequently used by the public. We will promote
improvements in the infection control area of various medical
institution evaluations, such as accreditation, appropriateness,
and medical quality evaluations. As part of the 2nd National
Action Plan, a separate long-term care hospital infection pre-
vention and control fee was established last July to accom-
modate the unique characteristics of long-term care hospitals,
which are differentiated from acute care hospitals. We plan to
operate an appropriate compensation system for infection con-
trol activities.

Fourth, we will reform the response system for HAIs. Since
there are no separate tools for inspection of the infection con-
trol activities of medical institutions under the current sys-
tem, we intend to establish a system for checking and com-
municating the infection control activities of medical institu-

tions regularly through cooperation with local governments.
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Additionally, the KDCA, which oversees HAI control, will se-
cure the authority to implement HAT prevention tasks under
the law to perform efficient infection control. Additionally, to
strengthen the management of healthcare-associated infectious
diseases such as Carbapenem-resistant Enterobacterales (CRE)
infection, which has a high risk of transmission in medical in-
stitutions, we plan to distribute standard scenarios for respond-
ing to multidrug-resistant bacteria outbreaks and strengthen
support for epidemiological investigations to local government
officials. Lastly, to prevent the transmission of CRE infection to
medical institutions and communities, which is continuously
increasing in ROK, we plan to establish and operate a strength-
ened CRE response system by analyzing and referring to suc-
cessful cases of responding to CRE infections in ROK and oth-

er countries.

Conclusion

Through under the 2nd National Action Plan, the KDCA
aims to promote infection control practices, such as increasing
the establishment rate of infection control rooms in medical
institutions and optimizing the operation of infection control
personnel. Furthermore, we plan to expand the participation of
small and medium-sized and long-term care hospitals in infec-
tion control efforts. Through this, we aim to suppress the rise
in the incidence of central line-associated bloodstream infec-
tion in intensive care units and reduce the number of patients
with CRE infections.

While effective national management policies and active
efforts of medical institutions can prevent HAIs, neglecting
management may lead to a resurgence of these infections at

any time. Globally, HAIs have been increasing annually [6].
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The US Centers for Disease Control and Prevention reported
an increase in healthcare-associated infectious diseases in 2021
compared to 2020 due to the impact of COVID-19, necessitat-
ing active control measured in each country [7]. In May 2022,
in its resolution of the 75th World Health Assembly, World
Health Organization urged countries to develop infection con-
trol action plans to ensure that all people who use or provide
health services are safe from infection and manage them with
measurable indicators and reminded of the importance of HAI
control [8]. Following this international trend, we will actively
implement the 2nd National Action Plan and promote creat-
ing a safe medical environment from infection through com-
munication with stakeholders such as the medical commu-
nity. More detailed information on ‘The 2nd National Action
Plan for the Prevention and Control of Healthcare-Associated
Infections (2023-2027) can be found on the ‘KDCA website
(https://www.kdca.go.kr/).
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QuickStats

Trends in the Prevalence of Binge Drinking, 2013-2022

The prevalence of binge drinking in 2022 was 48.8% for men, 25.9% for women among those aged 19 years and over
which is 1.8%p increased both men and women (Figure 1). Men in their 40s and 50s women in their 20s had a higher preva-

lence of binge drinking than other age groups (Figure 2).
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Figure 1. Trends in prevalence of binge drinking, 2013-2022 Figure 2. Prevalence of binge drinking by age group, 2022
*Prevalence of binge drinking: percentage of people who drink alcohol 7 glasses or more for men, and 5 glassess or more for women on one
occasion during the past 30 days amongst those aged 19 years and over.

"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, https://knhanes.kdca.go.kr/

Reported by: Division of Health and Nutrition Survey and Analysis, Bureau of Chronic Disease Prevention and Control, Korea Disease
Control and Prevention Agency
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