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model)¥ A2k URHAEE L (constrained generalized lin-
ear model)o] TfHH 07 AA|E & AofA = BHAE &
AE shdst7] 91 717+ a3ko] Bt 71-7]1E 027 A
OFol= A|oFH YRS X P (constrained generalized linear
model)& €851t

£ AqoAe UAFIERA A=Y A, 104 &
A 7158 = (weighted frequency)E 7|HFO.2 APC £4
< 3} APC B4 A] 19-2941% 254, 30-3941+= 354,
40-49A1+= 4541, 50-59A41= 5541, 60-69AI= 6541, 70
Al o2 75412 Aottt 715 717 H(reference period)<
19984, 7]& T3 E(reference cohort)= 19230 & A5}
%I APC A3 & dgaNE AHERR, 7|tan 94 3
SEANE JUHYARER ARSI BAEAS RY Epi 1f
71A W ‘ape fit.' & 85t APC IR Y 7+ AP H|
53} Akaike information criterion (AIC) ko] 714 W2

92 15 mgoz AP
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Ao A SIS H2 F B ATHINIE 2023-06-024).

AHO & 74-92%2]
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folshAlE ok
tHp>0.1). AT o144 9] 4 FE L oFARS.
HYA G o] FZH A (outlier) Z T 19984 (85.5%)7
Aolstd AAH o Srtehe %
SAH R F95tArHp=0.022).” A
199843 200149 42 E I3 Wl FHAL SAH
OJ5HA] AUTHp>0.1). HiFF& AHl(FA/)=
199849 1.1914] 20214 1.30.2 oKzt Z7}atA Ak o4k
BAE Aot Haste Aol FH5HATHp<0.05).

O
_l_

2001¥(35.2%) SHA=
S HYl o=

1. A7SFA9 SF€ #sko], 1998-20214
1998 2001 2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 :9?1}%
47t FLY
HAA 924 567 691 759 775 768 761 761 748 775 764 769 777 770 756 766 748 742 0924
YA 971 750 838 863 873 879 883 881 858 874 864 869 865 859 82.0 849 82.6 822 0274
o 85 352 509 616 644 621 605 60.8 609 647 G642 644 664 659 G674 658 647 635 0471
A 11 21 17 14 14 14 15 15 14 14 14 14 13 13 12 13 13 13 0046
AP FEY
A 191 194 149 161 198 171 172 173 175 157 170 166 170 173 180 158 177 171 0.013
U 268 310 232 245 284 246 249 260 251 225 237 239 241 241 240 215 253 23.6 0.006
o3 80 61 46 50 84 74 74 64 79 72 88 77 81 91 105 86 81 89 0.008
Aul? 34 50 50 49 34 33 34 41 32 31 27 31 30 27 23 25 31 27 0001
oL %, VAZFSEAL ZolA 2T 19 B9 g Fof 18] o]} S5 ARG BE VANSFA FolA HT 19 B9 18] BF SFFo| YA A
9 77 o4, o] zke] A9 53¢ o] 4poln], F 23] o4} e Ale] Bg. IAu|=A /o] A,

1) g FIIEMS ot HOZ B 10|M= SAXIZE MAIEX| LU,

880

www.phwr.org Vol 17, No 21, 2024



http://www.phwr.org

— Fit 1 95% AlZ|7LZt 95% 0|27t
1 oy o4
A x| 18 23| 18 23| 18
metolg 2 o 2 2oy 2
AQE 16 AR 16 A9 16
WANZO  43.959 wANZea 17.952 wAANZea 90719
Aoz 0.0006 Aoz 0.0742 Aoz 0.0329
g 100 A B
90 A
° 80 A
95 A
:\;80- ° 4 o 0o%0 OQ; 90' ;\;70- ° o °°o°o
o o oo o v°°° &ﬁ J0°%0° o aﬁ | — e °
0 g5 0%0, 70 60
0': 70 ° O': o 0':
) o 50 . o
80
60 40 -
o 75 ° o
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
RALAHE RALAHE YN L
B A 18 | 18 23| 18
oteto|eq 2 ot2to|eq 2 ot2to|gq 2
AQE 16 AQE 16 A9 16
mWANZOa  1.2432 HRHBA  3.1391 BRNBOA 14267
Aoz 0.3292 Aoz 0.3825 Aoz 0.3635
22 A 32.5
30.0 A
< $ 275+
ol ofl
Fo Fo 25.0 1
oF ok
22.5
20.0
14 L T T T T T T T T T T T T T T T
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
EIN L RALAEE YN L
JE1. ATSFAY] 58 #shEo], 199820219
(A) €258 (B) 19¥e &
HSFE APC 2M 21t A 20219 2.78 A&H 07 A6 th(p<0.05).

BB EHp<0.05). o]
HUR FHsl] Avu o2 g4S Helth YN
© 199843} 200198 A2Jte, o
e shuA

uis)
G
flje

e 21-20% HlolA
SHe P41 AT(p<0.05

8.9%°1

Aoz B 7hA

oll‘l

1998 8.0%cllA4 20214

o|27|7}A] oF PR A &Mooz F7t

e
1o
ol
o
rlo

tq z}ﬂ]/ﬂE Eﬁ];ﬁ oz
RO ATHp<0.05). LHULFE] Hul 19984 3.4
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2. APC 24
1) AUSFAe HEFE APC 24 21t
19984 o] &H
7t dgou 22 E
H3}o] ot 717t WZRAAE FESH] Y8 APC 4=
JEE FESto] AAsHT APC B4 93 23 AF:
w7t A3E 2) 99, 713,
WIPS W, o] BFE
Ao 2 YEeRtth AIC ) Aol e i (residual deviance) 4f
o] 7} A2 #Z H3loH ol BT FAXCE {95t
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H2 APC ¥ AYE
=24 01
23
AlC TXOIHE(RIRE) RoEE AIC TIAOHE(RIRE) R|oAHE
e FE =y
ik 436,711.8 434,984 (103) 2,354,313.7 2,352,657 (104)
Ag-ols 436,460.8 434,731 (102)  <0.0001  1,412,946.0 1,411,288 (103)  <0.0001
dAY-IASE 359,988.4 358,253 (99)  <0.0001  1,302,095.5 1,300,431 (100) <0.0001
AFP-717-ZIE 160,649.4 158,908 (96)  <0.0001 648,602.1 646,932 (97)  <0.0001
AR-717t 210,309.3 208,573 (99)  <0.0001 695,389.0 693,725 (100)  <0.0001
IESFE 1Y
ik 1,318,919.8 1,317,339 (103) 1,300,178.1 1,298,797 (104)
eg-ol5 1,221,222.8 1,219,640 102)  <0.0001 927,302.9 925,920 (103)  <0.0001
AY-FAZE 1,128,631.3 1,127,043 (99)  <0.0001 900,233.3 898,844 (100)  <0.0001
AR-717H-ISE 1,082,677.7 1,081,083 (96)  <0.0001 852,915.2 851,520 (97)  <0.0001
Ag-717t 1,188,467.5 1,186,879 (99)  <0.0001 873,118.3 871,729 (100)  <0.0001
APC=age-period-cohort; AIC=Akaike information criterion.

ot o2 WARPY AZgtol vl A, 73t ZSES B
g BP9 dZgho] A&gholl 7Hg st ok
oJujo]n] APCE HF EYPHSE T eke Lol th WA
P HT Y7HSFE 0] WSt FAE 7MY & AHete Ao
345 &= Qi o9 22 FAL Fl BEOA BTt
a9 2004 T 4 e ANE YEFEo] d¥a
THe ool YR Aol mE Hgo] JHor 7
Lerstth 439l 49 254 63.7%AW AESFEL 354
o 65.5%, 454191 66.8%, 5541 66.9%, 6541 67.2%, 75A
67.6%E 45M17HA & Aol S71gtel weta] wAlsHA 5
7FoHe FAFel9lal 11 ool A9 Hsht &S & 7t
At} o9l Afoll= 254101 16.6%, 3541 18.7%, 45A
21.9%, 55A1 23.9%, 654 24.6%, 7541 25.2%% HE &
o] FRT AiHoz zon Aol FrletAA LHSF

£9| I7Fk=
9y 1F 7|&E
A E A 98 E(relative risk, RR)7} 201089 A (G

FAS HA} 7|7+ a T (period effect)o A=

Y7878

A&Ql 19980 H|5h A=

d RR=1.20, o/ RR=1.58)9] o|& W7}A] A& oz F7h

st¥om T o]fos U7HSF YEo] X &HH oz FrAsto
202149 949 Y71SF8 RRLE 1.12, 949 RRL 1.282

882

wopg o} 7|2 A=l 19980 HlF] o H3] #2 FEOR
Uehdtt, 5 E @Kcohort effect)o] A= FAT} o] 4L o}
2 F4E B g4 97rFe AtE 992 19234
AT E] H|3| o]Fof Hold TTEE] RRS 1.145
GA g W9lolA Exsittrh 19914
1996 ZTEOA= 1.06°130tt. BF
19239 S TS E| H]g] o] Fo] 24T ZTEY] LHSF
Z7Fet3ith 19699 IS E 0
oA 3.002 F713t o|F & A& 57}

= 19239 SIS ERY 75

2 RRE A&HOE
19909 IS E
3ol 199649 TSE

RRO] 328091} of 42 2o golt

g0l 40 F/IHE P Hols AS & 37t A

Zkol 71 vrob H3kEs} 71 Fke.
3 9Fabo) gdl:]—(p<0.001).
&) U APC 24 23t

ol ¥y 2% 54
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2 50 w0 o0 204
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10 A — 4 04 — g4 0.51
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5 20 - 5 0.8 1 5 41
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ABSTRACT

One of the major functions of public health should be monitoring levels of alcohol consumption and the changes over time.
However, little attention has been paid to the changing trends in alcohol consumption in the social context. The study aim was
to describe alcohol consumption levels for the period 1998-2021 in terms of the monthly prevalence of alcohol use (MPA) and
the prevalence of high-risk alcohol use (PHA). Additionally, change trends were broken down by age, period, and cohort effect.
The study used data from Korea's National Health and Nutrition Examination Survey from 1998 to 2021. The data showed a
differential pattern of change in both MPA and PHA between gender, with men tending to exhibit a decrease or remaining at a
plateau. However, women exhibited a discernible increase in both MPA and PHA. A convergence theory of drinking behavior
between gender has been confirmed among Korean adults. Age-period-cohort models identify the effects of age, with both
MPA and PHA reaching the highest rates at age 45 years and then declining among both men and women. During the period
2009-2011 and around 2015, the relative risk (RR) of the likelihood of MPA and PHA was higher than the RR in any other
year studied, which indicates a period effect. In addition, birth cohort effects were observed in MPA and PHA among adults,
with more discernible patterns in women. Policy implications were discussed with the aim of reducing harm caused by alcohol

use, with a high policy priority placed on the reduction of alcohol use among women.

Key words: Republic of Korea; National health and nutrition examination survey; Alcohol drinking; Trends; Secondary data

analysis
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Introduction assessment is the most crucial function to implement first [1].

It involves systematically collecting information on the popu-

The essential functions that government agencies respon- lation’s health status, health behaviors, and determinants, as
sible for a country’s public health should undertake are as- well as analyzing and providing various kinds of information
sessment, policy development, and assurance. Among these, by integrating different datasets. Assurance entails monitoring
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Key messages
(D What is known previously?

Previous monitoring of alcohol consumption among
adults revealed a difference in the change trend between
men and women. While levels of alcohol consumption
are generally declined prevalence of high-risk alcohol use
(PHA), particularly among men, tended to decrease or
remain at a plateau over decades. However, PHA among
women consistently increased. The observed changes in
woman drinking behavior can be attributed to age, pe-
riod, and cohort factors.

(@ What new information is presented?

Study findings indicated that changes in the prevalence
of alcohol use in the previous month had the same trend
pattern as PHA. Women who were born in the recent
birth cohort were more likely to consume alcohol than
those born in the older birth cohort.

® What are implications?

High policy priority should be given to the prevention of
alcohol use by women. Policy measures should include
increasing alcohol health literacy and developing effective
prevention policy options at the population level.

how developed policies and programs are implemented and
their effectiveness. In this context, the National Health and
Nutrition Examination Survey (NHANES) can be regarded
as performing the roles of assessment and assurance. To ful-
fill these functions, it is necessary to collect data and engage in
monitoring activities such as analyzing the collected informa-
tion and identifying the effectiveness and significance of poli-
cies or programs. However, compared to activities that collect
information, there is a relative lack of activities related to ana-
lyzing the collected information and deriving policy meanings.
In this regard, deriving meaning through in-depth analysis of

the data collected through the NHANES is a core public health
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activity.

Alcohol is known to damage various organs and the men-
tal health of the human body and is responsible for more
than 200 diseases and unhealthy conditions [2]. Therefore,
in the Republic of Korea (ROK), where not only the propor-
tion of drinkers but also the rate of harmful drinking is high,
alcohol-related harm is inevitable. In 2022, 78.9% of adults
in the ROK reported having consumed alcohol at least once
in the past year, with 14.2% categorized as high-risk drinkers
(21.3% for men and 7.0% for women). In 2022, there were
5,033 deaths attributed to alcohol-induced diseases, which can
be considered typical alcohol-related harm [3]. However, it
should be noted that this statistic only included deaths directly
attributable to diseases caused by alcohol consumption; if in-
direct causes were included, the number of deaths would likely
increase. According to the data estimated by the Institute for
Health Metrics and Evaluation in the United States, the num-
ber of alcohol-attributable deaths in the ROK was 13,200 in
2016 [4]. The institute also reported that alcohol consump-
tion was the second factor contributing to a decrease in healthy
life expectancy for Koreans, resulting in a reduction of 11.1
months [5]. In addition, alcohol consumption as a single fac-
tor was estimated to contribute to 4.8% of alcohol-attributable
cancers reported [6]. Such health risks are not exclusive to
drinkers alone. As seen in fetal alcohol syndrome, drunk driv-
ing accidents, and workplace safety incidents, drinkers can
harm the health of others around them. As a result, alcohol
consumption is a major cause of health insurance financial
losses (more significant than smoking or obesity) [7]. It can
also lead to social problems such as crime, domestic violence,
and loss of corporate productivity [8].

Alcohol-related harm is not an inevitable social problem
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experienced only by some alcoholics; it is a health and social
issue that can be addressed [9]. There is ample scientific evi-
dence that alcohol-caused damage can be prevented with the
implementation of appropriate alcohol-related policies [8].
Nonetheless, national efforts and societal responses to reduce
the prevention and reduction of alcohol harm in the ROK are
quite lackluster [10]. One reason for this is the lack of informa-
tion about harms caused by alcohol use. A lack of accurate and
detailed information based on monitoring and analysis of the
size and type of harmful effects related to drinking behavior has
led to a low understanding of the magnitude and severity of the
problem. As a result, policy priority and social acceptance of al-
cohol harm prevention projects are low [11].

This study aimed to conduct an in-depth analysis of the
information on drinking behavior from the NHANES, which
has been collected for nearly a quarter of a century. We aimed
to identify the factors contributing to the long-term changes in
harmful drinking behaviors and derive policy implications by
examining the long-term trends in monthly alcohol consump-
tion rates and high-risk drinking rates among drinkers annu-
ally. We further sought to describe these trends through age-

period-cohort (APC) analysis.

Methods

1. Study Subject

This study analyzed the secondary data from the Korea
NHANES (KNHANES). The study used raw data from 1998
to 2021. The final analysis included a total of 79,024 drinkers
who responded that they had consumed alcohol at least once

in the past year among adult respondents aged 19 and above.

www.phwr.org Vol 17, No 21, 2024

2. Variable Selection

At the national level, one of the critical elements that
should be included when monitoring alcohol consumption is
to figure out alcohol consumption [12]. As one of ways to in-
vestigate alcohol consumption, surveys can measure the preva-
lence of drinking and drinking patterns. The criteria for defin-
ing a drinker vary from country to country, but in the ROK, a
drinker is defined as a person who consumes more than one
drink in a month [13]. Therefore, the monthly drinking rate
was included in the analysis of this study, defined as the pro-
portion of people who drank alcohol at least once a month in
the past year and calculated using the drinking frequency item
related to the section of the Health Behavior of the KNHANES.
This included the proportion of drinkers who responded to the
question “How often do you drink alcohol?” with “about once

» <

a month,” “2-4 times a month,” “2-3 times a week,” or “4 or
more times a week.”

The harm caused by alcohol consumption is determined by
the total volume of alcohol consumed, which poses a complex
estimation challenge due to considering the type of alcoholic
beverages, their alcohol content, and the units of consumption
[12]. An easy way to measure only the frequency and the aver-
age amount of units of alcohol consumed on a typical drinking
occasion is to measure high-risk drinking [14]. In the ROK,
high-risk drinking is defined as consuming an average of more
than seven drinks per occasion for men and more than five
drinks per occasion for women in the past year and doing so
on two or more occasions per week. This variable is derived
from the amount and frequency of drinking among the items
related to the health behavior of the KNHANES. The question
regarding the amount of alcohol consumption is “How much

alcohol do you typically consume on one occasion in the past
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year?” The response options are “1-2 drinks,” “3-4 drinks,”

“5-6 drinks,” “7-9 drinks,” and ten or more drinks.

3. Data Analysis

The monthly drinking rate and high-risk drinking were
analyzed using a complex sampling design that considers the
weighting of the KNHANES. Trend analysis was also con-
ducted to test the significance of the trend changes in these
two variables. Since drinking behavior is a social behavior [15]
changing trends of it over time must be understood with re-
spect to social contextual factors [16]. One way to do this is
to perform an APC analysis [17-19]. Longitudinally repeated
cross-sectional surveys, such as the KNHANES data, can be
considered one of the representative cases where APC analy-
sis can be applied [17]. Through this analysis, it is possible
to understand whether the changes in monthly alcohol con-
sumption rates and high-risk drinking rates are attributable to
the characteristics of specific cohorts, various environmental
changes related to alcohol consumption, or age effects reflect-
ing biological maturation or social processes.

In the APC analysis of this study, a logarithmic linear mod-
el was applied, assuming that the number of monthly and high-
risk drinking behaviors followed the Poisson distribution. As
an APC analysis assumes that “cohort=period-age,” such an
analysis based on multiple regression models has an identifica-
tion problem in that it is not linear and independent. To over-
come this problem, non-linear models and constrained gener-
alized linear models can be proposed alternatively, and in this
study, a constrained generalized linear model was used to solve
the problem of de-identification, which constrains the mean
value and slope of the period effect to zero.

In this study, APC analysis was performed based on gender
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and weighted frequency by 10-year age unit of the KNHANES
data. Accordingly, for the APC analysis, 19-29 years old was
treated as 25 years old, 30-39 years old as 35 years old, 40-49
years old as 45 years old, 50-59 years old as 55 years old, 60-
69 years old as 65 years old, and 70 years and older as 75 years
old. The reference period was set as 1998 and the reference co-
hort as 1923. The age effect was calculated as the prevalence (%)
and the period effect and cohort effect as the relative risk (RR).
The statistical analysis used the “apc,fit.” function of the R Epi
package. Through a goodness-of-fit comparison between the
APC submodels, the model with the lowest Akaike informa-

tion criterion (AIC) value was selected as the final model.

4. Research Ethics
This study was conducted after receiving approval for ex-
emption by the Institutional Review Board of Inje University

(INJE 2023-06-024).

Results

1. Trends in Monthly Drinking Rates and High-risk
Drinking Rates by Year

1) Trends in monthly drinking rates among annual

drinkers

The monthly drinking rate, which is the fraction of annual

drinkers who regularly drink at least once a month, is shown

in Table 1 and Figure 1. Overall, it fluctuated within the range

of 74-92%, but except for 1998, there was no significant dif-

ference in the pattern of change, and the fluctuation was not

statistically significant (p>0.1); thus, it can be considered that

the distribution is approximately stable at around 75%. When

analyzed by gender, the trend differed. Men showed a slight
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Table 1. Trends in the prevalence of alcohol use among adults who had alcohol in the past 12 months, 1998 to 2021

1998 2001 2005 2007 2008 2009 2010 2011

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

p for
trend

Monthly prevalence”

Total 92.4 56.7 69.1
Man  97.1 75.0 83.8
Woman 85.5 35.2 50.9
Gender 1.1 2.1 17
ratio”

14 14 14 15 15
High-risk prevalence”

Total 19.1 19.4 14.9
Man  26.8 31.0 23.2
Woman 8.0 6.1 4.6 50 84 74 74 6.4
Gender 3.4 5.0 50 49 34 33 34 4.1

ratio?

16.1 19.8 171 17.2 173 1

759 775 76.8 76.1 76.1 74.8
86.3 87.3 879 88.3 88.1 85.8
61.6 64.4 62.1 60.5 60.8 60.9

1.4

7.5

245 28.4 24.6 249 26.0 25.1

7.9

3.2 31

75.6 76.6 74.8 74.2
82.0 849 82.6 82.2
67.4 65.8 64.7 63.5
1.2 1.3 13 13

0924
0.274
0471
0.046

775 76.4
87.4 86.4
64.7 64.2
1.4 14

76.9 77.7 77.0
86.9 86.5 859
64.4 66.4 659
1.4 13 13

157 17.0 16.6 17.0 17.3 18.0 15.8 17.7 17.1
225 23.7 239 24.1 24.1 24.0 215 25.3 23.6
72 88 77 81 91 105 86 8.1 89

2.7 3130827 230 250 3207

0.013
0.006
0.008
0.001

typical occasion at least twice per week. “Gender ratio=man/woman.

Unit: %. “Percentage of adults who had alcohol in previous month. "Percentage of adults who had 7+ drinks for men or 5+ for women on a

decline overall but no statistical significance (p>0.1). However,
in the case of women, there was a fluctuating pattern. After
excluding the years 1998 (85.5%) and 2001 (35.2%), which
were considered to be outliers, there was an overall increasing
trend, which was statistically significant (p=0.022).” However,
the trend lines, including measurements from 1998 and
2001, were not statistically significant (p>0.1). The gender ra-
tio (man/woman) of monthly drinking rate increased slightly
from 1.1 in 1998 to 1.3 in 2021, but showed a clear tendency

to decrease except for outlier measures (p<0.05).

2) Trends in high-risk drinking rates among annual
drinkers

The high-risk drinking rate among annual drinkers, that

is, the proportion of individuals engaging in high-risk drink-

ing behavior during the analysis period, fluctuated within

the range of 14-19% for both gender combined, as shown in

Table 1 and Figure 1, and was statistically significant (p<0.05).
1) This additional analysis is not presented in Table 1.

www.phwr.org Vol 17, No 21, 2024

When examining these changes by gender, different patterns
emerged. Except for 1998 and 2001, when the monthly drink-
ing rate was an outlier, for men, there was a fluctuation in the
range of 21-29%, showing a decreasing trend overall (p<0.05).
For women, despite slight fluctuations (from 8.0% in 1998
to 8.9% in 2021), there was a continuously increasing trend,
as depicted in Figure 1, with the trend line also being statisti-
cally significant (p<0.05). The gender ratio for high-risk drink-
ing rates steadily decreased from 3.4 in 1998 to 2.7 in 2021
(p<0.05).

2. APC Analysis
1) Results of the APC analysis of monthly drinking
rates among annual drinkers
Since 1998, APC analysis was conducted separately by
gender to distinguish whether the change in monthly drinking
rate during the analysis period was due to the age, cohort, the

period effect caused by the trend of the times, or environmental
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— Fit 1 95% confidence limits 95% prediction limits
Total Man Woman
A Observations 18 Observations 18 Observations 18
Parameters 2 Parameters 2 Parameters 2
Error DF 16 Error DF 16 Error DF 16
MSE 43.959 MSE 17.952 MSE 90.719
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Figure 1. Trends in the prevalence of alcohol use among adults who had alcohol in the past 12 months, 1998 to 2021

(A) Monthly prevalence. (B) High-risk prevalence.

changes. The model fit statistics for the APC analysis (Table 2)
showed that the model fit, including all three components, was
the best. The AIC and residual deviance were the smallest, and
both were statistically significant. This indicates that the pre-
dictions of the model considering all three components (age,
period, cohort) are the closest to the observed values compared
to the predictions of other intrinsic models. Therefore, it can
be interpreted that the model, including age, period, cohorts
as independent variables, best explains the trend of changes in
monthly drinking rates compared to other intrinsic models.
This pattern was the same for both gender.

As observed in Figure 2, the age effect on monthly drinking
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rates shows relatively more significant fluctuations among
women compared to men. For men, the monthly drinking
rate, which was 63.7% at age 25, slightly increased to 65.5%
at age 35, 60.8% at 45, 66.9% at 55, 67.2% at 65, and 67.6%
at 75. This indicates a slight increase with age up to 45 years,
beyond which there was little to no change. For women, the
monthly drinking rate showed a more significant variation
than men, with percentages as follows: 16.6% at age 25, 18.7%
at 35, 21.9% at 45, 23.9% at 55, 24.6% at 65, and 25.2% at
75. There was an increasing trend in the monthly drinking rate
among women of different ages. Regarding the period effect,

men and women showed a continuous increase in the RR of
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Table 2. Goodness of fit of the APC model
Man Woman
Model
AlC Deviance (df) p-value AlC Deviance (df) p-value

Model for monthly prevalence

Age 436,711.8 434,984 (103) 2,354,313.7 2,352,657 (104)

Age-drift 436,460.8 434,731 (102) <0.0001  1,412,946.0 1,411,288 (103)  <0.0001

Age-cohort 359,988.4 358,253 (99)  <0.0001  1,302,095.5 1,300,431 (100) <0.0001

Age-period-cohort 160,649.4 158,908 (96)  <0.0001 648,602.1 646,932 (97)  <0.0001

Age-period 210,309.3 208,573 (99)  <0.0001 695,389.0 693,725 (100) <0.0001
Model for high-risk prevalence

Age 1,318,919.8 1,317,339 (103) 1,300,178.1 1,298,797 (104)

Age-drift 1,221,222.8 1,219,640 (102)  <0.0001 927,302.9 925,920 (103)  <0.0001

Age-cohort 1,128,631.3 1,127,043 (99)  <0.0001 900,233.3 898,844 (100) <0.0001

Age-period-cohort 1,082,677.7 1,081,083 (96)  <0.0001 852,915.2 851,520 (97)  <0.0001

Age-period 1,188,467.5 1,186,879 (99)  <0.0001 873,118.3 871,729 (100) <0.0001
APC=age-period-cohort; AIC=Akaike information criterion; df=degree of freedom.

Age effect Period effect Cohort effect
A 80, 1.8 357 — Man
70 A 1.6 304— Woman
N | .
;\; 60 - . 1.4 L 251
o 50 2 1.2 2
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Figure 2. Age-period-cohort effect in the prevalence of alcohol use among adults who had alcohol in the past 12 months, 1998

to 2021
(A) Monthly prevalence. (B) High-risk prevalence.
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monthly drinking compared to the reference year of 1998 until
peaking in 2010 (man RR=1.20, woman RR=1.58). After that,
there was a consistent decrease in the risk of monthly drink-
ing, with the RR for men at 1.12 and women at 1.28 in 2021,
which is still higher compared to the reference year 1998. In
the cohort effect, men and women showed different patterns.
The RR of monthly drinking among men remained within
the range of not exceeding 1.14 for cohorts born after 1923.
However, for the cohort born in 1991, the RR was 1.09; for the
cohort born in 1996, it was 1.06. By contrast, for women, the
RR of monthly drinking compared to the cohort born in 1923
consistently increased for the cohorts born after that year. In
the 1969 cohort, the RR of monthly drinking compared to
the 1923 cohort was 2.0, which increased to 3.0 for the 1990
cohort and continued to rise. By the 1996 cohort, the RR of
monthly drinking was 3.2 times higher than that of the 1923
cohort. It was observed that in women, the more recent the co-

hort, the more linearly the monthly drinking rate increased.

2) Results of the APC analysis of high-risk drinking
rates among annual drinkers

Table 2 presents statistics of the model fit tests for the APC
analysis of high-risk drinking rates. In the model that included
age, period, and cohort, the AIC and residual deviation values
were the lowest, resulting in the best fit. This was the same for
both men and women (p<0.001).

APC analysis on the high-risk drinking rates among an-
nual drinkers showed significant differences in age, period,
and cohort effects (Table 2, Figure 2). However, the differ-
ences in high-risk drinking risk by period were smaller than
those by age and cohort. In terms of age effects, both men and

women showed a continuous increase up to the age of 45 (men
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30.3%, women 2.8%), followed by a sustained decrease, with
men exhibiting greater variation by age compared to women.
Regarding the period effect, men showed a relatively stable dis-
tribution with little change throughout the observation period,
while women showed a pattern of fluctuation with repeated in-
creases and decreases. Specifically, for men, the RR decreased
from 0.96 in 2001 to 0.88 in 2009 and remained the same
until 2017, after which it increased slightly to 0.89 in 2018,
0.91in 2019, and 0.94 in 2021. By contrast, women started at
1.03 in 2001 compared to 1998 and gradually increased their
RR of high-risk drinking until it reached 1.13 in 2009. After
maintaining this level for three years (2009-2011), the RR de-
creased to 1.11 in 2015, and then followed a gradual increase:
1.14 in 2016, 1.18 in 2017, and 1.20 in 2018. However, it
decreased again to 1.18 in 2019, continuing to decline in the
subsequent years (2019, 1.11; 2020, 1.04; 2021, 0.97). In
terms of cohort effects, for men, the risk of high-risk drink-
ing tended to remain stable or slightly increase with increasing
birth years, but began to decrease from those born in the 1960s
(RR=1.25). From 1985 onwards, it was consistently lower
(RR=0.99) compared to the reference cohort born in 1923,
showing a continuous decline. Conversely, for women, the
trend showed that the risk of high-risk drinking increased with
more recent birth cohorts. Compared to those born in 1923,
the risk of high-risk drinking doubled, tripled, quadrupled, and
quintupled for those born in 1958, 1974, 1981, and 1987, re-
spectively. This indicates that there are gender-specific patterns
in drinking behavior between the Baby Boomer generation and

their children’s generation.
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Discussion

This study aimed to decompose the long-term trends in
drinking behavior into age, period, or birth cohort effects. To
achieve this, APC analysis was conducted using data from the
KNHANES from 1998 to 2021. When studying the trend
changes observed in alcohol consumption behaviors from the
NHANES, trend analysis tended to carry out with age adjust-
ment. This is because it is a relative indicator compared to
standard year population and not representing actual measure-
ments of drinking behaviors. This means there’s potential for
distortion in measuring alcohol consumption rates across age
groups [17]. One of the ways to overcome this is APC analysis,
which can consider both cohort and period effects. APC analy-
sis allows us to understand the contextual (historical, social,
cultural, and political) influences on trends in health behaviors
such as alcohol consumption. In particular, cohort effects arise
from two main factors: early-life exposure and ongoing accu-
mulation of exposure. This perspective enables us to elucidate
contextual exposure factors spanning different life stages [20].

In APC analysis, the age effect refers to the accumulation of
exposures or physiological changes that can occur with increas-
ing biological age and the effects of events experienced during
different life stages (e.g., education, marriage). By contrast, the
period effect refers to specific events or environmental changes
that simultaneously affect all members of a population group,
regardless of age. Events such as the COVID 19 pandemic or
the International Monetary Fund crisis in 1997 are representa-
tive examples. The cohort effect can be interpreted as a reflec-
tion of experiences formed by the intersection of an individu-
al’s life history and macro-socioeconomic influences. As seen

in “the 58ers” or “the fateful class of '94,” cohort groups born
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in specific years can be interpreted as experiencing accumulat-
ed experiences at key stages of life cycles that may impact their
health status. In this context, the cohort effect in APC analysis
can be seen as a social structural aspect that determines trends
and fluctuations in health levels and behaviors [17]. Unlike co-
hort studies that track groups exposed to specific factors, in this
study, the term “cohort” refers to birth cohorts.

In the APC analysis of alcohol consumption behavior in
this study, the observed age effect exhibited a similar pattern
to the general trajectory of alcohol consumption: it increases
up to a certain age, stabilizes or decreases after middle age, and
then decreases as a typical developmental process of drink-
ing behavior [21]. As individuals progress through the devel-
opmental stages of life, the proportion of high-risk drinking
tends to steadily increase until the age of 45 for both men and
women, followed by a decrease. Similarly, in terms of monthly
alcohol consumption rates, men’s consumption increased un-
til the age of 45, with little change after that. This age effect
may be influenced by biological maturity or social processes
(e.g., marriage, employment, acquisition of parental status).
Health-risk behaviors, such as high-risk drinking, generally
decline after approximately 18-25 years of age through so-
cial processes such as employment, marriage, or parenthood
[22]. However, in the case of Korean adults, they decline only
after age 45. This is believed to be related to the social value of
drinking. The social roles acquired throughout the life develop-
ment process (e.g., employment or parental roles) influence to
restraint in drinking behavior. However, the manifestation pat-
terns of this restraint can vary depending on the societal values
associated with alcohol consumption [21]. In the ROK, where
the belief that drinking together can facilitate social interac-

tion predominates, the instrumental value of alcohol holds a
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strong influence [11]. Therefore, it decreases only after the age
of 45. It is considered that at earlier ages, the likelihood of alco-
hol consumption or high-risk drinking is higher depending on
the level of social and economic activities. However, after that
stage, it is believed that individuals may refrain from high-risk
drinking due to increased concerns about their health and the
burden of chronic disease risks. The decline in drinking behav-
ior at age 45 in the ROK is similar to that of Organisation for
Economic Co-operation and Development (OECD) countries.
According to an OECD report, weekly drinking rates in these
countries were the highest among people aged 45-59 [23].
However, for women, the monthly drinking rate contin-
ues to increase even after age 45. This needs to be explained
in relation to the characteristics of the monthly drinking rate
indicator. Unlike high-risk drinking rates, the monthly drink-
ing rate reflects whether a person drinks at least once a month,
which is different from high-risk drinking. In societies where
women were traditionally not permitted to consume alco-
hol, there has been a permissive shift in the societal values
and judgments regarding woman drinking. This change is be-
lieved to have spread within the population from the younger
to older age groups. While the age effect can be explained by
the interaction of period and cohort effects, the increase in
monthly drinking rates among women as they age can be at-
tributed to the societal trend of increased acceptance of woman
drinking, which spreads from the latest birth cohorts to ear-
lier ones. When examining the variation in age effects, men
remained stable at around 67% after age 45, while women
showed a slight increase of approximately 23-25%. Although
the monthly drinking rate for women increases with age, the
monthly drinking rate is lower in absolute terms compared

to men, and the rate of increase is not significant. This can be
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seen as reflecting the continued social constraints on women’s
drinking [21].

Period effects can also be observed in monthly and
high-risk drinking rates, but the pattern is slightly different.
Regarding monthly drinking rates, the RR was higher for both
men and women in 2009-2011, after which it declined for
a while, then increased around 2015, and tended to decrease
after 2018. The RR for high-risk drinking in women dur-
ing this period was also higher than that in other periods. The
fluctuations in monthly drinking rates were larger for women
than for men, and for men, high-risk drinking remained al-
most unchanged during this period, which may be related to
the socio-economic changes that our society has experienced
[16]. The increase in imported alcoholic beverages due to free
trade agreements (especially the spread of low-alcohol bever-
ages such as wine or beer, which women prefer); introduction
of new alcoholic products (e.g., low alcohol by volume [ABV]
spirit or fruit-flavored alcohol beverages targeting women); and
impacts of aggressive marketing strategies for these products
may also be contributing factors. Wine imports increased in
around 2010, and during this period, also the consumption of
lower-proof sprits of Soju with below 20% ABV became more
popular and its aggressive marketing to women was expand-
ed in its size [24]. In addition, in 2015, a new product called
“fruit-flavored Soju” was launched. Moreover, the proliferation
of alcohol portrayal in mass media that glorify drinking has led
to a significant change in woman drinking [25]. The so-called
“drinking room,” a talk show during which participants are
encouraged to drink alcoholic beverages to intoxication, first
aired in 2016 on the general programming cable TV channel,
and the number of such shows has increased significantly since

then.
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The magnitude of the period effect on monthly drinking
rates and high-risk drinking rates differs between men and
women. The RR of monthly drinking rates, which reflects only
the frequency (or presence) of drinking, is larger for women
than for men. However, when considering both frequency
and quantity, as in the case of high-risk drinking rates, the RR
for men is lower than 1 (approximately 0.9). There was little
change in this RR during the observation period. However,
it is clear that changes in alcohol production, distribution,
and marketing affect men and women differently [21]. This
has policy implications as improvements can be made in this
regard.

The cohort effect of monthly drinking rates differs be-
tween gender, tending to decline slightly for men as they enter
the recent birth cohort, while for women, it tends to increase.
The birth cohort effect can be observed in the high-risk drink-
ing rate. For both gender, the latest birth cohort shows signifi-
cant differences in the trend of change in high-risk drinking
compared to past birth cohorts. Men have a slight decrease in
trend from the 1980s, while women exhibit a linearly increas-
ing trend with the most recent birth cohorts. Men show a de-
crease in high-risk drinking rates starting from the 1960 birth
cohort, and the rates decrease even more from the 1985 co-
hort onwards compared to the reference cohort born in 1923.
Contrarily, women exhibit a more than two-fold increase com-
pared to the 1923 cohort for those born in 1958, followed by a
three-fold increase from the 1974 cohort, a four-fold increase
from the 1981 cohort, and more than a five-fold increase from
the 1987 cohort. This indicates that changes in drinking be-
havior among the Baby Boomer generation and their children
differ between gender. It is clear from the cohort effect that

while high-risk drinking rates are decreasing among men, they
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are increasing among women. The increased high-risk drink-
ing of women in recent birth cohorts has also been observed
in studies in Germany [26], Sweden [27], and other countries
[21]. If this trend continues, the high-risk drinking rate of men
and women will reach a similar level, confirming the possibil-
ity of a convergence hypothesis of drinking behavior between
men and women [28]. The trend changes in the gender ratio
of high-risk drinking rates support the convergence hypothesis
between men and women. Similarly, in the trend changes of
the gender ratio of monthly drinking rates, excluding outliers
(1998 and 2001), there is a decreasing trend, which supports
the convergence hypothesis. If the analysis period is extended
and monitored further, this trend could be clarified and con-
firmed. The changes observed in women’s monthly drinking
rates and high-risk drinking rates are believed to be associated
with changes in the availability of alcoholic beverages [16],
along with changes in women’s human rights and roles [29]
and expansion of social participation [30], and delayed mar-
riages and childbirth [21]. Since differential influence of these
social and cultural changes on each birth cohort [21], rates of
increase in drinking behaviors has accelerated in recent birth
cohorts.

Although this study represents a significant attempt to dis-
tinguish whether long-term changes in drinking behavior are
due to age, cohort, or period effects, it has several limitations.
First, there is a possibility of systematic errors due to fluctua-
tions in response rates or changes in survey methods regarding
drinking behavior questions words over the years as it is a sur-
vey that has been repeatedly conducted. Considering that the
NHANES relies on self-reporting, there is a possibility that the
estimates of cohort effects may have been distorted due to vari-

ations in whether individuals honestly report their drinking
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behaviors or differences in understanding the survey questions,
which may vary by age group [16]. In the case of question-
naires on high-risk drinking, it would be difficult to say that
older cohort and the recent cohort were equally honest in re-
porting drinking behavior. Second, the constrained generalized
linear model adopted in this study has statistical limitations.
Specifically, the estimates may be biased due to the assump-
tion of equality constraints, where the model assumes that age,
period, or cohort effects are homogeneous [20]. Therefore, to
ensure the robustness of the APC estimates in this study, it is
necessary to base them on relevant theories or accumulated
empirical research. However, due to the lack of such evidence
in research conducted in the ROK, caution is needed when in-
terpreting the estimates.

Nonetheless, this study is significant because it is the first
APC analysis that considers both monthly and high-risk drink-
ing rates based on data from nationally representative survey,
KNHANES. Given that APC analysis is one of the most cru-
cial analytical tools for monitoring non-communicable disease
risk factors such as alcohol consumption [21], research should
continue as part of national disease surveillance efforts. The
challenge lies in exploring how the observed changes in alcohol
consumption behavior regarding age, cohort, and period ef-
fects can be reflected in non-communicable disease prevention
and public health policies. Policies that can respond to chang-
es in drinking behavior, especially the increase in women’s
drinking, should be more highly prioritized. In the long term,
the observed decrease in the gender gap in monthly drinking
and high-risk drinking rates suggests the so-called “conver-
gence hypothesis,” which posits that the differences in drink-
ing will eventually disappear. The main reason for this trend is

the increase in woman drinking behavior. In this context, it is
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necessary to prioritize the prevention and reduction of alcohol-
related harm nationwide to align policies with the needs of
women. Efforts should be expanded to improve alcohol health
literacy—which is knowledge about the dangers of alcohol use
and the capacity to understand and respond to the essence of
strategies employed by the alcohol industry—to address the al-
cohol industry’s marketing strategies aimed at normalizing or
routinizing alcohol consumption among women. Additionally,
there is a need to emphasize the production and dissemina-
tion of information highlighting women’s relative vulnerability
to alcohol-related harm. At the same time, the effectiveness of
policy alternatives such as restricting alcohol availability (e.g.,
designating a public place as alcohol-free zone), limiting al-
cohol advertising or marketing, and reducing the portrayal of
drinking scenes in the mass media has been verified to impact
both men and women. Therefore, there should be active efforts
to expand the implementation of these measures and raise al-
cohol taxes. In cases where raising alcohol taxes is challenging,
amending laws to allocate tax revenues for alcohol harm pre-

vention and reduction could be an alternative solution.
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ABSTRACT

Nontuberculous mycobacteria (NTM) are mycobacteria other than the Mycobacterium tuberculosis complex and Myco-

bacterium leprae. Pulmonary infections are the most common clinical manifestation of NTM infections. The incidence and

medical costs associated with NTM pulmonary disease are increasing in the Republic of Korea. Despite a multidrug regimen

and a long course of therapy, NTM treatment has problems with treatment decisions, drug side effects, low treatment success

rates, and recurrence. Research on NTM treatment has focused on repurposing existing antibiotics and developing new

targeted drugs to address these problems. In this review, we introduce the current status of research on NTM drugs and

provide opinions on the direction of research for eradicating NTM infections.
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Introduction

Nontuberculous mycobacteria (NTM) are mycobacte-
ria other than the Mycobacterium tuberculosis complex and
Moycobacterium leprae. They are widely distributed in the en-
vironment, including water and soil, and over 200 different
species of NTM have been reported and described [1]. NTM
can cause pulmonary diseases resembling tuberculosis in hu-
mans, disseminated diseases in immunocompromised patients,
skin and soft tissue infections, and superficial lymphadenitis.
Furthermore, 80-90% of the reported NTM infections mani-
fest as pulmonary disease [2]. In the Republic of Korea (ROK),
pulmonary diseases caused by NTM are most commonly at-

tributed to Mycobacterium avium complex (MAC), followed

www.phwr.org Vol 17, No 21, 2024

by Mycobacterium abscessus (MAB) [3]. Owing to the con-
tinuous increase in incidence of pulmonary NTM disease in
the ROK, the medical costs of NTM disease have also increased
[4]. This review aims to introduce the recent developments in
NTM treatment drugs and provide opinions on the necessary
directions for treatment research to eradicate NTM infectious

diseases.

Results

For NTM lung disease, combination treatment with three
to four types of antibiotics is usually administered for 18-24
months when treatments needed, depending on the causative

bacteria and drug resistance test results. The lipid-rich surfaces
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Key messages
(D What is known previously?

Nontuberculous mycobacteria (NTM) treatment has is-
sues with treatment decisions, drug side effects, low
treatment success rates, and recurrence despite a multi-
drug regimen and a long course of therapy.

@ What new information is presented?

Research on NTM treatment has focused on repurpos-
ing existing antibiotics and developing new target drugs
to address these problems. Various candidates have been
studied to develop new treatments.

® What are implications?

To develop NTM treatment drugs, both microbiological
and immunological characteristics of NTM must be con-
sidered. Precise clinical studies are required to discover
new therapeutics and candidate substances, develop im-
proved preclinical models, reduce side effects of drugs,
and ensure patient compliance.

of nonpolar NTM interfere with the binding and intracellular
transport of positively and negatively charged antibiotics. To
resolve this issue, drugs such as clarithromycin and azithromy-
cin, which are macrolide antibiotics with lipophilic side chains
added to erythromycin, have been developed. NTM is resistant
to most B-lactam drugs due to the presence of mycobacterial
B-lactamase; however, when the B-lactamase inhibitors avibac-
tam or clavulanic acid are combined, NTM becomes sensitive
to B-lactam drugs. Treatment for pulmonary MAC disease in-
cludes macrolides, rifampin, and ethambutol, whereas treat-
ment for pulmonary MAB disease includes macrolides, amika-
cin, B-lactams, or carbapenems [5]. Despite a multidrug regi-
men and a long course of therapy, NTM treatment has issues
with drug side effects, low treatment success rates, and recur-

rence rates. According to existing reports on pulmonary NTM

910

disease, side effects rate is 17-75%, treatment success rate is
60-70%, and the recurrence rate is known to be 27-30%, re-
spectively [6]. Recently, research on NTM treatment has fo-
cused on drug repurposing of existing antibiotics to resolve

these problems (Figure 1).

1. Drug Re—purposing of Existing Antibiotics

A major obstacle in the treatment of NTM infections is the
adverse effects of long-term antibiotic use. Amikacin, recom-
mended for severe NTM pulmonary diseases, inhalation ther-
apy using liposomal formulations, with significant intracellular
penetration and low toxicity, has shown substantial reduction
of NTM in MAC infection models in macrophages and MAC-
infected mouse models [7]. Inhalation therapy with amikacin
targets the drug directly into the airways, reducing the neces-
sary dosage and minimizing side effects while maintaining op-
timal efficacy. It has been suggested as a treatment option for
NTM because of high negative culture conversion rates in pa-
tients with failed MAC pulmonary disease compared to place-
bo [8].

Leucine, an essential amino acid involved in protein syn-
thesis, is targeted by ‘Epetraborole (AN2 Therapeutics),” an
oral therapy that inhibits bacterial leucyl-transfer RNA (tRNA)
synthetase and blocks protein synthesis by forming complexes
with tRNA molecules. Originally developed as an antifungal
agent, Epetraborole has been reported to be effective against
gram-negative bacteria and NTM inhibition. In phase 1b clini-
cal trials for MAC treatment, the administered group had
shown favorable safety and pharmacokinetic results and is cur-
rently being tested in phase 2/3 trials for MAC pulmonary dis-
ease treatment in approximately 100 hospitals in the United

States, Japan, Australia, and the ROK [9].
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Figure 1. Pipeline of anti-nontuberculus mycobacteria drugs developments

IL=interleukin; tRNA=transfer RNA.

Omadacycline, a tetracycline derivative recently approved
for the treatment of bacterial pneumonia, has shown promise
for the treatment of MAB and MAC infections. Results from
a phase 2 clinical study involving 75 patients treated for more
than 3 months demonstrated a treatment success rate of 80%,
indicating its potential as an NTM therapy [10].

A novel compound, T405, is under development as a
B-lactam drug for the treatment of MAB pulmonary diseases
[11]. Its excellent tolerability in animal studies suggests that it
may be administered at smaller doses than the current treat-

ments, potentially reducing its toxicity.

2. Drug Re—-purposing of Antimicrobial Drugs

The oxazolidinone class of antibiotics targets the 508 ribo-
some, inhibiting the initiation of protein synthesis, and pos-
sesses a broad spectrum of antimicrobial activity and oral ad-

ministration capabilities. Linezolid, an oxazolidinone used to

www.phwr.org Vol 17, No 21, 2024

treat drug-resistant tuberculosis treatment, has also been stud-
ied for its efficacy against MAB. While linezolid has shown
some efficacy in refractory cases of disseminated MAB, long-
term use may lead to various side effects, such as myelosup-
pression, optic neuritis, peripheral neuropathy, and lactic aci-
dosis [12]. Another oxazolidinone, tedizolid, has been found
to have superior bioavailability, a longer half-life, and better
accumulation in alveolar macrophages than linezolid, and is
currently under investigation for NTM; however, it is still in
the early stages of development. Combination therapy with
tedizolid and clofazimine enhanced treatment efficacy and re-
duced drug resistance development [13]. Recently, Delpazolid,
under development as a treatment for tuberculosis in the ROK,
has been reported to be effective against NTM [14].
Clofazimine, which is commonly used for Hansen’s dis-
ease, is also suitable for the treatment of drug-resistant tubercu-

losis and is known to be effective, particularly in patients with
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MAC. Clofazimine preferentially binds to mycobacterial DNA
and possesses anti-inflammatory properties, and its synergistic
effect on NTM has been applied in patient treatment studies
[15]. Bedaquiline is an antituberculosis agent with in vitro ac-
tivity against MAB and MAC. While bedaquiline alone did not
reduce mortality in mice infected with MAB, the combination
of clofazimine and bedaquiline demonstrated clearance effects
in an MAB infection animal model; clofazimine and bedaqui-
line were found to be the most effective in treating MAB in im-
munocompromised mouse models, demonstrating the impor-
tance of drug synergy for optimizing treatment efficacy against

MAB [16].

3. Development of Novel Targeted Therapies

Mycolic acid constitutes the outer membrane of both tu-
berculosis and NTM. The membrane RND-type transporter
MmpL3, which transports mycolic acid from the cytoplasm
to the periplasm, has recently garnered significant interest as a
target for new promising chemicals with anti-tuberculosis ac-
tivity. Through chemical screening, benzimidazoles, indole-
2-carboxamides, benzothiazoles, 4-piperidinoles, and other
compounds have shown activity against NTM, suggesting their
potential as therapeutics [17].

Various molecules are currently being investigated for the
development of candidate substances for NTM treatment.
These include Gemfibrozil, which activates peroxisome prolif-
erator-activated receptor oo (PPARq) to inhibit NTM infection
[18]; Clomiphene Citrate, which helps primarily in infertility
treatment but is showing inhibitory effects on NTM [19]; 10-
DEBC Hydrochloride, a candidate anticancer agent with Akt
(Protein Kinase B) inhibitory effects [20]; 0Z439, which acti-

vates the regulatory mechanism known as DosRS, controlling

912

entry into a dormant state under conditions unfavorable for
bacterial proliferation (originally an antimalarial drug) [21];
and antimicrobial peptides (AMPs), such as Micrococcin P2
[22] and Ohmyungsamycin [23]. Various studies on AMPs
that inhibit MAB in cellular and mouse infection models have
suggested alternative therapeutic candidates for drug resis-
tance. Natural extracts, insect- and reptile-derived AMPs,
novel synthetic or modified peptides, and changes in the use
of existing peptides have been proposed as alternative treat-
ment candidates for drug resistance [24]. AMPs have high po-
tential for NTM treatment because of their lack of hemolytic
properties, non-toxicity to host cells, and ease of synthesis and
modification.

Clinical trials using bacteriophage cocktails as an alterna-
tive therapy to antibiotics for MAB pulmonary disease have
been conducted; however, the outcomes regarding treatment
success and failure have been mixed. In cases of failure, issues,
such as development of neutralizing antibodies and phage re-
sistance, have been identified [24].

Attempts have been made to use immune factors to treat
NTM pulmonary diseases, including clinical trials of recombi-
nant Interleukin-7 (CYT-107), Interleukin-12, and recombi-
nant human granulocyte-macrophage colony-stimulating fac-
tor (molgramostim). However, the results have been inconclu-
sive, with molgramostim showing a low treatment success rate

in phase 2 trials, indicating limited therapeutic benefits [25].

Conclusions

To develop NTM treatments, both microbiological and
immunological characteristics must be considered. NTM

have characteristics, such as hydrophobicity, slow growth,

www.phwr.org Vol 17, No 21, 2024


http://www.phwr.org

I Public Health Weekly Re.:uu’\

adaptation to the environment, natural resistance to antibi-
otics, colony mutations, biofilm formation, persistence, and
growth within phagocytic cells, making treatment difficult
and prolonged. To overcome these problems, it is important
to understand the molecular biology of NTM strains and dis-
cover new therapeutic mechanisms and candidate substances
through research on immune responses in the lungs. By identi-
tying the effects of each strain on lung disease and its treatment
characteristics, effective and customized treatment for specific
NTM strains is possible.

Developing an infection model that can implement new
mechanisms necessary for the clinical application of candidate
substances is also important. Recently, animal replacement ex-
periments have been in the spotlight because of animal welfare
issues and are expected to be applicable to non-tuberculosis
mycobacteria research on three-dimensional organoid culture
models, insect models, hollow fibers, and therapeutic material
prediction models using artificial intelligence. To promote the
development of nontuberculous mycobacterial treatment can-
didates, it is necessary to standardize the NTM isolate library,
develop alternative animal testing methods to increase research
accessibility, and continue to support preclinical translational
research to advance the clinical trials of treatment candidates.

Although it has the advantage of being immediately appli-
cable to NTM treatment owing to the similarity in microbio-
logical characteristics with Mycobacterium tuberculosis, and
the possibility of treatment considering the patient’s risks and
benefits through existing clinical trial results, drug side effects
associated with long-term administration to prevent NTM re-
currence still exist. The main side effect of linezolid in domestic
patients is peripheral neuritis. Treatment can be improved by

reducing the drug concentration, discontinuing the drug, and

www.phwr.org Vol 17, No 21, 2024

administering additional peripheral neuritis treatment; how-
ever, drug development to reduce side effects is still necessary
when considering patient risks and drug effectiveness.

Clofazimine is also known to have excellent NTM treat-
ment effects. However, as the side effects of photosensitivity
and skin deposition increase the treatment burden on patients,
research on the development and application of treatments
that reduce these side effects is needed.

When considering patient pain and drug effectiveness,
drug development that reduces side effects is a major concern.
Arikayce, an inhalable liposomal amikacin formulation ap-
proved by the U.S. Food and Drug Administration in 2018 to
reduce the side effects of amikacin, can be used to treat refrac-
tory pulmonary nontuberculous mycobacterial disease in the
ROK; nonetheless, its use is limited due to the high cost of non-
reimbursement. Although currently clinically unavailable, if
developed as liposomal formulations of anti-NTM drugs, such
as rifabutin, clofazimine, linezolid, and bedaquilin, clinical
studies of these drugs may enable improved NTM treatment.

To increase the success rate of pulmonary NTM disease
treatment, it is important to determine the appropriate antibi-
otic administration and manage patient compliance during the
treatment period for at least 12 months after culture conver-
sion. Precise clinical studies are needed to select effective thera-
pies and shorten treatment periods. In the field of therapeutics,
the problem of antibiotic resistance must be considered, along
with efficient treatment strategies for currently used antibiotics
and new drugs. Clinical research to optimize the selection and
duration of appropriate antibiotic treatment for pulmonary
NTM disease has focused on customized treatment strategies
for high-risk groups for NTM disease. It is necessary to con-

tinuously expand the expertise and research infrastructure for
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the development of infectious disease treatments to align with
the antibiotic development system through industry-academia-

research and international cooperation.
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4. Methods (p. 1613)

To investigate the state of MIS-C over a period of 3 years, we reviewed 180 cases of suspected MIS-C that were reported

from 47 healthcare institutions between May 2020 and March 2023.

5. Results (p. 1615)
With the continuation of the COVID-19 pandemic owing to the spread of the Omicron variant, the MIS-C surveillance

system was continued to be implemented, with the aim of obtaining further basic data on the state of MIS-C occurrence and
its epidemiological characteristics, as well as conducting a time series analysis of MIS-C cases with changes in the control poli-
cies and emergence of COVID-19 variants. Unlike early stage research, inflammatory cytokine kinetics were analyzed in the
blood samples from some patients”, with the aim of studying the pathogenesis of the inflammatory response after COVID-19
infection, and respiratory samples from consenting MIS-C patients were subjected to whole genome sequencing of the SARS-
CoV-2 to analyze the genetic factors that could predispose ROK patients to MiIs-C? [10]. Inflammatory cytokine kinetics were
analyzed in 2 patients with MIS-C, and a decrease in the inflammatory cytokine concentration was observed after MIS-C treat-
ment. Whole genome sequencing was performed in 6 patients with MIS-C, and genetic variants previously reported in associa-
tion with MIS-C (OAS1, OAS2, and RNasel) were not detected. For the follow-up research, based on the accumulated clinical
information and experience, the research team set up an e-CRF system to make reporting more convenient for clinicians, and
after three meetings of CAC, a total of 55 MIS-C cases were confirmed.

2) Leftover blood samples were collected (3.5 times) before treatment (once), and 1, 3 (x1), 7 (¢1), and 14 (+3) days after treatment. The collected

serum was used to analyze cytokine levels using a Luminex Assay multiplex kit.

3) After performing whole genome sequencing using the lllumina standard protocol for SARS-CoV-2 nucleic acids, the variants were analyzed using
the CLC Genomic Workbench and Phylogenetic Assignment of Named Global Outbreak Lineages (PANGOLIN) [10].

6. Results (p. 1617)

A research paper describing the establishment and implementation of the ROK MIS-C surveillance system and analysis of
differences in the classification of symptoms that overlap with Kawasaki disease and in blood test results was published in an in-

ternational journal (Emerging Infectious Disease) in April 2021 [11].
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4. Methods (p. 1613)
To investigate the state of MIS-C over a period of 3 years, we reviewed 180 cases of suspected MIS-C that were reported

from 51 healthcare institutions between May 2020 and March 2023.

5. Results (p. 1615)
With the continuation of the COVID-19 pandemic owing to the spread of the Omicron variant, the MIS-C surveillance

system was continued to be implemented, with the aim of obtaining further basic data on the state of MIS-C occurrence and its
epidemiological characteristics, as well as conducting a time series analysis of MIS-C cases with changes in the control policies
and emergence of COVID-19 variants. Based on the accumulated clinical information and experience, the research team set up
an e-CRF system to make reporting more convenient for clinicians, and after three meetings of CAC, a total of 55 MIS-C cases

were confirmed.

6. Results (p. 1617)

A research paper describing the establishment and implementation of the ROK MIS-C surveillance system and analysis of
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differences in the classification of symptoms that overlap with Kawasaki disease and in blood test results was published in an in-

ternational journal (Emerging Infectious Disease) in April 2021 [10].
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QuickStats

Trends in the Rate of Limited Oral Function, 2013—2022

The rate of limited oral function in Korean adults aged =19 years dropped from 20.1% in 2013 to 14.8% in 2022 (with

a difference of 5.3%p) (Figure 1). In 2022, older adults were more likely to have limited oral function than younger adults and

39.2% of adults aged >70 years had poor oral function (Figure 2).
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Figure 1. Rate of limited oral function, 2013-2022
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Figure 2. Rate of limited oral function by age group, 2022

*Rate of limited oral function: the percentage of adults aged =19 years who currently have difficulty with mastication or pronunciation due to

problems with teeth, dentures, gums, etc.

* Age-standardized prevalence was calculated using the 2005 Population Projections for Korea.

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

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

Control and Prevention Agency
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