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A8 Hdo] @
ofsh thkEy| Mot ofele A LA FAARolH
WPl § A9} AEEelo] Telst vlees] dolt

@ M=Z0| €A & HE=2?

<) o] 14 ol 19 B vhul4 AT 292.6
mgo] 911, ofd HHFS 10.1 mgolglck. ol sH=tel

Fa AF7IEe] AEAFT dEl viavle> 98%, oFd>
123% &0l ATt

® AAEE?

ohdlE ofle] et AFFS AFAHATH %A}fﬂ T
Foldoy ntave2 BFEa® vvt A7 £
45%2 AF7F $=5(53] 10-20H)sHRAL, oFdE 4;47&
oiH] F520-40t) % Y154 AFol iRt A7 &
Eotgong HF 2o Uiz A& BUERe] da
st

7ol disto] AE9 ot ofd ¥k DBE +5ot3h

75 M8 O9 13 2oy, I3 RAL G4 HlolEHo]

2 B3ko] HE7F AEE dhot DB 152 APt
ub2vl<, ofd 9 DBE 5E2ATH Y] A7 EFAEA

X AP R2]S F8

Az o4, o 3 DBE FEAY 4EW 5
nEfatel FEAQL. FHNY AED A
299 P L BN 5L B9, A= op
et TEWY 4ES 4=

o AAR U ABE FA LB T WF HR ¢

ol dAFEAIE

#, ol FFL = A g3

1222

= AFol= A=y £ 29 8H 5
9] BEE A5t ArA] viivle, ofd el F5H
& AET A AFe] 1PRLF100-+2LD) ¥IE 5
T Hgsholnt

HF1dl, ofd & DBE =5 A3} oF 79%7F = A
=g, oF 21%7F =9 ARdS Lokl dAehe 4

of mhaul#, obdl AL HBT AL OF 74%, HAF AE

2. 0Ia4lE, ot 5 sig BA
£ duohe FUAZIFRAL A87] 32 =(2021)
NZHHAZA AFEE o] &5lo] nf1uj% 9 o A3 3t
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1. 01HlEs g5 g

SUNAFGERAL A87] 3AE(2021) AFAHAFHERAL 2
& Bt ubdle AHH 292.6 mgolHd
, 9 326.5 mg, oA 258.6 mgolUTHE 1). dPE=
g BE 50-64A1014 &9ttt 2015 T FdA A
#7129 AT gt AF =S A 98.1% (A
97.8%, 7+ 98.5%) 2 AFAIH Tl 7HEA A5t e
208 Uett o, AA| tidAte] 44.6%7F Bt 8% vlvt
o= JAsaL, 3] 12-2941914 60% ol4fo] K=o

N

e

www.phwr.org Vol 16, No 35, 2023


http://www.phwr.org

- ZUHQ| AR £ Y HE

= Td

-2 AR BIHEZAZLHEE HI0HHTY, ABFYME 2

Atz 2 - 22| AtZ¥l: Standard Tables of Food Composition in Japanc), National Nutrient Database for
Standard Reference 28‘”, Food and Nutrient Database for Dietary Studies 2017—20186),
Australian Food Composition Database - Release 1"

v

129 IVMREAZYRE (U ARY, 2 Y A=)
A2 MY - 229 Y2 BEAEMNEHE >0|7 SR28, FNDDS >S5
X Re| ARE 22 R4, HMA| Z7t At 24

FARY 18

- AN ME AR AZ0 54 SU: UHE U ABHE (M, M2 X, 02 U S) S 4E0|

Ze Irfz %8

204 AIZ 2} A2 E AZ0| S4 4O
A= A YUY T2{510] QAR AIE Msio] nEEY
XUBAY LR (F, 4,14 5), 23 &

” H3] — O T
KRBl UL TIBUEL QAL AE

Al

AZE DfadlE, ofd o

HlOo|E{H|o] A 7=

221, A% vp1v4, obdl § dojeHlolA 75 why

"5z

A, FIREAZBAHERE A0 e 2022 (2], VAFJFEPAA. ABIFIEARY. = 2020 [3]. “EF T4, [Standard

Tables of Food Composition in Japan]. Y. 2020. Japanese [4]. “H]Z %TE National Nutrient Database for Standard Reference 28. ©]=.
2016 [5]. 97| %55 Food and Nutrient Database for Dietary Studies 2017-2018. |, 2020 [6]. "2F - FAHE 2E7]%%. Australian

Food Composition Database - Release 1. &5, F&#;=. 2019 [7].

2 = = = O
21,48, 998 o4, ofd AT L BFHAY ol A ve
OaHE oreA
orz R EIN Xt TR E Ot
24
o
UK E(2F REME(2E AREM | 2F UK X|2F AR | 2F UK E(2F
o) O g m—|>c iy 0 t:rrl»c w00 tn—|>o O 3 m—l_o 0 t:rrl»c — S m—l_o
n CHE| 3 n CHE| 3 n CHE| 3 n O] 445 n CHE| 3] n CHEl 83
(mg) oo (mg o (mg) o (mg) oo (mg) - (mg) -
H2(%) H[2(%) H[2(%) HI2(%) H[2(%) H12(%)

>] 5940 2926£29 98109 2,639 3265438 97.8£12 3301 2586%3.1 985412
=19 4973 3032429 939409 2140 3403441 928411 2833 2664132  95.14lL1
12 73 171.0486 213.8+10.7 42 1725293 21561116 31 1693154 21174193
35 154 186565 186565 79 1971488 197.1+88 75 1750483 1750483
6-11 383 2299474 124839 191 2316488 1203+44 192 2281498 1293453
12-18 357 2639481 77123 187 302.24127 83435 170 220975 700424
19-29 584 2667470  84.0%2.1 279 297.8+107 8&.14£3.1 305 2322486 827431
3049 1359 2998445 917413 583 340167  919+18 776 256.6+46 915116
50-64 1405 3288%49 1017t15 582 363569  98.2%19 823 2943452 1051%19
>05 1625 3028455  95.1%17 696 3459479 935%21 929 2698457  96.4+2.0

5940 10.1£0.1 123.1£13 2639 11602 1293417 3301 8501 1168114
4973 102401 1193114 2,140 119102 1250119 2833 85:01 113.6415
73 71:04  2357+137 42 7104 23712146 31 70£07 23394233
154 73103 1825%63 79 78+03 194779 75 6804 1694%9.0
383 90403 1374439 191 95404 136.1%4.8 192 86203 1386459
357 10503 1185%35 187 12.1x05 133.6457 170 86403 1015435
584 10.8+04  1175%41 279 12.6£0.6 1263155 305 87+03 1077442
1359 102+02 1115418 583 12003 1204%2.6 776 83£0.2 101.8£2.0
1405 105402 1309420 582 119403 132.3£3.2 823  9.1x01 1295#21
1625 93+02 1176421 696 109+03 120929 929 8102 1150423

o] ],

S B+ HE QA VEAHAF e AF v v, obd FFAATF2015 T IFA AA7IE8) et vtavl, ofd 1Y 4 F

AFISHATGEE 2).

oS AT F9 JY AEES T7(74.9 my),
A47(52.1 mg), F7(26.2 mg), £7(25.4 mg), ¥EF
(22.6 mgE o] AFFOERH F vpavlE9 °F 69.1%F
AFSHATHE 3).

www.phwr.org Vol 16, No 35, 2023

B ot HFHZFS AA 10.1 mg, FA 11.6 mg, oA 8.5
mgP| UTHIE 1). AFE ofd HFFS 19-29417F 7H =3k
5 2=l ¥4 AF7IEe] A FTOl gt A
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B2 .49, A9d vtad, ol BFEaF vvt A B&
N AE(E OrH
o1y A =Xt (GIN; | =Xt O K}
(MB LELo HELQz LRLO LR LRLO LRLo
n  O2FEFX o DEEEFEX o DEEHEFX o OFEMEFHXY o OFEHEFEXY o O HEFI
28(%)° 22(%) 28(%) 22(%)” 28(%) 28(%)
>1 5940 44.6409 2,639 443%12 3301 44.8+12 5940 272408 2,639 212409 3301 33.2#1.1
>19 4973 46.0+1.0 2,140 463+13 2,833 456413 4973 290409 2140 22.6+1.0 2,833 35.4%12
1-2 73 19+15° 42 07077 31 33+3.19 73 0.4+04° 42 07+0.7° 31 0.0+()
3-5 154 59+2.0° 79 3.842.0° 75 8143.6° 154 33+1.6° 79 2.2+13° 75 4.6%3.0°
6-11 383 24.2427 191 24.6%3.6 192 23.8+3.8 383 15.742.0 191 16.1+2.8 192 153430
12-18 357 65.6+33 187 58.0+4.8 170 74.143.4 357 26.1+2.6 187 18.143.4 170 35.2+3.9
19-29 584 615+2.6 279 61.843.6 305 61.243.3 584 359423 279 28.243.2 305 44.5+33
3049 1,359 46.8+1.6 583 45.6+2.1 776 48.0423 1359 33.9+15 583 23.3%19 776 45.4+2.1
50-64 1,405 35.4+16 582 37.6%23 823 33.242.0 1405 20.8+13 582 19.2+1.8 823 224+1.8
>65 1625 46.8+17 696 46.5%2.5 929 470421 1,625 26.2£15 696 20.842.0 929 30.4+2.0

SO BELEEOL TPFYRF olu HAA B vb IS, ofd HAFol HRBAFQ015 T FY& HAVIZ[6) vwal R ORE

0.1% mgke & F2Q X} H|AA]. HMEA$=(coefficient of variation): “25-50%, Y50% ©]4.

B 3. AE7E vt obd A%
OfaulE (mg) 0t (mg)
HEZ M X b HET M X} o4t
(n=5,940) (n=2,639) (n=3,301) (n=5,940) (n=2,639) (n=3,301)

45 74.9+£0.9 84.6+1.2 65.2+1.0 % 3.52+0.04 4.07£0.05 2.98+0.04
PIES 52.1+£0.9 58.9+1.3 453409 &7 2.58+0.08 3.23+0.11 1.9240.07
5 26.2+1.0 28.4+1.6 24.1+1.0 AaxFHF 1.05+0.02  1.18+0.02 0.92+0.02
5 25.4+0.8 32.3+1.2 185+0.6 oj#i&H 0.62£0.03  0.74£0.05 0.50+0.03
FaF 22.6+0.4 26.8+0.6 183404 & 0.46+£0.02  0.49+0.03 0.4340.02
ol s F 20.5+0.5 23.740.8 173+0.6 &7 0.45+0.01  0.48+0.02 0.41+0.02
GAF 11.840.4 10.6+0.5 13.0£05 S/F 0.41+£0.01  0.41+0.02 0.41+0.02
z2F 11.0+0.6 11.7£0.9 10.4+0.6 Fd&HF 0.27+0.01  0.32+0.01 0.22+0.00
5 10.940.3 10.8+0.5 11.0£0.4 HIF 0.15+0.01  0.13+0.01 0.16+0.01
2aRH 9.0+0.3 10.0+0.3 8.1+0.3 FAF 0.14+0.01  0.14+0.01 0.13+0.01
SAF 8.8+0.5 9.140.7 85105 FA-HER 0.104£0.00  0.10+0.01 0.11+0.01
A3 - ARF 7.6+0.4 7.0£0.5 8.2+0.4 SEF 0.084£0.00  0.10+0.01 0.06£0.00
fae 4.0+0.1 4.3+0.1 3.6£0.1 HAF 0.06+0.00  0.06+0.01 0.06+0.01
5 3.0£0.2 3.840.4 23403 3R F 0.06+0.00  0.06+0.00 0.05+0.00
71et 1.84£0.3 1.74£0.3 1.840.4  7]& 0.06+0.01  0.06%0.01 0.06+0.01
5 1.240.1 1.140.1 1.4+0.1 BF 0.03+0.00  0.02+0.00 0.03+0.00
HAF 1.0+0.1 1.0+0.1 09+0.1 F& 0.02+0.00  0.03+0.01°  0.01£0.00
9RAH 0.7+0.0 0.8+0.0 0.7+0.0 $AF 0.01£0.00  0.01+0.00 0.01+0.00
9l B+ E2Q 2} WEA S (coefficient of variation): “25-50%.

1224
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HE2 AA 123.1%, EAF 129.3%, oA+ 116.8%=, A A
Fol A BAAFF tu] 100% o4 AFskth 2=y A
AR 27.2%E BHE8FH vvro R HHSHAI(E 2),
AT 20 AHA EE2 AA 1.9%2 AFEE= 12
Al 56.7%, 3-541 21.8%2 =4 THdata not shown).

ofd HHF F8 FY AFLL 47(3.52 mg), §F
(2.58 mg), AF(1.05 mg)E o] AEFOZHE F oo
ok 70%S A HSHATHAE 3).

24 £

2016720219 =H1AZYFERAL AFHFARA AEA
of &8 A% 4,51471°] tgt viavls % ofd 3 DB
£ FFota 98 SR AFH 52 AET 2, 14 9
29 19 B+t vhivls % ofd A3 47 292.6 mg,
10.1 mgol gtk =9] 27hekg] 2ALS) ul g AHFH vl
= 287 mg (24 °143), L& 247 mg (14] |4l AL, ot
AHFE "= 10.4 mg A o1, 2 8.4 mg (1A ©]4)
oz fEyete] HF $EL v fARBIL YEETH=
oA &2 Aol AH9, 101.

AP AL 2021 FHAZEA 0 =1, ofd A
kol i3t A= AASHL, 2016-20219 FAIAES] 1t
T, ofd AHFE Zeste] IS 12021 WA
FeALSE YA R AAIE vhidl, ofd AFHFE AF
S B2REO HHFS ALET Zloly Ao BIAE B3 44
Fo Pt ko n® olg 1St Ax a4 E F-go
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ABSTRACT

The purpose of this study was to determine the consumption of magnesium and zinc in the Republic of Korea. The food
composition database for magnesium and zinc was developed based on the 2016-2021 Korea National Health and Nutrition
Examination Survey (KNHANES). The 2021 KNHANES (VIII-3) was used to estimate the intake of magnesium and zinc
among Koreans. The mean magnesium intake was 292.6 mg, which was 98% of their Recommended Nutrient Intake. The
mean zinc intake was 10.1 mg, which was 123% of their Recommended Nutrient Intake. The proportion of those who
consumed magnesium less than its Estimated Average Requirement (EAR) was 45% and it was the highest among 12-19 years
old (=60%). The proportion of those who consumed zinc less than their EAR was 27%, and it was the highest in 20s and 40s

(=30%). The major food sources of magnesium were grains, vegetables, and pulses, and those of zinc were grains, meats, and

vegetables.
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Introduction

Magnesium is a constituent of bones and teeth and is in-
volved in the transmission of neuroexcitatory signals and the
relaxation and contraction of muscles. Magnesium deficiency
can cause muscle spasms, eyelid twitching, numbness or tin-
gling of the hands and feet, and muscle pain [1]. Zinc is a con-
stituent of hormones in the body and is involved in the catalyt-
ic activation of hormones, maintenance of immune function,
and cell division. Zinc deficiency causes immune dysfunction

and delayed growth and development. Excessive zinc intake

www.phwr.org Vol 16, No 35, 2023

impairs the absorption of other minerals, such as copper, and
causes digestive disability and immune dysfunction [1].

Intake guidelines for magnesium and zinc have been in-
cluded in the “Dietary Reference Intakes for Koreans (KDRIs)”
since 2005, but the food composition database (DB) for mag-
nesium and zinc for KNHANES have been lacking, making it
difficult to accurately ascertain intake among the Korean pop-
ulation. As such, the Korea Disease Control and Prevention
Agency developed the food composition DB for magnesium
and zinc in 2022. In this study, we introduce the method of

DB development and the current status of magnesium and zinc
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Key messages
(D What is known previously?

Magnesium which makes up the skeleton and teeth, is
macromineral involved in neuroexcitation transmission.
Zinc is a component of enzymes in the body, and is mi-
cromineral involved in maintaining immune function

and cell division.

(@ What new information is presented?

The mean magnesium intake was 292.6 mg, which
was 98% of their Recommended Nutrient Intake. The
mean zinc intake was 10.1 mg, which was 123% of their
Recommended Nutrient Intake.

® What are implications?

The mean magnesium and zinc intake was similar to
Recommended Nutrient Intake, but magnesium intake
among Koreans was insufficient (especially in the 10s
and 20s) compared to Estimated Average Requirement.
Because there were problems of both excessive (1-5 years
old) and inadequate (the 20s and 40s) intake of zinc in
the Republic of Korea, continuous monitoring for mag-
nesium and zinc are deemed necessary.

intake among Koreans in 2021.

Methods

1. Development of the Food Composition DB for

Magnesium and Zinc

The food composition DB for magnesium and zinc was
developed, containing 4,514 foods investigated in the 2016~
2021 Korea National Health and Nutrition Examination
Survey (KNHANES). Figure 1 shows a summary of DB devel-
opment. The development process was reviewed by experts in
the field of nutritional DB.

The food composition DB for magnesium and zinc used

1228

the 10th revision of the Rural Development Administration’s
Korean Food Composition Table [2] as the main data source,
followed by data published by Korean national institutions,
such as the Ministry of Food and Drug Safety’s Food and
Nutrient Composition Database [3]. When there was no in-
formation about magnesium and zinc for some foods in do-
mestic data sources, we used the composition table published
by national institutions in other countries such as the Ministry
of Education, Culture, Sports, Science and Technology of
Japan [4], the U.S. Department of Agriculture [5,6], and Food
Standards Australia New Zealand [7].

While developing the DB, we selected data sources con-
sidering with the concordance of food characteristics such as
cooking methods, biotic environment, and similarity of food
production process. Firstly, we used the magnesium and zinc
data for same food of the data source and applied it to the food
composition DB for magnesium and zinc as is. Secondly, when
there was no data for same food in data source, the informa-
tion of food which characteristics was similar to the target food
was used. In this case, the magnesium and zinc values of data
sources were multiples by the solid content ratio (100-mois-
ture content) of the target food and the selected food in the
data source and this applied in food composition DB.

In the final food composition DB for magnesium and zinc,
approximately 79% of the data used data sources of Korea and
21% used data sources of other countries. Magnesium and zinc
content was taken from same foods in 74% of the cases and

calculated from similar foods in 26% of the cases.

2. Analysis of the Current State of Magnesium
and Zinc Intake

In this paper, we analyzed the current state of magnesium
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Collecting and
examining data
sources

- Domestic data sources: Korean Food Composition Table (10 revision)a), Food and Nutrient

Composition Database”

- Foreign data souces: Standard Tables of Food Composition in Japanc), National Nutrient

Database for Standard Reference 286), Food and Nutrient Databafse for Dietary Studies
2017—20183), Australian Food Composition Database - Release 1 )

!

Selecting data

- 1st: domestic data sources and recent publications

- 2nd: foreign data sources=Standard Tables of Food Composition in Japan>SR28 or
sources FNDDS >Australian Food Composition Database

% While selecting foreign data, distance and country of origin were considered.

!

same or not.

Applying data

When the data from data sources was applied to the composition database for magnesium
and zinc, application methods were differed according to whether food characteristics were

- Same: data from data source was applied to database as is.
- Different: 1) Similar food in data source was chosen with considering biological and
organizational characteristics.
2) Data was calculated by multiplying the value of magnesium and zinc from
data source and the ratio of solid content (100-water) between data source and
database and applied to database.

!

Developing the composition database for magnesium and zinc

Figure 1. Process of developing the composition database for magnesium and zinc
“Rural Development Administration. Korea. Korean Food Composition Table (10th revision). 2022 [2]. "Ministry of Food and Drug Safety.

Food and Nutrient Composition Database. Korea. 2020 [3]. “Ministry of Education, Culture, Sports, Science and Technology. [Standard Tables

of Food Composition in Japan]. Japan. 2020 [4]. ®United States Department of Agriculture. National Nutrient Database for Standard Reference
28. United States. 2016 [5]. “United States Department of Agriculture. Food and Nutrient Database for Dietary Studies 2017-2018. 2020 [6]. "Food
Standards Australia New Zealand. Australian Food Composition Database - Release 1. Australia and New Zealand. 2019 [7].

and zinc intake using data from the 24-hour dietary recall in
the 2021 KNHANES. In accordance with the principles of
KNHANES, where the same KDRIs was used within the same
phase (8th phase, 2019-2020), the 2015 KDRIs [8] was used
to compare the magnesium and zinc intake with their recom-
mendation level.

SAS version 9.4 (SAS Institute Inc.) was used for statistical
analysis and the sampling weights assigned to subjects were ap-

plied to all analysis to represent the Korean population.

Results

1. The Current State of Magnesium Intake
In the 24-hour dietary recall from the 2021 KNHANES,

the mean daily magnesium intake in the Korean population

was 292.6 mg (males: 326.5 mg, females: 258.6 mg; Table 1).
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By age, magnesium intake was highest for the 50- to 64-year-
old age group among both males and females. The mean mag-
nesium intake compared to their Recommended Nutrient
Intake (RNI) of 2015 KDRIs was 98.1% (males: 97.8%, fe-
males: 98.5%), which meant that mean consumption was close
to the recommended level. However, the proportions of par-
ticipants consuming the magnesium less than their Estimated
Average Requirement (EAR) were 44.6% for all of the partici-
pants and over 60% for the 12- to 29-year-olds, respectively
(Table 2).

Among the food groups, the main sources of magnesium
intake were grains (74.9 mg), vegetables (52.1 mg), pulses (26.2
mg), meats (25.4 mg), and seasonings (22.6 mg), with the
magnesium consumption from these food groups accounting

for 69.1% of the total magnesium intake (Table 3).
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Table 1. Mean daily intake of magnesium and zinc and the ratio of magnesium and zinc intake to Recommended Nutrient

Intake (RNI) by sex and age group

Magnesium Zinc
Total Male Female Total Male Female
Age
The intake The intake The intake The intake The intake The intake
bm) Intake ) Intake . Intake ) Intake . Intake ) Intake )
ratio to ratio to ratio to ratio to n ratio to n ratio to
fog) RNI (%) () RNI (%) e} RNI (%) fre) RNI (%) () RNI (%) (g} RNI (%)
>1 5940 2926429 98109 2639 3265438 978412 3301 2586%3.1 985£12 5940 101+01 1231413 2639 116202 1293%17 3301 8501 116814
=19 4973 3032429  939+09 2,140 340341  92.8+11 2833 2664132  95.1%11 4973 102401  1193%14 2140 119+02 125.0%19 2833  85:01 113.6115
1-2 73 171.0486 213.8+10.7 421725493 21562116 31 169.3t154 21174193 73 71+04  2357+137 42 71£04 23711146 31 70£07 23394233
3-5 154 1865165 1865165 79 1971488 19711838 75 1750483 175.0483 154 73103 1825163 79 78103 194779 75 6804 169419.0
6-11 383 2299474 124.8439 191 231.6+88 1203+44 192 2281498 1293453 383 90403 1374439 191 9504 136.14.8 192 86103 138.6%59
12-18 357 2639481  771£23 187 302.24127 834435 170 2209475 700424 357 105403 1185%35 187 121£05 133.6%57 170 86403 1015435
19-29 584 2667+70  84.0+2.1 279 29784107 &.143.1 305 232.2486 827431 584 10.8£04 117541 279 126306 1263£55 305 87+03  107.7+4.2
3049 1359 2998445 917413 583 340.1+67 919118 776 2566146  915%16 1359 102+02 1115418 583 120103 120442.6 776 83£0.2 101.8+2.0
50-64 1405 3288149 1017t15 582 3635+69  98.2£19 823 2943152 1051419 1405 10502 130942.0 582 119+03 132332 823  9.1x01 1295+2.1
=65 1,625 302.8£55  95.1%17 696 3459479 935121 929 269.8%57  964+20 1625 9302 117621 696 109+03 1209+29 929 8.1x02 1150423

Values are presented as mean+standard error. “The ratio of sum of daily intake for magnesium and zinc to RNI of 2015 KDRIs [8].

Table 2. The proportions of participants consuming the magnesium or zinc less than Estimated Average Requirement (EAR) by

sex and age group

Magnesium Zinc

Age Total Male Female Total Male Female
() Proportion Proportion Proportion Proportion Proportion Proportion

(%)” (%) (%) (%)” (%) (%)
>1 5,940 44.6+09 2,639 44.3+1.2 3,301 44.8+12 5940 27.240.8 2,639 21.2+0.9 3,301 33.2£1.1
219 4973 46.0£1.0 2,140 46.3%1.3 2,833 45.6+13 4,973 29.0+£0.9 2,140 22.6£1.0 2,833 35.4+1.2
1-2 73 19%15" 42 0707 31 33%3.1° 73 044047 42 0707 31 0.0+0)
3-5 154 59+2.0° 79 3.8+2.0 75 814367 154 3.3%1.6° 79 2.2413% 75 4.6+3.0
6-11 383 24.2+2.7 191 24.6+3.6 192 23.8%£3.8 383 15.7£2.0 191 16.1£2.8 192 15.3£3.0
12-18 357 65.613.3 187 58.0+4.8 170 741434 357 26.1+2.6 187 18.1+3.4 170 35.2+39
19-29 584 61.5%2.6 279 61.8%3.6 305 61.243.3 584 35.9+2.3 279 28.2£3.2 305 445+3.3
30-49 1,359 46.8+1.6 583 45.6%2.1 776 48.042.3 1,359 33.9#£15 583 23.3%£19 776 45.4+2.1
50-64 1,405 35.4%£1.6 582 37.6+2.3 823 33.242.0 1,405 20.8+1.3 582 19.2£1.8 823 22.4%1.8
=65 1,625 46.8+1.7 696 46.5+2.5 929 47.0+2.1 1,625 26.2£15 696 20.8+2.0 929 30.4+2.0

Values are presented as mean=standard error. “The proportion of participants consuming the magnesium or zinc less than to EAR of 2015

KDRIs [8]. YSince the proportion is less than 0.1%, standard error is not presented. Coefficient of variation: 925-50%, ®50% or more.

2. The Current State of Zinc Intake

In the 24-hour dietary recall from the 2021 KNHANES,
the mean daily zinc intake in the Korean population was
10.1 mg (males: 11.6 mg, females: 8.5 mg; Table 1). By age,
zinc intake was highest for the 19- to 29-year-old age group.
The zinc intake compared to their RNI of 2015 KDRIs was

123.1% (males: 129.3%, females: 116.8%), and all of the age
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groups were consuming more than 100% of the RNI for zinc.
Nevertheless, the proportion of participants consuming the
zinc less than their EAR was 27.2% (Table 2). The proportion
of participants consuming the zinc more than the Tolerable
Upper Intake level was 1.9% of the total and was the highest,
by age, among 1- to 2-year-old (56.7%) and 3- to 5-year-old

(21.8%; data not shown).
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Table 3. Intake of magnesium and zinc by food group
Magnesium (mg) Zinc (mg)
Food group Total Male Female Food group Total Male Female

(n=5,940) (=2,639) (n=3,301) (n=5,940) (n=2,639) (n=3,301)
Grains 749409 84.6+1.2  65.241.0 Grains 3.524£0.04 4.07+£0.05 2.98+0.04
Vegetables 52.1409 589%1.3  453+0.9 Meats 2.58+£0.08 3.23£0.11 1.92£0.07
Pulses 26.241.0 28.4+1.6  24.1%£1.0 Vegetables 1.05+£0.02 1.18£0.02 0.92%+0.02
Meats 25.4+0.8 32.3+x1.2  18.5+0.6 Fish & shellfish 0.62+£0.03 0.74+0.05 0.50+0.03
Seasonings 22.6£04 26.840.6  18.3+0.4 Pulses 0.46+0.02 0.49+0.03 0.43+0.02
Fish and shellfish 20.5+0.5  23.7£0.8  17.3+0.6 Eggs 0.45+0.01 0.48+0.02 0.41£0.02
Fruits 11.8+0.4  10.6£0.5 13.0+0.5 Milks or dairy products 0.41+0.01 0.41£0.02 0.41+0.02
Seaweeds 11.0£0.6 11.7£0.9  10.4£0.6 Seasonings 0.27£0.01 0.32+0.01 0.22%£0.00
Milks or dairy products  10.9+£0.3  10.8+0.5  11.0£0.4 Fruits 0.15£0.01 0.13£0.01 0.16%£0.01
Beverages 9.0£0.3 10.0+0.3 8.1+0.3 Seeds & nuts 0.14+0.01 0.14+0.01 0.13+0.01
Seeds and nuts 8.8£0.5 9.1£0.7 8.5£0.5 Potatos & starches 0.10£0.00 0.10£0.01 0.11£0.01
Potatos and starches 7.6+£0.4 7.0£0.5 8.2£0.4 Beverages 0.0840.00 0.10£0.01 0.06+0.00
Eggs 4.0+0.1 4.3+0.1 3.6£0.1 Mushrooms 0.06£0.00 0.06+0.01 0.06£0.01
Alcohols 3.0+0.2 3.8+£0.4 2.3+0.3 Seaweeds 0.06£0.00 0.06+£0.00 0.05£0.00
Others 1.8+£0.3 1.7+£0.3 1.84£0.4 Others 0.06+£0.01 0.06+£0.01 0.06+0.01
Sweets 1.240.1 1.1£0.1 1.440.1 Sweets 0.03£0.00 0.02+0.00 0.03+0.00
Mushrooms 1.0£0.1 1.0£0.1 0.9£0.1 Alcohols 0.0240.00 0.03+0.01° 0.01+0.00
Oils and fats 0.7£0.0 0.8+£0.0 0.7£0.0 Oils & fats 0.01£0.00 0.01£0.00 0.01£0.00
Values are presented as mean#standard error. Coefficient of variation: *25-50%.

Among the food groups, the main sources of zinc intake
were grains (3.52 mg), meats (2.58 mg), and vegetables (1.05
mg), with the zinc consumption from these food groups ac-

counting for 70% of the total zinc intake (Table 3).

Conclusion

We developed the composition DB for magnesium and
zinc of 4,514 foods used in the 24-hour dietary recall from the
2016-2021 KNHANES and calculated the magnesium and
zinc intake in the Korean population. The mean daily magne-
sium and zinc intake of participants aged 1 year or older were
292.6 mg and 10.1 mg, respectively. For national surveys in

other countries, magnesium intake was 287 mg in the U.S. (2

www.phwr.org Vol 16, No 35, 2023

years and older) and 247 mg in Japan (1 year and older), while
zinc intake was 10.4 mg in the U.S. (2 years and older) and 8.4
mg in Japan (1 year and older). Thus, the intake level in the
Republic of Korea was similar to the U.S. and slightly higher
than in Japan [9,10].

The Korea Disease Control and Prevention Agency pre-
sented results for magnesium and zinc intake in the “Korea
Health Statistics 2021.” Magnesium and zinc intake data were
included in the raw data for the 2016-2021 KNHANES. The
magnesium and zinc intake presented in the “Korea Health
Statistics 2021” and the raw data were calculated based on
food and beverage intake, not including dietary supplements.
Future interpretation and use of the results will need to ac-

count for this.
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ABSTRACT

To cope with the coronavirus disease 2019 (COVID-19) pandemic, non-pharmaceutical interventions (NPIs) policies were
introduced around the world, with significant socioeconomic costs being simultaneously incurred. For the NPIs to be effectively
implemented, public acceptance of them must be thus considered. In the process of incorporating scientific evidence into policy
decisions, different interests, values, or beliefs among societal groups needs to be comprehensively discussed and deliberated.
In this study, we focus on two dimensions of the contradictory dynamics that a relation between science and policy would give
rise to: the politics of health policy and the politics of evidence. Based on the literature review and consultations from expert
seminars we organized, comparative case analysis is employed to explore how decision-making on NPIs was made in the
United States (US), the United Kingdom (UK), Denmark, and Taiwan. To be specific, science advice mechanisms are examined
in the cases of the US and UK, while the use of behavioral science expertise in Denmark and how civic technology governance
works in Taiwan are briefly discussed as policy innovations during the pandemic. We conclude with recommendations for
Korean's policymakers. They include risk communication strategies firmly based on behavioral and social science expertise and

the activation of better science advice mechanisms.
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Introduction including the Republic of Korea (ROK)), initiated the relaxation
of lockdown measures and gradually restored daily life activi-
After the widespread administration of coronavirus dis- ties. However, because of a rapid surge in confirmed cases re-

ease 2019 (COVID-19) vaccines in 2021, major countries, sulting from the increased activity levels and the emergence of
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Key messages
(D What is known previously?

Non-pharmaceutical interventions (NPIs) may have dif-
ferent effects depending on each nation's public accep-
tance. In the coronavirus disease 2019 (COVID-19)
pandemic, there were various systems and processes in
making these decisions across the globe.

(@ What new information is presented?

For the NPIs to be effective, it is necessary to translate
scientific evidence into these policy processes.

(® What are implications?

The effective NPIs require a good scientific advice mech-
anism. Democratic legitimacy, transparency and civic

participation also need to be ensured.

variant viruses following the phased restoration of daily life,
countries could not help but resort to non-pharmaceutical in-
terventions (NPIs). After initiating phased restoration of daily
life on November 1, 2021, the ROK experienced an increase
in confirmed and severe cases, which led to strengthened NPIs,
exacerbating socio-economic damages. Thus, extended periods
of NPIs caused a decline in the effectiveness of infection con-
trol measures owing to decreased public acceptance [1-3].
American Science and Technology Studies scholar Jasanoff
et al. [4] proposed that the response to the COVID-19 crisis
consider public health, the economy, and politics as a ‘tightly
coupled system.” Thus, any problem arising in one domain can
potentially impact the other domains; therefore, it is important
to take into account the interactions of responses in each do-
main with other domains. The COVID-19 pandemic is inher-
ently both a medical crisis and socio-economic disaster. Thus,

it is necessary to consider the relationship between science and
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policy rather than solely relying on medical/epidemiological
evidence as the only criterion for pandemic responses [5,6]. In
this regard, the decision-making process regarding NPIs, es-
pecially by the science advisory system, is a crucial subject that
reveals the mutual influence of public health and politics at the
intersection of science and policy.

According to British public health scholar Bambra et al. [7],
the pandemic responses of each region or country can be at-
tributed to their existing institutional arrangements (social safe-
ty nets, including the healthcare system) and political decisions
made during the pandemic [8]. Furthermore, the COVID-19
policies of the government should be understood as products
of political processes that involve balancing of conflicting inter-
ests, values, and beliefs surrounding the issue, based on the best
available scientific evidence at the time. Yet the so-called frame
of ‘politically-motivated pandemic response versus scientifical-
ly-oriented one’ continues to be used in evaluating ROK’s per-
formance in the public forum. This understanding is not accu-
rate. The gist of evidence-informed decision-making highlights
the manner in which scientific evidence is translated into the
policy process. Thus our attention to this practice has nothing
to do with scientific evidence replacing political dynamics of
the policy process. Rather, what matters is to ensure the effec-
tiveness of public health policies while facilitating democratic
governance of the response. To address this point, it is neces-
sary to examine a critical role the scientific advice mechanism
(SAM) plays in responding to the coronavirus crisis.

Despite numerous studies measuring the effectiveness or
cost-benefit of NPIs and vaccination policies, only a few have
analyzed the policy processes surrounding pandemic responses
of the governments of different countries. Therefore, the aim

of this study is to draw lessons for ROK’s policymakers from
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overseas experiences with COVID-19.

Method

1. Literature Review and Case Studies

This study analyzed the pandemic responses through a lit-
erature review and case studies, focusing mainly on the United
States (US) and the United Kingdom (UK), and reviewed the
experiences of Denmark and Taiwan from the perspective of
policy innovation. An extensive literature review was conduct-
ed based on academic papers, research reports, media coverage,
and website materials from the countries covered. Academic
events with invited experts were also organized as part of the
research project.

In the study mentioned above, Jasanoff et al. [4] broke
down types of the pandemic response into three categories:
control, consensus, and chaos. Taiwan represented the control
type, Germany the consensus, and the US the chaos [9]. While
our paper adopts this scheme to include Taiwan’s case and the
US one, the UK (the chaos type) and Denmark (the consensus
type) are also discussed to figure out policy innovations each
nation pursues in addressing public health emergencies.

Despite a chaotic policy response in the early stage of the
pandemic, the UK is said to build the arguably most systematic
model of how the SAM works, which should be of great impor-
tance in our study. Denmark’s experience, another closer to the
consensus type, is also examined to highlight why behavioral
and social science expertise matters in the SAM.

This study employs a method of comparative case analysis.
Specifically, we pay attention to the tension inherent in the sci-
ence-policy nexus embedded in the decision-making over the

NPIs. Two concepts are used to analyze how the nexus unfolds
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in the specific setting. First, the politics of health policy focuses
on the institutional processes of formulating and implement-
ing health policies, which is a general lens to understanding the
relationship between science and policy in the healthcare field
[10,11]. It holds that health policymaking cannot be under-
stood without taking its political dynamics into account. We
probe the institutional arrangements for dealing with public
health emergencies and the SAM that undergirds them. We
discuss NPIs such as masking policy and vaccine prioritization

to substantiate this point.

Results

1. Overseas Experiences with COVID-19 and
Their Scientific Advice Mechanism
1) United States
From the politics of health policy perspective, it is argued
that the White House COVID-19 Response Team laid out a
national plan. The key actors involved in the crisis response
included the Coordinator, the Chief Medical Advisor, the
Director of the Centers for Disease Control and Prevention
(CDC), and the Surgeon General. in addition to the Secretary
of Health and Human Services (HHS), the Commissioner
of the Food and Drug Administration (FDA), and the
Administration for Strategic Preparedness and Response un-
der the Ministry of Health and Welfare also played an impor-
tant role. The Science Advisor to the President and the White
House Office of Science and Technology Policy (OSTP) en-
gaged in the process.
In this system, the US had field-specific advisory com-
mittees operating within key agencies, such as the Advisory

Committee on Immunization Practices (ACIP) within the
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CDC and the Vaccines and Related Biological Products
Advisory Committee (VRBPAC) within the FDA. However,
it did not have a separate top-level science advisory body. The
White House COVID-19 Response Team can be considered
a corresponding organization; however, the coordinator faced
criticism during the early stages of the pandemic response due
to a perceived inability to fulfill the responsibilities satisfacto-
rily owing to political pressures. Therefore, the Chief Medical
Advisor to the President at that time, rather than the coordina-
tor, handled the channel for communicating the perspective of
the expert community. Subsequently, the new administration
appointed a coordinator with strong communication skills to
effectively secure public support for the pandemic response, in-
cluding vaccination, and secured expertise during COVID-19
briefings by selecting attendees based on specific policies
[14,15].

From the politics of evidence perspective, the NPI decision-
making process within the science advisory system could be
examined. The institutional arrangements and operations were
as follows. The ACIP within the CDC played a crucial role in
the pandemic response and issued recommendations based on
expert discussions and subsequent voting on specific issues.
Similarly, the VRBPAC within the FDA also issued recommen-
dations based on expert discussions and subsequent voting.

Specifically considering the conflict cases that arose during
the NPI decision-making process, it is relevant to include cases
where the ACIP and the VRBPAC presented contradictory
evidence and officially voiced disagreements during important
policy decisions, such as mask mandates, vaccine prioritiza-
tion, and vaccine updates. For example, the mask guidelines of
the CDC, announced in May 2021, stated that fully vaccinated

individuals no longer needed to wear masks. However, some
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experts within the CDC voiced opposition to this measure, and
presented their opposing opinions through personal media
interviews and other means [16]. Experts pointed highlight-
ed the need for a more strategic approach to such announce-
ments, emphasizing the inclusion of specific vaccination rates,
target numbers of confirmed cases, and other criteria to de-
termine the relaxation of NPIs [16,17]. The conflicts and lack
of transparency in the decision-making process have elicited
concerns regarding the political motives behind the decisions.
Furthermore, the FDA had broad discretion in deciding wheth-
er to convene advisory committee meetings and accept their
recommendations regarding the issue of determining the target
populations for vaccination. In a meeting held on September
22,2021, to determine the target population for booster shots
(third dose), the proposal to administer booster shots to all in-
dividuals aged 16 years and above was initially presented but
was rejected with a vote of 16 against and 2 in favor. The agen-
da was promptly revised to propose administering the booster
shot to individuals aged 65 years or above and those aged 18
to 64 years in high-risk groups, and this proposal was unani-
mously approved with a vote of 18 in favor and none against.
Subsequently, the FDA did not convene an advisory commit-
tee during the process of expanding the eligible population for
the additional dose for individuals aged 18 years and above to
include those aged 16 and 17 years. This decision-making ap-
proach raised suspicions regarding attempts to issue recom-
mendations aligning with governmental policy directions [18].

However, various forms of bottom-up responses were de-
vised and effectively implemented at the local community lev-
el. Notably, successful initiatives were undertaken to target the
relatively low vaccination rates among the African American

population. These included vaccination campaigns led by
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African American healthcare professionals specifically target-
ing African American communities, and efforts to increase
medical accessibility within local communities by utilizing
neighborhood barbershops and beauty salons for vaccine cam-
paigns. These initiatives were based on research findings that
showed improved healthcare provider—patient relationships
when healthcare professionals, including doctors, nurses, and
researchers, actively initiated efforts to promote vaccination
among the African American population. These efforts were
later adopted by the central government and expanded nation-

wide [19].

2) United Kingdom
From the politics of health policy perspective, key decision-
makers in the COVID-19 response of the UK included the
Prime Minister, the Cabinet Office Briefing Rooms (COBR),
the Chief Medical Officer, and the Chief Scientific Advisor.

They operated within the science advisory system known as

the Scientific Advisory Group for Emergencies (SAGE). The
diagram below illustrates the flow of opinions among these
relevant decision-makers (Figure 1) [20]. This demonstrates
a structure where the science advisory system collects and
produces evidence-based recommendations, which are then
presented to the Chief Medical Officer and Chief Scientific
Advisor, who relay these to the COBR. Ultimately, the Prime
Minister and Cabinet exercise final authority in making deci-
sions based on these recommendations.

SAGE was first convened in response to the swine flu epi-
demic in 2009 and has since been operational in various other
crises, including the Zika virus outbreak in 2016, the Nepal
earthquake in 2015, and the Ebola virus outbreak in 2014.

SAGE is an advisory group comprising over 280 experts
from more than 80 institutions, including government offi-
cials, clinical experts, and academics. It has established sub-
groups to address different aspects of the COVID-19 pandem-

ic [21]. Notably, the modeling advisory group SPI-M (Scientific

Prime Minister

(610]=13
chaired by Matt Hancock

Boris Johnson

Figure 1. UK Government decision-making structures in the early months of the covid-19 pandemic
COBR=Cabinet Office Briefing Rooms; GCSA=Government Chief Scientific Advisor; CMO=Chief Medical Officer for England; SAGE=Scientific

Advisory Group for Emergencies.
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Pandemic Influenza Group on Modelling) and the behavioral
science advisory group SPI-B (Scientific Pandemic Insights
Group on Behaviours) played crucial roles, and the Ethnicity
Subgroup and the Social Care Working Group were added to
the structure.

The core function of SAGE is to rapidly and systematically
collect existing evidence for providing an objective assessment
of the current situation and future projections, conduct com-
prehensive policy impact assessments, and facilitate extensive
discussions to offer prompt and coordinated advice to poli-
cymakers. In the early stages of the pandemic, when scientific
evidence was scarce, SAGE played a leading role in producing
evidence on cohort studies, variant viruses, and other relevant
topics.

The governance model of the UK pandemic response is
based on the following ideas: the government supports SAGE
to allow rapid and systematic analysis of diverse data, and
SAGE provides fair and objective advice to the government
with sufficient independence. These characteristics, including
the ability to systematically compile evidence and provide poli-
cymakers with well-discussed and coordinated advice, are im-
pressive institutional features of SAGE.

SAGE has contributed to policymakers making decisions
based on the best available evidence. The operation of an inde-
pendent science advisory system, providing advice on which
government can base final decisions, helps establish the alloca-
tion of responsibilities between science and politics. This pro-
tects both sides from unjust criticism as well as plays a crucial
role in maintaining public trust in science.

Yet, during the early stages of the pandemic, the UK failed
to establish a clear response plan, and the Prime Minister’s

Chief Advisor attempted to participate in SAGE meetings and
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exert political influence. Furthermore, SAGE faced criticism
for not disclosing its membership and discussion details, lead-
ing to concerns regarding transparency in its composition and
evidence utilization [22].

The failure of the initial response of the UK to the pan-
demic can be examined from the perspective of the politics of
evidence. During the first lockdown in January-March 2020,
SAGE adopted a prudent approach, deferring proactive mea-
sures based on precautionary principles until clear scientific
evidence was obtained. Consequently, timely implementation
of the lockdown was delayed, leading to a significant loss of
lives. This decision was heavily criticized by many experts for
not adequately considering the conditions and context of the
policy environment, and the lack of transparency within SAGE
was identified as a factor contributing to these flawed decisions
(6,23].

However, following the failures and trial-and-error experi-
ences during the early stages of the pandemic, the UK federal
government ensured the independence of the science advi-
sory system and established a structure in which the govern-
ment makes final decisions based on the provided advice, tak-
ing responsibility for the outcomes. From March 2020, SAGE
improved its institutional transparency by publicly sharing
the list of members and meeting minutes; it also established a
comprehensive advisory system by utilizing extensive and di-
verse expertise, including social and behavioral sciences [24].
Additionally, researchers who criticized the nontransparent
operation of SAGE during the early stages of the pandemic
formed an independent advisory group called the Independent
Scientific Advisory Group for Emergencies (Indie-SAGE) [22].
Indie-SAGE delivered COVID-19 information and explana-

tions to the public through regular YouTube live streams.
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Despite the initial confusion, the subsequent institution-
al reforms in the UK led to the establishment of a systemic
scientific advisory system, making it a noteworthy example.
Notably, the changes in the UK resulted from the broad accep-
tance of criticisms from academic and research groups regard-

ing the science advisory and policy decision-making processes.

3) Denmark

The main agencies responsible for the COVID-19 response
in Denmark were the Danish Health Authority and the State
Serum Institute. Key agents included the Prime Minister, the
AC group, Minister for Health, and the National Operative
Staff (NOST). The AC group, as a temporary body, was chaired
by a high-ranking official from the Ministry of Justice and
was responsible for crisis management through coordina-
tion among government departments. The NOST was part of
Denmark’s national crisis management system and consisted of
nine national agencies, including the police, Danish Emergency
Management Agency, and Danish Health Authority, as well
as other agencies that participated on an ad hoc basis. During
the COVID-19 response, a higher-level organization called the
NOST+ was added to the NOST to facilitate communication
and coordination between the AC group, Ministry of Justice,
and executing agencies [25].

From the perspective of the politics of evidence, Denmark’s
COVID-19 response was characterized by actively utilizing
advice from the fields of behavioral science and social science
to facilitate policy consensus. The Danish government’s Chief
Advisor on Behavior Science was Professor Michael Bang
Petersen [20,27] from the Department of Political Science at
Aarhus University. He presented three principles from scien-

tific advice as follows.
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First, it is essential to focus on the mental models of deci-
sion-makers, such as politicians and bureaucrats, in relation to
their understanding of the public mindset and behavioral pat-
terns. In policy areas involving NPIs, understanding how key
decision-makers perceive the public mindset and behavior is
crucial. For instance, if decision-makers view the public as sus-
ceptible to panic, they may underestimate the seriousness of
the pandemic. In contrast, if they perceive the public as unin-
formed, they are more likely to underestimate the complexity
of the pandemic. Thus, considering the cognitive structures of
decision-makers in different pandemic situations enables for-
mulation of optimal policy responses.

Second, attention must be paid to blind spots that can be
overlooked in the healthcare sector, especially regarding pub-
lic policy acceptability and communication issues. In public
health crises such as the COVID-19 pandemic, the scope of
the advisory typically remains limited to the healthcare sector.
Yet, it is equally important for social scientists to identify and
uncover issues that may not receive sufficient attention in ad-
visory commiittees, thus promoting public discourse on these
matters. For instance, COVID-19-related policy interventions
can lead to political dissatisfaction among citizens, which may
unintentionally cause negative effects in other aspects of daily
life. From this perspective, the scientific advisory system of
Denmark effectively curbed infection transmission and explic-
itly sought to balance the four key factors, comprising infection
control, the economy, general well-being, and the democratic
rights of citizens, when formulating strategies for pandemic
management.

Third, in addition to epidemiological indicators such as the
number of confirmed cases or deaths, it is essential to consider

data related to the ‘behavioral antecedents of infections’ such as
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mobility and surveys to contribute to a more balanced and in-
formed policy intervention. Typically, data that are closely ex-
amined by decision-makers in pandemic responses include the
number of confirmed cases, deaths, and the emergence of new
variants. Nonetheless, behavioral data allow decision-makers
to gain insights into the public acceptance of policies, concerns
about infection transmission, and trust in the government and
institutions. Furthermore, sharing behavioral data can facilitate
productive discussions regarding pandemic responses in the
public sphere while providing decision-makers with valuable

input from citizens.

4) Taiwan

Taiwan is a representative example of the control type,
similar to the ROK, and has been operating a centralized re-
sponse system. The main organizations are the National Health
Command Center and the Central Epidemic Command
Center [28].

Taiwan is similar to the ROK in terms of being a controlled
society that relies heavily on the use of information and com-
munication technology when implementing NPI policies.
However, it is distinct in that it combined more proactive ap-
proaches to encourage citizen participation, establishing plat-
forms for consensus-building and public disclosure. In the
pandemic response, Taiwan attempted to establish collabora-
tive governance involving the central government, local gov-
ernments, private enterprises, and citizens, and its characteris-
tic feature lies in the involvement of citizens through informa-
tion and communication technology. Taiwan has established
a robust state-society relationship based on the open science
model. For instance, the ‘g0v’ movement founded in 2012

is a platform designed to enable citizens to directly analyze
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open-source data and propose policy solutions. The largest
civic tech community in the world has emerged through this
platform [29,30]. The Taiwanese government hosts an annual
competition called the “Presidential Hackathon,” where citizen
engineers and public officials form teams to develop innovative
government service solutions. Additionally, the website “Polis”
created by the collaboration of the Digital Minister and citizen
hackers serves as a public forum where anyone can post poli-
cy proposals and participate in debates and polls. The Taiwan
model demonstrates how the judicious application of science
and technology can enhance democratic creativity and serve as

a tool for public engagement [30-34].

2. Proposition on Response Experience and
Science Advisory System in the Republic of
Korea
The following reference points and suggestions regarding

the science advisory system in ROK can be obtained from the

above analysis.

First, a systematic and independent science advisory system
is necessary. The ROK has established advisory systems such as
the Central Disaster and Safety Countermeasure Headquarters
(CDSCH), Recovery of Daily Life Support Committee
(RDLSC), and National Advisory Committee on Infectious
Disease Response and Crisis Management (NACIDRC), based
on SAGE in the UK. However, it is challenging to consider that
CDSCH and RDLSC fully implemented their respective func-
tions as initially intended. During the early stages of the pan-
demic, CDSCH was established promptly with an emphasis on
expertise that encompassed both medical and social sciences.
Yet, in actual operation, it served as an advisory body for so-

cial distancing adjustment rather than reviewing and advising
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on the overall pandemic policies and remained largely inac-
tive except for specific times when the scale of the pandemic
increased [35,36]. The subsequently established RDLSC com-
prised four sub-committees covering economic welfare, socio-
cultural affairs, local safety, and medical responses. However, it
is difficult to claim that these committees extensively reviewed
and utilized specialized knowledge in the actual policy process.

Second, institutional venues that allow the public to make
direct judgments and provide feedback on policies being im-
plemented are needed. The shared limitation of the CDSCH
and RDLSC as governmental policy advisory bodies lay in the
lack of transparency in decision-making and democratic le-
gitimacy. Cultivating a popular and democratic foundation
for epidemic prevention policies is contingent on securing the
autonomy of citizens, and their importance increases for poli-
cies that directly impact citizen behavior and freedom such as
through NPIs. Under a democratic system, it is essential for the
government to lead social discussions on such policies, given
the significance of citizen engagement.

Lastly, active utilization of behavioral and social science
insights is necessary. Key public health policies ranging from
NPIs to vaccination campaigns target the majority of the popu-
lation, making it crucial to closely rely on behavioral and social
expertise, specializing in human behavior. It is challenging to
determine whether such aspects have been adequately utilized
in the ROK. For instance, during a National Assembly Health
and Welfare Committee meeting in October 2021, policymak-
ers recognized the need for continuous policy improvements
by analyzing the age and sociological factors related to vac-
cine hesitancy and identifying the relevant elements in detail.
Despite awareness, concrete improvements were not readily

achieved. In the future, proactive utilization of social science,
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including pre-assessment of possible issues from the perspec-
tive of legal epidemiology, is necessary before formulating vac-
cination strategies or implementing vaccine passport measures
[37-39] and establishing communication strategies that ef-
fectively convey the rationale behind policy applications to the

public.

Conclusions

NPIs have a positive impact on controlling the spread of
infections and reducing mortality, but also result in significant
socio-economic damages. Therefore, policy implementation
that considers the trade-off between these two aspects is es-
sential. Consequently, when reflecting scientific evidence in
policies and decision-making, carefully considering the social
members’ interests, values, beliefs, and relationships is crucial.
This essentially refers to the fundamental concept known as
the political process. International cases of COVID-19 pan-
demic responses have shown that failure to respond in a timely
and appropriate manner by postponing action until clear sci-
entific evidence is obtained, or conversely, the inability to make
rational decisions based on evidence can result in significant
national damage.

This study examined the institutional arrangements neces-
sary to address these challenges in decision-making. First, it is
essential to establish a separate advisory body, similar to SAGE
in the UK, where the responsibilities of science and politics are
distinct, and it functions independently. Second, as observed
in Taiwan, it is important to establish an open forum that al-
lows citizens to directly discuss and express their opinions on
relevant policies. Third, insights from social and behavioral sci-

ences, as observed in countries such as the UK and Denmark,
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should be utilized to adequately consider the social acceptabil-
ity of policies.

Based on the implications of these international cases, en-
hancing and developing infectious disease crisis response ad-
visory system in the ROK is necessary. First, the advisory com-
mittee’s recommendations should include minority reports.
From the perspective of deliberative democracy, this is a cru-
cial means to secure the democratic legitimacy of the decision-
making process [40-42].

Second, it is necessary to ensure an adequate workforce of
researchers and establish a structure that allows the produc-
tion of direct evidence required for nationwide on-site inves-
tigations and readjustment of responses. Creating a ‘working
group’ for detailed research and policy studies in specific dis-
cussion areas can thus be a practical alternative to enhance the
capabilities of the advisory committee.

Lastly, research on various socio-economic damages re-
mains insufficient, and there is a need to promote systematic
and empirical studies in this area. Specifically, more research
is required on issues such as the early disclosure of personal
information, social stigma towards confirmed cases, excessive
workload for medical staft and public officials, uncompensated
damages faced by self-employed individuals, service industry
workers, students, and women as well as inadequate risk com-

munication during the phased recovery stage.
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Cardio—Cerebrovascular Disease Mortality Trends, 2011-2021

In 2021, 61.5 people with heart disease and 44.0 people with cerebrovascular disease per 100,000 population in the
Republic of Korea, heart disease increased by 11.7% and cerebrovascular diseases decreased by 6.7%, compared to 2011 (Figure
1). The heart disease mortality rate (per 100,000 population) increased; however, the cerebrovascular disease mortality rate

showed decreasing trend.
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2 1. Cardio-cerebrovascular disease mortality trends,
2011-2021

*International classification of diseases (I.C.D): Heart diseases
(120-151), Cerebrovascular diseases (I60-169).

Source: Statistics Korea, Cause of death statistics (2021)

Reported by: Division of Chronic Disease Prevention, Bureau of Chronic Disease Prevention and Control, Korea Disease Control and
Prevention Agency
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