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ABSTRACT

The annual anti-smoking education in schools is already a smoking cessation education
for smoking adolescents. However, studies on the effectiveness of smoking cessation
education in relation to the neuroscience characteristics of adolescents who smoke are
insignificant. Therefore, the purpose of this study is to compare the differences in brain
activity changes according to the types of anti-smoking education content for smoking
adolescents. To this end, educational content types on smoking health warning and tobacco
industry denormalization (TID) strategy were developed as tasks, and brain activity was

%fga‘;égr measured and analyzed with fNIRS in 18 smoking adolescents. As a result of the study, it
was confirmed that overall brain activity including the OFC and DLPFC areas was commonly
& OPEN ACCESS decreased in the process of watching the smoking health warning educational video and the

TID strategy training video. This is related to decreased activity of OFC and DLPFC domains,
which are related to the induction of nicotine cravings in smoking adolescents. In addition,
in the process of watching the smoking health warning education video and the TID strategy
education video, as the comparison result of brain activity control by subtraction after
t-verification, the TID strategy educational video showed less decrease in activity in the
DLPFC area, that is, a relatively increased activity compared to the smoking health warning
education image. The TID strategy educational video suppresses smoking behavior and
promotes smoking cessation behavior compared to the health warning education video,
. . because the DLPFC area, which is responsible for cognitive regulation and executive control
Thls.'sanomnmamde of nicotine craving, effectively performed cognitive regulation on nicotine craving. This study
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Introduction

JAd7]= obs 7oA ARI7I2S] HEr]o|H 7t FEE R Wddhe & §IA)] Al7]olch HAE7] &
5| 10th2] HolAl= FEE5o] THFolA & 7tAAdE Riesto] ekgol et 24S SV A S5
St Eth(Jensen & Nutt, 2015). 4 =3 UIH 2oz Qo] F55 =t o= Haw7|o 242 SA
Sh= 5239 AIEAI7E 3 2Fst7] o] ThEaton et al., 2012). AW 7]ofl= gF Gof| Tl $F 7R T 9] 9] = 5
=o] & 4= ITHDiFranza et al., 2007). -2 Ueh= FAE HZEAQ] A4S Aot JAH A &
7] 98 A it S 2 FAARL S 19997 E A|2Fo 2 2015\ doll= X = Stul 2 x| o] 8t
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fNIRS Task Design and Experimental Procedure

Task Design
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Experimental Procedure
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Fig. 1. Paradigm for presenting the task of guided

Measurement
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Data Analysis
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etal,, 1988). A 2]2] npx|2} 2H4 L &= Ak} &2 2 HI(Oxy-hemoglobin)2] 5= H]0]E{ S milli-mol T+ 2
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Area)2] Timeseries graph®} Activationmape 26101 Fi| g W3] F3Fd& =Z2517] Slof AdE, 99
e gt B 7P H| WS THPark et al., 2020). =3 GLM(YRHA R 2 el 2 &-85to] 251t
ol o} 7hsgt oA I Al 2 R El S A sto] S Al S oto] Al S Aokl Sk Al o,
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T i RAA|R) AFATHT FA 2 Q) 2/t A Eate] 48 dpFgolA Q] 7 Aute] Fi| A
xfo|#at ol e} 2 2hA|Ql Elo) A7 o] w8 gAL 3kA| 9} TID ZEke] w4t 1A 7he] Fx] g4
o] xfolof thgt | E 9Jal] -5 A 2H o] & Fall A2 Tk (subtraction) A1 21} -F-o] v &
S B AHES =&

Results

Brain Activation on the Educational Content Types to Prevent Smoking
Brain Activity When Watching Smoking Health Warning Contents
9] A1 5G4 A7 2| ol A Uehs T2 Average B¥= Fig. 29F 2T %9
1737331 w5 Al Al AHEA Rl Ad B Axks 11 A, 229 Ald S A e 2R ’hte] OFCe)
DLPFCE 23 A= ol Auba o 2 &4 Zhar Uelstth 5919 173783 w8 dd Al Al =
A1 3kt EH+J411101 ATk G/ AR e =
S0 A wag g A o fon]Rh R 24

o Chs Aol eloeh 1 24 1ol elgieh Gele] A7PAT mB A Aelch A 2
A AR Fig. 33} 2,

HbO,3cm(Average :0 sec ~40 sec) - Right lateral / Frontal / Left lateral
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"N Ny A g
il i i 1 . oY . p
AR AT R '
T g - A
W _;_}\; NIV L g

Fig. 3. Decreased brain activation watching smoking health warning contents
(smoking health warning < nature documentary, p <0. 05§
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o] 2= AEHE R £ t] FA|H o2 BAS|HE T/ 487l ZH'E S DLPFC (Dorsolateral Prefrontal Cortex) % <
M= BA9, 10,45, 46,4781 A'do] EAH 0.2 [on|oh Fif 245 et = AE 2 FHEE/d S UEr
a1 1hp < 0.05). ==+ VLPFC (Ventrolateral Prefrontal Cortex) & <01l A1+= BA 10, 45, 46 2, FPC (Frontopolar
Prefrontal Cortex) % & °l|A1= BA 10, 46 ZH'd, OFC (Orbitofrontal Cortex) & ol A= BA 10, 11,47 g 0] 54
A0 g2 Fon|gt Fi| 2/ & UehlTt. A ' AAlet 2/ Aah= Table 10 UFEFH QAT

Table 1. Decreased brain activation watching smoking health warning contents(smoking health
warning < nature documentary, p<0.05)

Region BA Hemisphere Channel t
DLPFC 10, 46 R 6 1.8108*
9,10 R 18 2.106*
9,10 L 33 1.6792*
9, 10, 46 L 34 2.2068*
10, 46 L 38 1.7292*
10, 45, 46, 47 L 43 3.0167*
VLPFC 10, 45, 46, 47 L 44 2.1451*
FPC 10, 46 R 7 2.9029*
12 1.0327*
10 R 8 2.4764*
13 1.24*
21 2.5655*
22 2.3999*
25 1.8967*
26 1.1266*
10 L 27 2.6937*
28 1.7256*
36 1.1464*
41 2.1819*
10, 46 L 37 0.9912*
42 2.2237*
OPC 10, 11, 47 R 14 2.6708*
10, 11 R 16 2.4911*
29 2.2441*
30 3.0486*
10, 11 L 31 2.1228*
32 1.8793*
47 2.5261*
10, 11, 47 L 48 1.8108*

(BA: Brodmann Area, DLPFC: Dorsolateral Prefrontal Cortex, VLPFC: Ventrolateral Prefrontal Cortex, FPC:
Frontopolar Prefrontal Cortex, OFC: Orbitofrontal Cortex, (*p<0.05)

o] Aol w2, A}RATk B e AHT whol w]sh FO 74D DL FFS AHT U B
o] 242 et A5 gjofe glom, Zjelek 9 Aol ulsh £ Bdo] e e ojnjdict &
2Ao] 7471 YA A% Al HEA0] AU Qdolo] T At UTE F53} B o By A

AF19] o] (Martin-Soelch, 2013) & OFCOl|A] DLPFCZ AZH 1) /42 #8513
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Ak} o 4 ik 94 F F43L tho R n| AlEe|okFDA)] a7 1 2ol that A7 ke
2 71552 A7) 29 GAHIMRI R BHlsh A3} 1 747 2}l Qlslo] o] 7hAE Azt Belstol 242
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DLPFCY 2] E/go] ZHAHS 73t A2 3H(Do & Galvan, 2015)2F Y] ESH FA AT AFEfol| A
) B2 74 =70 AL | A H(repetitive Transcranial Magnetic Stimulation, rTMS) = AF-&-
5t 73“% %‘?a‘?# TAo| 9= DLPFCO AF-g o318 w) S0l theh Zgo] Zhas At Afels UX]
SH-H(Hone-Blanchet et al., 2015). SAALIA] AEAHAZ AR TMS) 2 71543 A7 |3 GAH MRS A5t
of AjZFS}e] e 7189 9] Walrt Q1S ul) Z47g 28 5he F o] DLPFCY S Hol= AtolA BHlE
SA| AREE 4= 1S w YRt OFCe] 24 Bl A7t 57027 | A= 2 & 15l DLPFCY] v|Z/ds7H
EhbH A ofghe LA ek A X|5H (Hayashi etal, 2013). TEbA S19] 473740 w5932 A2
7 5A Hauo] v HAF A AH] o]A}o 2 913 U el Zo 2 3}o) 3 (Martin-Soelch, 2013)0] E]o] =
OFC} DLPFCO] S 7471 9SS & 4tk
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Brain Activity When Watching TID Strategy Contents

TID A&k w-5F4 AP T 3ol A Ueht= T2 Average A= Fig. 49F 2T TID A2 WS
G Al Al ARl g /o] Avbe 51 A, 108 A, 1589 x9S A9 2R HhLo] OFCet
DLPFCE Z3Het AFqo] Zuka o 2 4 ZhAart Yelgth TID A2k WSJ4 T2/ 7hael Hadst
o] TID Ak Eq A TR 2R Q) AFATT G/ Al ke R iR R oSS Bl
2 7H4keto] vl A} TID Mk w89 d= Al uf f-ojn) e Fiel g2 UehA] ekgtk

oje} it & XP%E}% G AT wo] E/doll A TID M2k 737 11 w-8-G/d-S AT Wi Z4akst 2
I} o= 2ol A -oju|gh F]2Ad o] &7k LreRGTE TID A gF w89/ 3ot At /gt 24t vl
Z3H= Fig. 59F 2o ekt

HbO,3cm(Average :0 sec ~40 sec) - Right lateral / Frontal / Left lateral

Fig. 4. Average data: brain activation area when watching TID strategy contents
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Fig. 5. Decreased brain activation watching the TID strategy contents
(the TID strategy < nature documentary, p<0.05
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o] A= AFHZ F o] A2 02 B EH, 487] ' F DLPFC G HollA=BA9, 10,45, 46,478 2
o] 5AIZ 0 & fojulgh i B4 g Lhehle A de Fu S LFERATL QlTHp <0.05). EE2F, VLPFC %
Aol A= BA9. 10,22, 44,45, 46,47 A'd, FPC G Holl A= BA 10,46 2H'E, OFC FHollA=BA 10, 11,47 2'd0]
SAA &2 fofn|gh i 2/d S UER AT A EHE 2/ o] AAISE 2 = Table 201 LFERARITE

Table 2. Decreased brain activation watching the TID strategy contents(the TID strategy < nature

documentary, p<0.05)
Region BA Hemisphere Channel t
DLPFC 10, 46 R 6 1.857*
9,10 R 18 1.6686*
9,10 L 19 2.5364*
20 2.3831*
33 2.3126*
9,10, 46 L 34 2.245%
10, 46 L 38 1.7995*
45, 46 L 39 2.3858*
10, 45, 46, 47 L 43 1.1844*
VLPFC 9, 44, 45, 46 L 40 2.145*
10, 45, 46, 47 44 2.8755*
22, 44, 45, 46, 47 45 2.9622%
FPC 10, 46 R 7 1.1165*
12 1.0236*
10 R 8 2.3004*
13 1.2695*
21 1.9744*
22 2.7093*
25 4.5357*
26 2.3348*
10 L 23 3.3886*
27 1.1836*
28 1.7049*
36 2.6836*
41 1.0023*
10, 46 L 37 1.3888*
42 2.3034*
OPC 10, 11, 47 R 14 2.7376*
10, 11 R 16 2.6076*
30 2.644*
10, 11 L 47 1.8302*
10, 11, 47 L 48 3.2369*

(BA: Brodmann Area, DLPFC: Dorsolateral Prefrontal Cortex, VLPFC: Ventrolateral Prefrontal Cortex, FPC:
Frontopolar Prefrontal Cortex, OFC: Orbitofrontal Cortex, (*p<0.05)
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circuits linking basal ganglia and cortex. Annual Review of Neuroscience, 9, 357-381.
Balbach, E. D. & Glantz, S. A. (1998). Tobacco control advocates must demand high-quality media

Alexander, G. E., DeLong, M. R., & Strick, P. L. (1986). Parallel organization of functionally segregated
campaigns: The california experience. Tobacco Control, 7, 397-408.
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