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Abstract

Smoking causes millions of deaths and billions of medical expenses per year.
However, individual and medical assistant smoking cessations usually achieve
unsatisfactory effects and limited progress, mainly due to the difficulties
caused by nicotine dependence in abstinence smokers. So far, studies have
been focused on nicotine dependence, including biological components,
cognitive behaviors and neurological functional imaging, hoping to improve
public health overall via further understanding of this field of inquiry. The goal
of this project is to advance tobacco regulatory science by testing the effect of
reduced-nicotine cigarettes on resting-state functional connectivity and
behavioral features of nicotine dependence in young adult (18-25 years old)
smokers. This study involves five cigarettes covering a wide range of nicotine
yield including four reduced nicotine yield cigarettes (0.027mg, 0.110mg,
0.231mg, 0.763mg) and one participants’ preferred own brand, along with
craving withdrawal and mood questionnaire analysis, task tests and functional
magnetic resonance imaging, exploring smoking effect in multiple perspective.
The results suggested that cigarettes with reduced nicotine yield are expected
to relieve withdrawal and reduce craving, but to provide less satisfaction and
reward than regular cigarettes. Further, though each cigarette type did not
differentially affect craving, withdrawal or mood in abstinent smokers, there
were still some promising trends towards significant which remained post-hoc
analysis after expanding the sample size. In addition, smoking was observed
to decrease the positive connectivity (coupling/correlation) between brain
ECN-DMN and SN-DMN neural network in resting state. Though remained
further analysis after sample-size augment and data denoising, the preliminary
results we got in the study so far could be referred to build up a quantitative

biomarker for evaluating the progress of cessation treatments.
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FFER (PRAEZ) E NG P
SRR B AE | CPHER beEE Sk Lotk
15 2 23.25 1.46 11 (1) 4 (1)

3.2 Je i T MR I
3.2.1 FagerstromJe 7 T il (FTND)

RN Z 5FFTNDS 73 /0 AR o AW 90 E X3R4 S LA B
FTND=4#% ~NEE R THiE (N=5) , TM3REFTND<4H NEE e d TR
#(N=10).

R2. FINDSAEME: 0 (RARKBIE) B8 (IRRKBE) .

FTND/> % 0 1 2 3 4 5 6 7 8 “FHE

sz | 2 0 3 5 2 2 2 0 1 3.47

3.2.2 [ HW % (Cigarette Per Day; CPD)
21 MR P SR iRl A R A RIS T 2 5 H IR A A, TE LERS

R3. FHBEIHER.

HERRE | 5 6 7 9 10 [13 |15 |17 |20 |¢#%

S 3 1 3 1 3 1 1 1 1 9.84

FTND5CPDEA IEAHG#% (r = 0.357, p = 0.053) . MFTND5CPD:
BIAFER =5 (ERED .
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=4, FETFINDSCPDR & B FHEEER .

Stk Lotk P&
FTND 3.42 3.60 0.765
CPD 9.92 11.00 0.580

3.3 il 5 e R gl i
3.3.1 MUHARENA (UTS)

ANOVANIX“2 (WJHETAT-/E) x5 (T AFJEd T & EFM "4 R TR,
MR FEE & T AR, PR UTS 500 N A BEm (p <
0.01) . [HERFEH T & ERMEMEATUTS T RIS IR 2 W5 Aa B2 5.
A, AFEJEE T & EREEUTS TR R B 2 2 FTND 4 26 1
s, RIpEE R & &b e & T S a0, wEE e T K AE# (FTND=4)
LR EE JE il T il (FTND<4), R # UTS T R KAFEERTEZ . (p = 0.061;
WEN. D A, UTSHI 3 5280 et % 7.

B HFI RERUTS 80T e

[e]
o
)

~
o
1

(o2}
o
1

w
o
1

m|-DEP
mH-DEP

UTSHE FHRE 4
8 &

N
o
1

[any
o
1

0.027mg 0.110mg 0.231mg  0.763mg own

B1. SAREARAEH TEEEME, REFUTSHHE THEES K. L-DEPEREE TR
JEJE i T (Lower-dependent) , H-DEP# R ¥ JE i T kit (Higher-dependent) .

3.3.2 Shiffman-Jarvik i B2 i, (SIW)

3.3.2.1 SUIWZEA 154y
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Giih g SRR SIWEE A /- 50 B (p < 0.001) . b5, A
JB T A A R SIW LR A BT BRI SRR B 2 M B 2 5. MRS
FTNDX 173 £t 1) 76 2. 2 520 o

3.3.2.2 SUWis R g 73 Mk 15 7

IO %o PR SUW ¥ SR B8 4 4 B B 3 il (B R JE il T 3 = A& A
SHZHS o 73 0T W (SRR P 2 IR B35 22 57 o oW 4 R R PRSI JL P R
TE—ER#M (p = 0.023) , H, AEJBH T &&= MEMHAZH 7480 F B
SUMARE AR S b M E M R R (B p=0.125; Zf%: p=0.665) .
FES MR, HR g e T S ER &N =M (0.231mg. 0.763mg#fl H £
HRESED 5, X TRE TS ERKMNP L (0.027mg. 0.110mg) , SJWiE
RETFRMAHEZ . RMELd, LR TEEsK, WMEARLERAmN s
PP A A SIWTE SRR N B R2FEAR T, A L MEIR A [ B BT 75 IOk (90 5 = T
HWRRIEHE T . (LE2)

R 5 A HISIWIE SRR T f& BET 3 4
2% Gl
X 0.027
T 40 -
2 0.110
30 - '
ﬁ 00 - " Male 0.231 -
g EFemale
=
i " m

0.027mg0.110mg0.231mg0.763mg Own

B2, WA AR B S ik b B AR I SUWIE R T F&.

3.4 IEMfuE MR (PANAS)

PANAS (1 1T [ 175 B 18- 55 A7 i 175 Je I sl i ¥ 7
3.4.1 PANAS IF [ 15 /2t

W% PANAS IE 15 &G 5 % 50 (p = 0.636). b4, AREH T & &
[FIA %S PANAS IETHE 2L 2 [Hx A BEZ5S (p=0.810) . AFHJE
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T EEAEFMN PANAS IEH B KA EMHAEERAENZER (p=0.291) . &
M, B8~ iZ B g ENRAEER ZS (p = 0.023) , Hgv, R A4
P ARG B2 520 (p = 0.032) , 1 X B A5 B A B35 (p = 0.304) .

50 - A A I PANAS IE T 1% R3S 4L,
40 -
ay
R
im 30 -
N
.J_l
E 20 - —o—Male
FE =i Female
i
< 10 -
P
x
0 T T T /
0.02’77( 0.110mg O-ZM own

-10 -
B 3. Bl A B S Lt 5 R PANAS EfF AL

3.4.2 PANAS 1 [ 175 /2
[FIRE, WRIERT PANAS U E R 2 Z 50 (p =0.963). tboh, ANFEJEH
FEIEMY PANAS T R E 2 WA 2 2& 2R (p=0.934) .
ANE JE T SRR MY PANAS fH 15 B R A2 B A el = (p =
0.934) . A, H¥sBomZ i HERMAAFEENZR (p=0.670) . RE
i, %T7E PANAS IERNE B A BV 22 7, FRAT TR AR A7 Th1 15 B 70 i
A7 1P 2 AR I RIAE ST % R 23 oy, RO 0 e M IR IR AR A B35 5
M (p=0.012) , xS HEEEREA REZE (p=0.168) .

3.5 {E& M
3.5.1 P (E AL (RVIP)

R P] 25 E  2 5 AT 53R MRS, 253 Pk B ARl ZON
35.66 i [THE 39.47 (p<0.01); ZH5ENFIRAEM 17.10 BE FHE
14.48 (p = 0.014). AT, AEJE T &2 MAE WX HER B A 305 = AT
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SUMARERE 2 A W 2 5 (MEW B AR % p=0.872; #AKREL: p=0.317) .
Ak, FTND X255 AT 5 MR b (i B bR iR 505 35 4 it 3 70 8 35 s
(R HAr%: p=0.753; RHIKEL: p=0.333) . [AIFE, CPD Xkl Hbril
MITCRFELW (p = 0.191) , (HEXFTIRFIXECRI M BEWHES (p =
0.058) , KUKl T #5& SEIAE 5 TAEE S PN R A=A

MR R = RVIPHER {5 SR 31

* % * % * %k

45 -
40 -
35 -
30 -

Number of hits
- = N N
o a o [$;]

a

0 - .
0.027 0.110 0.231 0.763 Own Average
B 4. 25FERBARARBET SEFMITEK RVIP #H B inRAI%. Average FKIR7EA
BIEFMEE TSRO, SIS 5H P TSN RTE IR B Hrah R

3.5.2 (L5 HURIRE A’

FATH A 5 T B HERA H AR Ei LA S A 80 U T £ A’ (Sahgal 1987;
Jones et al 1992), AzLN:

A’ = (0.5 + [(HERE-12 %) + (MERAE-R RBP4 x AERIEL(1-RHE)]) x
1000

A DRI 2 53 EESRIMES T, A TES B s EUsRE .

ZEGURIIBHEXT ATH REH, BRIt E S 5E T RVIP AR MBURE (p
=0.031) . Ah, AEJEE T EEAEHRT A RFZIFE R 2 (B Eos B2 2 5
fash, REAFRBE T =W B S5 T % BUR A A F 1520,
JeHT T A EmGE, T AR EREE K (p = 0.055) oAb, ATHAELENES)
%5 (p=0.023) , {H FTND 5 CPD Xf A" 3501 (FTND: p = 0.314;
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CPD: p = 0.626) , FHJe i T i UL L& 2 B2 12 B TR 2 RVIP AT 55Uk
VAT T R

EFBURIEE A’

1200 -
1000 -
800 -
600 -

400 - B Pre

AI

H Post
200 -

. M

-200 -

-400 -
.027mg .110mg .231mg .763mg Own

B 5 S5FERBEAAREH T SEFMIE A2 4.

3.6 MALEr T (ICA) 43R

SIS AR AR N %45 5 B4t FSL MELODIC % FiabBE 34047 ) »
33845 29 ML RSy, P55 Bl SCRRIRIE LA K B 12 0o L o Hr oI, 3.
IR 6 DNIUST RS, 53 K 7 -5 = K el £ ) 4 g S 700 i [X. X 358 22 5

3.6.1 PATIZEHIFHZ ML (ECN) HHSCHK X

RAGF I MSL S 5 PATHE | e 22 2 SR i X B, LR Sh [ AT
B B DA S TR R 4
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DLPFC

8800860

temporal

parietal
cortex

68660800

Right

gyrus

A 6. BATEHIMEMEE (ECN) FHRBIXIMSLRS . L TN NS ECN NIX (55
(IS B S o Fo 5 ECN SRR SR N X 1 E & X I : Hi [2] (middle temporal gyrus). i
MG AH 2 2 (DLPFC) ATt 7 )2 (parietal cortex) %5, 4 ily BOLD {5514, 41tk
W ALK BOLD 153 F v T34, DO &S shies, s (a3 x BOLD ¥&3) T KT
FH, ORI B .

3.6.2 ERIAMHZ M %% (DMND AH R X
RAG = AL RIS 5 BN 2 (N 2% SR X L, R AR I P AT R
WEIAR B e s [l B2 SRl BAR XU A1 B J= 55

&&6&&%%%

ventromedial PFC/ rostral ACC

@@6&&$AW

bllateral
anbular gyrus

880088 0

Right

temporal gyrus Left

B 7. RAMHEME (ECN) MHRBRMSLEES . Ed T =47 =4 DMN X155 11
BSTRR Sy . H 5 DMN 8 AR RN X (1 A X 3 o8 . 18 1E o §7 A0k 52 2 7w 0 AR B9 A%
(ventromedial PFC/rostral ACC). Ja#i# [l 22 (PCC). #Hilnl (temporal gyrus) L&
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XU F B2 2 (bilateral angular gyrus) %5. 4l BOLD {5 5{f, 4k XK BOLD
WA BT E TR, VONAIE S, T (R n BOLD 3 FRRCTEEL A
KL IS

3.6.3 MEMLM L (DMN) AR X
BRAG— ADIAL R 5 1 A2 R 4 ORI X, B O P HT
A= F AT B R DL R 5

z=15 z=17 z=19 z=21 z=23 25

Right

bilateral anterior precuneus
insula

B 8. MEMZEME (SN) HRXBXIMS RS B B8 N — A5 4 SN i X A5 5 3T ik
gr. H 5 SN M ARRAN X W E A X3y SMHT S (bilateral anterior insula). 5 (Il Ff
a2 (dorsal ACC). HFTAIM: f2 )2 (DLPFC) LKA (precuneus) %§. £
% BOLD {5518, 4 tasi#s & 0% BOLD i%ah Eobm T34, M shids, mis
%~ BOLD &3 N K T3, e s .

3.7 Kiwih SARZS ThREIEE 43 #r

it MATLAB 515 B M7 Bl s FIARSRAE [ (correlation matrix) JEit 5
193 J3 53 AL RH S IR R T S5 A A 22 5, BID 93 = 4o 22 o 26 7o g [ 2 30 44 ) XE A7 A
Sk LK R R R M AR e A 2= B 2 . b, FRATSETH MG R
B, RN Z brdE el BAER Z BT E 7.
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3.7.1 ECN-DMN %@

SR 518K ECN 5 DMN BRSL B Z IRAZFE IEA G, FLWRAE f5 AH
SRR R D (235 1 B, W] B Ui B /S A 28 X 2% % | 98 4 DX A7 A 1 ) 23
HIR A 22 B AR — IR [ i .

ECN-DMN TjReEil fE DMN-SN Tjge i
P=
0.5 - 0.014 0.5 - P=
$0.45 - 0.45 - 0023
8 04 - 8 0.4 -
N (3]
ND.35 - ©0.35 -
_g 0.3 - H Pre- 20.3 H Pre-
?3:025 J smoking 50.25 - smoking
o =2
0 0.2 - ® Post- 302 - ® Post-
= ; .
50.15 | smoking 50_15 | smoking
Z 0.1 - Z 01 -
wo.05 - S0.05 -
0 - 0 -
) ml

& 9. ECN-DMN 5T j5 Theb i@ 354k . B 10. DMN-SN WM RT 5 ThRE &S 24k .

3.7.2 DMN-SN i@t

FAFHA 4> 5110E DMN 55 SN T B o 2 [AIAFAE IEA 56, FLIRUGR G HR 5%
PEAH ECIROR AT 2 35 T B, PTRE 0 A AN 22 I 2% - 1 50 DX sl 76 L )52 3 L
MR 0] £ B AR X — T [l 3 1
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Ma. +F #

4.1 ARG 2 54T R

SPIIARAT A, RS THEE G RE R, TR REL T &&
A HIE S 58 B 5 522 00T AR, R 8 0 25 S PR 2 IR 0 2 7 25 R 785K
S IR, SR FEARJE T T & S A A T 7 A2 A4 S 3 i 2/ 1l A 4

BEAT, AN IR JE T T8 R 10 A MR 22 g SR IR 5 A W IR A 15 48 PR M R J5E
FAE—ERIVERZE S . X SIWHRIEE RN, B2 EFHEP A
SREE T SR, HES T RN, KT EEE TSR T A 90.110mg,
WUIAS BEAT R 2 9t 55 PR IR F SR I S W RECIR 2R = ey T3 e 1 e UE, W
i 15 1°0.231mgi, o iR 2 S Y A R4 A2 7 A R 22 1 X0 2 SR A SR Tk
TactkmE, MRS T &8, 1] fe S F AL AR a0l g s
R, HAl At o & EAE S, SRR SR AL I A R LA R AR HAR D, 1
AT B T IR AR st R U BE AT R A A AT TR PSR 5y — MEAE R, Uk
Lotk B AT R B IR S 28 LA R AR, XA R BRI (1)
55 PR IR A = AN DR D 3B SR AR 28 b 10 i 5 1T A A PR 3R L R R 0 512 70 4%
WFIDDRERISE s (2) MHEL BRI I BUR, X A SR 25 sl N e 2 5 1) €
FIRELLAGR B A R, B A B IR, PN R e s HIARIE, A
2R S SR O

RVIPAE SR SE R s, WA ) ASE s 280 WO 5 Rt 70, &
LERIN IEA B AR R R 2 T v PSR F ek o

4.2 FEARSThReEE

FATIR T # EARAE FECNSDMNZ IRl Thag i@tk . Pk, R
PEUMEF A SE B, BA TR S ECN/DMN 22 8] 4748 fAF < Shfe S 1k, 1 W
REXINE AT I SAE OGP, (EN H RTRID 45 RERATTI 82 31 %2 /03 4 ECN/DMN
Z AFTEIE M DhRe @M, EUMRIR/N TIX B ARG . 0 T — 587 &
gs SR, FRATE LA FMEI: (1) ARS8 1 B ER R g C el vib %
¥, {EARIEFATIEFSL MELODIC [ 3h 40 #1158 B BT A BT il sy (35294,
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22 N XS e, AXAT6/29 E 2 i i sh {5 5 4L, Rl 12 vis s
B RSB ILAE o 1 R A2 ARG TR JE AL sy, B AF A E R
THFRIEE, AIRES R ERLNA(E ST A R . (2) QIR E I AR K, |
Tf SEAE 12 S 5045 21 X P MR ECN -5 DMN BB 43 2[RV SEA7AE 1E AR DG i
HYE, WA LR ARSI . ODMNE KM BRI N I —2e M s 3, e
MR FEIR R B0 T > 1224 2 R0 28 35 sl 3 i 51 % A T REIR 5 785K I TiTECN
A5 BAX M SPATIE S AN FI T RE . PRI 5 A7 AR 1 IEAH SR n] RER BN «
DMN= A% SR K, R FIECN AT IR ENE 5l RIS 9 2 13X — 34y
GBS T R A, TR AT DLIE S 53 W R B B A, ZEAEDMNG A
3K LS DMN 5 ECN [A] I 1 . @ H1 T FRATTERAF A PRI AN L2323 A A R
PPLE IR 2% (R ER 73 X 4k, T RIAE BT 5, ECNSDMNZ A2 A oc&EE, (A
REHERR P o 28N X 22 B A7 A B 70 L AH SR BT 20 SR A5 5 el , 1 AT 1A S
A5 BTS20 06 X R AFAE IEAH G o WA A 0T G 1 fid B U ECN S5 DMN - H 1 — 54>
(e PR ERspu s I R IV e e i PR ERsp S i SEUNTTI= Y S PR ERe
I R IR AR S, DR A R SR SR, T R 51 RS PR AR DA 5%
I R RN AT e A RO 5 1 AR DG i [X 2 [B] I T, B AT RERETH 99 1
AR DR i X TR R 1, BRATILZE BT e SR B 22— 1.

4.3 SEIAFAE 5 AR TT &

AR E =N EEARRFEALL D, ARG PR X, RSt
R, PR A B /D B AT W 55 380 1 1 ) 22 e D RTAS FE AU, ekt
I3 BT IR SEFRATTHY & TR U

Ak, FATH T 5 BUR R TAL BEER e & AN 584, W AT A 0 A g 2R ™ =
MBS LR, ERREHRMER.

N BRI, e REEEAR, WNgityE XS5 ER. R
BHE A MR LR S M IRATH BR 5 — Fr £ K FMRIB’s
ICA-based X-noiseifier (FIX) "%, 4T A TR EIHERIEHEFE, B4 H
B TS T R AT R Re IR B M, RE X ERITHE T,
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4.4 RKFEHE S REATEDT 1A

AHIE T e 2 AR Z — IR FUIE i T A M SR R R R R A 52, H AT
THEAKUN, 2T R SR A e T 5 8 10 G e 2 57 2%, H
A BRSE RAFEE S, WEERA RN, XSGR TRIER[EE. [
B BEE R RN, M ERES B TR ETAGEE,

AR R ERARATE SRR R AT A TR SRS as R
K SRS T REIEEME 2 (A B 9% &, b Ao 15 47 £ “ TR RE I/ M I e T
DMNYE B30T 51 A R W RE IR 5 oK, e dm e T & & A E At
BUR et TS BN A MR R ORGESRTTECNE2h, b s el T & &
A MR 1 LB e v T & B A MR 1 B S 8 IR IR AR, DAOR SRS 7
IR WTRE I« R TT BOR I L FE AR o

AR SRR MR R, & T SR E T T g 2t g, BATT AT Lk
HB NI ML 2GR I, Gl IR & K B AR e s T &&= me s T &
RS L SRS Th R E DL T RBEAT W R AR AR o AR EE 2 kgl
2, MR MEan 20 45 AL VF RESRAT L 5 5 ven (AL DI T R JEE AR T R I A4
fRbr.

BeAh, ST HEra AR HORE TR T, BATTAT R TEA R e T
B TR o R E A A R AN e R 8 AR S A A
SEZEFE, PRI IR P 22 A m] REAB A AE — € I

Ak, A H AT R R ORI, Tskbr B, FDA Rt T A
RS2 AN IR IR T2 . BATTAT A N SRR S, BERT LA BT e o T A
XA FIRR AR AR RIE, SCRTBAERTE AT He 22 5 0%, Bl A B Je ol TR A
[, RN R S A e T T i i AR S R AN R o
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It was a great pleasure to host Hancheng Mao as a predoctoral fellow in
my laboratory for the past five months. | am confident that Hancheng has
advanced substantially in her background knowledge of neuroscience,
neuroimaging and pharmacological principles. As she reported, she took part
in a functional brain imaging (fMRI) study of the effects of cigarettes smoking
on behavioral states, including nicotine withdrawal, cigarette craving and
sustained attention. A key part of the studies was fMRI assessments before
and after overnight-abstinent smokers consumed the first cigarette of the day.
One component of the study was evaluation of the effects of nicotine yield in
this first cigarette of the day. Aside from providing a wealth of information
about the neurophysiological response to smoking, the project is designed to
provide important information for the US Food and Drug Administration, a
federal entity that is seeking knowledge to informn the regulation of the
constituents of tobacco products.

Hancheng took part in all aspects of our laboratory activities, including
data collection and analysis, as well as preparation of results for dissemination.
She also took part in our laboratory meetings and journal club, where she gave
an outstanding presentation. Hancheng is very advanced for her level of
training. Her communication skills are unusual, and her ability to grasp
concepts and synthesize interpretations is excellent. Hancheng was
consistently available and showed a strong work ethic. Moreover, she worked
well as a team member and is well liked by all of us in the laboratory. | see her
as the best of the best, and would be happy to mentor her in her later career
development.
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