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Association of Smoking Status, Metabolic Markers, and
Risk of Multigrade Gastric Mucosal Lesions and Gastric
Cancer: A Cross-Sectional Study Based on Upper Gas-

trointestinal Cancer Screeing Program in Linzhou, Henan
HE Feifan', GU Jianhua?, LI Jiayue', FAN Zhiyuan', LI Xinqing', WEI Wenqiang',
WANG Shaoming'

(1. National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chi-

nese Academy of Medical Sciences and Peking Union Medical College, Beijing 100021, China;
2. Qilu Hospital of Shandong University, Jinan 250117, China)

Abstract ; [ Purpose | To investigate the associations among smoking, metabolic markers and risk
of multigrade gastric mucosal lesions and gastric cancer. [Methods] A total of 139 individuals
who participated in the upper gastrointestinal cancer screening in Linzhou of Henan Province from
2007 to 2012 were enrolled in the study, including 39 cases of pathologically confirmed intestinal
metaplasia (IM), 44 cases of high-grade intraepithelial neoplasia (HGIN) or gastric cancer and 56
normal subjects. Liquid chromatography-mass spectrometry was used to quantify the metabolites in
plasma samples. Linear regression was conducted to assess associations between smoking status
and metabolic markers, and Logistic regression was applied to further analyze the association be-
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tween these metabolic markers and the risk of multigrade gastric mucosal lesions and gastric can-
cer. The efficiency of plasma metabolic markers in predicting the risk of multigrade gastric mucos-
al lesions and gastric cancer was evaluated by a random forest model. [Results] Smoking status
was associated with 58 out of 1 270 plasma markers, 4 of which were associated with multigrade
gastric mucosal lesions and gastric cancer risk. The 4-methylcatechol-1-sulfate (coefficient=2.82,
95%ClI. 191, 3.73, P<0.01; OR=1.41, 95%CI: 1.05~1.89, P<0.05), 4-acetylphenol sulfate(coef-
ficient=3.08, 95%Cl: 2.08, 4.08, P<0.01; OR=1.35, 95%CI: 1.05~1.72, P<0.05), and hydrox-
yeotinine (coefficient=6.20, 95%CI: 5.19~ 7.21, P<0.01; OR=1.42, 95%CI. 1.07~1.88, P<0.05)
were positively associated with smoking status and increasing the risk of multigrade gastric mucos-
al lesions and gastric cancer; while CerG2 (d34:2)-LacCer (d18:2/16:0)(coefficient=-0.28, 95%
CI: -0.51~-0.06, P<0.05; OR=0.21, 95%CI: 0.07~0.69, P<0.01) was negatively associated
with smoking status and decreasing the risk of multigrade gastric mucosal lesions and gastric can-
cer. Integration of these four metabolites significantly improved the performance for predicting the
progression of multigrade gastric mucosal lesions and the risk of gastric cancer (AUC=0.714, 95%
CI: 0.629~0.801). [Conclusion] The study shows that 4 plasma metabolic markers are associated
with both smoking status and multigrade gastric mucosal lesions and gastric cancer risk, which
may partially explain the risk effect of smoking on gastric cancer, and may have potential applica-

tion as biomarkers for assessing high-risk populations and early diagnosis of gastric cancer.
Key words: gastric cancer; gastric mucosal lesions; smoking; metabolomics

T 9 2 T S B N R UL R I 2 — R
S5 S BTG ASE 43 ) S 2 P PR 265 6 2 AN S 3 41,
KEREBEAHE N "HWERZ —, 2KAHE
RO B RO A E R R, B ER 2N BE
R A8 12 A0 A 45 SR V6 SOk R PEE R E AR
B R W A A LR TR O i iz Dy e AR 4 8
ZH BB E W A M AT TR IR, U AN
R R, B 8 9 e e TS R0 8 e
B, XFBENASE R ER, I RE
I )95 PRI 2 B 5 0T AR R 5 2 9000 ' 2 R 728 B S 9
KRG 1) 4 TR BY P — Pk

W E B EENERRNEZ —, —WLaT
21 AN P BA S K 1 meta 23 BT 45 5 o, it &
7P (RR=1.43,95%C1: 1.24~1.64) i & 1 (RR=
1.14,95%C1:1.08~1.52) Wz K6 & v, 8 9 & 95 RS #48
S EE RS AR Sy T2 L A A g A
T 20 B P B AR 2 — BB AE T Bl bR AR Y RN
R B v 3 0 PR Tl AR A R R
7 FH S BRI R Sk T 3 — e R g e SR A G
AR RS [FIEE, © A ok A AN [RLFP 4 F 5% ff
FHAE S ) AR 35 20 2 D7 i 3R T R S5 AR 9 = a] 1)
KHE, JERIMT 2R G847 B TR A T M W 00 AH ¢
P ) A 0 WL A B s ea o o i AR o Ak
M, R Ko B 2 iy AR I 4 2 1 AR R 52 b g
AH AR B A 55 A =z ) 8 S8, ATy A F 5
RACHR BV R B ERN S B kA Rz

4’ ® ’7@ 2024 jf‘ % 33 )& % 3 # China Cancer,2024,Vol.33,No.3

Ii) e FE R AT

AT B A 1 o T g AR L A 3 57 £ A S
NBERRFS 9 AFRUE R 139 44 521803 E47 AR 30 1] £
WAL T, A5G BASIAREE AR R AR N L 3 f 1 i
ENIESUNER =23l Ece 2 iPS SN LN E 730 RN
LS AR S . AR S5 2 2 E B AL
Ko B i ARG =2 [h] 13 DG BK

1 #ABEFE

1.1 HRIIH

AT LB AR R S AR A, ¥ HLA
FTIH 0T 20 7 0 e MO T i A 7 AT i g 07 s I
H BT £ 37 1 i A BA B 2 5 N B R4 A5 B LB A7
HEWIREAR %I H T 2007—2012 4 [a] |, 76 0 B 4 A
M T BEBRAE WS FE 40~69 & 1 H A | BRAE SN B 5T %
%, Gl LA EN R I OS5 AL — X — A
g7, MRAEIR R B I A R A O
AAE B R ST BN S AN BCHE | 0 45 SR 1 —
., [FIRAE 2 IEAMEN L, 25 24 i1 g 15 U 52
PR Wrah 5 L Ah AT H (IS8 15 R ) 4 R A 1
YT O AE Z 0 MBS T R AT T TR R A B T
et R HAR WA SRR . OS5 H L F A
A QT H A ARG Can = B B PR L T
85 ) s TC H A A b 1 F AR 0T sk Akyy s s DT
P BEAG AT 28 RIE 5 (DFE b 2R B 9 R} 57 K T



Ko 161631 24321 h R ELL N FAG A i W4l
KM L2 AEA (intestinal metaplasia, IM) [ 58
39 ], = ) b J2 N RS AR (high-grade intraepithelial
neoplasia, HGIN) & & J# (gastric cancer,GC) & # 44
i), >R FH G T (] f) BE AL b AR T =X, g TR ) A A 1%
(£3 %) 5% IM 35 A HGIN/GC #8 3% 1E [7] — BA 3]
NHERBEAT 1:1 VR XS I, R qa B o IR 4 56 A
(H P IM & HGIN/GC f8 3 (% 3k [/ %3 A7 27
N) AN 139 #4328 F VWA Rk T e
o o WA ARAT [ B AR e B g B B 12
PRZE o WAL IS AT o
1.2 AEEE [ 4K 40 S 46 0 e B 478 Ak 28

K MLV AEAS 2 BEAS [R] 23 B9 2R A4 BG4
40 0 g K AR AR A 20 43 (IR BT ), R P v K
TR (0 3% — 2 23 PR B 2 e AT R I, B30 Bk o S AR
WY, 2R 1270 R 2 7. 1 Com-
pound Discoverer Fl Lipid Search {443 5l X 25 7K K
B A P E G S — 2D A B RS [R5 20 2 B e
PEATRR AL, TEREAS 2007 7 5 B 1 R 2 20 4E A5
A it 5 2 ] (quality control , QC) Ff A% FH Tl i 1% Jiit
HEEH, R QC K Y 25 R I I 58— 58 U
Bt
1.3 Sit=4bE

T 58 % G 1) 3 2 45 5L LA 38 B0 b v 22 515 4
(A 43 He) IR ) 5 2243 B Al Kruskla-Wallis K5 56
XSGR AT 2 A

ARG5S A AR R Z 0] ) OG22, AR 1) AR IS 2L
B WA AR RA IREIR DL K& 8 B
Y8 A3 R fit i 5 BT KR IR W3R AR
TR MW EY ZMREYMELEEY)., R
Logistics [P 3BT Q45 i 5 22 900 8 3R 22
DI RCE i BB Z MO &, IR RF M [l rh i Je 3]
AR ) AZ B AT TACIE . T RS IR B 5 AR5
Yz (8] 5e R B RMEE , A2 1 0 ) LAl T & A R
1FE 4 57 48 %2 (body mass index, BMI) |1 1k % 48 %< ik
S DL K B A bR g s A5 A R T U 4y
Mo R T ULk B A1 Bagging 537 19 Bifi 1L 2R A 13
U ASE TR PFA 17 3 S 156 4347 BT i 326 18 AR AR A A 0 H
T XM T BEZH 55 22 90 1) 15 285 S 5 2 I ) i
B, 2 H TIERIEMZ (receiver operation
curve ,ROC) 4 Mr o 19 il & 7 11 B (areas under
curve,, AUC) AR PEA B A4 X 43 B #3547 100 ¥R 38 X
Bk, 45 R BOF ¥E R F | ROC 4k, AR5
Jir A PAE XU, P<0.05 N &5 A it 2 X,
JIT AT B A B e SE 22 0 R RO BPE(4.0.3 WA
5
2 & B
21 EXER

W SE B 2 9 A8 B (IM 4 F0 HGIN/GC 4 3t

Table 1 Baseline characteristics of the target participants by group

] 22 5% B9 48 3T 5 K

Total Normal M HGIN/GC

Ind P
B, FAEFERm (=139)  (n=56) (n=39) (n=44)
T BCR RS W K 6 X} 4y Age(years old) 58.77+5.87 58.38+6.74 58.49+6.09 59.52+4.32 0.59
e e o o \ Female (% 74(53.24) 37(66.07) 16(41.03) 21(47.73) 0.04
e CEITEE 2 P ) T
Middle school or above (%) 36(25.9) 14(25.00) 9(23.08) 13(29.55) 0.78
TSR, R
FEHYIL VT = LA o Income =10000 Yuan/year(%) 83(59.71) 39(69.64) 17(43.59) 27(61.36) 0.04
PR A KA AR BMI(kg/m?) 22.81+2.97 22.98+2.95 23.19+2.84 2226%3.10 0.29
B M 5 Xk — 4y Ever regular smoking(%) 19(13.67) 2(3.57) 7(17.95) 10(22.73) 0.01
N N . Ever regular drinking(%) 8(5.76) 3(5.36) 3(7.69) 2(4.55) 0.82
KA, o E N
RACHE, LRI regular tea intake(%) 6(4.32)  1(1.79) 0 5(11.36) 0.2
BAE Ay e W N Fresh vegetable intake days per week 4.53+1.84 4.75+1.95 4.31+1.79 4.43+1.74 0.39
“HET. IR E XN . Fresh fruit intake days per week 1.42+1.35 1.49+1.56 1.2120.93 1.52+1.37 0.75
A U @] g’[e.at agd eggs intaklf days per week 1.9211.89 1.63+1.62  2.18+2.05 2.23+2.03 0.§9
N L S o nion days per wee 226222 245229 2.14+£2.13 2.11£2.25 0.65
2 I AE VT AE RN Died vegetable and fruit intake days 1.75£1.98  1.78+2.02 1.59:2.11 1.85:1.87 0.51
“IE7, HApW RS R per week
e Pickled vegetable days intake per week 0.52+1.09 0.58+1.03 0.44+1.05 0.51£1.21 0.40
N TR 5T g W P
KE/{(B E?‘E HJUIJT;J.L Ef Hot food days intake per week 0.21+0.84 0.15£0.52 0.31+1.19 0.18+0.81 0.80
UEAT VAN o &R Mildewed food intake days per week 0.08+0.51 0.04+0.27 0.18+0.85 0.05+0.30 0.60
FH éjé ‘I‘é ] UEI éj\ 1‘)14‘ %ﬁ ‘}: Notes:IM:intestinal metaplasia; HGIN :high-grade intraepithelial neoplasia; GC:gastric cancer; BMI:body mass index

242

¥ @i 2024 F % 33 £ % 38 China Cancer,2024,V0l.33,No 3



139 %, F¥HEW 5877 %, Hh
53.24% 04 M . BIFFEXT G I AR B
16 IM 4151 HGIN/GC 4134 5 % IR 41 22
SAEGIF22E L (¥=5.54,P=0.02;
¥=8.56,P=0.003), {H W AR AL AE IM
5 HGIN/GC iy 22 R LGt &
X (=0.29,P=0.59), A AHILE T
IM 20 f1 HGIN/GC 20, Xf RE 4L Lotk o
Fb B, SRBEEUCA B 1 (Table 1),
22 REFREDSWRERR .S %KF
BRERERBEENXR

1 1 270 FREHR & D, FALE
58 Fh AR 4 43+ 5 WRPIR B A OC (P<
0.05),127 4~ it 72 SR 443 51
5 IM F1 HGIN/GC #H5¢ , 7EiX 22 5 IM
¢ HGIN/GC WA AH G By bn s v, 43
BIAT 4 AR T AR G Y TR 5
MR B AT 5 (Figure 1A~1B), % JE 5]
WF 5% % 52 0 W R B fE IM 41 5
HGIN/GC AR E X7, #IF IM A
5 HGIN/GC 41J5 , &3 109 R4
oy 5 2 00 B R A K g KUK
AKX, HA 4 R &Y E 5
Wz KR B8 A 5% (Figure 1C) , HiX 2248
A 25 A IR AR AR T L K R AR
e B i RIS 22 1) 1) DG R A AE — B A5
2 (Figure 2) , RIELHE AL ALY 4-H1 2

5 Metabolic markers Coefficient Coe_P OR OR_P
Benzenoid : E
4-Acetylphenol sulfate —— <0.05 = <0.01
4-Methyleatechol 1-sulfate —%— <0.05 ——  <0.05
Fatty acid : :
Dodecanedioic acid(FFA(12:0-DC) —— <0.05 = <0.05
Steroid , ,
Steroid-C21H3403 monosulfate —a— <0.05 = <0.05
[ I I 1 [ I I 1
-2 0 2 4 0o 1 2 4
B
Metabolic markers Coefficient Coe_P OR OR_P
Triacylglycerol ' :
TG(52:5)-TG(16:0/18:2/18:3) <005 —=— <0.05
TG(56:8)-TG(18:2/18:2/20:4) ™ <0.05 i———, )10
TG(52:7)-TG(16:1/18:3/18:3) = <005 ~ —=— <0.05
TG(54:6)-TG(18:2/18:2/18:2) = <005 ~ —=— <0.05
Diacylglycerol E E
DG(R6:4)-DG(18:1/18:3) - <005 = <0.05
DG(36:4)-DG(18:2/18:2) - <0.05 — <0.05
Exogenous ; ;
Hydroxycotinine E —s— <001 E'.- <0.05
[ I I T T T 1 T T I T |
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&
Metabolic markers Coefficient Coe_P OR OR_P
Benzenoid : :
4-Acetylphenol sulfate i <0.01 — - £0.05
4-Methylcatechol 1-sulfate == <0.01 —=— 0.05
Glycosphingolipid ' i
CerG2(d34:2)-LacCer(d18:2/16:0)  ® <005 = <0.01
Exogenous : 3
Hydroxycotinine : :‘ : : _I._ |<04()1 : li—'— I<0.05
-10 2 4 6 8 0 1 2
Notes:A:IM;B:HGIN/GC;C:IM and HGIN/GC;models were adjusted for age,gender,
education, household income,drinking status,tea-drinking status,and frequency of 8 food
groups;black squares represented coefficients or ORs,which horizontal lines represented
95% CI;IM :intestinal metaplasia; HGIN :high-grade intraepithelial neoplasia;GC: gastric
cancer;Cl ; confidence interval ; OR ;0dds ratio
Figure 1 Significant association of smoking and metabolic markers,and
association of these markers with risks of IM,HGIN/GC,
IM and HGIN/GC

IM

HGIN/GC IM and HGIN/GC

2 o0 - -2 _

.
o—on —
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2 4 6
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Figure 2 Global patterns of the coefficient of the 1270 metabolic markers associated with smoking status and OR for

IM,HGIN/GC,IM and HGIN/GC

Notes :yellow dots represented
markers that were associated with
smoking status but not with the
risk of diseases;bule dots repre-
sented markers associated with the
risk of diseases but not with smok-
ing status;red dots represented
markers associated with both smok-
ing status and risk of diseases;gray
dots represented markers not asso-
ciated with either smoking status
or risk of diseases;IM :intestinal
metaplasia; HGIN ; high-grade
traepithelial neoplasia; GC: gastric

in-

cancer; OR :odds ratio
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A
Metabolic markers Coefficient Coe_P
Benzenoid ‘
4-Acetylphenol sulfate inll <0.01
4-Methylcatechol 1-sulfate - <0.01
Glycosphingolipid .
CerG2(d34:2)-LacCer(d18:2/16:0) u <0.05
Exogenous :
Hydroxycotinine i —&=  <0.01
¥
-10 2 4 6 8
B Coefficient_A  Coe_A_P
Benzenoid i
4-Acetylphenol sulfate i —— <0.01
4-Methylcatechol 1-sulfate —-— <0.01
Glycosphingolipid ;
CerG2(d34:2)-LacCer(d18:2/16:0) !‘ <0.05
Exogenous i
Hydroxycotinine ! —a—  <0.01
rr—1 1 T 1
-10 2 4 6 8
C Coefficient B Coe_B_P
Benzenoid ‘
4-Acetylphenol sulfate 3 i <0.01
4-Methylcatechol 1-sulfate = <0.01
Glycosphingolipid ‘\
CerG2(d34:2)-LacCer(d18:2/16:0) L] <0.05
Exogenous 1
Hydroxycotinine i == <0.01
1 1 T 1
-10 2 4 6 8
D Coefficient_C  Coe_C_P
Benzenoid i
4-Acetylphenol sulfate i —— <0.01
4-Methylcatechol 1-sulfate = <0.01
Glycosphingolipid
CerG2(d34:2)-LacCer(d18:2/16:0) IE <0.01
Exogenous I
Hydroxycotinine E —a—  <0.01
-10 2 4 6 8
Notes : A :basic model ; B:adjusted for BMI;C:adjusted for history of
digestive disease;D :adjusted for family history of upper gastrointestinal
tumors ;black squares represented coefficients,which horizontal lines
represented 95%CI; Cl: confidence interval ; OR :odds ratio
Figure 3 Associations of smoking status and metabolic
markers in basic and adjusted
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Notes: A:ROC analysis and the expression of the 4 single
metabolic markers to discriminate IM/HGIN/GC versus normal
controls; B:ROC analysis of the 4 metabolic markers combined to
discriminate IM/HGIN/GC versus normal controls;IM ; Intestinal
metaplasia; HGIN ; high-grade intraepithelial neoplasia;GC: gastric
cnacer; ROC : receiver operating characteristics

Figure 4 The expression and diagnostic performance of 4 single metabolic markers and marker combinations
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