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[ Abstract ] Background and objective Lung cancer is one of the malignant cancers with the highest incidence rate,
and it is important to identify the factors contributing to lung cancer carcinogenesis for prevention. Lifestyle and genetic factors

play important roles in cancer development, however the impact of dietary factors, such as soy product intake, on lung cancer
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risk remains inadequately understood. This study aims to explore the associations between soy product intake, genetic risk, and
lung cancer incidence, and validate the consistent effects of soy product intake in European populations, thereby providing new
insights for lung cancer prevention. Methods Utilizing the Shanghai Suburban Adult Cohort and Biobank (SSACB) (n=66,311),
Cox proportional hazards model was adopted to assess the association between soy product intake and lung cancer incidents, fol-
lowed by subgroup analyses stratified by gender, smoking status, and pathological types of lung cancer. The UK Biobank (UKB)
was used for validation of the effect of soy product intake on lung cancer. To investigate the association between genetic factors
and lung cancer, in addition to previously reported loci, we incorporated newly identified loci from two independent studies in
Southeast China: a nested case-control population from the SSACB cohort (433 cases/650 controls) and a case-control study
from the Shanghai Cancer Center-Taizhou cohort (1359 cases/1359 controls). Meta-analysis and Linkage disequilibrium clump-
ing (LD clumping) of the association results identified 23 loci for polygenic risk score (PRS) construction. Subsequently, condi-
tional Logistic regression model was used to assess the association between genetic risk and lung cancer. Results In SSACB co-
hort, after adjusting for age, gender, smoking, chronic bronchitis, body mass index (BMI), vegetable intake and red meat intake,
sufficient soy product intake was significantly associated with a reduced risk of lung cancer [hazard ratio (HR)=0.60, 95%CI:
0.47-0.77, P,4=6.69E-05], an effect that was consistent in males and females, smokers and non-smokers. In UKB, although the
association did not reach statistical significance, a protective trend against lung cancer was also observed (HR=0.76, 95%CI:
0.55-1.06, P,;=0.10). In the nested case-control population within SSACB, a PRS score generated in the Chinese population
was significantly correlated with lung cancer risk. After adjustment of age, gender, smoking, chronic bronchitis, and soy product
intake, the high-PRS group had a 1.88 times higher risk of lung cancer compared to the low-PRS group (P,,=1.84E-03). Conclu-
sion The prospective cohort study found that adequate intake of soy products was significantly associated with a reduced risk of
lung cancer, while a high PRS is a risk factor for lung cancer development. Integrating soy product intake and PRS into traditional
epidemiological risk factor prediction will guide personalized lung cancer prevention and high-risk population stratification.
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/1 . Select individuals with qualified blood sample.
2. Conduct genotyping using lllumina GSA chip
.\3 Match 1:1 by gender and age

Genetic variation and lung cancer
1359 lung cancer patients
1359 controls

Soy product intake and lung cancer
891 lung cancer incidents in
160,566 people
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Fig 1 Flowchart of participants selection. SSACB: Shanghai Suburban Adult Cohort and Biobank; FUSCC: Fudan University Shanghai Cancer Center;

TZL: Taizhou Longitudinal Study; UKB: UK Biobank; CGA: core global array; GSA: global screening array.
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Fig 2 Flowchart of SNPs selection in PRS construction. PRS: polygenic risk score; SNPs: single nucleotide polymorphisms; CKB: China Kadoorie

Biobank; LD: linkage disequilibrium; PCA: principal component analysis.
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Characteristics All Soy intake<25 g/d 25 g/d<Soy intake<35 g/d Soy intake>35 g/d P
Participants (n, %) 66,311 34,209 (51.6) 12,800 (19.3) 19,302 (29.1)
Age, median (IQR) (yr) 59.0(51.0, 66.0) 60.0 (53.0, 66.0) 59.0 (51.0, 65.0) 57.0 (46.0, 65.0) <2.2E-16
Gender (n, %) <2.2E-16
Male 26,932 (40.6) 13,052 (38.1) 5431 (42.5) 8449 (43.8)
Female 39,379 (59.4) 21,157 (61.9) 7369 (57.5) 10,853 (56.2)
BMI (n, %) (kg/m?) 2.27E-1
<18.5 1745 (2.6) 854 (2.5) 344(2.7) 547 (2.8)
18.5-24.0 31,071 (46.9) 15,619 (45.7) 6000 (46.9) 9452 (49.0)
24.1-28.0 25,424 (38.3) 13,346 (39.0) 4990 (39.0) 7088 (36.7)
>28.0 8071 (12.2) 4390 (12.8) 1466 (11.4) 2215 (11.5)
Smoking (n, %) 5.67E-07
No 51,662 (77.9) 26,865 (78.5) 9757 (76.2) 15,040 (77.9)
Yes 14,649 (22.1) 7344 (21.5) 3043 (23.8) 4262 (22.1)
Chronic bronchitis (n, %) 5.77E-06
No 61,515 (92.8) 31,586 (92.3) 11,887 (92.9) 18,042 (93.5)
Yes 4796 (7.2) 2623 (7.7) 913 (7.1) 1260 (6.5)
Education level (n, %) <2.2E-16
Primary school or below 22,910 (34.5) 15,035 (44.0) 4066 (31.8) 3809 (19.8)
Junior high school 25,008 (37.7) 12,361 (36.1) 5328 (41.6) 7319 (37.9)
High school 11,046 (16.7) 4345 (12.7) 2178 (17.0) 4523 (23.4)
University or above 7347 (11.1) 2468 (7.2) 1228 (9.6) 3651 (18.9)
Marriage (n, %) <2.2E-16
Married 60,490 (91.2) 31,223 (91.3) 11,892 (92.9) 17,375 (90.0)
Unmarried/Divorced 5821 (8.8) 2986 (8.7) 908 (7.1) 1927 (10.0)

BMI: body mass index; IQR: interquartile range.
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Characteristics All Soy intake=0 g/d 0 g/d<Soy intake<35 g/d Soy intake>35 g/d P
Participants (n, %) 160,566 149,601 (93.2) 2131 (1.3) 8834 (5.5)
Age, median (IQR) (yr) 56.0 (49.0-62.0) 56.0 (49.0-62.0) 55.0 (48.0-62.0) 56.0 (49.0-62.0) 7.71E-03
Gender (n, %) 0.06
Male 72,679 (45.3) 67,783 (45.3) 911 (42.8) 3985 (45.1)
Female 87,887 (54.7) 81,818 (54.7) 1220 (57.2) 4849 (54.9)
BMI (n, %) (kg/m?) 0.02
<18.5 870 (0.5) 803 (0.5) 7(0.3) 60 (0.7)
18.5-24.0 58,057 (36.2) 53,957 (36.1) 824 (38.7) 3276 (37.1)
24.1-28.0 67,924 (42.3) 63,399 (42.4) 875 (41.1) 3650 (41.3)
>28.0 33,715 (21.0) 31,442 (21.0) 425 (19.9) 1848 (20.9)
Smoking (n, %) 8.84E-01
No 92,529 (57.6) 86,216 (57.5) 1217 (57.0) 5096 (57.6)
Yes 68,037 (42.4) 63,385 (42.5) 914 (43.0) 3738 (42.4)
Drinking (n, %) 1.28E-13
No 5497 (3.4) 4980 (3.3) 101 (4.7) 416 (4.7)
Yes 155,069 (96.6) 144,621 (96.7) 2030 (95.3) 8418 (95.3)
Chronic bronchitis (n, %) 0.20
No 159,810 (99.5) 148,888 (99.5) 2119 (99.4) 8803 (99.6)
Yes 756 (0.5) 713 (0.5) 12 (0.6) 31(0.4)

I 2 B AR BT I J G (HR=0.60, 95%ClL: 0.47-0.77,
P=6.69E-05) (#3).
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Soy product intake and lung cancer risk
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Fig 3 Restricted cubic spline plot of soy product intake and lung
cancer risk. HR: hazard ratio.
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(HR=0.64, 95%CI: 0.44-0.93, P=0.02) , iX5 BRI FT 45

WG SR, A NI R A R D, gk
WY RTSEP A RS i — D00 IE

HT BAEZ LSS AEAR AR PSS 4, ZEURBARE
HEAT T2 ZE T, 2558 (38S) W, ZEEE AR RAE
SR AR I OC RATR B GE T 2R 22 R, (A R
WHERI R % (HR=0.76, 959%CIL: 0.55-1.06, P =0.10) .
2.3 S TPRSMEHE R R SR SOk S TR FisE
TR Xof il 98 2 5 ER 40T, XoF SSACB I35 o i s 19 344 7 5
IR BRI, 5 il 28 2 5 g AR 14 71:1. SPC T
Jii, A 1083 B 5 FIX BB N AR 5T, JFEFT TGWASIE
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Tab 3 Association between dietary factors and lung cancer in SSACB
Factors Univariate model Multivariate model
Model 1 Model 2 Model 3
HR (95%Cl) P HR (95%Cl) P HR (95%Cl) P HR (95%Cl) P
Age 1.04(1.03-1.05) <2.00E-16  1.04(1.03-1.05) 2.64E-15 1.04(1.03-1.05) 4.03E-15  1.04(1.03-1.05) 2.47E-15
Gender Male 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Female 0.74(0.62-0.87) 4.46E-04  0.76 (0.64-0.91) 1.70E-03 1.03(0.80-1.32)  0.84 1.02(0.79-1.31)  0.90
Smoking No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Yes 1.66 (1.38-1.99) 6.20E-08 1.60(1.23-2.09) 5.45E-04 1.60(1.22-2.09) 5.98E-04
Chronic bronchitis No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Yes 1.87 (1.44-2.42) 2.20E-06 1.62(1.24-2.11) 3.67E-04  1.62(1.24-2.11) 3.65E-04
BMI <18.5 kg/m? 0.72(0.40-1.32) 0.29 0.82(0.45-1.51)  0.53 0.82(0.45-1.50)  0.52
18.5-24.0 kg/m? 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
24.1-28.0 kg/m?  0.88(0.73-1.06) 0.17 0.79(0.65-0.96)  0.01 0.79(0.65-0.96)  0.01
>28.0 kg/m? 0.75(0.56-1.01) 0.06 0.68(0.50-0.91)  0.01 0.68(0.50-0.91)  0.01
Vegetable intake <300g/d 1.00 (Ref) 1.00 (Ref)
300-500 g/d 0.55(0.38-0.80) 1.73E-03 0.53(0.36-0.79) 1.54E-03
>500g/d 0.67 (0.43-1.07)  0.09 0.78(0.49-1.23)  0.28
Red meat intake <40g/d 1.00 (Ref) 1.00 (Ref)
40-75 g/d 0.95(0.77-1.17)  0.64 1.08 (0.87-1.35)  0.49
>75g/d 0.74(0.57-0.96)  0.03 0.96 (0.74-1.26)  0.78
Soy product intake <25g/d 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
25-359/d 0.91(0.73-1.13)  0.38 0.94(0.75-1.17)  0.56 0.93(0.75-1.17)  0.55 0.94(0.75-1.18)  0.62
>35g/d 0.53(0.42-0.67) 8.57E-08  0.59(0.46-0.75) 1.07E-05 0.58 (0.45-0.73) 1.03E-05 0.60 (0.47-0.77) 6.69E-05

Model 1: Adjusted for age and gender; Model 2: Adjusted for age, gender, smoking, chronic bronchitis and BMI; Model 3: Adjusted for Model 2+vegetable

intake and red meat intake.
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Tab 4 VIF matrix of dietary information in SSACB

Dietary information Carbohydrate Vegetable Fruit Red meat Seafood  Soyproduct Pickle Processed meat
Carbohydrate 1.00 1.01 1.00 1.01 1.00 1.00 1.00 1.00
Vegetable 1.01 1.00 1.03 1.04 1.08 1.02 1.00 1.00
Fruit 1.00 1.03 1.00 1.02 1.03 1.01 1.00 1.00
Red meat 1.01 1.04 1.02 1.00 1.09 1.02 1.01 1.03
Seafood 1.00 1.08 1.03 1.09 1.00 1.04 1.00 1.01
Soy product 1.00 1.02 1.01 1.02 1.04 1.00 1.00 1.01
Pickle 1.00 1.00 1.00 1.01 1.00 1.00 1.00 1.02
Processed meat 1.00 1.00 1.00 1.03 1.01 1.01 1.02 1.00

VIF: variance inflation factor.

ST F2 PR 7 vk, i i BETE 4B Y GWAS

# (Median, =0.010, Median___=0.007, P=2.04E-07) .

WEFEFIABIE S8 A S BT 23407 A5, X EE ] pi 7
SSACBI 5% B H %SGR 43 i R 6 7 o P41 1Y
A AKAPRS=2(B,xG,) o #E—AESSACBAREF WS
PR 5 il & 95 XU 22 119 DG 166 . AR PR S 1Y 4347 %5 B
F(E7) B, il 19 i PR S F v 07 50 28 K HR

PR S VE 4304 BF 58 X% 155 43, IR UG — R EZLK

(y=0.24x+0.61) Ji7 & B P 5 i KUK 5 PRSTF 73 H A B2
1EAHSE (#2=0.64, P<2E-16) , Jilids i 2 Ja XU fif & PRS- 43
(RN (1&18) o Horh, PRSTE i 6 (14 i i 2 9
W i 2, HHAE FE (odds ratio, OR) 35%3.96 (95%CI:
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Group Variable Detail HR L95 u9s P*
Male Smoking 1.70 1.30 2.22 9.38E-05 ——r
Chronic bronchitis 1.64 1.14 236 7.67E-03 ——
Vegetable intake <300g/d 1.00 (Ref) +
300-500 g/d 0.61 036 1.01 0.06 ]
>500 g/d 1.14 066 197 0.65 I
Red meat intake <40g/d 1.00 (Ref) +
40-75 g/d 1.01 0.74 138 0.93 e
>75g/d 0.83 0.58 1.20 0.33 e
Soy productintake  <25g/d 1.00 (Ref) +
25-35g/d 0.87 063 1.20 0.38 bae
>35g/d 0.59 041 084 3.04E-03 e
—rtr t 1 1T 1
0.0 051015 20 25
Group Variable Detail HR L95 u95 P*
Female Smoking 9.08E-07 0 Inf -
Chronic bronchitis 1.61 1.11 233 0.01 —
Vegetable intake <300g/d 1.00 (Ref)
300-500 g/d 0.51 029 0.89 0.02 .
>500 g/d 0.40 0.17 0.98 0.05 —
Red meat intake <40g/d 1.00 (Ref)
40-75 g/d 1.17 0.87 1.57 0.29 H—i
>75g/d 1.02 0.69 1.51 0.92 ——
Soy productintake  <25g/d 1.00 (Ref)
25-35g/d 1.04 0.77 1.41 0.79 L |
>35g/d 0.67 0.48 0.93 0.02 Tk

4 BN BT E L ESHEZ BRI KB

0.0 051015 20 25

Fig 4 Stratified analysis of the association between variables and lung cancer by gender. *Multivarible Cox proportional hazard regression.
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HR L95 u95 P*
1.65 1.20 2.27 2.19E-03 i
1.00 (Ref)
0.53 033 0.86 0.01 e
0.82 0.48  1.40 0.46 ==
1.00 (Ref)
1.09 084 1.42 0.50 B
0.84 059 1.19 0.32 =4
1.00 (Ref)
1.00 076  1.31 0.99 L
0.71 053 094 0.02 B

0.0 051015 2.0 25
HR L95 U95 P* \
1.56 1.00 242  0.05 *
1.00 (Ref)
0.60 0.32 1.11 0.10 =
0.62 0.25 1.51 0.29 .
1.00 (Ref)
1.11 076  1.62 0.57 >
1.06 069 161 0.79 .
1.00 (Ref)
0.86 059 1.26 0.45 ®
0.48 030 0.76 1.73E-03

e
0.0 051015 2.0 25

Fig 5 Stratified analysis of the association between variables and lung cancer by smoking status. *Multivarible Cox proportional hazard

regression.

2.17-7.22, P=6.93E-06) , A% 21 (1)l 95 22 9 XU 2 dpe 1K
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o AU S b T3, (HHF95%CIal &1, H5S M4 2 Ja]
()25 FIGEH 27 o B PRSI, Filides A& o KUK 22
Ji T, B S PRSAL (UNEE oA 1040 ) v, ot
KIS B ARPRSAIAM LY A Gt 2425 5 o iX—& B4
IR, T PRSZ (A9 72 g XU S 25 8, 97 244 A B )
LT EAL A S TR

i i 188 358 3 AN [ () A5 78 X PR S T ¥ 149 22 kg s
TTvEAh, L4 Logistic A AT (27) KB = PRSVE4)
559 e o A B O, R3O S A A S —E
FERE HI55 TPRS Sl Z A OCHE (F#2: OR=1.92,
95%Cl: 1.32-2.79 vs F5%13. OR=1.88, 95%CI: 1.26-2.80) ,
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Tab 5 Association between variables and lung cancer risk in UKB
Variables Detail n (lung cancer)/n (all) HR 95%ClI p*
BMI <18.5 kg/m? 5/870 0.90 0.37-2.17 0.81
18.5-24.0 kg/m? 285/58,057 1.00 (Ref)
24.1-28.0 kg/m? 384/67,924 1.00 0.85-1.16 0.96
>28.0 kg/m? 217/33,715 1.12 0.93-1.33 0.23
Smoking No 677/92,529 1.00 (Ref)
Yes 214/68,037 4.35 3.94-4.79 <2.00E-16
Chronic bronchitis No 887/159,810 1.00 (Ref)
Yes 4/756 0.70 0.26-1.88 0.48
Vegetable intake min-Q1 437/71,098 1.00 (Ref)
Q1-Q2 203/39,213 0.89 0.75-1.05 0.15
Q3-max 251/50,255 0.79 0.68-0.93 3.81E-03
Red meat intake min-Q1 53/12,950 1.00 (Ref)
Q2-Q3 378/72,669 0.97 0.73-1.31 0.86
Q3-max 460/74,947 1.05 0.78-1.40 0.76
Soy products intake 0g/d 847/149,601 1.00 (Ref)
0-35g/d 7/2131 0.62 0.29-1.30 0.20
>35g/d 37/8834 0.76 0.55-1.06 0.10
*Multivarible Cox proportional hazard regression.
%< 6 7ESSACBE X%t F8 A BE R [E ABEPRSIES #9234 SR S AR AT K BX 47
Tab 6 Association of the 23 SNPs used for Chinese population PRS in the nested case-control population in SSACB
SNPs CHR Position Effectallele Reference allele OR [»
Novel associations
rs201871562 16 17266892 TAACA T 0.88 0.278
rs752482 16 17271327 C T 1.23 0.067
rs2041792 16 53405716 C T 1.05 0.639
rs12602531 17 16757028 G C 0.95 0.564
rs11657871 17 16762147 G A 0.93 0.474
rs200995524 17 5081480 AC A 1.01 0.960
rs4675932 2 242495223 T C 0.87 0.355
rs6849419 4 102594545 G 0.90 0.329
rs9280834 6 29959057 TG T 0.76 0.017
rs9261094 6 29970839 T 0.63 0.120
rs117287535 8 124250500 G 0.97 0.871
Previously reported associations
rs7726159 5 1282319 A C 1.29 4.28E-3
rs9374663 6 117782634 G A 0.81 0.014
rs77468143 15 49376624 G T 0.77 0.019
rs11928222 3 189350265 G T 1.19 0.049
rs17038564 2 65496058 G A 0.91 0.430
rs2293607 3 169482335 T C 1.09 0.370
rs401681 5 1322087 T C 0.93 0.420
rs3817963 6 32368087 C T 1.04 0.719
rs1853837 6 41497035 A C 1.16 0.116
rs4236709 8 32410110 G A 0.87 0.246
rs4573350 9 124955115 T C 1.03 0.757
rs10429489 9 21787521 A G 0.86 0.137

CHR: chromosome; OR: odds ratio.
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Fig 6 Stratified analysis of the association between variables and lung cancer by histological type. *Multivarible Cox proportional hazard

regression.
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Fig 8 Association between deciles of PRS and lung cancer risk
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Tab 7 Association between low, intermediate, and high genetic risk and lung cancer incidence

Model Level of genetic risk OR 95%ClI P
Model 1 Low 1.00 (Ref)
Intermediate 1.28 0.93-1.76 0.14
High 2.03 1.47-2.80 1.73E-05
Model 2 Low 1.00 (Ref)
Intermediate 1.14 0.79-1.65 0.47
High 1.92 1.32-2.79 6.07E-04
Model 3 Low 1.00 (Ref)
Intermediate 1.02 0.68-1.50 0.94
High 1.88 1.26-2.80 1.84E-03

Model 1: Not adjusting any variables; Model 2: Adjusted for age, gender, smoking and chronic bronchitis; Model 3: Adjusted for age, gender,

smoking, chronic bronchitis and soy product intake.
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