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Analysis of impact of type 1 diabetes on colorectal cancer by using two-sample
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[Abstract] Objective: To investigate the potential causal relationship between type 1 diabetes and colorectal cancer by using
Mendelian randomization (MR). Methods - Two-sample bidirectional MR was used to investigate the causal relationship between
type 1 diabetes and colorectal cancer. All research data were collected from the IEU Open GWAS Project database. The dataset of
type 1 diabetes included 9 266 cases and 15 574 controls, with correlation analysis in 12 783 129 single nucleotide polymorphisms
(SNPs); the dataset of colorectal cancer included 5 657 cases and 372 016 controls, with correlation analysis in 29 999 696 SNPs.
The instrumental variables SNPs were screened. The results derived from the inverse-variance weighted (IVW) method were used as
the main indicator of effect. The results derived from other four methods, namely MR-Egger regression, weighted median, simple
mode, and weighted mode, were used as reference. Sensitivity was analyzed with the leave-one-out method. Heterogeneity was
analyzed with Cochran’s Q test by using both IVW and MR-Egger methods. Pleiotropy was analyzed with MR-pleiotropy function,
and Steiger test was used for directional research. The colocation analysis was used to find out whether the causal relationship
between type | diabetes and colorectal cancer was caused by the same SNP. The genetic correlation between 2 diseases was
analyzed by using the linkage disequilibrium score regression (LDSC). All tests were analyzed by using R language software
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(version 4.3.1). Results - After being screened, a total of 33 instrumental variables (SNPs) were used. The heterogeneity test results
showed that there was heterogeneity among the SNPs (IVW and MR-Egger: P<0.05), so the effect evaluation was based on the
results of the random effect model. MR analysis showed that type 1 diabetes had a significant causal effect on colorectal cancer (P<
0.05) by using IVW, MR-Egger, weighted median and weighted mode. Sensitivity analysis showed that the results were stable.
Pleiotropy was not detected in pleiotropy test (P>0.05). Steiger test showed that the effect of type 1 diabetes on colorectal cancer

was not interfered with by the reverse effect. Reverse MR analysis showed no causal effect of colorectal cancer on type 1 diabetes

(P>0.05). The results of colocalization analysis showed that the probability of H, hypothesis was 45.7%, and the causal relationship

between the 2 diseases was not caused by the same SNP in the gene sequences. LDSC analysis demonstrated that there was no

genetic correlation between the two diseases. Conclusion - Type 1 diabetes may promote colorectal cancer, but colorectal cancer has

no effect on type 1 diabetes.
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Tab 1 Effect of type 1 diabetes on colorectal cancer using five MR methods

Exposure Outcome MR method
VW
MR-Egger
Type 1 diabetes Colorectal cancer Weighted median
Simple mode

Weighted mode

http://xuebao.shsmu.edu.cn

P value OR (95%CI)

0.003 4 1.000 7 (1.000 2—1.001 1)
0.001 3 1.001 1 (1.000 5-1.001 8)
3.39x10° 1.001 0 (1.000 5-1.001 4)
0.6719 1.000 3 (0.998 8-1.001 9)
0.000 1 1.001 0 (1.000 6-1.001 4)
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Fig 1 Scatterplot of SNP effects on type 1 diabetes and colorectal cancer

rs17863786 -
rs34954 -
rs79075295 -

rs10760335 -

1s201417739 -

1s6719660 -
151869449 -

rs10830227 -

15206763 -
rs185774696 -

rs202520 -

154566101 -
159273363 -

rs12722495 -

18056814 -

rs13182737 -

1s192324744 -

156909461 -

1$9468618 -

rs10183097 -

rs62410259 -
156679677 -

rs741172 -

rs2111485 -
1577523242 -

rs11571297 -

rs231971 -

rs10911399 -

152269247 -

152144013 -

1s59680223 -

15194749 -
rs10774624 -

All-MR-Egger |
All-IVW -

-0.005

—_—

——

0 0.005

MR effect size for type 1 diabetes on colorectal cancer

B2 1 EVHER R X 45 B B R SR AR vk
Fig2 Forest plot of effect of type 1 diabetes on colorectal cancer
2.2 1EW MR ;BT so&vE . Sem k. 2Rk

o1 w5y Br

TEORAE S BT s . AESIBRAT A0 B4 SNP S5, 45
RH>0 (K3), BLAARMREG R E; MM RE
fi] B4~ SNP B, F 4% SNP & I (19 D5 IR 20 % 475 4%
FaE o

MR-pleiotropy PR UKE 55 22 R A 00 & B, LA
5 oM iz (#E=-0.000 3), A& E]AG K
ZRNEAFE (P=0.0540).

=& (E4) H, R IVW R MR-Egger 1

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

OPREAT IR, R BPII R S REOS AR, AR A
IR B KT 280

Steiger K4 A DL, 1 U PR %F 45 B 1 988 1) 77 1)
PEFIWT A “TRUE”, P<0.000 1, 614554 32 ) 1i)
PEHITIL.

2.3 I MR 5Hr
JZ I MRS (F2) BB, SHOTELE P
{E37>0.05, PR aHg ) W7 45 M 9 Xk 1 R0 PR AN A7 15

Vol.44 No.6 Jun. 2024



1510774624 -

PREAR 7 R BRI A0 BT LRI 5 i | 759

$6679677

152144013 -

rs11571297 -

1rs194749 -

177523242 -

1562410259 -

rs741172

152269247

rs2111485 -

1s6909461 -

15231971 -

rs10911399 -

1s59680223 -

1s9468618

rs10183097 -

15192324744 -

rs13182737 -
rs8056814 -

rs12722495 -

1s4566101

15202520

rs10830227 -

rs206763 -

rs201417739 -
1$6719660 -

rs10760335 -

rs1869449

rs79075295 -

rs34954 -

rs17863786 -
rs185774696 -

$9273363 -

All-
-0.000 4 0

0.000 4

0.000 8 0.001 2

MR leave-one-out sensitivity analysis for type 1 diabetes on colorectal cancer

B3 1BERFNEEREN N AEEES (B —%)

Fig 3 Sensitivity analysis for effect of type 1 diabetes on colorectal cancer (leave-one-out analysis)

MR method
Ivw
| MR-Egger
4000 - i
> 3000 -
m
a
2000 - .
L]
1000 - o .
'..-.." i gl e [ L) * ses . .
-0.002 0 0.002 0.004
ﬁIV
4 1 BUEFR R 45 B B U B iR SHE
Fig4 Funnel plot of effect of type 1 diabetes on colorectal cancer
F2 STMRFRGK S EFEXS 1 BUHEER R AR
Tab 2 Effect of colorectal cancer on type 1 diabetes using five MR methods
Exposure Outcome MR method P value OR (95%CI)
Ivw 0.3732 0.013 8 (1.12x10°~171.093 6)
MR-Egger 0.643 6 0.000 3 (3.23x107°-2.96x107'7)
Colorectal cancer Type 1 diabetes Weighted median 0.273 9 0.000 8 (2.34x107°-279.941 3)
Simple mode 0.247 1 3.36x10°° (1.82x1074-745.124 1)
Weighted mode 0.266 8 4.42x107 (4.18x107'°-426.783 2)

2.4 #usﬁ i

SEQNLAMT A SR R, 2 R i H (B B R A
5945.7%, KT 80% M HI{E, M ULl H i 5 1 AUk
JR 95 22 TR) (143 TR SR 3580 0 AN 2 Fh R 3 366 DL 471 o k) 1)

http://xuebao.shsmu.edu.cn

SNP 5 {f .

2.5 LDSC /¥t

S5 -S5 1 BURE PR Z R i AL AR B

i

LSRR (0 2004, 44(6) (@)



760 | bEsmmARE (EER

FRAE (R) =-0.001 6, 8t 1% A5Gk 89 b i 15 0
0.1197 (P=0.989 3). Nitt, 45 E w5 1 BUBE IR G
Z AR TFAE IR AL A A

3 idie

ARG T TEU B85 PR T I KB GWAS T
B, AT PIREAR XU MR 43007 . MR 2347 (14 AR L
(B2 I v~ S 1 ] v T i L D2 £ B PN Ve b
P KT AR A — NS s e e, il Bl R S3 FC  Ji
] 750 XoF 2R 751 114 52 1) ok i W7 A= 400 27 181 3R K58 (1) 5 i
TE KRB ES e i v T DR 210 28 81T I PR 52 56 1)
R

WgE 0 TESE, 2 OB R 2 45 W A A g A Atk
LR R T RE R N . A —aF5s 2 b, BA
2 FRUE PRI A 285 15 i R A 5 AR PR 1) SR R AL L
B, TR AR . RS S O AR
Wi 25 S, 2 RUBE DRI 245 B o S PR AR B )
TR BRI 2 BoRE ) h R
T LAXTES 5 2 BB R S S RliG . 5
2RUBEPRIRZEARL, 1 BUE PR 5 45 I e A A — 2
LFRMER N . B s A . JOH % ) ff5
W], FHAOERBRIEA SRR S SRR, &
B I R b g B AR . D AETE 13~18 5 1)
), FREUORHE HEBAREE MG (LMY T
354.84 mL), &1k 45 H 1 g 0 XU w23 3 n 24
32% 2, —TRTHETEA TR Y BB, ROk
Y4 A AT BRI i B S R g, fe k1 AUBE DRI &
JE, RO ORE BB G 1 B PRI g gt A% XU i JLEE
faFEEAR, [FEF, HIEREY S 1 BRI F4s B s
P Z M UIA oG . 1 BUBE R 2 P Bl 1 18 T A 2 R
1) 7R e L R G 7B TE R - 2 S A s o
AR K O AR AT 11 78 (glucose-regulated
protein 78, GRP78) X il P Jox I i i85 | ke i) A Afr &
AR B REZ, XAE A | BRI X 45 B
SRR B AR v B T EEAREH T AR R
Y ECRR MR 3 A I ik 45 R4, 1 AR DR S 45
Y () fe B TR 2%

A EA —E L ABFIERYIE [ MR FR
il MR AT U B, 1 WS bR 02 32F 45 B W i 1) & A

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2024, 44(6)

J'&, (R4 E bt 1 BB R TCEH . ARBFGE txt T
HASR AT T ™K BRI Akt , HERR 785 T HAR
TR, HERR T 81345 H SNP, HERR TR R AEHY
SNP. (HAW I WAFAE— & Wy B . GEit2e 2 )
Hr, IE 8 MRAFFE PAEX/NT 0.05, W] OR{H¥HE K
F1, Z5IFAHE, RS REAAAE H HA 1R
AR, HE kg e, WL R 2 N R A7
P, RARSCE FELERSEmEN BIARTT S, XA
MR W58 25 SR 0 AT T AL, SR 2 Ll — 25 (i F
I, R R RIS SORA TR A W58 10 SR 7
NBEVERE I, T ARE 1 750l R AN 25 1 i 3
P GWAS ¥ dis iy B =, ASBIFSE HBEAE BRI RS Hh E
11, JEELANAE W A HE R A 5C GWAS $0dis & %, ¥
TEJRAE I AT P AR S E BT A TN 7S

25 LITR AT A AR B HEA T WA A L]
MR M7, UESE 1D e Xt 4% R A7 AE SR80
1 BB R IR 1 T 45 I ke R R, ez 45
FJe e 1 BB R TG IR SR o W 1 A PR 5 46
Wi Z MR R A BT 45 B iR T B
o v 1 RURE PR HE 4 T 0 (R S A E )
e, DASCRI T, AR i 45 R i RO R
AR

it ABT A AEH R IR T Open GWAS Project
WHIE S, B Z GWAS T2 .

F 25 % 22 75 B/Conflict of Interests

FAT VR PR A AR 25 1 28

All authors disclose no relevant conflict of interests.

{£& TT#k/Authors’ Contributions

RFEANMTIHI B A, Wk 2R, RS S ERIE
HGEHT s ATFER ST IR REARNSTH I B A EH
LS PN e S Y L s

ZHU Yingjie designed this research. YU Yang, MENG Dan, QIU
Yiwen and YUAN lJian participated in data collection and analysis.
This article was written by YU Yang, and reviewed and revised by
ZHU Yingjie. All authors have read the last version of paper and

approved submission.
* Received: 2024-01-06

* Accepted: 2024-02-28
* Published online: 2024-06-11

Vol.44 No.6 Jun. 2024



[4]

[10]

[11]

[12]

[13]

[14]

[15]

URBANO F, FARELLA I, BRUNETTI G, et al. Pediatric type 1
diabetes: mechanisms and impact of technologies on comorbidities
and life expectancy[J]. Int J Mol Sci, 2023, 24(15): 11980.

B JLE DRI RSIR S R R RLRHRE, 2022,
40(5): 321-327.

LUO F H. Diagnosis, treatment and future of childhood type 1
diabetes mellitus[J]. Journal of Clinical Pediatrics, 2022, 40(5): 321-
327.

YANG Y, HAN Z H, LI X, et al. Epidemiology and risk factors of
colorectal cancer in China[J]. Chin J Cancer Res, 2020, 32(6): 729-
741.

d AR, EE, I, L S5 E S 2 BUBE R IR G Rl
PRAFAEST T[], IM&*EIZ%Q’%#& 2016, 25(9): 999-1000.
MENG L H, CHANG K, WANG L H, et al. Correlation and clinical
characteristics of colorectal cancer and type 2 diabetes[J]. Modern
Journal of Integrated Traditional Chinese and Western Medicine,
2016, 25(9): 999-1000.

SKRIVANKOVA V W, RICHMOND R C, WOOLF B A R, et al.
Strengthening the reporting of observational studies in epidemiology
using Mendelian randomization: the STROBE-MR statement[J].
JAMA, 2021, 326(16): 1614-1621.

FORGETTA V, MANOUSAKI D, ISTOMINE R, et al. Rare genetic

variants of large effect influence risk of type 1 diabetes[J]. Diabetes,
2020, 69(4): 784-795.
SEKULA P, DEL GRECO M F, PATTARO C, et al. Mendelian

randomization as an approach to assess causality using observational
data[J]. J Am Soc Nephrol, 2016, 27(11): 3253-3265.

LIU N Y, WANG G, LIU C, et al. Non-alcoholic fatty liver disease
and complications in type 1 and type 2 diabetes: a Mendelian
randomization study[J]. Diabetes Obes Metab, 2023, 25(2): 365-
376.

LIU Z R, WANG H C, YANG Z K, et al. Causal associations
between type 1 diabetes mellitus and cardiovascular diseases: a
Mendelian randomization study[J]. Cardiovasc Diabetol, 2023,
22(1): 236.

KAMAT M A, BLACKSHAW J A, YOUNG R, et al. PhenoScanner
V2: an expanded tool for searching human genotype-phenotype
associations[J]. Bioinformatics, 2019, 35(22): 4851-4853.

BRION M J A, SHAKHBAZOV K, VISSCHER P M. Calculating
statistical power in Mendelian studies[J]. Int
J Epidemiol, 2013, 42(5): 1497-1501.

BOWDEN J, DEL GRECO M F, MINELLI C, et al. A framework
for the investigation of pleiotropy in two-sample summary data
Mendelian randomization[J]. Stat Med, 2017, 36(11): 1783-1802.
BOWDEN J, DAVEY SMITH G, BURGESS S. Mendelian
randomization with invalid instruments: effect estimation and bias
detection through Egger regression[J]. Int J Epidemiol, 2015, 44(2):
512-525.

BOWDEN J, DAVEY SMITH G, HAYCOCK P C, et al. Consistent
estimation
instruments using a weighted median estimator[J]. Genet Epidemiol,
2016, 40(4): 304-314.

HARTWIG F P, DAVEY SMITH G, BOWDEN J. Robust inference

randomization

in Mendelian randomization with some invalid

http://xuebao.shsmu.edu.cn

TR A SR BHLACHE SV 0T | R n 4 i | 761

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

in summary data Mendelian randomization via the zero modal
pleiotropy assumption[J]. Int J Epidemiol, 2017, 46(6): 1985-1998.
HEMANI G, TILLING K, DAVEY SMITH G. Orienting the causal
relationship between imprecisely measured traits using GWAS
summary data[J]. PLoS Genet, 2017, 13(11): e1007081.
YUN Z J, GUO Z W, LI X, et al. Genetically predicted 486 blood
metabolites in relation to risk of colorectal cancer: a Mendelian
randomization study[J]. Cancer Med, 2023, 12(12): 13784-13799.
BULIK-SULLIVAN B K, LOH P R, FINUCANE H K, et al. LD
Score regression distinguishes confounding from polygenicity in
genome-wide association studies[J]. Nat Genet, 2015, 47(3):
291-295.
CHEN C, WANG P, ZHANG R D, et al. Mendelian randomization
as a tool to gain insights into the mosaic causes of autoimmune
diseases[J]. Autoimmun Rev, 2022, 21(12): 103210.
AR RHSE . 2 TRUBE BRI 5 2 e I PR BIURFAE I AT ST (D). BRI
THREERIRE, 2020.
NIU X Y. Study on the relationship between type 2 diabetes mellitus
and colorectal cancer in clinicopathological characteristics[D].
Yinchuan: Ningxia Medical University, 2020.
1%3‘{,\, TOTHE, 420, A5 S5 S 2 TR RO B9 AE DG PE K
SFAE BT[], EFEH?CHT/E FH, 2022, 13(24): 80-83.
YANG Q H, LEI X J, LI F, et al. Correlation and clinical characteristics
of colorectal cancer onset and type 2 diabetes mellitus[J]. China Health
Standard Management, 2022, 13(24): 80-83.
SRR, AR, le?iM* A T2 2 B R ) T HAR T B AR
K SAEIENRT G e A 2 TR PR R L[], b v
IR 245 A4, 2022, 29(7): 24-32.
ZHANG X Y, LIN X, LIU X Q, et al. Study on mechanism of
treating different diseases with same method of Gegen Qinlian
Decoction in treating colorectal cancer and type 2 diabetes mellitus
based on network pharmacology and molecular docking[J].
Journal of Information on Traditional Chinese Medicine, 2022,
29(7): 24-32.
JOH H K, LEE D H, HUR J, et al. Simple sugar and sugar-
sweetened beverage intake during adolescence and risk of colorectal
cancer precursors[J]. Gastroenterology, 2021, 161(1): 128-142. ¢20.
HUR J, OTEGBEYE E, JOH H K, et al. Sugar-sweetened beverage
intake in adulthood and adolescence and risk of early-onset
colorectal cancer among women[J]. Gut, 2021, 70(12): 2330-2336.
LAMB M M, FREDERIKSEN B, SEIFERT J A, et al. Sugar intake
is associated with progression from islet autoimmunity to type 1
diabetes: the Diabetes Autoimmunity Study in the Young[J].
Diabetologia, 2015, 58(9): 2027-2034.
Mgk, B, S T R RS T A DG AE IR PR 2R I A5
E?ﬁﬁﬁfb 2022, 51(5): 26-29.
LIU J, LIAO F, DONG W G, et al. Research progress on risk factors
related to early-onset colorectal cancer[J].
Research, 2022, 51(5): 26-29.
GONZALEZ-GRONOW M, PIZZO S V. Physiological roles of the
autoantibodies to the 78-kilodalton glucose-regulated protein

Chinese

JEJE (D).

Journal of Medical

(GRP78) in cancer and autoimmune diseases[J]. Biomedicines,
2022, 10(6): 1222.
[AxHE] HEHT

LSRR (0 2004, 44(6) (@)



