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Abstract

Aim: To explore the cause-and-effect relationship between EPAS1 and Type 2 Diabetes Mellitus (T2DM),

a two-sample Mendelian randomization analysis was used to provide new ideas for the prevention and
treatment of T2DM. Method: Using data from the Genome-Wide Association Study (GWAS), mendelian
randomization analysis was performed with EPAS1 as an exposure factor and T2DM as an outcome

variable. In this paper, Inverse Variance Weighting (IVW) was used as the primary analysis method to

pool and combine the causal effect estimates of Single Nucleotide Polymorphisms (SNPs), and MR-Eg-

ger regression, weighted median, and weighted model were used as supplementary methods to ana-

lyze the potential causal association between the two. Cochran’s Q test, MR-Egger regression intercept,
and leave-one-out method were used for sensitivity analysis. Results: IVW analysis showed that EPAS1

and T2DM had a significant positive causal relationship (OR: 1.055, 95% CI: 1.044~1.067, P = 6.96e-22).

Sensitivity analysis showed no pleiotropy but significant heterogeneity, and the results were relatively
reliable. Conclusion: EPAS1 and T2DM have a significant positive causal relationship, but further ver-

ification is needed.
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1. 5|8

AR [ b PR B A AT 2, 2021 4F R 3RBE IR BN 10.5%, F) 2045 4 BT 2 12.2%,
R ANBATIE 7.8 (N [1] 2 B4 JRIF(Type 2 Diabetes Mellitus, T2DM){E A A RHE W, EERRE
MNEE RS, BEYPERE™E, HS5HAMANRIE KRR CREY], HEHEFERRITE NS .
WIEAE A R E R, WU B SO0 R B 2 AR I S 235, -4k T2DM ARG 2 R 35 9 1
FTRR TR, o TR M AR T2DM ok (1™ 8 BT AR Bk B 3K e

HHTIA N T2DM &% J5 B 5 g%« AE3E 7 sUE DIAE G . 2 AN T3/~ s AN T2DM 05 26 B
KT HAD R, Peng 25 NIRRT, ARG WHO brifk LR AN R AR ERE R B0 A e, el
A%, VOFEDHIN 7.5% 11.9%. 14.6%F1 9.3% [2]. iz i Hb X 58 B8 N FEA] 575 1 R 7 bm Ak E0% R o
4.6% [3], AR Az BP0 A, 5T R Bl O MURR (1) v Do T A% P I B R TR AR TR TS A G

Wt RaN, K& e U DG B R 7E mnfg 4k s IR B AR Rk (4]0 [FII, 58O A0 A
KIRALAL 57 F BAE SIS T 6 F EPAST (OUFR HIF-20)F1 EGLN1 538 K & %, ESPAL FT{E IS EIE S IA
THRIR, HEEERW K E AR, #EEREEsI5], 5ARERERBXREY], ARERSE T
YT AR T AR U AR I WA o 32 R PR AR [6]. ARHE Peng ZE NUBAL, MR AL4H 21+ EASPI
FOKRBH R T A[7], FLE S R A A e R R S PR B T D G A1 B I 21 B e R 2 i R AR A OG0 I
B XS & B SCE A DG, HULFER, BFFHRt, FUER EPAST SRR A S AL KPR AR OG,
PEONIX — SR BV S I 1 IR A 9 IR 7 R SR S R PR R B L IR [8]. BRIk, #RE EPASI
65 T2DM A 22 2 18] R AH PR B AT 30 7 AR BUE T2AM K A3 26 1) S5 R
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BT A% G S0 9T 2 2 BINR A« B e PR SR 9K 28 A a2k 426 v £25 55 1) S ) PR o), o S JR B L AL BT 5
(Mendelian Randomization, MR)&—Ff H ZRIRAS T FIBANLAT HRIRES, 8RR R T i FEAATERE LI, PToR
IR ARG TT A, R DAVEAL B R R S RS R AR R N EERL R G R . BRIk, ABFFRE N R T
4 B DR 21 G BEATE ¢ 04 % (Genome-Wide Association Study, GWAS), K & /R EEHLL ik, PLHGE
EASP1 5 T2DM KIRAZEZ A& TAEE R ICHL, BHAR I R A R T — PR Z BB A (K T2DM &
RRIEK, LN T2DM 35 2 A8 B %

2. AR
2.1. %MBRE

AW I WREA MR WF 78 R4 S I8 T EPAS] 2% 5 T2DM RIEZRIBE R LR, WARN
KA T RBEHAL I ) = AR % 1) % 1 TR E S RERKZETE, 2) Fik2:
i T HAS BT TS ERNR AR, 3) B3 TATEMNETRERELWHER, WEmTEE
AR

2.2. RERGRHBIERIR

AT TR 5 FR K 3R € A EPASL, #45 /AR &€ XA T2DM. EPAS1 1 T2DM K] GWAS #i#5#
K H T https://www.ebi.ac.uk/gwas/, 1) % F&3#E(EPASTIRE: il GWAS Hx
(https://www.ebi.ac.uk/gwas/), BUEFEA R KL TR SNP £ &5, LI T GWAS #4E 1 1) EPAS]
B, AN B FE(EPAS ) A L] F R S (RE A& 1,028,980, ERIHATE, 2024 4F)[10]. 2) %A%
PE(T2DM) R EL: 3@ id 1% GWAS H % (https://www.ebi.ac.uk/gwas/), T3k K A #EF 2k R HA L
T2DM [P AL R0 CEL, RAMANL R (T2DM) AL n] HEUREFEAR R 67,147, BRIMAGE, 2024 4F)
[11].

23. TRZEMNRERFE

NG 55 TR IE e, AR FEAE 2 AT AR S DR AR 1) e S T2DM B SRR 4 B3
KK SNPs (P<5x 107%), 2) NIRMGMAL AL TR, HERRIER 2 80tk xt 45 R, DL ANEEH
NSRRI SNPs 2 [ IR, HEATMSIMERE . Jiik R? < 0.001, PHEHEEEE > 1000 kb
fBhST. SNPs. 3) fd ] F R g8 PPl @ 1) SNPs, 4 F > 10 BPEHA A58 T B A8 B 78 Ja 80 b R 8
4) i/l Two Sample MR 041 ] harmonise-date BRI%, Kf ik 545 )5 5 AL R R U7 1) B IR],  MWRA (9] SC S ANAH
Z51f) SNPso  Z80d A% i 16 (1) SNP B Fl VR B ) o A /R BENLAG 0 BT e 28 TR AR & .

2.4. GtESAT

A FE BRI 7 2 INBEEAVW) KA 7 5072 (Weighted median) #3847 MR 4T, #5805 R )
WL B R 0 4 SR AR AR B RE IR . (R FTH SNPs ¥IAH B L HA S HSFHKF 281 A%, R
TR ELAE LE(OR) S 95% CI VA 2 % R 3008 45 = (F DR B M R ;- [F] B BL MR-Egger [R1H . IiAUSE
(Weighted mode){ENth7a, LARTIIA R T ORI IR E MR TSV o &0 /KCSF 2 380 0 i 5 7 o VA
5, TATHKH Cochran’s Q Fiit & AF y — YRS 43 T B LU 46 T B AR B (1 it k[ 12], [FIB i B MR-Eg-
ger BRI VAL AR B ISR 2 2t I8 A Pheno Scanner Kl R AR & 5 H A 50 2 1] 1) 56
B, i T A ERZRME[13]; FH leave-one-out 73 HTiEZ HraEA> SNP HURSIR . iR K656 0 i 548 FH
R 4.04 #FH Two Sample MR 05ZH, K46 /K #E o = 0.05.
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3. &R
3.1. TREENMFESER
R4 THAR B AT P4 ik, FRATRA T 478 A SNPs 1Ey EPASI T A H, Fif SNP F # KT
10, RPN THA S,
3.2. MR &R 4R

MR 74 IVW 45 5 8 7R FE K T ) EPAS] 5 T2DM fEAEFEE I IE 171 R R 9L, EPAST B FE1an 1
T2DM &I A, WIE 1. 8 2. IVW #:(OR: 1.055, 95% CI: 1.044~1.067, P = 6.96e-22). MR-Egger [7]/1
3HT(OR: 1.037, 95% CI: 1.009~1.065, P = 8.2e—3). Weighted Median 7%(OR: 1.052, 95% CI: 1.037~1.067, P =
1.71e-12), Weighted mode 7£(OR: 1.057, 95% CI: 1.018~1.097, P = 3.81e-3), 1%& 1 ffizR.

Table 1. Results of Mendelian randomization analysis

F 1. HEREEN S EE

iR 455 ST P1H OR 18 (95% CI)
MR-Egger 8.20E—-03 1.037 (1.009~1.065)
Weighted Median 1.71E-12 1.052 (1.037~1.067)
EPASI T2DM
IVM 6.96E-22 1.055 (1.044~1.067)
Weighted mode 3.81E-03 1.057 (1.018~1.097)

33. WM, S REMESH

MR-Egger [FIE5H7H TR 22800, 4558 BREEE N 0.003, P =0.168, KM, 7E EPASI Xf
T2DM (PR SR At e, A% 22 251 280N (R AT REME LIS, AT i A BB bl 17 5 0 53 B 435 SR PR VR 23% Dt e
T BEME . I F B R BTA SNPs Akt FR, LK 3. SRUMERR K] Cochran’s Q ki 46 . MR-Egger K36
(Q=903.22, P =7.828¢—29)f1 IVW ¥ %:(Q =906.84, P =4.554¢—29), iR BHFR TR EE, ATGEMF
FEHABFE M . Leave-one-out V470 B 45 R W P J i3 48— M1, WIZ] 4, JEHAS SNP F2M S 4K MR At
45 R BA R .
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Figure 1. Scatter plot
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4.1.EPAS1 5 T2DM BEEBENERERXE

AW RFIFHBEREA MR 21 #8155 EPAS1 5 T2DM A9 RS 2 (A R SR Bk . 25 %1, EPAS1 5
T2DM fEEBEM IR G R, HNREMEIEMERKC R, B EPAS] Z 5 nf 0 T2DM &k WU . 454 &
S3E5T WU AR EPAST 335 N [, 3 sV AT 40 i RESEUE B 41K T2DM 80 2 1 J AL, 5] 2 T2DM
B va SR BEHT 7 1A

4.2. EPAS1 5 T2DM B4

FEAE T R NS B ECIRAS OB e sk 7, 6% HIF-1. HIF-2. HIF-3 fENMHERES
¥y, Hop HIF-2a BN EASPI [14]. fEH ARG T, HIF-o #MEBRICEESEMIREA 1 (PHD1, XK
EGLN2). PHD2 (EGLN1)HI PHD3 (EGLN3) AR Fe AL, 3 1M #8341 2] 1~ von Hippel-Lindau
(VHL)FEf#, ke sr g AR . MirEsREIGOL T, PHDs X HIF-a B2 SSRGS 2306, 3 55
HIFs B8, @ — PR E A MR RIS SO e 8B A BEREARLE A BA R R AR
B Bi[15] 0

T HA R R, 2R R B S PHD2. EPAS] JE R 26 I s B M o RV 7E g
SREMBIE NS FEH EPAST 2R Th e R 59 E R AEThRE AR, DASRAF AT [F 4 L e A 1ok 2
PR 21 2 R BE, I/ L 4B M I 220 L IS5 2 s/ AR I 20 Jik s e S AR R R AR UBE[16] [17]0 {HEH
T HATRT HIFs BAHSCHT 98 B E AL T HIF-1a, X T EAPS1 AW AT RANZ , Rl T HIF-2a 1
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FTREACH LS AR . BARE N T2DM BA REFMIEARIT 2 AR X =5 N, BR%E
AECEE B T2DM K bR B 2T B 1) (RIS , e ol 4 0 B 4% s B 1 (GLUT4) R ik B DL & EPAST 3
IEFEAE[18]. Taniguchi 56 NS B £ Cre SEHL/N BRUHAE PHD ZEAIEK J5, EASP1 RIS 5E, [FIRS
/N BRUFT 260 WE K% R 8% 257K P =i 19] - Brunt HIRA I, FRAR HIF-200 i BE R IE A 22 U I B 40 M 11 )53 2 2
SYUTIRE, AHECTHFAERU/INGR, AT BEARAS R WA R 22 R [20],  BEEH HIF-200 A TTREAC AL G 4L s AN TE
JEE L p4tM. SR, 7E Moon 55 AR FEH I, AEHEK RS g UM HIF-20 RIETHS, SRR R
. HIF-2a KI& 540 7 Sod2. Cat 55 ROS MG HIE 1, g 1 B 40 S AR L R B Rk 45453
$27) HIF-20 5 T2DM HIIE AR 56 R4 576 T2DM R FEt i T s URRIRAS T it 2 i: ek, e
HIF-200 7K-P-ORAP T A S A B A A DR (2110 S5 AR RBIETESE R, B 17 EPAS] RIEBHF
8 T2DM P58 B8 A o

4.3. MERE SRR

AR FARAE SRR : 1) ARG SRR A BRINAHRE, R A FE K HX ., R 18] ) 5 ]
ZE5ts KT RONALTHE RAFAEREIR,  JCH TR 8 R AN IS T2DM B0 R R R A IR, fe it — B4
XPERGUE; 2) BAR MR-Egger #i#EFl leave-one-out VA VTAl 45 R AR W n B 2 2 Pk, {H MR 43 #r &5 RAFAE
BE R, ARERRINARR R 3) ARG R Z AT, 5IE A A RAEEA—EL
TRET IR A TH I 7R B8 IE IX — SR

SE

[1]  Sun, H., Saeedi, P., Karuranga, S., Pinkepank, M., Ogurtsova, K., Duncan, B.B., et al. (2022) IDF Diabetes Atlas: Global,
Regional and Country-Level Diabetes Prevalence Estimates for 2021 and Projections for 2045. Diabetes Research and Clin-
ical Practice, 183, Article ID: 109119. https://doi.org/10.1016/j.diabres.2021.109119

[2] Peng, W, Li, K., Yan, A.F., Shi, Z., Zhang, J., Cheskin, L.J., ef al. (2022) Prevalence, Management, and Associated Factors
of Obesity, Hypertension, and Diabetes in Tibetan Population Compared with China Overall. International Journal of En-
vironmental Research and Public Health, 19, Article 8787. https://doi.org/10.3390/ijerph19148787

[3] ki, DR, UMK, S B DX FEOR B R PR AT AR PR R E A PR A BT I]. o EED R
&, 2019, 27(8): 567-571.

[4] He,C., Zhu, B., Gao, W., Wu, Q. and Zhang, C. (2024) Study on Allele Specific Expression of Long-Term Residents in High
Altitude Areas. Evolutionary Bioinformatics, 20, 1-6. https://doi.org/10.1177/11769343241257344

[S] Missiaen, R., Lesner, N.P. and Simon, M.C. (2023) HIF: A Master Regulator of Nutrient Availability and Metabolic Cross-
Talk in the Tumor Microenvironment. The EMBO Journal, 42, e112067. https://doi.org/10.15252/embij.2022112067

[6] Kierans, S.J. and Taylor, C.T. (2020) Regulation of Glycolysis by the Hypoxia-Inducible Factor (HIF): Implications for Cel-
lular Physiology. The Journal of Physiology, 599, 23-37. https://doi.org/10.1113/jp280572

[7] Peng, Y., Cui, C., He, Y., Ouzhuluobu,, Zhang, H., Yang, D., et al. (2017) Down-Regulation of EPASI Transcription and
Genetic Adaptation of Tibetans to High-Altitude Hypoxia. Molecular Biology and Evolution, 34, 818-830.
https://doi.org/10.1093/molbev/msw280

[8] Ge,R., Simonson, T.S., Gordeuk, V., Prchal, J.T. and McClain, D.A. (2015) Metabolic Aspects of High-Altitude Adaptation
in Tibetans. Experimental Physiology, 100, 1247-1255. https://doi.org/10.1113/ep085292

[9] Boehm, F.J. and Zhou, X. (2022) Statistical Methods for Mendelian Randomization in Genome-Wide Association Studies:

A Review. Computational and Structural Biotechnology Journal, 20, 2338-2351.
https://doi.org/10.1016/j.¢sbj.2022.05.015

[10] Keaton, J.M., Kamali, Z., Xie, T., ef al. (2024) Genome-Wide Analysis in over 1 Million Individuals of European Ancestry
Yields Improved Polygenic Risk Scores for Blood Pressure Traits. Nature Genetics, 56, 778-791.

[11] Zhao, C., Ma, T., Cheng, X., Zhang, G. and Bai, Y. (2024) Genome-wide Association Study of Cardiometabolic Multimor-
bidity in the UK Biobank. Clinical Genetics, 106, 72-81. https://doi.org/10.1111/cge.14513

[12] Bowden, J., Spiller, W., Del Greco M, F., Sheehan, N., Thompson, J., Minelli, C., et al. (2018) Improving the Visualization,
Interpretation and Analysis of Two-Sample Summary Data Mendelian Randomization via the Radial Plot and Radial

DOI: 10.12677/acrem.2025.131005 31 ME I 202 = 2495 AT A


https://doi.org/10.12677/acrem.2025.131005
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.3390/ijerph19148787
https://doi.org/10.1177/11769343241257344
https://doi.org/10.15252/embj.2022112067
https://doi.org/10.1113/jp280572
https://doi.org/10.1093/molbev/msw280
https://doi.org/10.1113/ep085292
https://doi.org/10.1016/j.csbj.2022.05.015
https://doi.org/10.1111/cge.14513

&
o
[k
43

[13]
[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

Regression. International Journal of Epidemiology, 47, 2100. https://doi.org/10.1093/ije/dyy265

Burgess, S. and Thompson, S.G. (2017) Interpreting Findings from Mendelian Randomization Using the MR-Egger Method.
European Journal of Epidemiology, 32, 377-389. https://doi.org/10.1007/s10654-017-0255-x

Wu, D., Potluri, N., Lu, J., Kim, Y. and Rastinejad, F. (2015) Structural Integration in Hypoxia-Inducible Factors. Nature,

524, 303-308. https://doi.org/10.1038/nature14883

Lee, F.S. (2024) Hypoxia Inducible Factor Pathway Proteins in High-Altitude Mammals. Trends in Biochemical Sciences,
49, 79-92. https://doi.org/10.1016/j.tibs.2023.11.002

Beall, C.M., Cavalleri, G.L., Deng, L., et al. (2010) Natural Selection on EPAS1 (HIF2a) Associated with Low Hemoglobin

Concentration in Tibetan Highlanders. Proceedings of the National Academy of Sciences of the United States of America,

107, 11459-11464.

Lawrence, E.S., Gu, W., Bohlender, R.J., Anza-Ramirez, C., Cole, A.M., Yu, J.J., et al. (2024) Functional EPAS1/HIF2A

Missense Variant Is Associated with Hematocrit in Andean Highlanders. Science Advances, 10, eadj5661.
https://doi.org/10.1126/sciadv.adj5661

Xz, SRS, B, S EAEIE 0T AR 2 B0 R TR B R A B AU R 41 2R HIF-2a. EPO ¢
GILUT4 ik fsZmi[)]. 25258 51K, 2024, 40(1): 3-8.

Taniguchi, C.M., Finger, E.C., Krieg, A.J., Wu, C., Diep, A.N., LaGory, E.L., et al. (2013) Cross-Talk between Hypoxia and
Insulin Signaling through Phd3 Regulates Hepatic Glucose and Lipid Metabolism and Ameliorates Diabetes. Nature Med-
icine, 19, 1325-1330. https://doi.org/10.1038/nm.3294

Brunt, J.J., Shi, S.Y., Schroer, S.A., Sivasubramaniyam, T., Cai, E.P. and Woo, M. (2014) Overexpression of HIF-2a in
Pancreatic B Cells Does Not Alter Glucose Homeostasis. Islets, 6, e1006075.
https://doi.org/10.1080/19382014.2015.1006075

Moon, J., Riopel, M., Seo, J.B., Herrero-Aguayo, V., Isaac, R. and Lee, Y.S. (2022) HIF-2a Preserves Mitochondrial Ac-
tivity and Glucose Sensing in Compensating B-Cells in Obesity. Diabetes, 71, 1508-1524.
https://doi.org/10.2337/db21-0736

DOI: 10.12677/acrem.2025.131005 32 ME I 202 = 2495 AT A


https://doi.org/10.12677/acrem.2025.131005
https://doi.org/10.1093/ije/dyy265
https://doi.org/10.1007/s10654-017-0255-x
https://doi.org/10.1038/nature14883
https://doi.org/10.1016/j.tibs.2023.11.002
https://doi.org/10.1126/sciadv.adj5661
https://doi.org/10.1038/nm.3294
https://doi.org/10.1080/19382014.2015.1006075
https://doi.org/10.2337/db21-0736

	EPAS1和2型糖尿病：一项双样本孟德尔随机化研究
	摘  要
	关键词
	EPAS1 and Type 2 Diabetes Mellitus: A Two-Sample Mendelian Randomization Study
	Abstract
	Keywords
	1. 引言
	2. 研究设计
	2.1. 核心假设
	2.2. 暴露及结局的数据来源
	2.3. 工具变量的设置及筛选
	2.4. 统计学分析

	3. 结果
	3.1. 工具变量的筛选结果
	3.2. MR结果分析
	3.3. 敏感性、多效性、异质性分析

	4. 讨论
	4.1. EPAS1与T2DM具有潜在的正向因果关系
	4.2. EPAS1与T2DM的相关性
	4.3. 研究的优势与局限性

	参考文献

