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Revealing the causal relationship between outdoor
activities and myopia from genetic level: based on

Abstract

Mendelian randomization

WEI Xixiang, YANG Hui

(Xiamen Children's Hospital, Children's Hospital of Fudan University at Xiamen, Xiamen 361006, China)

Objective: To employ Mendelian randomization (MR) methods to explore bidirectional causal relationships between
outdoor activities and myopia. Methods: Large-scale cohort study data from the UK Biobank were utilized, selecting
independent genetic loci associated with outdoor activities and myopia within the European ancestry population as
instrumental variables. The outdoor activities GWAS data included 419,314 individuals of European descent, while the
myopia GWAS data comprised 460,536 individuals, including 37,362 myopia cases and 423,174 controls. MR analyses
were conducted using inverse variance-weighted (IVW), weighted median, and MR Egger methods, employing the
odds ratio as the effect measure to thoroughly investigate bidirectional causal connections. Mendelian randomization
pleiotropy residual sum and outlier (MR PRESSO) detection method were employed to eliminate SNP outliers.
Cochran's Q test, within MR Egger and IVW methods, was utilized to assess heterogeneity among individual single
nucleotide polymorphisms (SNPs). MR Egger intercept testing assessed potential pleiotropy, and sensitivity analysis
using the "leave-one-out" method examined the influence of individual SNPs on overall results. Results: IVW analysis

demonstrated that outdoor activities significantly reduce the risk of myopia (OR = 0.934, 95% CI: 0.922~0.948, P <
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0.01). Reverse Mendelian randomization analysis revealed a non-significant lower propensity for myopic individuals

to engage in outdoor activities (OR = 0.925, 95% CI: 0.777~1.103, P = 0.39). Cochran's Q test, MR PRESSO, and MR

Egger intercept tests in bidirectional Mendelian randomization analysis all indicated no significant heterogeneity or

horizontal pleiotropy issues among the selected instrumental variables. Furthermore, sensitivity analysis using the "leave-

one-out"” method confirmed that individual SNPs did not significantly impact the overall results. Conclusion: Outdoor

activities significantly reduce the risk of myopia.
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Figure 1 Design of the Current Study
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Hypothesis 1: The Instrumental Variable (IV) is closely related to the exposure; Hypothesis 2: The IV is unrelated to any confounding factors
that might simultaneously affect the exposure and outcome; Hypothesis 3: The IV affects the outcome only through the exposure.
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Figure 2 Flow chart of this study

Exposures_Outcome Used_SNPS

outdoors on myopia

Inverse variance weighted 43

Weighted median 43
MR Egger 43
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— 0.936 (0.917 - 0.955) <0.001
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| |
1 1.1

Figure 3 Illustrates the Mendelian randomization (MR) estimates of genetically predicted outdoors on myopia

W75 2E AL R R A Tk

The inverse variance weighted method is regarded as the primary analytical approach.
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MR Test

Inverse variance weighted Weighted median

/ MR Egger
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SNP effect on outdoors

-0.003 -
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0.01 0.02 0.03
SNP effect on myopia

B4 POMNESSEMRERX R RE
Figure 4 Scatter plot illustrating the causal relationship between outdoors and myopia
SNPIR R HIRZ 75 MRIE da /R BEHLILITSE

SNP, single nucleotide polymorphism; MR, Mendelian randomization.
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Figure S Funnel plot depicting the impact of outdoors on myopia
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The X-axis represents the beta values of the instrumental variables, while the Y-axis represents the values of 1 divided by the standard error of

the instrumental variables. MR refers to Mendelian Randomization studies.
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Table 2 Sensitivity analysis of the bidirectional MR
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JFrah AR 0.72 0.72 0.39 0.42
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rs2309849
rs11776021
rs12055997
rs34517439
rs324300
rs12203592
rs644799
rs627685

0'0'00001}1010!1

All
-0.04 -0.02

MR leave-one-out sensitivity analysis for
myopia on outdoors

-0.08 -0.06

Be6 FIMNESXNERZME “B—%” SRESWER

Figure 6 Sensitivity analysis results of the impact of outdoors on myopia using the "leave-one-out” approach

AR A RERAEHEBR R A B IR 22 25 (SNP) I F AR SNPAE g TR AR BN PAb 1A PRG0N, 5 /KPR 7R 2% SR AL
A9 % AR I IH] . MRAG /R BEHLALAITST .

The black dots represented the causal effect estimate when excluding the SNP and using the remaining SNPs as instrumental variables; The
horizontal black lines represented the 95% confidence intervals of the causal estimate. SNP, single nucleotide polymorphism; MR, Mendelian

randomization.
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Exposures_Outcome Used_SNPS OR (95% CI) P-value
myopia on outdoors !

Inverse variance weighted 27 '—-—'—' 0.925 (0.777 - 1.103) 0.387
Weighted median 2 — 0.958 (0.748 - 1.226) 0.732
MR Egger 27 = j 1 0.831 (0.476 - 1.452) 0.521
[ I [ |
0 0.5 1 1.5

B 7 EMFAPSNESHEERBEVL(MR) SR
Figure 7 Illustrates the Mendelian randomization (MR) estimates of genetically predicted myopia on outdoors
W7 2 A S R T i vk

The inverse variance weighted method is regarded as the primary analytical approach.
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B8 RS FINERIX REE A E
Figure 8 Scatter plot illustrating the relationship between myopia and outdoors
SNPHE ML HIRZ M, MRIE B AE/RBEHLILITSE.

SNP, single nucleotide polymorphism; MR, Mendelian randomization.
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MR Method
Inverse variance weighted
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Figure 9 Funnel plot depicting the impact of myopia on outdoors

00 0’5

Horh xR THASEERY B, YRR/ T HAS R AOFRER A, MR f /R BENLAITSE .

The X-axis represents the beta values of the instrumental variables, while the Y-axis represents the values of 1 divided by the standard error of the

instrumental variables. MR refers to Mendelian Randomization studies.

AR, RIS DR 2 m,  x 5E BRF i) p
HMZ B K- AL A TR MRAFFFE , AT58R rT 45 2]
HMESNREIE UL R R IES e . BETE R — LA os iy
B P AN S RE B L% L BT AL A A R o SR 1)
FFE N B2 £E2003—20054F (8] % 7 JE s 1A 224 i L #E (43
BR6S f2%), I3 732424 AT T W ST
SR WRTELZ W2 rh, S0 P ANE B (12
FEUR T A8 SRR TG 3l 550 1 A0 Ak At ) (B Sz IR
B DA K EAR A I A AR G . IR TR R T
YRR ACBE T AR 00 B R e 15 s SR IR A2 I R e
A5 5% BRI Bl S PR S ™ [ 5 9
X AE2013—201 SAFEHFA T Y — IR X273 Hif L 22 1 BEIL
XSS, BFSE T P A0E 3l 5 0 BRI
BIFEIRET ZRFIE AN T 16T 2E A 1693 4 — AR 9
A, HpFid2e74 . KR 42644 . S5 REH]—AF
J T T 20 FE B0 T/ A I IO K (0.35 D

vs.0.47 D, P=0.002) FIHRHH#4K: (0.28 mm vs. 0.33 mm,
P=0.003), JFHICWERIEM ST, THAAA 05
AR IR o 20234F & FAEBMC Public Health |11
—RESCE, AR T FIETR6T VRIS 3194455, K
MAE10~11 5 4E R By A, RE IR B2y 4b
T SHS ] SRR AT R AR A O

2T P ANE SR BE ST R A . KRR,
HATA LT LR . 1) RO TR . 3
SR WIROCRERIEAL M R i 2 L ke . H AT 75
AN 2 U AR VR T MR A= K T B OCEEVE ], fgfS
ARG 1, DT B s 2 Rt e 2 2)
FET IR ER BB R S o R i R o R A M =2 1]
TAADE, PRI 2T T P SN S aek ' e e Jhk 4 g
W MHIE T . B5E, REBWIRRY], Jtiae
i k4 RS PR3 SR AT — BB RF IS AR T A A
ZEAL | HNLows ™ ok BHLE I [R) 28R AE B G A1 T ik



256

AR} 2£4R, 2024,39(S)  journal.gzzoc.com

rs10917958

rs2217839

rs12947075

rs2633644 -

rs1955464

rs11602008

rs12358397

rs13399789

rs4244948

rs3138142

rs4792454

rs16890054

rs12193446

rs4515615

rs79296018

rs1474256

rs4699266

rs2226137

rs41293080

rs2595704

rs12478128

rs977008

rs10500355

rs36105343

rs1550094

rs9911460

rs72621438

All

-0.3 -0.2

0.0 01

MR leave-one-out sensitivity analysis for

B0 EMAXASMNENERE “B—K" HRMEINER

outdoors on myopia

Figure 10 Sensitivity analysis results of the impact of myopia on outdoors using the "leave-one-out” approach
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The black dots represented the causal effect estimate when excluding the SNP and using the remaining SNPs as instrumental variables; The
horizontal black lines represented the 95% confidence intervals of the causal estimate. SNP, single nucleotide polymorphism; MR, Mendelian

randomization.
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