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between air pollution and age-related cataract
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Abstract

Objective: Research exploring the association between atmospheric pollutants and age-related cataracts is scarce,
and previous studies have yielded inconsistent findings. This study aims to assess the relationship between various
atmospheric pollutants and age-related cataracts. Methods: We adopted a two-sample Mendelian randomization
(MR) design, using summary statistics from independent genome-wide association studies (GWAS) conducted on
Asian and European populations. The atmospheric pollutant considered in this study included PM, ;, PM, ¢ ;,, PM,,,
nitrogen dioxide, and nitrogen oxides. The primary analysis method was the inverse variance weighted (IVW) approach.
Additionally, multivariable MR (MVMR) was used to adjust for confounding effects among pollutants. Sensitivity
analyses were conducted to verify the robustness of the results. The Cochran Q test was employed to assess significant
heterogeneity among SNPs. The MR PRESSO method was applied to identify and exclude outliers SNPs, while the MR
Egger regression model was used to evaluate potential pleiotropy among SNPs. Furthermore, sensitivity analyses were
performed by excluding each SNP one by one to ensure that the MR analysis results were not significantly influenced by
a single SNP. Results: Among the five atmospheric pollutants studied, we discovered a significant positive correlation
between nitrogen dioxide exposure and age-related cataracts in the Asian population (OR=1.03, 95%CI 1.00-1.06,
P=0.026). However, the direction of the effect was reversed in the multivariable analysis (OR=0.86, 95%CI 0.77-0.97,
P=0.013). In the European population, PM, ; ,, was significantly associated with age-related cataracts (OR=1.35, 95%CI
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1.12-1.62, P=0.002), and the causal effect remained significant in the multivariable analysis (OR=1.58, 95%CI 1.27-3.70,

P=0.03). Sensitivity analyses supported the robustness of the results, with no evidence of heterogeneity or pleiotropy

bias. Conclusions: This study revealed a complex causal relationship between environmental PM, ; , and NO, and

age-related cataracts, which varied across populations. In Asian populations, the univariate analysis of nitrogen dioxide

showed a positive correlation, but the effect was reversed in multivariate analysis, leaning towards the multivariate results

and indicating a reduced risk of age-related cataracts. In European populations, both univariate and multivariate analyses

of PM, ¢, showed a positive correlation, increasing the risk of age-related cataracts. The study provides genetic evidence

for the prevention and control of air pollution and highlights the importance of using multi-pollutant models to assess

environmental health effects.

Keywords

causal relationship; Mendelian randomization; atmospheric pollution; age-related cataracts

Cite this article as: WEI Xixiang, YANG Hui, YIN Xue, FU Zheng, XIONG Weiwei. A two-sample Mendelian randomization study in Asian and

European populations: exploring the relationship between air pollution and age-related cataract[ J]. Yan Ke Xue Bao, 2025, 40(9): 724-736. DOL:

10.12419/24092902.

T A 2 — o R DR A R e S B8ORS B g 9%
W, FEEFENTARREE, PR, 2EkA78000
504 UL I EA T E L g Ry, HrPA1 so0T A
FIBEIT SR B Bl A D s, AR
M 1 N P (age-related cataract, ARC) EL il — N EE K1Y
RIIE AR T R S LA E AN e IS S S
HISZIR, ARG AR AR TG O 8HE  AFIFIERGT
THYLE AR, MoK IIEER, A KI5 Y]
RETE I NFR R R AR, SB U2 p P Tl
Lk —5,

KATGH, FEPOR 2.5 (particulate matter 2.5,
PM,). PM,g,0. PM. AL ESA ML) S5 R0
A 2 Bl A7 AR R PR [A) , 3X2e 5 Ge ok
TR SRR BARP TR, SA T
FRIAIEA OC, ALE 0PI R G000 | L IS 1 il
T

SR, HBETOCT RIS Y HARCZ A E £ K
HATERLR A O SEATS AR S BRI & 1 o 4
TEPM,  FIT A P B Z T8 C RGBT, Choi® & B
HKEPM, R B T N B A 3R AT 35 25 5%, T Shin
AR T PR 5 PM10ZE R K - DU A (i 5
[AFAEARLRPESCHR . [ARE, X T 4L A S HNBE G
R g Rt A —E. Choi%s™ & Bl AL Z U 3
S A 1 Y R EAT R PEFT , (H Shin R 4R
PCEUKOFAE R, RS, T Grant S0 E5%
B RALAES AN R A A 3 O

[FRE, RAEBARFFX T PM, Jh 8 5 H ]
MOCHRAEHE 72U L, T R4518 97 A—2. Shin

SN AT PO R R I Z R AE R 11
FEH . MR, GrantF!"HEHAS BRI AR E)
T ERBRICHR, (HIX RN R AR R 2R
BRL 3B AR B O i

R T il PRI B e ORI AN S 1, AR AT R F AL
FEAR /R %M’ﬂﬁ(Mendelian randomization, MR)ﬁ:H‘ﬁ
Jd, RABERMFEALS, DI RAIGEY (B5E
PM, 5. PM,g . PM, MIESAIY)) 5 ARCZ [H] ARG
o MRIFHTIE— Pl 5 AL 28 S e Aff i JXURS: [R5 1
S22 TR S 5 LA RS AOR, ik, sRh
TR T 32 PR A5 A 52 i 14 S5 ik A A BEATL 23
B MRAFFE A ZE S 5 B e & B — 3, (0
KATTHRY HARCZ A SC R ISE T, BTt st = B
A RS KBIMRISR -

T AN A, AR TRIR] 4 R 41
BRI (Genome-Wide Association Study, GWAS) PRIV L
GEITBAE . AWFFE 3ok A L IH B BRI R 8 R B
GWASHIE , XU oE T RIS ) 2 i
DL ARCINIEALAF ., EERES B HER H DA RS
BLWIXF N R XU, st A 5, I Rax — 4Tl i A o
ST DLfitE

1 XN&RE5FE

1.1 MRS

R —FIEEAMREE T, FIHR H 7. I GWAS
A S G R 9 RIS Y X ARC I 52 I . St
TSP RARIGEMINERZEE, BIPM, . PM, .



— T T LY BRI AU e R RBEHLARBTSE . RGEITTG R S ARG E TN R DGR BRI, 45

727

PM,,. —SAEMAE KT o ABFEREBOX SFP R
IR RN R, PRI T 1) KT
R, RATGYTEH X, AT YRR UK A
FelEAT A I RETFAR B KU ke s 2) R RAR(0,)
Lo Z AR (SO,) W T RIS R Mians, (Hixa P2
PR R gL T RS R RO A, ok MR AT
AIGETTA 20K s MREGBETHRE T3 M (K1) . &
Jo, BN TR BG4 Y bR S IR %
FO, sl THNZ0 i 2257 S5 4 RAROCHR, A
S TR AR E R PR, BT HEA
BB R -5 R RARCHE AT R TR -

1.2 EHESRIR

KATTIWFAE I GWASI B K H OpenGWAS
%ﬁZTEE:F(https://gwas.mrcieu.ac.uk/) o AWFFESITT
I YH Ke M7 P N 19 3 R ST G W R R AR R AN
FMGWASHI & &5, BN ABFFEPM, (o 4 .
ukb-b-10817; n= 423 796). PM, . ,(ukb-b-b-12963;
n=423 796) . PM,,(ukb-b-589; n=455314). A ILA
(ukb-b-2618; n=456 380) A& E LW (ukb-b-12417; n=

456 380) ., WU ABEALIEPM, (BHESE . ukb-e-24006

2 505). PM,,(ukb-e-24005 EAS; n=2505). A fbLA
(ukb-e-24016 EAS; n=2 625)HIE ALY (ukb-e-24004
EAS; n=2625). F2E4E T MBARERTENE B .

DI A A8 485 SRS R FH 25 == 5080 2 v A A A DG 1
PG (B4 . finn-b-H7 CATARACTSENILE),

216 3628 BN MG S 53, 114526 7580 8. F1189
60415I%F HE . S B 45 R 4E J"bbj-a-94", 1N
BEL R24 622 1RO E N, XT R4 M 187 831
o AT Y B HCH TR 19 DO T3 2 o JR R i T U
DS B A3 B BT (BT . pg/m), IR b vEAL
PR LR ZEOpenGWASEE !, ARCHIIS bR
IEICD-104H% (H25.0-H25.9) , ik 9 75 2 S4B kT 6 4
T2 R RIR M HHEBR Mt . I R M S A28

PR

1.3 SGitEHE
131 IAZFk#HF

R HIRFIA A GWASE: P e 5 R AT 5 YL HIARC
AHIK B A AT R 22 A5 PE (single nucleotide polymorphisms,
SNPs)fE R T HAS &, FEGEFEARUEAT . 1)P<S x
10%; @ZFBiEHIA T4 (2=0.001, kb=10 000)"">";

EAS; n=2 505). PM, ,(ukb-e-24008_EAS; n= QO HF-Geil mHERRE S 0 T HAS R, WRF < 10,
BRER
SRRSO BE R
snp2 R
SNP3 5 Pmzs. sz.s-wé &;;Jw, 114 > FEXHERRE
2E &R

1 MREJFEMFRIZHREE

Figure 1 Diagram illustrating MR principles and assumptions
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Assumption 1: The genetic instruments should strongly correlate with the purported biomarker of interest. Assumption 2: The genetic

instruments should exclusively influence the outcome via the exposure, without any involvement in separate biological pathways independent of
the exposure. Assumption 3: The genetic instruments should not be associated with any potential confounders of the relationship between the

exposure and outcome.
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Figure 3 depicts the MR estimates regarding the effect of genetically predicted atmospheric pollutants on age-related cataracts of

Asians and Europeans
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(A) depicts the MR estimates regarding the effect of genetically predicted atmospheric pollutants on age-related cataracts in Asians.

The inverse variance weighted method is regarded as the primary analytical approach. ARC: Age-related Cataract.

(B) Illustrates the Mendelian randomization (MR) estimates of genetically predicted atmospheric pollutants on age-related cataracts in

Europeans. The IVW method serves as the main analytical technique.
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Figure 4 The figure shows the causal link between different air pollutions and Age-Related Cataracts of A sians and Europeans
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(A) The figure shows the causal link between nitrogen dioxide and Age-Related Cataracts of Asians. (B) The figure shows the causal linkbet
ween Pi,. and Age-Related Cataracts of Europeans, SNP, single nucleotide polymorphism; MR, Mendelian randomization.
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Figure S Funnel plot depicting the causal impact of different air pollutions on Age-Related Cataracts of Asians and Europeans
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(A) Funnel plot depicting the causal impact ofnitrogen dioxide on Age-Related Cataracts of Asians ( B) Funnel plot depicting the causal
impactof PM , ¢, on Age-Related Cataracts of Furopeans. The X-axis represents the beta values of the instrumental variables, while the
Y-axisrepresents the values of 1 divided by the standard error ofthe instrumental variables, R refers to Mendelian Randomization studies
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Figure 6 Figure of the "leave-one-out” method for causal effects of different air pollutions and Age-Related Cataracts using theleave-

one-out"approach ofAsians and Europeans
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(A) Figure ofthe "leave-one-out" method for causal efects ofnitrogen dioxide and Age-Related Cataracts using the "leave-one-out" approach
ofAsians. (B) Figure of the "leave-oneout” method for causal efects of PM , 5 ;o and Age-Related Cataracts using the "leave one-out" approach

of Europeans.
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Figure 7 Multivariate Mendelian randomization analysis forest plot of Atmospheric Pollutants and age-related cataracts in Asians and

Europeans
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(A) Multivariate Mendelian randomization analysis forest plot of Atmospheric Pollutants and age-related cataracts in Asians. (B) Multivariate
Mendelian randomization analysis forest plot for the association of Atmospheric Pollutants and age-related cataracts in Europeans.

%2 KSR GWAS ST ARG BIRRA

Table 2 Description of GWAS summary statistics for atmospheric pollutants traits

NHE KT YR B i 5 FEA G SNP #i:
R PM, ukb-b-10817 423796 9851867
BRI PM, < 1o ukb-b-12963 423796 9851 867
el PM,, ukb-b-589 455314 9851 867
A Nitrogen dioxide ukb-b-2618 456380 9851867
el Nitrogen oxides ukb-b-12417 456380 9851 867
QI PM, ukb-e-24006_EAS 2505 8268 350
S PM, 1 ukb-e-24008 EAS 2505 8268350
S PM,, ukb-e-24005 EAS 2505 8268 350
1A Nitrogen dioxide ukb-e-24016_EAS 2625 8260777
R &7 Nitrogen oxides ukb-e-24004_EAS 2625 8260777

KT Y EE I GWASTL S B 423k I MRC IEU OpenGWAS%&ﬂjEﬁ ( https://gwas.mrcieu.ac.uk/ ) o
The GWAS summary dataset of air pollutant characteristics was obtained from the MRC IEU OpenGWAS database (https://gwas.mrcieu.

acuk/).



—TURE T YN B WO AT SUREAS e fE AR BT E . TRIER TSR SARIAIOCHE TN PR OC R BRI, 45 733
R 3 MRERMFRESN
Table 3 Sensitivity analyses of the MR results
Population Heterogeneity (Cochran's Q), P Pleiotropy, P
Exposure Outcome
Ethnicity VW MR-Egger MR-Egger Regression ~ MR-PRESSO
PM, European ARC 0.75 0.71 0.95 0.79
PM, 10 European ARC 0.89 0.88 0.54 0.88
PM,, European ARC 0.20 0.19 0.50 0.15
Nitrogen dioxide European ARC 0.36 0.33 0.49 0.37
Nitrogen oxides European ARC 0.41 0.43 0.26 0.32
PM, Asian ARC 0.11 0.10 0.42 0.10
PM, .0 Asian ARC 0.19 0.17 0.50 0.18
PM,, Asian ARC 0.46 0.42 0.69 0.48
Nitrogen dioxide Asian ARC 0.40 0.38 0.42 0.37
Nitrogen oxides Asian ARC 0.10 0.09 0.57 0.11

4 DMABEFZSTRYEREXEENEXE MVMR S HTE R

Table 4 MVMR-complementary analyses results of five types of air pollutants on risk of age-related cataracts in Asians

MVMR-Egger MVMR-Egger MVMR-LASSO MVMR-LASSO MVMR-Median MVMR-Median
Adjusted factors  Outcomes
OR(95%CI) P-value OR(95%CI) P-value OR(95%CI) P-value

Nitrogen oxides ARC 1.04(0.84, 1.30) 0.714 1.04(0.84, 1.29) 0.707 1.07(0.88,1.31) 0.488
PM,, ARC 1.07(0.82, 1.40) 0.634 1.07(0.82, 1.39) 0.627 1.22(0.99, 1.50) 0.057
PM, ARC 1.09(0.86, 1.39) 0.462 1.09(0.86, 1.39) 0.46 1.04(0.84, 1.29) 0.696
PM, ¢ ARC 0.93(0.73,1.18) 0.551 0.93(0.73,1.17) 0.535 0.83(0.68, 1.13) 0.822
Nitrogen dioxide ARC 0.86(0.75,0.98) 0.043 0.86(0.75,0.99) 0.041 0.84(0.71,0.95) 0.048

s RNABIMESITRYFREXER NEXKE MVMR S HTER

Table S MVMR-complementary analyses results of five types of air pollutants on risk of age-related cataracts in Europeans

MVMR-Egger MVMR-Egger MVMR-LASSO MVMR- MVMR-Median MVMR-Median
Adjusted factors ~ Outcomes

OR(95%CI) P-value OR(95%CI)  LASSO P-value  OR(95%CI) P-value
PM, o ARC 2.09(1.37,5.35) 0.030 2.42(2.39,4.08) 0.040 1.55(1.34,3.92) 0.020
Nitrogen oxides ARC 0.03(0.01, 1.88) 0.541 0.04(0.02, 1.28) 0.822 0.25(0.21, 1.01) 0.636
PM, ARC 0.67(0.07, 6.48) 0.732 0.80(0.13,4.77) 0.802 0.34(0.02,4.97) 0.432
Nitrogen dioxide ARC 3.80(0.10, 4.38) 0.474 2.73(0.12, 6.56) 0.525 1.54(0.32,2.10) 0.191
PM,, ARC 1.22(0.22,6.85) 0.824 0.98(0.24, 3.98) 0.979 1.19(0.21, 6.89) 0.847
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