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Purrose. To investigate the association of genetically determined primary open-angle
glaucoma (POAG), myopic refractive error (RE), type 2 diabetes (T2D), blood pressure
(BP), body mass index (BMI), cigarette smoking, and alcohol consumption with the risk
of age-related cataract.

Mernops. To assess potential causal effects of clinical or behavioral factors on cataract
risk, we conducted two-sample Mendelian randomization analyses. Genetic instruments,
based on common genetic variants associated with risk factors at genome-wide signifi-
cance (P < 5 x 107®), were derived from published genome-wide association studies
(GWAS). For age-related cataract, we used GWAS summary statistics from our previ-
ous GWAS conducted in the Genetic Epidemiology Research on Adult Health and Aging
(GERA) cohort (28,092 cataract cases and 50,487 controls; all non-Hispanic whites) or in
the UK Biobank (31,852 cataract cases and 428,084 controls; all European-descent indi-
viduals). We used the inverse-variance weighted IVW) method as our primary source of
Mendelian randomization estimates and conducted common sensitivity analyses.

Resurrs. We found that genetically determined POAG and mean spherical equiv-
alent RE were significantly associated with cataract risk (IVW model: odds ratio
[OR] = 1.04; 95% confidence interval [CI], 1.01-1.08; P = 0.018; per diopter more hyper-
opic: OR = 0.92; 95% CI, 0.89-0.93; P = 6.51 x 10~!3, respectively). In contrast, genetically
determined T2D, BP, BMI, cigarette smoking, or alcohol consumption were not associated
with cataract risk (P > 0.05).

Concrusions. Our results provide evidence that genetic risks for POAG and myopia may
be causal risk factors for age-related cataract. These results are consistent with previous
observational studies reporting associations of myopia with cataract risk. This informa-
tion may support population cataract risk stratification and screening strategies.
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ataract is a leading cause of blindness worldwide and
C in the United States, affecting 22% of Americans 40
years and older.! Surgery is the current standard of manage-
ment,?? and, although cataract surgery is usually effective
as measured by improvements in visual acuity,® intraop-
erative or postoperative complications can occur.>*5 Twin
and family studies strongly support an important role for
genetic factors in cataract risk with heritability estimates up
to 58%.°-11 Recently, we conducted a multiethnic genome-
wide association study (GWAS) meta-analysis of cataract that
identified 55 genetic risk loci.'? Although this work revealed
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novel genetic loci associated with cataract, there is still a
need to discover the causal pathways underlying cataracto-
genesis.

Previous observational studies have identified clinical
and behavioral risk factors for cataract, including type
2 diabetes (T2D), high blood pressure (BP), high body
mass index (BMI), myopic refractive error (RE), cigarette
smoking, and alcohol consumption.?13-3! However, it is not
clear if these observational associations represent causal
risk factors. In our recent study, we estimated the pair-
wise genetic correlations (7,) between cataract and more
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than 700 diseases/traits from different publicly available
resources/consortia and identified strong genetic correla-
tions between cataract and several of these factors, includ-
ing myopia, BMI, and cigarette smoking.!? We also found
a significant genetic correlation between cataract and glau-
coma.!? These findings suggest considerable shared genetic
influences between cataract and those ophthalmic, clinical,
and behavioral factors; however, the nature of the relation-
ships remain largely unexplored.

The Mendelian randomization (MR) approach uses
genetic variants to determine whether an observational asso-
ciation between a risk factor and an outcome is consistent
with a causal effect.>?-3> This approach leverages the random
segregation of alleles that are not affected by environmen-
tal conditions. Results from MR studies are typically consis-
tent with those of randomized controlled trials and provide,
for example, evidence for drug target validation.® Although
this approach has been successful in many causal inference
discoveries,’~* only a few MR studies evaluating whether
observational associations of clinical and behavioral factors
with cataract risk are consistent with causal effects have
been reported.i®-%> Furthermore, the results of prior MR
studies for cataract have been inconsistent.*?-%3

Here, we employed a two-sample MR approach* to
assess the potential causal role of primary open-angle glau-
coma (POAG), myopic RE, T2D, BP, BMI, cigarette smok-
ing, and alcohol consumption on the risk of cataract.
We compare genetic effect estimates for those expo-
sures and cataract risk (outcome) obtained through GWAS
summary statistics, in particular using our large GWAS
of cataract conducted using the Genetic Epidemiology
Research on Adult Health and Aging (GERA) cohort and
UK Biobank.!? The assessment of these risk factors could
have public health and clinical implications for preven-
tion and early detection of this common cause of visual
disability.

METHODS
Study Design

Two-sample MR analyses were conducted to investigate
the association of genetically determined POAG, myopic
RE, T2D, blood pressure (i.e., systolic and diastolic), BMI,
cigarette smoking (i.e., smoking initiation, cigarettes per day,
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and lifetime smoking), and alcohol consumption (i.e., drinks
per week) with the risk of age-related cataract. For each
of the exposures, we used the lead single nucleotide vari-
ations (SNVs) previously reported as being genome-wide
significant (P < 5.0 x 107®) as a set of genetic instruments.
Genetic instruments were then clumped using a window of
10 Mb and maximal linkage disequilibrium of 7* = 0.001
between instruments to ensure that genetic variants were
independent. The conceptual framework of the current MR
study is reported in Figure 1, and the different datasets
used for this MR study are summarized in Supplementary
Table S1.

GWAS Summary Statistics for Cataract

Genetic association data for cataract risk (outcome) were
retrieved from our previous GWAS study conducted in the
GERA cohort.'? The GERA cohort consists of 110,266 adult
members of the Kaiser Permanente Medical Care Plan,
Northern California Region (KPNC), an integrated health-
care delivery system that includes ongoing longitudinal elec-
tronic health records.®>%° The Institutional Review Board of
the Kaiser Foundation Research Institute approved all study
procedures. Written informed consent was obtained from
all participants. In the current study, we retrieved genetic
association data from the GWAS of cataract conducted in
28,092 cataract cases and 50,487 controls (all GERA partic-
ipants were of European ancestry).!? Briefly, GERA patients
with pseudophakia were diagnosed by a Kaiser Permanente
ophthalmologist and were identified in the KPNC electronic
health record system based on the following International
Classification of Disease, Ninth Revision (ICD9) or Tenth
Revision (ICD10) diagnosis codes: V43.1 (ICD-9 code) and
796.1 (ICD-10 code). GERA cataract cases were also iden-
tified if they had a history of having a cataract surgery at
KPNC. Our GERA control group included all of the non-
cases. To make sure that study samples for exposures did
not overlap with those for the outcome, in some MR analy-
ses (i.e., association of POAG, BP, or BMI with cataract risk),
genetic association data for cataract risk were retrieved from
our previous GWAS study conducted in the UK Biobank
(UKB)."? The UKB cataract cases (N = 31,852 individuals
of European ancestry) were defined as participants with a
self-reported cataract operation (f20004 code 1435) or/and
a hospital record including a diagnosis code (ICD-10: H25
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FIGure 1.

GWAS summary statistics
(Choquet H. et al. Nat Commun. 2021)

Conceptual framework of the MR study. Common genetic variants that are associated with the exposure (e.g., POAG risk)

at genome-wide significance (P < 5.0 x 107%) in published GWASs were used as genetic instruments. The association of those genetic
instruments with the outcome (i.e., cataract risk) is only mediated through the exposure.
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or H26); the UKB controls (N = 428,084 individuals of Euro-
pean ancestry) were participants who were not cases.

Genetic Instruments for POAG

Genetic association data for POAG risk (exposure) were
retrieved from our recent large GWAS meta-analysis of POAG
conducted by the International Glaucoma Genetics Consor-
tium.” GWAS summary statistics for this study*’ have been
publicly accessible via GWAS Catalog under study acces-
sion identifier GCST90011767 (corresponding to all Euro-
pean ancestry cohorts except UKB; N = 15,229 POAG
cases and 177,473 controls). After clumping, a total of 46
genetic instruments for POAG were used for the MR analy-
ses (Supplementary Table S2).

Genetic Instruments for Refractive Error

Genetic variants as instrumental variables for RE (expo-
sure) were extracted from a GWAS conducted in 102,117
UKB participants of European ancestry with direct refrac-
tion measurement and part of our previously reported Euro-
pean ancestry meta-analysis.*® In UKB, RE was measured
directly using the Tomey RC 5000 Auto-Refractor Keratome-
ter (Tomey Corporation, Aichi, Japan). The spherical equiv-
alent was estimated as the spherical RE (UKB codes 5084
and 5085) plus half the cylindrical error (UKB codes 5086
and 5087) for each eye. The mean of spherical equivalent
was then used as the outcome of the GWAS analysis.® After
clumping, a total of 166 genetic instruments for mean spher-
ical equivalent RE were used for the MR analyses (Supple-
mentary Table S3).

Genetic Instruments for Type 2 Diabetes

Genetic variants as instrumental variables for T2D (expo-
sure) were extracted from a large GWAS analysis consisting
of 19,119 T2D cases and 423,698 controls, all UKB partici-
pants of European ancestry.® After clumping, a total of 66
genetic instruments for T2D were used for the MR analyses
(Supplementary Table S4).

Genetic Instruments for Blood Pressure

Genetic variants as instrumental variables for blood pressure
(exposure) were extracted from our large GWAS conducted
in 80,792 GERA participants of European ancestry with
systolic and diastolic blood pressure measurements.”® After
clumping, a total of 20 genetic instruments for systolic blood
pressure and a total of 20 genetic instruments for diastolic
blood pressure were used for the MR analyses (Supplemen-
tary Tables S5 and S0).

Genetic Instruments for BMI

Genetic variants as instrumental variables for BMI (expo-
sure) were extracted from our large GWAS meta-analysis
consisting of 315,347 individuals of European ancestry from
the GERA and the Genetic Investigation of Anthropomorphic
Traits consortium.>! GWAS summary statistics for this study”!
were publicly accessible via the GWAS Catalog under study
accession identifier GCST006368. After clumping, a total of
153 genetic instruments for BMI were used for the MR anal-
yses (Supplementary Table S7).

IOVS | July 2023 | Vol.64 | No. 10 | Article 19 | 3

Genetic Instruments for Cigarette Smoking

Genetic variants as instrumental variables for cigarette smok-
ing initiation (ever having smoked regularly vs. never)
and amount smoked (number of cigarettes per day) were
extracted from the most recent GWAS and Sequencing
Consortium of Alcohol and Nicotine use (GSCAN) study.>?
GWAS summary statistics for smoking initiation and amount
smoked analyses®? included 805,431 and 326,497 individuals
of European ancestry, respectively. Those GWAS summary
statistics are publicly accessible at https://conservancy.umn.
edu/handle/11299/241912. We also used genetic variants as
instrumental variables for lifetime smoking (represented by
an index that captures smoking status, duration, heaviness,
and cessation) from a GWAS conducted in 462,690 UKB
participants of European ancestry.”> GWAS summary statis-
tics for this study®® were publicly accessible via the GWAS
Catalog under study accession identifier GCST009096. After
clumping, a total of 231 genetic instruments for smoking
initiation, 47 for cigarettes per day, and 121 for lifetime
smoking were used for the MR analyses (Supplementary
Tables S8-S10).

Genetic Instruments for Alcohol Consumption

Genetic variants as instrumental variables for alcohol
consumption (i.e., number of drinks per week as the expo-
sure) were extracted from the most recent GSCAN study.>?
GWAS summary statistics corresponding to the drinks per
week analysis®® included 619,011 individuals of European
ancestry, after removing GERA participants. After clumping,
a total of 93 genetic instruments for drinks per week were
used for the MR analyses (Supplementary Table S11).

Two-Sample MR Analyses

All analyses were conducted in the R V.4.1.2 (R Foun-
dation for Statistical Computing, Vienna, Austria) using
the TwoSampleMR package.* This package makes causal
inference about an exposure on an outcome using GWAS
summary statistics, generates linkage disequilibrium prun-
ing of exposure SNVs and harmonizes exposure and
outcome datasets. We used the inverse-variance weighted
(IVW) method as our primary source of MR estimates. This
IVW method essentially translates to a weighted regres-
sion of SNV outcome effects on SNV-exposure effects where
the intercept is constrained to zero. Moreover, we reported
the estimations from MR weighted median, weighted mode,
and Mendelian randomization-Egger (MR-Egger). Further,
leave-one-SNV-out analyses were conducted (Supplemen-
tary Tables S12-S21).

Sensitivity Analyses

The potential effect of pleiotropy was evaluated by the
regression intercept from the MR-Egger method,** and
Cochran Q tests were used to evaluate the presence of
global heterogeneity among the effects of the genetic
instruments.”> The MR-PRESSO (Mendelian Randomization
Pleiotropy RESidual Sum and Outlier) method®>>® was also
used to provide an MR estimate that is robust against
the presence of heterogeneity among SNV effects and to
re-assess the MR estimate after excluding outlier SNVs.
Finally, we applied the MR-Steiger method,”” which removes
variants from the analysis if their association with the
outcome is stronger than that with the exposure.>
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Multivariable MR for POAG Adjusting for the
Effect of RE on Cataract Risk

Recent MR studies®”:>® suggested that lower (more myopic)
RE is associated with POAG risk. Moreover, some genetic loci
exhibited pleiotropic effects with RE/myopia, POAG, and
cataract.!” Because these relationships can potentially bias
the relationship between POAG and cataract, we conducted
a multivariable MR analysis® % to adjust for the poten-
tial effect of RE. Genetic variants as instrumental variables
for mean spherical equivalent RE were extracted from a
GWAS conducted in 59,094 GERA non-Hispanic white partic-
ipants.’” Single nucleotide polymorphisms (SNPs) achieving
genome-wide significance for each trait (e.g., RE, POAG)
were included in the multivariable MR analysis. After clump-
ing, a total of 43 genetic instruments were used for the
multivariable MR analysis adjusting for the effect of RE.
The multivariable MR analysis was performed by jointly
fitting the SNP-POAG and SNP-RE effect sizes simultane-

TABLE.
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ously in the regression model on the SNP-cataract associ-
ation. The multivariable MR analysis was conducted using
the mv_multipleQ function available in the TwoSampleMR
package in R curated in the MR-Base platform.*

RESULTS

MR Analyses Identify Association of Ophthalmic
Conditions With Cataract Risk

To investigate whether genetically determined POAG and
myopic RE increase the risk of cataract, we conducted
two-sample MR analyses. We found that genetically deter-
mined POAG was significantly associated with cataract risk
(IVW model: OR = 1.04; 95% CI, 1.01-1.08; P = 0.018)
(Table, Fig. 2, Supplementary Tables S12 and S22). We also
found evidence for a causal effect of RE on cataract risk, as
a more negative mean spherical equivalent RE was associ-

MR Results of the Associations of Genetically Predicted Risk Factors With Cataract

Genetic Detected Outlier
Instruments, SNV Via
Exposure (Source) Outcome n MR Method OR (95% CI) P MR-PRESSO
POAG (IGGC) Cataract (UKB) 46 IVvw 1.04 (1.01-1.08) 0.018 —
POAG (IGGC) Cataract (UKB) 44 MR-PRESSO model 1.03 (1.00-1.07) 0.044 rs6475604;
rs33912345
Myopic RE (UKB) Cataract surgery 166 vw 0.92 (0.89-0.93) 6.51 x 10~13 —
(GERA)
Myopic RE (UKB) Cataract surgery 165 MR-PRESSO model 0.92 (0.90-0.94) 9.29 x 10~12 15429358
(GERA)
T2D (UKB) Cataract surgery 66 vw 1.00 (0.96-1.04) 0.96 —
(GERA)
T2D (UKB) Cataract surgery 66 MR-PRESSO model 1.00 (0.96-1.04) 0.96 NA
(GERA)
SBP (GERA) Cataract (UKB) 20 vw 1.00 (0.99-1.01) 0.68
SBP (GERA) Cataract (UKB) 20 MR-PRESSO model 1.00 (0.99-1.01) 0.68 NA
DBP (GERA) Cataract (UKB) 20 vw 1.00 (0.99-1.02) 0.36 —
DBP (GERA) Cataract (UKB) 20 MR-PRESSO model 1.01 (0.99-1.02) 0.37 NA
BMI (GIANT + GERA) Cataract (UKB) 153 vw 0.94 (0.87-1.03) 0.18 —
BMI (GIANT + GERA) Cataract (UKB) 152 MR-PRESSO model 0.95 (0.88-1.03) 0.25 rs889398
Cigarette smoking initiation Cataract surgery 231 VW 1.15 (0.98-1.34) 0.08 —
(GSCAN) (GERA)
Cigarette smoking initiation Cataract surgery 231 MR-PRESSO model 1.15 (0.98-1.34) 0.08 NA
(GSCAN) (GERA)
Cigarettes per day (GSCAN) Cataract surgery 47 VW 1.06 (0.90-1.25) 0.51 —
(GERA)
Cigarettes per day (GSCAN) Cataract surgery 47 MR-PRESSO model 1.06 (0.90-1.25) 0.51 NA
(GERA)
Lifetime smoking (UKB) Cataract surgery 121 vw 1.07 (0.83-1.37) 0.62 —
(GERA)
Lifetime smoking (UKB) Cataract surgery 121 MR-PRESSO model 1.07 (0.83-1.37) 0.62 NA
(GERA)
Alcohol drinks/week Cataract surgery 93 VW 0.86 (0.71-1.04) 0.12 —_
(GSCAN) (GERA)
Alcohol drinks/week Cataract surgery 92 MR-PRESSO model 0.90 (0.74-1.08) 0.27 1562641967
(GSCAN) (GERA)

Note: In the current study, we retrieved genetic association data from the GWAS of cataract conducted in 28,092 cataract cases and
50,487 controls; all GERA participants were of European ancestry.’> However, to make sure that study samples for exposures did not
overlap with those for the outcome, in some MR analyses (i.e., association of POAG, BP, or BMI with cataract risk), genetic association
data for cataract risk were retrieved from our previous GWAS study conducted in the UK Biobank.'? Abbreviations: n, number of genetic
instruments after clumping; MR, Mendelian randomization; OR, odds ratio; CI, confidence interval; SNV, single nucleotide variation; POAG,
primary open-angle glaucoma; IGGC, International Glaucoma Genetics Consortium; UKB, UK Biobank; IVW, inverse-variance weighted; RE,
refractive error; GERA, Genetic Epidemiology Research on Adult Health and Aging; T2D, type 2 diabetes; SBP, systolic blood pressure; DBP,
diastolic blood pressure; GIANT, Genetic Investigation of Anthropomorphic Traits; GSCAN, GWAS and Sequencing Consortium of Alcohol
and Nicotine use. Highlighted in bold P-values are significant (P < 0.05) P-values.
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FiGure 2. Association of POAG-associated variants with the risk of cataract. The x-axis shows 46 genetic instruments for POAG and their
effect size estimates (ORs) with POAG. The y-axis shows the association of the same variants with cataract risk. The MR IVW regression line
is plotted. The outlier genetic variants rs6475604 and rs33912345 detected by the MR-PRESSO model are labeled in red.

ated with an increased risk of cataract IVW model: OR per
diopter more hyperopic mean spherical equivalent = 0.92;
95% CI, 0.89-0.93; P = 6.51 x 107'3) (Table, Fig. 3, Supple-
mentary Tables S13 and S23).

As significant heterogeneity amongst the effects of the
genetic instruments was detected using the computed
Cochran Q statistics (POAG: Q = 97.3, P = 1.03 x 107>,
myopic RE: Q = 214.98, P = 0.0054), we conducted a MR-
PRESSO model to identify potential outliers for POAG and
myopic RE. After excluding outlier genetic variants (i.e.,
SNVs rs6475604 at CDKN2B-AS1 and rs33912345 at SIX6 for
POAG, and SNV rs429358 at APOE for myopic RE) as the
source of most of the observed heterogeneity, genetically
determined POAG and RE were confirmed to be associated
with cataract risk (Table). MR-Steiger results showed that
the selected SNVs were valid instruments for the exposures
and that the causal estimates were oriented in the expected
direction.

Because recent MR studies suggested that lower (more
myopic) RE is associated with POAG risk,”’"*® we also
conducted a multivariable MR analysis to assess the associa-
tion of POAG with cataract risk after adjusting for the effect

of RE. The association of POAG with cataract risk was simi-
lar after the adjustment of RE (OR = 1.05; 95% CI, 1.00-1.10;
P = 0.030).

Association of Clinical Risk Factors With Cataract
Risk

Genetically determined T2D was not associated with an
increased risk of cataract (OR = 1.00; 95% CI, 0.96-1.04;
P = 0.96) (Table, Supplementary Fig. S1, Supplementary
Tables S14 and S24). Similarly, we observed no association
between increased genetically determined BMI or systolic
and diastolic blood pressures and the risk of cataract using
two-sample MR analyses (Table, Supplementary Figs. S2-S4,
Supplementary Tables S15-S17 and S25-S27).

Association of Behavioral Risk Factors With
Cataract Risk

We found no evidence that cigarette smoking traits (i.e.,
smoking initiation, amount smoked, and lifetime smoking)
or alcohol consumption (i.e., drinks per week) had a causal
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FIGURE 3. Association of refractive error-associated variants with the risk of cataract. The x-axis shows 166 genetic instruments for mean
spherical equivalent RE and their effect size estimates (betas) with RE. The y-axis shows the association of the same variants with cataract
risk. The MR IVW regression line is plotted. The outlier genetic variant rs429358 detected by the MR-PRESSO model is labeled in red.

association with the risk of cataract using two-sample MR
analyses (Table, Supplementary Figs. S5-S8, Supplementary
Tables S18-S21 and S28-S31).

DISCUSSION

This study leveraged a MR framework to investigate the asso-
ciations of clinical and behavioral factors with the risk of
cataract. We found genetic evidence for a potential causal
effect of POAG on cataract risk. Consistent with previ-
ous observational studies, we also found genetic evidence
for a potential causal association between myopic RE and
cataract risk. Those associations were robust in sensitivity
analyses that address significant heterogeneity among the
effects of the genetic instruments. Further, although multi-
ple tests were conducted, the causality of myopic RE on
cataract would clearly stand multiple testing correction. In
contrast, we found no evidence for association of genetically
determined T2D, BP, and BMI with cataract risk. In addi-
tion, we did not find evidence for associations with genetic

predilections for cigarette smoking or alcohol consumption
on cataract risk.

Our results are consistent with previous observational
studies that have consistently reported RE or myopia as a
risk factor for cataract,!4:18,20,22,24,27,29,30,61,62 The first indi-
cation was from a study that measured axial thickness of
human lenses that suggested that individuals presenting
with axial myopia may have a higher likelihood of cataract
detected at earlier ages.?® Using MR methods, we found
genetic evidence that myopic RE was associated with an
increased risk of cataract. Although the mechanisms behind
this association are not entirely clear, prior works, especially
from animal models, have attempted to provide potential
biological explanations.®>~% Lipid peroxidation is thought
to play a key role in cataractogenesis, especially in retinal
degenerative disease and myopia.®*~% In addition, oxidative
damage to lens proteins has been shown to influence myopic
cataractogenesis,”® and the pathways involved in oxida-
tive stress response are associated with cataracts in high
myopia.®”-% Recently, a study in mouse models reported the
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dysregulation of the MAF-transforming growth factor-81-
crystallin axis as an underlying mechanism leading to an
increased in lens size in highly myopic eyes.” Finally,
a comparative analysis of microarray expression patterns
between human lens epithelia from high myopic eyes with
that of emmetropic (normal refractive eye) controls suggests
alterations in mitogen-activated protein kinase (MAPK)
signaling and calcium signaling pathways in abnormal lens
growth.”® Thus, the pathways described above should be
investigated further to advance knowledge on the mecha-
nisms commonly relevant to cataract and myopia.

The current study also determined that genetically deter-
mined POAG increased the risk of cataract. These findings
built on our previous genetic investigations that reported
a significant positive genetic correlation between glaucoma
and cataract risk.!? Further, oxidative stress and endoplasmic
reticular stress have been implicated in both vision disor-
ders.”! Future investigations are needed to understand the
shared molecular biology pathways involved between POAG
and cataract.

In this study, our MR estimates did not indicate a poten-
tial causal association for T2D and the risk of cataract.
Our results are consistent with recent MR studies on the
association between T2D and cataract risk.”>% Although a
prior MR study found no evidence of causal relationship
between T2D and cataract risk in Europeans, a causal effect
of T2D on the development of cataract was observed in East
Asians.*> Moreover, a recent MR study found no evidence
for a causal effect of T2D on cataract risk in the UK Biobank
study but detected significant association between the two
diseases in the FinnGen consortium.”> Further studies in
larger samples of European and non-European populations
are required to clarify the potential effect of T2D on cataract
risk.

We also found no evidence of causal association between
higher systolic or diastolic blood pressure and cataract risk.
Although hypertension has been related to incident cataract
in observational studies,?**> a recent MR study found
limited evidence for a causal effect of SBP on cataract risk.®3
Similarly, in our current MR study, we found no evidence
of a causal association between higher BMI and cataract
risk. Although obesity (or higher BMI) has been reported to
be associated with an increased risk of cataract surgery,'
recent MR studies on the association of obesity or BMI
with cataract risk are conflicting.**#3 Although higher genet-
ically determined BMI was associated with an increased
risk of cataract in the FinnGen consortium,* obesity was
not causally associated with age-related cataract in the Blue
Mountains Eye Study or in the UK Biobank study.*%3 Addi-
tional MR studies using many more genetic instruments and
larger samples may elucidate the potential effect of BMI on
cataract risk.

Many observational studies have consistently reported
the association of cigarette smoking with cataract
risk,3-15:20.33 guggesting that this lifestyle exposure might
be a modifiable risk factors for cataract, and a causal effect
of smoking initiation on cataract risk has been identified
in recent MR studies.’!*> In contrast, our results provide
no genetic evidence of a potential causal association of
cigarette smoking with cataract risk, even if a large number
of genetic instruments derived from the recent and large
GSCAN study? were used for some exposures (i.e., smoking
initiation or amount smoked). Further investigations are
required to understand the reasons for those inconsistent
results.
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The effect of alcohol consumption on cataract risk seem
to differ according to the trait tested (i.e., drinker status,
moderate vs. heavy alcohol consumption among drinkers,
and type of alcohol beverage).!®'7:%5 In a meta-analysis
study, Gong and colleagues'® reported that heavy alcohol
consumption significantly increased the risk of cataract,
whereas moderate consumption may be protective. Those
findings were reinforced by a recent observational study that
found a lower risk of undergoing cataract surgery with low
to moderate alcohol consumption, especially wine consump-
tion.?> More recently, a MR study found no evidence for a
causal effect of alcohol consumption (drinks per week) on
cataract risk in either the FinnGen consortium or the UK
Biobank study.** Similarly, although we used a large number
of genetic instruments for this lifestyle exposure (drinks per
week), our current MR estimates did not indicate a poten-
tial causal association for alcohol consumption with cataract
risk.

Our study has important strengths. Our two-sample
MR analyses were performed using independent and large
GWAS summary statistics for both exposures and outcomes.
This allowed us to evaluate the association of behavioral and
clinical risk factors with the risk of cataract using strong
genetic instruments that consist of multiple SNVs across
the genome previously reported as genome-wide signifi-
cant in large samples. We found similar results using differ-
ent MR methods, especially MR-PRESSO, which is a robust
method for sensitivity analysis that excludes outlier SNVs
for which horizontal pleiotropic effect can be observed.
Finally, for all of the MR analyses, the two samples tested
represented the same ethnic group (i.e., European ances-
try individuals), enabling comparisons between exposures
and outcomes and ensuring the validity of causal esti-
mates.

Our study also has limitations. First, although we used
summary statistics from the largest GWAS of cataract
conducted to date,'?> the number of cataract cases (i.e.,
mainly patients who underwent cataract surgery) is limited
compared to the number of cases used in MR studies for
other outcomes. Future GWAS studies of cataract could
focus on more statistically powerful cataract outcomes, such
as age of cataract diagnosis or age at cataract surgery.
Those outcomes could then be used in future MR stud-
ies that could provide additional important insights into
the causal pathways underlying cataractogenesis. Second,
subtypes of cataract were not available in the GERA and UK
Biobank cohorts when we conducted our previous GWAS
study.’? Future MR studies using other cohorts will deter-
mine whether genetically determined POAG and myopic
RE are also associated with specific cataract subtypes (i.e.,
nuclear, cortical, or subcapsular) and the extent to which
these potential specific causal associations display shared
pathways across subtypes. Third, the generalizability of our
findings might not be applicable to non-European ancestry
populations, due to the previously observed (and above-
mentioned) inconsistent associations between genetically
determined T2D and cataract between East Asians and Euro-
peans.*? Future investigations could address this limitation
as genetic data in other ethnic groups become more avail-
able.

Our findings support the use of POAG and myopic RE
as ophthalmic metrics to help stratify risk of cataract in the
general population. Understanding which factors increase
risk of cataract could not only help identify high-risk indi-
viduals but also help develop preventative strategies.
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CONCLUSIONS

Using a two-sample MR approach, our study supports previ-
ous observational studies showing that myopic RE is a risk
factor for cataract. Our study also provides evidence that
genetically determined POAG increased the risk of cataract.
Altogether, clarifying the nature of the relationships between
those ophthalmic conditions and cataract could open new
avenues of investigation into the specific mechanisms under-
lying this leading cause of blindness.
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