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Association of Common and Rare Genetic 
Variation in the 3- Hydroxy- 3- Methylglutaryl 
Coenzyme A Reductase Gene and 
Cataract Risk
Jonas Ghouse , MD, PhD; Gustav Ahlberg, MSc, PhD; Anne Guldhammer Skov, MD; 
Henning Bundgaard , MD, DMSc*; Morten S. Olesen , MSc, PhD* 

BACKGROUND: Results from animal models and observational studies have raised concerns regarding the potential cataracto-
genic effects of statin treatment. We investigated whether common and rare genetic variants in HMGCR are associated with 
cataract risk, to gauge the likely long- term effects of statin treatment on lenticular opacities.

METHODS AND RESULTS: We used genotyping data and exome sequencing data of unrelated European individuals in the UK 
Biobank to test the association between genetically proxied inhibition of HMGCR and cataract risk. First, we constructed an 
HMGCR genetic score consisting of 5 common variants weighted by their association with low- density lipoprotein cholesterol. 
Second, we analyzed exome sequencing data to identify carriers of predicted loss- of- function mutations in HMGCR. Common 
and rare variants in aggregate were then tested for association with cataract and cataract surgery. In an analysis of >402 000 
individuals, a 38.7 mg/dL (1 mmol/L) reduction in low- density lipoprotein C by the HMGCR genetic score was associated with 
higher risk for cataract (odds ratio, 1.14 [95% CI, 1.00– 1.39], P=0.045) and cataract surgery (odds ratio, 1.25 [95% CI, 1.06– 
1.48], P=0.009). Among 169 172 individuals with HMGCR sequencing data, we identified 32 participants (0.02%), who carried a 
rare HMGCR predicted loss- of- function variant. Compared with noncarriers, heterozygous carriers of HMGCR predicted loss- 
of- function had a higher risk of developing cataract (odds ratio, 4.54 [95% CI, 1.96– 10.53], P=0.001) and cataract surgery (odds 
ratio, 5.27 [95% CI, 2.27– 12.25], P=5.37×10−4). In exploratory analyses, we found no significant association between genetically 
proxied inhibition of PCSK9, NPC1L1, or circulating low- density lipoprotein cholesterol levels (P>0.05 for all) and cataract risk.

CONCLUSIONS: We found that genetically proxied inhibition of the HMGCR gene mimicking long- term statin treatment associ-
ated with higher risk of cataract. Clinical trials with longer follow- up are needed to confirm these findings.
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Cataract is the leading cause of blindness world-
wide and >20 million people in the United States 
are reported to have cataracts.1 With a growing 

elderly population, the incidence of cataracts is likely 
to rise. Therefore, identification of risk factors for devel-
oping lens opacities must be prioritized from a public 
health standpoint.

Statins, which inhibit the 3- hydroxy- 3- methylglutaryl 
coenzyme A (HMG- CoA) reductase, are low- density li-
poprotein (LDL) cholesterol– lowering drugs commonly 
prescribed for the prevention and management of 
cardiovascular disease.2 Although the overall safety 
profile of the marketed statins was shown to be favor-
able in humans, cataractogenic safety concerns were 
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mainly spurred by animal studies that showed statin 
induced subcapsular lens opacities when adminis-
tered at excessive doses.3 This association has been 
subject to extensive evaluation in humans with con-
flicting evidence from clinical and observational studies 
on cataract risk. While the Heart Outcomes Prevention 
Evaluation- 3 trial4 reported a significant increase in 
cataract surgery in participants randomized to rosu-
vastatin, other clinical trials did not find an increased 
risk with statin use.5– 7 Conflicting results have also 
been reported in observational studies ranging from 
deleterious, neutral, to protective effects of statin treat-
ment.8– 11 Although informative, the majority of studies 
that reported on effects of statins in the human lens 
were limited by, for example, short treatment duration, 
lack of standardized ophthalmic assessment, or inher-
ent bias associated with observational study designs.

Effects of naturally occurring variation in genes en-
coding pharmacological targets can be used as prox-
ies of potential long- term risk of adverse drug reactions. 
Since genetic variants are inherited randomly and fixed 
at the time of conception, analyses using effects of ge-
netic variants as proxies for intervention targets are in 
principle independent of confounding and cannot be 
influenced by reverse causation. In this study, we ex-
amined the effect of common and rare genetic variants 

in the HMGCR gene, serving as models for lifelong in-
hibition of HMG- CoA reductase, on cataract risk using 
genotyping and exome sequencing data from the UK 
Biobank (UKB).

METHODS
UKB has received ethical approval from the UK national 
health service’s National Research Ethics Service (ref 
11/NW/0382). Individual- level data used to derive these 
results can be obtained with an approved applica-
tion to the UK Biobank study. The UKB has been ap-
proved by the Northwest Multicenter Research Ethics 
Committee, UK (Ref: 16/NW/0274). Written informed 
consent has been obtained from all study participants.

Study Population
The UKB is a large and prospective study of ≈500 000 
participants aged 40 to 69  years, recruited between 
2006 and 2010.12 All analyses were conducted under 
the application number 43247.

Selection of Common Genetic Variants
To proxy HMG- CoA reductase inhibition, we used a 
previously published 5 single- nucleotide polymor-
phism HMGCR genetic score (Table  S1 and S2).13 
In brief, the genetic score was constructed by com-
bining all variants within 100 kb on either side of the 
gene, which were associated with LDL- C levels at 
the genome- wide level (P<5×10−8) as reported by the 
Global Lipids Genetics Consortium14 and that were in 
low linkage disequilibrium (r2<0.30) with all other vari-
ants included in the score.15 For each variant, we de-
fined the exposure allele as the allele associated with 
lower LDL cholesterol levels. For each individual, we 
calculated a weighted HMGCR score by adding the 
number of LDL cholesterol– lowering alleles weighted 
by the effect of each variant on LDL cholesterol levels 
measured in milligrams per deciliter. Details on sample 
quality control and ancestry definition is provided in 
Data S1.

Selection of Rare Genetic Variants
To provide complementary evidence to support a 
causal role of HMG- CoA reductase inhibition on cata-
ract risk, we also extended our analyses to rare variation 
in HMGCR. Cases were defined as persons carrying 
a rare HMGCR predicted loss- of- function variant and 
controls were ascertained as persons not carrying 
an HMGCR predicted loss- of-  function(pLoF) variant 
(ie, noncarriers). To identify carriers of rare HMGCR 
pLoF variants, we used exome sequenced data for 
HMGCR from unrelated individuals of European an-
cestry (≈170  000 individuals) provided by the UKB. 

CLINICAL PERSPECTIVE

What Is New?
• This study suggests that genetically prox-

ied inhibition of HMG- CoA reductase (target 
of statins) is associated with increased risk of 
cataract.

What Are the Clinical Implications?
• Since our associations mimic long- term statin- 

treatment, primarily younger patients with fa-
milial hypercholesterolemia, who are subject 
to almost life- long statin therapy, may warrant 
closer clinical follow- up.

Nonstandard Abbreviations and Acronyms

HMG- CoA reductase 3- hydroxy- 3- 
methylglutaryl 
coenzyme A

pLoF predicted 
loss- of- function

RCT randomized control 
trial

UKB UK Biobank
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Relatedness and ancestry definitions are provided in 
Data S1 and Figure S1. Detailed information on exome 
sequencing methodology, alignment, variant calling, 
and annotation has been described previously.16 We ex-
cluded variants with a genotype quality <20, genotype 
depth <10, missing genotypes >0.1 and minor allele fre-
quency >0.01. Variants were annotated using SnpEff.17 
Variants in HMGCR were identified via positional inter-
section with Ensembl transcript (ENSG00000113161). 
We defined pLoF variants as variants leading to loss 
of a start codon, or loss of a stop codon, or to a pre-
mature stop codon; open reading frame shifting indels 
leading to the formation of a premature stop codon; 
and variants disrupting splice acceptor or donor sites 
in the canonical isoform of the gene (Ensembl annota-
tion). We prioritized Sequence Ontology standardized 
terms (URL: http://www.seque nceon tology.org/) with 
putative high impact. Furthermore, we evaluated splice 
site region variants with dbscSNV.18 AdaBoost and 
Random Forest scores >0.8 were set as splice- altering 
effects and classified as pLoF variants (Table S3). We 
also annotated rare missense variants (minor allele fre-
quency <0.01) using the following five in silico predic-
tion tools: SIFT, PolyPhen2 HDIV, PolyPhen2 HVAR, 
LRT, and MutationTaster, as performed previously.19 
A missense variant was considered damaging if each 
of the 5 prediction tools predicted it to be deleterious 
(Table S4).

Outcome Definitions
Cataract outcomes were defined using a combination 
of self- reported data (confirmed by a health care pro-
fessional) and/or hospital admission diagnosis codes. 
We defined cataract using the International Statistical 
Classification of Diseases codes for “Senile cataract” 
(ICD- 9 366.1; ICD- 10 H25) and “Other cataract” (ICD- 9 
366.0, 366.8 and 366.9; ICD- 10 H26). Although lens 
opacities are objective changes, they may not associ-
ate with visual impairment or functional consequences. 
Therefore, we also used cataract surgery as a hard 
end point. Cataract surgery was defined as surgery, 
using Office of Population Censuses and Surveys 
Classification of Interventions and Procedures (OPCS) 
3 codes for “Discission of cataract and capsulectomy” 
(170), “Extracapsular extraction of cataract” (173), 
“Intracapsular extraction of cataract” (174), and OPCS4 
codes for “Phacoemulsification of lens” (C71.2) and 
“Insertion of prosthetic replacement for lens” (C75.1). 
Additional details on UKB data fields that were used to 
define study outcomes are provided in Table S5.

Statistical Analysis
For both common and rare variant association analy-
sis, serving as a positive control, we first tested the 

association with lipids (LDL- C and total cholesterol) 
using linear regression. We then estimated the odds ra-
tios (OR) with 95% CI for cataract and cataract surgery 
using logistic regression (with Firth- bias correction for 
rare variant analysis).20 For the common variant analy-
sis, ORs were scaled to per 38.7  mg/dL (1  mmol/L) 
lower LDL- C. All models were adjusted for age at en-
rollment, sex, assessment center, and genetic ances-
try (as quantified by the first 5 principal components).

Sensitivity Analysis
To complement the rare variant association signal 
from logistic regression, we conducted Fisher’s exact 
test. OR and 95% CIs were obtained as conditional 
maximum likelihood estimates from Fisher’s noncen-
tral hypergeometric distribution. To provide evidence 
that our HMGCR genetic score affects gene expres-
sion, we filtered variants that did not associate with 
mRNA expression levels of HMGCR in any of the 49 
tissues available in The Genotype- Tissue Expression 
project The Genotype- Tissue Expression project v8 
release (Table S6). To investigate whether the associa-
tion between HMGCR and cataract is specific to the 
mevalonate synthesis pathway by means of HMG- CoA 
reductase inhibition rather than general LDL- C low-
ering, we conducted additional sensitivity analyses. 
First, we tested whether genetically proxied inhibition 
of PCSK9 (target of PCSK9-  (proprotein convertase 
subtilisin/kexin type 9) inhibitors) and NPC1L1 (target of 
ezetimibe) yielded similar results, by using both pLoF 
variants and gene- specific genetic scores with known 
effects on LDL- C. For selection of pLoF variants, we 
applied the same approach as in our main analysis 
(Table S7 and S8). For selection of common variants 
to be included in the genetic scores, we considered 
a 7- single- nucleotide polymorphism PCSK9 (Table S9 
and S10) and a 5- single- nucleotide polymorphism 
NPC1L1 genetic score (Table  S11 and 12) previously 
published by Ference et al15 Pharmacologic inhibition 
of these 2 drug targets lead to an additional 20% to 
60% reduction in LDL- C compared with statin therapy 
alone.21,22 If the risk- increasing effect of HMGCR vari-
ants is via LDL- C reduction, one would expect similar- 
sized association with variants in NPC1L1 and PCSK9. 
Second, beyond gene- specific associations, we also 
assessed whether generally lower LDL- C associated 
with cataract risk. For this we used a previously pub-
lished genetic instrument for low LDL- C, consisting 
of 58 independent genetic variants (r2<0.01) that as-
sociated with LDL- C levels at the genome- wide level 
(P<5×10−8, Table S13).23 To test whether variants that 
reside in the last 5% of the resulting protein and are 
predicted to escape nonsense mediated decay24 may 
have influenced our results, we reran the rare variant 
analysis without such variants. To evaluate nonlinear 

http://www.sequenceontology.org/
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effects of age on cataract risk, we modeled age as a 
cubic spline, with knots introduced at the 25th, 50th, 
and 75th percentile. Lastly, to evaluate the influence 
of horizontal pleiotropy on our analyses (ie, that ge-
netic variants influence multiple traits via independent 
biological pathways), we conducted additional sensi-
tivity analyses in which we adjusted our main models 
for common cataract risk factors (eg, type 2 diabetes, 
uveitis, steroid treatment, and smoking).

RESULTS
Association Between Common Genetic 
Variants and Cataract Risk
Using genotyped data on up to 402 750 unrelated in-
dividuals of European ancestry, we found an expected 
strong association between the HMGCR genetic score 
and circulating LDL- C levels (−1.32 mg/dL per SD in-
crease; 95% CI −1.42, −1.21; P=6.11×10−131; Figure 1). 
For each 38.7 mg/dL (1 mmol/L) reduction in LDL- C, we 
found that genetically proxied HMG- CoA reductase in-
hibition was significantly associated with both cataract 

(OR, 1.14 [95% CI, 1.00– 1.29], P=0.045; Figure  1) 
and cataract surgery (OR, 1.19 [95% CI, 1.04– 1.36]; 
P=0.009; Figure  1). These results did not materially 
change when we restricted our genetic instruments to 
include variants that affected HMGCR mRNA expres-
sion only (Table S6). A breakdown on the relationship 
between cataract and cataract surgery diagnoses is 
provided in Table S14.

Association Between Rare Genetic 
Variants and Cataract Risk
Beyond common genetic variants, we also investi-
gated whether a similar pattern of association could be 
reproduced using exome sequenced data to analyze 
rare HMGCR pLoF variants. In total, we identified 32 
individuals with 1 of 17 unique HMGCR pLoF variants 
(Table S3), equating to a carrier frequency of 0.02%. 
The most frequent variant, p. Leu521Phe (37.5%; 12/32 
carriers), is a nonsynonymous splice region variant. As 
expected, we found that HMGCR pLoF carriers had 
significantly lower LDL- C (−13.1 mg/dL; 95% CI −25.1, 
−1.2; P=0.034) and total cholesterol (−17.4 mg/dL; 95% 

Figure 1. Association between HMGCR genetic scores, lipids, and cataract risk.
Shown are the associations between HMGCR genetic score and lipids (A) and cataract risk (B). Results from the sensitivity analysis, 
showing the association between NPC1L1, PCSK9, and LDL- C genetic scores, lipids, and cataract risk are displayed for comparison. 
ORs and 95% CIs were calculated using a logistic regression model adjusted for age at enrollment, sex, assessment center, and 5 
first principal components. ORs were scaled to per 38.7 mg/dL (1 mmol/L) lower LDL- C. LDL- C indicates low- density lipoprotein 
cholesterol; and OR, odds ratios.
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CI −32.9, −1.5; P=0.032), compared with noncarriers. 
Similar to the main results, we found a significant as-
sociation between HMGCR pLoF carrier status and 
cataract risk. Eight of 32 (25%) HMGCR pLoF carriers 
developed cataract, compared with 12 928 of 169 140 
noncarriers (7.6%), equating to an OR of 4.54 (95% CI, 
1.96– 10.53, P=0.001; Figure 2). Moreover, 8 of 32 (25%) 
carriers underwent cataract surgery, compared with 
11 366/169 140 noncarriers (6.7%), resulting in an OR 
of 5.27 (95% CI, 2.27– 12.25, P=5.37×10−4; Figure  2). 
Comparable effect estimates were obtained when 
using Fisher’s exact test (Table S15) or when adjusting 
for age as a cubic spline (Table S16). We also found 
similar results in analyses excluding the p. Leu521Phe 
variant, indicating that the reported associations are 
not driven by this variant in isolation (Table  S17) or 
when excluding 2 variants located within 5% of the 
protein coding sequence (p. Met867fs and p. Thr887fs; 
Table S18). In a complementary analysis, we also in-
vestigated the aggregate effects of rare deleterious 
variants on cataract risk, including both rare pLoF and 
missense variants predicted to be deleterious. Here, 
we found concordant direction of effects, however with 
attenuated effect estimates (cataract: OR, 1.34 [95% 
CI, 0.97– 1.84]; P=0.078 and cataract surgery: OR, 1.51 
[95% CI, 1.09– 2.08]; P=0.012).

Exploratory Analyses
To evaluate whether our results were biased through 
horizontal pleiotropy, we adjusted the main models 
for risk factors that have previously been linked with 
cataracts. We found that the results were largely con-
sistent (Table S19). To explore whether the association 
was specific to the mevalonate synthesis pathway, 
rather than LDL- C lowering, we conducted additional 
sensitivity analyses, where we evaluated the effect of 
genetically proxied inhibition of NPC1L1 and PCSK9 
on cataract risk. Using exome sequencing data, we 
found no significant association with PCSK9 (cataract: 
OR, 1.09 [95% CI, 0.74– 1.60], P=0.679; cataract sur-
gery: OR, 1.22 [95% CI, 0.82– 1.80], P=0.343; Figure 2) 
or NPC1L1 (cataract: OR, 1.13 [95% CI, 0.71– 1.79], 
P=0.621; cataract surgery: OR, 1.16 [95% CI, 0.71– 
1.89], P=0.551; Figure 2) pLoF carrier status and cata-
ract risk. Nor did we observe any significant relationship 
between genetically proxied inhibition of PCSK9 (OR, 
0.98 per 38.7  mg/dL lower LDL- C [95% CI, 0.89– 
1.10], P=0.778; cataract surgery: OR, 1.02 [95% CI, 
0.91– 1.14], P=0.731; Figure 1) NPC1L1 (Cataract: OR 
1.04 per 38.7 mg/dL lower LDL- C, 95% CI 0.83– 1.29], 
P=0.753; cataract surgery: OR, 1.01 [95% CI, 0.80– 
1.27], P=0.940; Figure 1) nor with genetically proxied 
lower LDL- C levels (cataract: OR, 1.00 per 38.7  mg/

Figure 2. Association between HMGCR pLoF carrier status, lipids, and cataract risk.
Shown are the associations between HMGCR pLoF carrier status and lipids (A) and cataract risk (B). Results from the sensitivity 
analysis, showing the association between NPC1L1 and PCSK9 pLoF, lipids, and cataract risk are displayed for comparison. ORs 
and 95% CIs were calculated using a Firth bias- corrected logistic regression model adjusted for age at enrollment, sex, assessment 
center, and 5 first principal components. IQR indicates interquartile range; LDL, low- density lipoprotein; ORs, odds ratios; PCSK9, 
proprotein convertase subtilisin/kexin type 9; and pLoF, predicted loss of function.
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dL lower LDL- C [95% CI, 0.95– 1.06], P=0.940; cata-
ract surgery: OR, 1.00 [95% CI, 0.94– 1.06], P=0.921; 
Figure 1), when using array data to mimic pharmaco-
logical inhibition (Table S20) or generally lower LDL- C 
levels.

DISCUSSION
By leveraging both large- scale genotyping and exome 
sequencing data on >400 000 individuals, we used ge-
netic variants in HMGCR to gain insight into the expected 
effects of long- term therapeutic inhibition of HMG- CoA 
reductase on cataract risk. We found that lifelong genetic 
inhibition of HMGCR variants was associated with higher 
risks of both cataract and cataract surgery.

Adverse drug reactions are often detected during 
early clinical evaluation and more systematically during 
randomized control trials (RCTs). However, many RCTs 
are of relatively short duration and may not detect ad-
verse drug reactions that are either rare or only mate-
rialize during longer- term treatment. RCTs that have 
evaluated the potential cataractogenic risk of statins 
have indeed either been shorter- term studies (ranging 
from 48 weeks25 to 18 months7 of follow- up) or lacked 
standardized ophthalmic assessment that is needed to 
detect lenticular opacities.4,6 Also, patients with poor vi-
sual acuity or with a history of cataract before study en-
rollment were excluded from some RCTs, precluding the 
possibility of studying cataract progression rather than 
incident events.7,25 Our results permit several conclu-
sions. First, since germline genetic variants are fixed at 
the time of conception, such variants can provide com-
plementary evidence to shorter- term RCTs on the long- 
term consequences HMG- CoA reductase inhibition. 
Second, we provide evidence for a dose- dependent 
relationship between the degree of genetic inhibition 
and higher risk, as exemplified by the effect estimate 
gradient (ie, higher relative risk with more “functional” 
genetic variants). Third, we found stronger associations 
with cataract surgery compared with a more universal 
cataract diagnosis, which could reflect higher specificity 
or a more severe phenotype.

The precise mechanism that leads to cataract in hu-
mans is not clear. In animals, no relationship between 
decrease in cholesterol levels and lenticular opacities 
was found, but a direct relationship between plasma 
statin levels and cataract incidence was established.3 
To investigate whether the reported association was 
specific to the HMG- CoA pathway rather than reflect-
ing a general association of low circulating cholesterol 
levels, we conducted exploratory analyses of other 
LDL- C- lowering pathways. We found no association 
between genetically proxied inhibition of NPC1L1, 
PCSK9, and cataract risk, nor did we observe any 
association with genetically lower LDL- C levels. This 

indicates that low circulating cholesterol may not be 
driving the observed association between HMG- CoA 
reductase inhibition and cataract risk. Instead the asso-
ciation is likely related to the intrinsic role of HMG- CoA 
reductase in lens sterol synthesis, which is important 
for membrane formation and transparency.26

Strengths of this study include a large population size, 
with sufficient statistical power to detect associations be-
tween genetically proxied inhibition of HMGCR and cat-
aract risk; a 2- stage complementary design, including 
sequencing and genotyping data, which enabled dual 
assessment of the effect of common and rare genetic 
variants on cataract risk; a parallel investigation of other 
LDL- lowering pathways (PCSK9 and NPC1L1) on cataract 
risk; the Mendelian randomization design, in which biases 
from reverse causation and confounding are reduced; 
and ability to evaluate both cataract and cataract surgery, 
where the latter serves as a “harder” end point. Our study 
needs to be interpreted within the context of its limitations. 
First, rather than studying the effect of genetic variants 
on enzymatic activity, we weighted our genetic score 
by their effect on LDL- C, which is an indirect measure of 
their function. Second, our results were based on data 
derived from individuals of European ancestry, limiting the 
generalizability to non- European populations. Third, the 
effect estimates that we report reflect life- long exposure 
to HMG- CoA inhibition, and do not necessarily translate 
into clinically meaningful risk in high- risk adults with com-
parably shorter treatment duration. Fourth, although the 
Genotype- Tissue Expression project v8 release contains 
mRNA expression data from 49 different tissues, we did 
not have data derived from the human lens, limiting the 
ability to explore site- specific functional effects. Fifth, as 
noted by Backman et al, ≈4% of the coding variants that 
were identified in the UKB exome sequencing data were 
highlighted as having “low quality.”19 However, sequenc-
ing errors are unlikely to be related to disease status and 
would likely bias towards the null.

In conclusion, this study found that both common 
and rare HMGCR variants were associated with an 
increased risk for cataract. The beneficial effects of 
statins are unequivocal and the reported link with lens 
opacities should not prevent statin initiation in high- risk 
adults, but should be disclosed to the patient, espe-
cially when indicated for primary prevention. Moreover, 
younger patients with familial hypercholesterolemia, 
who are subject to almost life- long statin therapy often 
initiated in childhood or early adolescence, may war-
rant closer clinical follow- up.
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SUPPLEMENTAL MATERIAL 

 

 

  



 

Data S1. Sample quality control and ancestry definition for exome sequencing and 

genotyping data. 

 

 

In the present analysis, samples that were related, outliers for heterozygosity, missingness or 

excess relativeness were removed. Samples were further excluded if they were not used in the 

central kinship inference. We used the ukb_gen_samples_to_remove() function from the R 

package ukbtools/v0.11 to choose a subset of individuals within which no pair had a kinship 

coefficient exceeding 0.0884, equivalent of up to third-degree relatives. For each related pair, 

this function removes whichever member has the highest number or relatives above the 

provided threshold, resulting in a maximal set. In addition, individuals with putative sex 

chromosome aneuploidy or with a mismatch between self-reported and genetically inferred 

sex were excluded. In order to identify a subset of individuals with European ancestry, we 

clustered individuals in UKB that had self-reported as “White” (UKB data field 21000; data 

codes: 1. 1001. 1002 and 1003). We then applied the Bayesian outlier detection algorithm 

implemented in the R package aberrant with principal components 1-2. 3-4 and 5-6, 

respectively.26 The intersection of these clustered sets defined “individuals with European 

ancestry” (Figure S1).  

 



 

 

Table S1. HMGCR variants included in HMGCR genetic score and their association with LDL-C in the 

Global Lipids Genetics Consortium. 

SNP  Exposure Allele 
 Exposure Allele 

Frequency 
Effect Size (mg/dl)  Standard error P 

rs12916 T 0.569 -2.3456 0.1216 7.79E-78 

rs5909 G 0.898 -1.9744 0.2816 4.93E-13 

rs2303152 G 0.880 -1.3536 0.2048 1.04E-09 

rs10066707 G 0.583 -1.5904 0.1728 2.97E-19 

rs2006760 C 0.814 -1.7056 0.2432 1.67E-13 

For each variant, the exposure allele is the allele 

associated with lower LDL-C in Global Lipids Genetics Consortium. 

 

  



 

Table S2. Linkage disequilibrium matrix for common variants included 

in the HMGCR genetic score. 

  rs12916 rs5909 rs2303152 rs10066707 rs2006760 

rs12916 1 0.16 0.18 0.27 0.18 

rs5909 0.16 1 0.01 0.06 0.21 

rs2303152 0.18 0.01 1 0.09 0.27 

rs10066707 0.27 0.06 0.09 1 0.26 

rs2006760 0.18 0.21 0.27 0.26 1 

All measures of LD are in R2 and were derived from the LDlink software 

using five European ancestry populations from phase 3 of the 1000 genomes 

project  

 

  



 

 

Table S3. Loss-of-function variants in HMGCR. 

Chromosome Position 
Reference 

allele 

Alternate 

allele 

Minor 

allele 

frequency 

(European) 

Mutation Variant type Carriers 

5 75342606 A G 2.85E-06 p.Met1? Start lost 1 

5 75342613 C G 2.85E-06 p.Ser3* Stop gained 1 

5 75342687 AC A 2.86E-06 p.Ile29fs Frameshift variant 1 

5 75343892 C T 5.78E-06 p.Arg69* Stop gained 2 

5 75347307 C A 2.94E-06 p.Ser185* Stop gained and splice region variant 1 

5 75350312 C T 8.56E-06 p.Arg240* Stop gained 3 

5 75350373 T C 3.16E-06 p.Met260Thr Splice region variant 1 

5 75351159 G GA 2.85E-06 p.Ser346fs Frameshift variant 1 

5 75351167 ACT A 2.86E-06 p.Ser349fs Frameshift variant 1 

5 75354620 C T 2.85E-06 p.Arg496* Stop gained 1 

5 75354697 G T 3.57E-05 p.Leu521Phe Splice region variant 12 

5 75356414 CAG C 2.89E-06 p.Asp653fs Frameshift variant 1 

5 75359168 A G 2.86E-06 c.2158-2A>G Splice acceptor variant and intron variant 1 

5 75359427 CTG C 2.85E-06 p.Cys777fs Frameshift variant 1 

5 75360045 C T 2.85E-06 p.Arg840* Stop gained 1 

5 75360125 CAT C 5.70E-06 p.Met867fs Frameshift variant 2 

5 75360331 AAGAC A 2.85E-06 p.Thr887fs Frameshift variant 1 

Total             32 

 
  



 

 

Table S4. Rare predicted deleterious missense variants in HMGCR. 

Chromosome Position 
Reference 

allele 

Alternate 

allele 

Minor allele 

frequency 

(European) 

Mutation Carriers 

5 75342646 C G 8.56E-06 p.Ala14Gly 3 

5 75342736 G A 2.85E-06 p.Cys44Tyr 1 

5 75343893 G A 5.78E-06 p.Arg69Gln 2 

5 75343911 A G 2.88E-06 p.Tyr75Cys 1 

5 75343937 C T 5.94E-06 p.Arg84Cys 2 

5 75344287 G A 5.83E-06 p.Ser107Asn 2 

5 75345605 G A 2.86E-06 p.Asp133Asn 1 

5 75345639 C T 2.89E-06 p.Ala144Val 1 

5 75345641 C T 9.03E-05 p.Leu145Phe 28 

5 75347228 C T 2.58E-05 p.Arg159Cys 8 

5 75347253 C T 5.71E-06 p.Thr167Met 1 

5 75347268 C T 1.14E-05 p.Ala172Val 4 

5 75347289 T C 2.87E-06 p.Ile179Thr 1 

5 75350052 G C  1.43E-05 p.Gln189His 5 

5 75350096 A G 9.21E-04 p.Asn204Ser 290 

5 75350132 T G 2.86E-06 p.Val216Gly 1 

5 75350264 C T 1.71E-05 p.Arg224Trp 6 

5 75350273 C T 2.85E-06 p.Arg227Cys 1 

5 75350282 C T 8.56E-06 p.Arg230Cys 3 

5 75350356 G T 5.77E-06 p.Gln254His 2 

5 75350365 G T 2.98E-06 p.Lys257Asn 1 



 

5 75350822 C T 2.85E-06 p.Arg272Cys 1 

5 75351153 G A 2.85E-06 p.Glu343Lys 1 

5 75354603 G A 5.71E-06 p.Arg490His 2 

5 75354617 C T 2.85E-06 p.Arg495Cys 1 

5 75354621 G A 2.85E-06 p.Arg496Gln 1 

5 75354630 T A 2.85E-06 p.Leu499His 1 

5 75355069 G C 1.71E-05 p.Cys526Ser 4 

5 75355096 C G 2.85E-06 p.Pro535Arg 1 

5 75355155 A G 8.56E-06 p.Met555Val 3 

5 75355185 A G 2.85E-06 p.Ser565Gly 1 

5 75355393 T C 2.85E-06 p.Leu531Pro 1 

5 75355410 C T 2.85E-06 p.Arg590Cys 1 

5 75355411 G A 5.70E-06 p.Arg590His 2 

5 75355425 C T 2.85E-06 p.Arg595Cys 1 

5 75355426 G A 2.85E-06 p.Arg595His 1 

5 75356378 C T 5.76E-06 p.Ala639Val 2 

5 75356383 C T 2.87E-06 p.Arg641Cys 2 

5 75358786 G C 2.85E-06 p.Val706Leu 1 

5 75358814 A T 2.85E-06 p.Lys715Met 1 

5 75359237 T C 2.85E-06 p.Met742Thr 1 

5 75359239 G A 5.71E-06 p.Ala743Thr 1 

5 75359297 T C 2.85E-06 p.Ile762Thr 1 

5 75359474 A G 2.85E-06 p.Tyr792Cys 1 

5 75359524 A C 2.85E-06 p.Thr809Pro 1 

5 75359525 C A 2.85E-06 p.Thr809Asn 1 

5 75360001 G T 2.85E-06 p.Gly825Val 1 



 

5 75360033 C T 8.56E-06 p.Arg836Trp 3 

5 75360043 C T 2.85E-06 p.Ala839Val 1 

5 75360063 G A 1.14E-05 p.Val846Ile 4 

5 75360085 T C 2.85E-06 p.Leu853Pro 1 

5 75360088 T C 2.85E-06 p.Met854Thr 1 

5 75360094 C G 2.85E-06 p.Ala856Gly 1 

5 75360126 A G 2.85E-06 p.Met867Val 1 

Total           411 

Missense variants with a minor allele frequency <1 % and predicted to be deleterious by each of 

the five in silico prediction tools (i.e. SIFT, PolyPhen2 HDIV, PolyPhen2 HVAR, LRT and 

MutationTaster). 

 

 

  



 

 

Table S5. Disease phenotype definitions 

Disease phenotype Definition including UK Biobank data-fields 

Lipid traits  
LDL cholesterol (mmol/L) 30780 

Total cholesterol (mmol/L) 30690 

  

Binary outcomes  

Cataract 

Self-reported history of cataract during verbal interview with 

trained nurse; or hospitalization due to ICD-10 code for 

cataract (H25, H26); or hospitalization due to ICD-9 code for 

cataract (366.0, 366.1, 366.8, 366.9). 

Cataract surgery 

Self-reported history of cataract surgery during verbal 

interview with trained nurse; or hospitalization due to OPCS-

4 code for cataract surgery (C751, C712); or hospitalization 

due to OPCS-3 code for cataract surgery (170, 172, 173, 174).  
     Self-reported data was extracted using UK Biobank (UKB) data-field 20002; ICD-9 codes were extracted using  

     UKB data-field 41271 and 41281; ICD-10 codes were extracted using UKB data-fields 41270 and 41280;  

     OPCS-3 data were extracted using UKB data-field 41273 and 41283; OPCS-4 data were extracted using UKB 

     data-field 41272 and 41282. 



 

  

 

 

Table S6. Genetic variants included in the HMGCR score that associates with lower HMGCR mRNA expression and 

association results for genetic score using eQTL variants.  

     
HMGCR genetic score using eQTL 

variants  

SNP Exposure allele GTEx tissue  
Normalized 

effect size 
P-value 

OR (95% CI) for 

cataract 

OR (95% CI) for 

cataract surgery 

rs12916 T Skeletal muscle -0.17 7.9E-09 
1.21 (0.99-1.47) 1.30 (1.06-1.60) 

rs10066707  G Skeletal muscle -0.12 3.0E-05 

Odds ratio (OR) are reported per 38.7 mg/dL (1 mmol/L) lower LDL-C.  



 

 

Table S7. Loss-of-function variants in PCSK9 

Chromosome Position Reference 

allele 

Alternate 

allele 

Mutation Variant type Carriers 

1 55039838 A G p.Met1? Start lost 2 

1 55039902 T TG p.Leu23fs Frameshift variant 2 

1 55039925 G GCGCA p.Gln31fs Frameshift variant 20 

1 55039951 C A p.Tyr38Ter Stop gained 1 

1 55040006 G T p.Glu57Ter  Stop gained 3 

1 55040024 AC A p.Phe64fs Frameshift variant 3 

1 55040045 G A c.207+1G>A Splice donor variant 1 

1 55043851 G A p.Trp72Ter Stop gained 1 

1 55043903 C T p.Gln90Ter Stop gained 1 

1 55044012 T A p.Met1? Start lost 9 

1 55046570 CT C p.Phe150fs Frameshift variant 1 

1 55046570 CTT C p.Phe150fs Frameshift variant 1 

1 55046646 G A p.Asp175Asn Splice region variant 3 

1 55052273 GA G c.524-2delA Splice acceptor variant  1 

1 55052374 ATG A p.Val208fs Frameshift variant 1 

1 55052412 G T c.657+1G>T Splice donor variant  38 

1 55052648 A C c.658-2A>C  Splice acceptor variant  1 

1 55052661 T A p.Cys223Ter Stop gained 1 

1 55052704 G GA p.Asp238fs Frameshift variant 2 

1 55055992 G A c.800-1G>A Splice acceptor variant  1 

1 55056006 TC T p.Arg272fs Frameshift variant 2 

1 55056009 GA G p.Ser274fs Frameshift variant 6 

1 55057364 C T p.Gln344Ter  Stop gained 4 

1 55057478 C T p.Gln382Ter  Stop gained 8 



 

1 55057514 G A p.Gly394Ser  Splice region variant 33 

1 55058036 G T p.Gly394Val  Splice region variant 9 

1 55058113 GC G p.Asp422fs Frameshift variant 11 

1 55058139 G A p.Trp428Ter Stop gained 1 

1 55058597 A AG p.Ser485fs Frameshift variant 1 

1 55058649 T C c.1503+2T>C Splice donor variant  1 

1 55059491 A AG p.Lys506fs Frameshift variant 1 

1 55059573 C T p.Gln531Ter Stop gained 1 

1 55061368 G GC c.1682-3dup Splice acceptor variant  19 

1 55061374 G C c.1682-1G>C Splice acceptor variant  3 

1 55061437 C T p.Arg582Ter  Splice acceptor variant  2 

1 55061473 GC G p.Ser470fs Frameshift variant 2 

1 55061517 CA C p.Lys609fs Frameshift variant 1 

1 55061557 G A c.1863+1G>A  Splice donor variant  91 

1 55063542 C A p.Cys679Ter  Stop gained 61 

1 55063570 C T p.Gln689Ter  Stop gained 3 

1 55063582 T G p.Ter693Gly? Stop lost 1 

Total           354 

 

 

 

  



 

 

Table S8. Loss-of-function variants in NPC1L1 

Chromosome Position 
Reference 

allele 

Alternate 

allele 
Mutation Variant type Carriers 

7 44513554 G A p.Arg1298* stop_gained 2 

7 44515801 AC A c.3796+1delG stop_gained 2 

7 44516085 G A p.Ala1211Val splice_region_variant 6 

7 44516110 CTT C p.Lys1202fs frameshift_variant 1 

7 44516865 G T p.Cys1119* stop_gained 2 

7 44516907 G T p.Tyr1105* stop_gained 2 

7 44516909 AC A p.Gln1104fs frameshift_variant 1 

7 44517206 C T c.3287+1G>A splice_donor_variant 4 

7 44517207 G A p.Thr1096Met splice_region_variant 3 

7 44517286 G A p.Arg1070* stop_gained 4 

7 44520822 T C c.3081-2A>G  splice_acceptor_variant 4 

7 44521030 C T p.Trp1014* stop_gained 1 

7 44521053 G A p.Gln1007* stop_gained 1 

7 44522076 TG T p.Gln935fs frameshift_variant 1 

7 44522242 C T p.Asp880Asn splice_region_variant 1 

7 44531753 A C c.2637+2T>G splice_donor_variant 71 

7 44531754 C T c.2637+1G>A splice_donor_variant 1 

7 44531781 G GT p.Leu871fs frameshift_variant 1 

7 44532079 C T c.2547+1G>A splice_donor_variant 1 

7 44532091 G A p.Arg846* stop_gained 7 

7 44532173 C A p.Pro819fs frameshift_variant 1 

7 44532188 GAC A p.Val813fs frameshift_variant 1 

7 44532218 C G c.2410-1G>C splice_acceptor_variant 3 



 

7 44532219 T C c.2410-2A>G splice_acceptor_variant 2 

7 44533433 C A p.Glu803* stop_gained 4 

7 44533519 AG A p.Leu774fs frameshift_variant 2 

7 44533550 T C p.Ter725Trp? stop_lost 1 

7 44533808 G A p.Arg738* stop_gained 3 

7 44533826 G A p.Arg732* stop_gained 3 

7 44533851 CCT C p.Arg723fs  frameshift_variant 7 

7 44533854 CTGTG C c.2167-5_2167-2delCACA splice_acceptor_variant 1 

7 44534450 G C p.Tyr721* stop_gained 1 

7 44534595 AC A p.Val673fs frameshift_variant 1 

7 44534630 C A c.1984-1G>T splice_acceptor_variant 2 

7 44535848 G A p.Arg659* stop_gained 7 

7 44535932 C A p.Glu631* stop_gained 1 

7 44536334 C T p.Trp592* stop_gained 1 

7 44536394 CA C p.Met572fs frameshift_variant 1 

7 44536841 C T c.1681+1G>A splice_donor_variant 7 

7 44536842 C T p.Gly561Arg splice_region_variant 6 

7 44538823 CA C p.Cys525fs frameshift_variant 1 

7 44538854 G A p.Gln515* stop_gained 3 

7 44538875 TCTGGTTGG T p.Ala505fs frameshift_variant 2 

7 44538973 A AG p.Leu475fs frameshift_variant 5 

7 44539112 G GC p.Pro429fs frameshift_variant 1 

7 44539181 G A p.Arg406* stop_gained 54 

7 44539509 AG A p.Ala296fs frameshift_variant 1 

7 44539658 G A p.Gln247* stop_gained 1 

7 44539675 GCAAC G p.Val240fs frameshift_variant 5 

7 44539896 CT C p.Gln167fs frameshift_variant 1 

7 44539898 G A p.Gln167* stop_gained 5 



 

7 44539918 TAGAA T p.Phe159fs frameshift_variant 1 

7 44540099 C A p.Glu100* stop_gained 1 

7 44540135 G A p.Gln88* stop_gained 1 

7 44540219 TGG T p.Ser59fs frameshift_variant 1 

Total           254 

  



 

 

Table S9. PCSK9 variants included in PCSK9 genetic score and their association 

with LDL-C in the Global Lipids Genetics Consortium. 

SNP 
 Exposure 

Allele 

 Exposure 

Allele 

Frequency 

Effect Size 

(mg/dl) 
 Standard error P 

rs11206510 C 0.154 -2.6592 0.005 2.38E-53 

rs2479409 A 0.668 -2.0544 0.0041 2.52E-50 

rs2149041 C 0.839 -2.0352 0.0049 1.44E-35 

rs2479394 A 0.715 -1.2352 0.0041 1.58E-19 

rs10888897 T 0.395 -1.6224 0.0042 8.43E-31 

rs7552841 C 0.635 -1.1776 0.0044 5.40E-15 

rs562556 G 0.194 -2.048 0.0066 6.16E-21 

For each variant, the exposure allele is the allele associated with lower LDL-C in Global 

Lipids Genetics Consortium. 

  



 

 

Table S10. NPC1L1 variants included in NPC1L1 genetic score and their association with 

LDL-C in the Global Lipids Genetics Consortium. 

SNP 
 Exposure 

Allele 

 Exposure 

Allele 

Frequency 

Effect Size 

(mg/dl) 

 Standard 

error 
P 

rs217386 A 0.408 -1.1253 0.118 1.20E-19 

rs2073547 A 0.806 -1.5035 0.152 1.92E-21 

rs7791240 T 0.909 -1.3175 0.202 1.84E-10 

rs10234070 C 0.904 -0.9145 0.183 1.52E-06 

rs2300414 G 0.930 -1.0943 0.248 5.45E-06 

For each variant, the exposure allele is the allele associated with lower LDL-C in Global Lipids 

Genetics Consortium. 

 

 

  



 

Table S11. Linkage disequilibrium matrix for common variants included in the PCSK9 genetic 

score 

  rs11206510 rs2479409 rs2149041 rs2479394 rs10888897 rs7552841 rs562556 

rs11206510 1 0.05 0.04 0.07 0.07 0.02 0.02 

rs2479409 0.05 1 0.14 0.04 0.11 0.00 0.02 

rs2149041 0.04 0.14 1 0.07 0.10 0.01 0.02 

rs2479394 0.07 0.07 0.07 1 0.01 0.02 0.00 

rs10888897 0.01 0.07 0.10 0.01 1 0.00 0.07 

rs7552841 0.02 0.00 0.01 0.02 0.00 1 0.06 

rs562556 0.02 0.02 0.02 0.00 0.07 0.06 1 

All measures of LD are in R2 and were derived from the LDlink software using five European ancestry 

populations from phase 3 of the 1000 genomes project  

 

  



 

Table S12. Linkage disequilibrium matrix for common variants 

included in the NPC1L1 genetic score 

  rs217386 rs2073547 rs7791240 rs10234070 rs2300414 

rs217386 1.00 0.13 0.06 0.03 0.04 

rs2073547 0.13 1.00 0.27 0.17 0.07 

rs7791240 0.06 0.27 1.00 0.02 0.31 

rs10234070 0.03 0.17 0.02 1.00 0.02 

rs2300414 0.04 0.07 0.31 0.02 1.00 

All measures of LD are in R2 and were derived from the LDlink software 

using five European ancestry populations from phase 3 of the 1000 

genomes project  

 

  



 

Table S13. LDL-C lowering variants included in LDL-C genetic score. 

SNP Chromosome Position Exposure allele Effect size (mg/dL) SE 

rs2479409 1 55504650 A -2.0544 0.131 

rs629301 1 109818306 G -5.3408 0.157 

rs12027135 1 25775733 A -0.96 0.122 

rs2642442 1 220973563 C -1.152 0.173 

rs514230 1 234858597 A -1.1648 0.173 

rs2131925 1 63025942 G -1.5648 0.125 

rs12748152 1 27138393 C -1.5968 0.211 

rs267733 1 150958836 G -1.0592 0.170 

rs1367117 2 21263900 G -3.7952 0.128 

rs4299376 2 44072576 T -2.5984 0.144 

rs2710642 2 63149557 G -0.7648 0.122 

rs10490626 2 118835841 A -1.6256 0.221 

rs2030746 2 121309488 C -0.6848 0.122 

rs1250229 2 216304384 T -0.7776 0.134 

rs11563251 2 234679384 C -1.104 0.198 

rs7640978 3 32533010 T -1.2544 0.221 

rs17404153 3 132163200 T -1.0752 0.173 

rs6831256 4 3473139 A -0.6016 0.122 

rs12916 5 74656539 T -2.3456 0.122 

rs6882076 5 156390297 T -1.4592 0.122 

rs4530754 5 122855416 G -0.88 0.115 

rs3757354 6 16127407 T -1.2224 0.141 

rs1800562 6 26093141 A -1.968 0.256 

rs1564348 6 160578860 T -1.5392 0.160 

rs3177928 6 32412435 G -1.4464 0.166 

rs9488822 6 116312893 T -0.9952 0.173 



 

rs12670798 7 21607352 T -1.1008 0.138 

rs2072183 7 44579180 G -1.2352 0.150 

rs4722551 7 25991826 T -1.2512 0.157 

rs9987289 8 9183358 A -2.2848 0.211 

rs11136341 8 145043543 A -1.4304 0.198 

rs2081687 8 59388565 C -0.9952 0.173 

rs2954029 8 126490972 T -1.8048 0.115 

rs10102164 8 55421614 G -1.0112 0.144 

rs635634 9 136155000 C -2.4704 0.176 

rs3780181 9 2640759 G -1.424 0.237 

rs2255141 10 113933886 G -0.9568 0.128 

rs11220462 11 126243952 G -1.888 0.189 

rs174546 11 61569830 T -1.6384 0.122 

rs964184 11 116648917 C -2.736 0.250 

rs11065987 12 112072424 G -0.8608 0.122 

rs1169288 12 121416650 A -1.2 0.128 

rs4942486 13 32953388 C -0.7776 0.118 

rs8017377 14 24883887 G -0.9696 0.122 

rs3764261 16 56993324 A -1.6896 0.134 

rs2000999 16 72108093 G -2.08 0.147 

rs7206971 17 45425115 G -0.9344 0.176 

rs1801689 17 64210580 A -3.2896 0.445 

rs314253 17 7091650 C -0.7744 0.122 

rs6511720 19 11202306 T -7.0688 0.195 

rs4420638 19 45422946 A -7.2032 0.246 

rs10401969 19 19407718 C -3.7888 0.230 

rs6029526 20 39672618 T -1.3952 0.166 

rs2902940 20 39091487 G -0.8768 0.131 



 

rs364585 20 12962718 A -0.7968 0.122 

rs2328223 20 17845921 A -0.9568 0.160 

rs5763662 22 30378703 C -2.4544 0.387 

rs4253772 22 46627603 C -1.0016 0.192 

Variants selected for the LDL-C genetic score were obtained from Lotta et al, 201828 (PMID: 30326043) 

 

 

 

  



 

Table S14. Confusion matrix on the relationship between cataract and cataract surgery for 

unrelated Europeans sampled from the UK Biobank 

  Ever cataract surgery 

  No Yes 

E
v
er

 c
a
ta

ra
ct

 

No 371051 1217 

Yes 4176 26306 

 

 

 

 

 



 

Table S15. Association results between HMGCR loss-of-function variants and cataract risk using 

Fisher's exact test 

 pLoF carriers/Total no.     

 Cases Controls Outcome OR 95% CI P-value 

HMGCR pLoF 8/12,936 24/156,236 Cataract 4.03 1.56-9.27 0.002 

 8/11,374 24/157,798 Cataract surgery 4.63 1.80-10.65 0.001 

 

  



 

Table S16. Evaluation of non-linear effects of age using cubic spline regression.  

Model Outcome OR (95% CI) P 

Genetic risk score analysis Cataract 1.14 (1.00-1.29) 0.044 

 Cataract surgery 1.19 (1.05-1.36) 0.009 

    

pLoF variant analysis Cataract 4.58 (2.00-10.47) 1.32E-03 

 Cataract surgery 5.34 (2.33-12.22) 4.93E-04 

Associations between genetically proxied inhibition of HMGCR and cataract risk was 

modeled using logistic regression, adjusted for age (modeled as a cubic spline), sex, 

assessment center and five principal components. Knots for the cubic spline were set at 

the 25th, 50th and the 75th percentile for age.  

 

  



 

 

Table S17. Rare variant association results without p.Leu521Phe 

 pLoF carriers/Total no.     

 Cases Controls Outcome OR 95% CI P-value 

HMGCR pLoF 7/12,935 13/156,725 Cataract 6.48 2.51-16.71 5.2E-4 

 7/11,373 13/157,787 Cataract surgery 7.50 2.91-19.35 2.1E-4 

 

  



 

Table S18. Rare variant association excluding variants residing within the last 5 % of 

the coding sequence. 

 

pLoF carriers/Total 

no.     

  Cases Controls Outcome OR 95% CI P-value 

HMGCR pLoF 7/12,936 22/156,236 Cataract 4.02 1.68-9.61 5.00E-03 

  7/11,374 13/157,798 Cataract surgery 4.67 1.95-11.18 2.00E-03 

 

  



 

Table S19. Evaluation of horizontal pleiotropy, by evaluation of models adjusted 

for cataract risk factors.  

Model Outcome OR (95% CI) P 

Genetic risk score analysis     

Main model Cataract 1.14 (1.00-1.29) 0.045 

 Cataract surgery 1.19 (1.04-1.36) 0.009 

 + Type 2 diabetes Cataract 1.14 (1.00-1.29) 0.044 

 Cataract surgery 1.19 (1.05-1.36) 0.009 

 + Uveitis Cataract 1.14 (1.00-1.29) 0.047 

 Cataract surgery 1.19 (1.04-1.36) 0.010 

 + Smoking Cataract 1.13 (1.00-1.28) 0.055 

 Cataract surgery 1.19 (1.04-1.35) 0.011 

 + Steroid treatment Cataract 1.13 (1.00-1.29) 0.048 

 Cataract surgery 1.19 (1.04-1.36) 0.010 

    

pLoF variant analysis    

Main model Cataract 4.54 (1.96-10.53) 1.40E-03 

 Cataract surgery 5.27 (2.27-12.25) 5.37E-04 

 + Type 2 diabetes Cataract 4.53 (1.98-10.37) 1.40E-03 

 Cataract surgery 5.26 (2.30-12.04) 5.50E-04 

 + Uveitis Cataract 4.58 (2.00-10.46) 1.33E-03 

 Cataract surgery 5.31 (2.32-12.16) 5.10E-04 

 + Smoking Cataract 4.92 (2.13-11.32) 8.93E-04 

 Cataract surgery 5.72 (2.48-13.20) 3.31E-04 

 + Steroid treatment Cataract 4.62 (2.02-10.55) 1.20E-03 

  Cataract surgery 5.35 (2.34-12.25) 4.83E-04 



 

The table displays the results from mediation analysis, in which the main model was 

adjusted for important risk factors for cataract. Below are the data fields used to infer 

covariates: T2D (130709); Uveitis (131158 and 131172); Steroid treatment (extracted 

from self-reported medication [20003], in which eye drops, oral, intravenous, inhaled 

routes of administration were considered); Smoking status (ever vs. never [20116]).  

 

 

 

 

  



 

Table S20. LDL-C lowering alleles in HMGCR, PCSK9 and NPC1L1 and risk of cataract and cataract surgery. 

SNP 

Genomic 

coordinate, 

chromosome 

and position 

Exposure allelea 

 Exposure 

Allele 

Frequency 

Effect Size 

(SE) per allele 

in 

standardized 

LDL-C levels 

(mg/dl)b 

OR of cataract 

(95% CI) per 

allele  

P-value 

OR of cataract 

surgery (95% CI) 

per allele  

P-

value 

HMGCR variants     
    

rs12916 5:74656539 T 0.569 -2.345 (0.122) 1.01 (1.00-1.03) 0.138 1.02 (1.00-1.04) 0.027 

rs5909 5:74656175 G 0.898 -1.974 (0.282) 1.01 (0.98-1.04) 0.687 1.02 (0.99-1.05) 0.288 

rs2303152 5:74641707 G 0.880 -1.354 (0.205) 1.02 (0.99-1.05) 0.144 1.03 (1.00-1.06) 0.069 

rs10066707 5:74560579 G 0.583 -1.590 (0.173) 1.02 (1.00-1.04) 0.049 1.02 (1.00-1.04) 0.022 

rs2006760 5:74562029 C 0.814 -1.706 (0.243 1.02 (1.00-1.04) 0.069 1.02 (1.00-1.04) 0.071 

         

PCSK9 variants         
rs11206510 1:55496039 C 0.154 -2.659 (0.005) 1.00 (0.98-1.03) 0.766 1.00 (0.98-1.03) 0.673 

rs2479409 1:55504650 A 0.668 -2.054 (0.004) 1.00 (0.98-1.01) 0.698 1.00 (0.98-1.02) 0.863 

rs2149041 1:55502137 C 0.839 -2.035 (0.005) 1.00 (0.98-1.02) 0.949 1.01 (0.98-1.03) 0.594 

rs2479394 1:55486064 A 0.715 -1.235 (0.004) 1.00 (0.98-1.02) 0.765 1.01 (0.99-1.03) 0.432 

rs10888897 1:55513061 T 0.395 -1.622 (0.004) 0.99 (0.98-1.01) 0.379 1.00 (0.98-1.01) 0.673 

rs7552841 1:55518752 C 0.635 -1.178 (0.004) 1.01 (0.99-1.03) 0.306 1.01 (0.99-1.03) 0.486 

rs562556 1:55524237 G 0.194 -2.048 (0.007) 0.99 (0.97-1.01) 0.317 1.00 (0.98-1.02) 0.885 

         

NPC1L1 variants         

rs217386 7:44600695 A 0.408 -1.125 (0.118) 0.99 (0.98-1.01) 0.443 0.99 (0.97-1.01) 0.321 

rs2073547 7:44582331 A 0.806 -1.126 (1.152) 1.00 (0.98-1.02) 0.806 1.00 (0.98-1.03) 0.766 

rs7791240 7:44602589 T 0.909 -1.127 (0.202) 1.02 (0.99-1.05) 0.122 1.02 (0.99-1.06) 0.141 



 

rs10234070 7:44537696 C 0.904 -1.128 (0.183) 0.99 (0.97-1.02) 0.540 0.99 (0.96-1.01) 0.278 

rs2300414 7:44682938 G 0.930 -1.129 (0.248) 1.02 (0.99-1.06) 0.211 1.02 (0.98-1.05) 0.354 

a) The exposure allele is the LDL-C lowering allele. b) Data from Ference et al (PMID 30865797) 

 

 



 

Figure S1. Principal component plots.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Population substructure shown by principal components (PC). We plotted PC 1 and 2 from 

all participants with available exomes (n = 200,643). Dots in grey represents individuals who 

did not self-report as “White”. Dots in red are individuals who self-reported as “White” but 

was not clustered by aberrant. Dots in blue represent the set of individuals with European 

ancestry (n = 175,336). 
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