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There is limited knowledge about the impact of circulating lipids and lipid-modifying drugs on pterygium
development, with conflicting results reported. Our study aimed to address these questions by applying the
Mendelian randomization (MR) approach. A two-step MR model was developed. In the first step, bidirectional
two-sample MR was employed to establish the causal relationship between circulating lipids and pterygium risk.
In the second step, drug-target MR analysis was conducted to assess the causal effect of proprotein convertase
subtilisin/kexin type 9 (PCSK9) and 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR) inhibitors on
pterygium outcomes. Genetically predicted low-density lipoprotein cholesterol (LDL-c) levels were found to be
significantly associated with an increased risk of pterygium (Inverse variance weighted [IVW] odds ratio [OR] =
2.227; P = 1.53 x 107*). Similarly, higher total cholesterol (TC) levels exhibited a suggestive association with
greater susceptibility to pterygium (IVW OR = 1.806; P = 1.70 x 1073). Through drug-target MR, a positive
causal association was noted between HMGCR-mediated LDL-c levels and pterygium (IVW OR = 6.999; P =
0.016), suggesting that statins may be effective in reducing pterygium risk. The present findings suggest that
circulating TC and LDL-c are risk factors for pterygium. Additionally, the results indicate that HMGCR inhibitors,
which lower LDL-c levels, have a potential protective effect on pterygium outcomes. Further research is war-
ranted to elucidate the underlying mechanisms involved in pterygium pathogenesis, with a particular focus on
cholesterol metabolism.

dryness, tearing, and foreign body sensations in the eye, and in severe
cases, lead to recurrent inflammation and visual impairment, posing a

1. Introduction

Pterygium, characterized by abnormal growth of the conjunctiva,
typically appears as a wing-shaped migration of epithelial and fibro-
vascular tissue into the central cornea [1]. It is a common chronic in-
flammatory disease of the ocular surface, with a prevalence ranging
from 0.07% to 53% in diverse populations and geographical locations
[2-6]. Pterygium can cause discomfort such as redness, irritation,

significant threat to ocular health [7,8]. Potential irritants such as UV
exposure, dust, and smoking are believed to trigger pterygium, which
may partly explain the geographic variation in prevalence. However, the
exact nature of the disease remains uncertain, especially with regard to
environmental and nutritional factors [9,10]. Although surgical excision
is the prevailing method for symptom alleviation, it is accompanied by a
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protein convertase subtilisin/kexin type 9; RCT, randomized controlled trial; SE, standard error; SNP, single nucleotide polymorphism; TC, total cholesterol; TG,
triglycerides; WM, weighted median.

* Correspondence to: Department of Plastic and Reconstructive Surgery, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine, 639
Zhi-Zao-Ju Road, Huangpu District, Shanghai 200011, China.
** Correspondence to: Department of Ophthalmology, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine, 639 Zhi-Zao-Ju Road,
Huangpu District, Shanghai 200011, China.
E-mail addresses: kevin89459@alumni.sjtu.edu.cn (X. Cai), fuyao@sjtu.edu.cn (Y. Fu).
1 Contributed equally

https://doi.org/10.1016/j.csbj.2023.11.002
Received 23 June 2023; Received in revised form 1 November 2023; Accepted 1 November 2023

Available online 4 November 2023
2001-0370/© 2023 The Author(s). Published by Elsevier B.V. on behalf of Research Network of Computational and Structural Biotechnology. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:kevin89459@alumni.sjtu.edu.cn
mailto:fuyao@sjtu.edu.cn
www.sciencedirect.com/science/journal/20010370
https://www.elsevier.com/locate/csbj
https://doi.org/10.1016/j.csbj.2023.11.002
https://doi.org/10.1016/j.csbj.2023.11.002
https://doi.org/10.1016/j.csbj.2023.11.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.csbj.2023.11.002&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

Y. Cai et al.

substantial recurrence rate [11]. Adjuvant therapies such as
mitomycin-C, 5-fluorouracil, and beta-irradiation have been employed,
but these interventions may result in complications and adverse effects
[12]. From a clinical perspective, further study of the triggering factors
is critical to enhance our understanding of pterygium pathogenesis and
pave the way for new therapies and prevention measures for recurrence.

Circulating lipids, including high-density lipoprotein cholesterol
(HDL-c), low-density lipoprotein cholesterol (LDL-c), total cholesterol
(TC), and triglycerides (TG), are essential components of blood plasma,
serving to maintain the structure and function of cells, tissues, and or-
gans in the human body. The analysis of circulating lipids has been of
great interest in the field of medical research, as abnormal levels of these
lipids may lead to a variety of pathological conditions, such as cardio-
vascular disease, diabetes, and obesity. Although existing studies have
suggested an important role for cholesterol metabolism in ocular surface
diseases, the potential impact of circulating lipids on pterygium remains
largely unexplored, with inconsistent evidence available to date
[13-16]. A recent research in Hebei Province, China, reported a corre-
lation between high HDL-c levels and an increased risk of developing
grade 2 or higher pterygium in males [17]. Similarly, a large-scale
cross-sectional study showed that elevated levels of HDL-c and LDL-c
are both significant risk factors for developing pterygium, especially in
individuals aged 50 or with a normal body mass index (BMI) [18].
Conversely, two retrospective case-control studies suggested a negative
association between pterygium and HDL-c [19,20]. However, it must be
noted that these observational studies are inherently subject to the po-
tential influence of confounding factors and selection bias, which ulti-
mately hinders our understanding of the actual relationship between
circulating lipids and pterygium.

Mendelian randomization (MR) is a statistical technique in epide-
miology that uses instrumental variables (IVs) to investigate causal re-
lationships between exposure and outcome [21]. Unlike randomized
controlled trials (RCTs), MR overcomes the challenges of confounding
and reverse causality through the employment of single nucleotide
polymorphisms (SNPs) as IVs, which are randomly allocated during
meiosis and are not influence by sociodemographic or behavioral factors
[22,23]. In certain circumstances, MR can provide causal evidence
where RCTs are impractical or unethical, and can use existing genetic
data, saving time and resources compared to large-scale RCTs [24,25].
In addition, MR studies can provide valuable information for pharma-
ceutical development, including the prediction of therapeutic effects
and the identification of adverse reactions of targeted drugs. This
method uses cis-expression quantitative trait loci (cis-eQTLs) of the drug
target gene as genetic proxies, which act as regulators that affect gene
expression. While drug-target MR analyses have been applied in diverse
disease contexts, genomic evidence of potential drug targets for pte-
rygium remains unexplored [26-30].

The objective of the present investigation was to assess the potential
implications of circulating lipids and lipid-modifying drugs on pteryg-
ium development. A bidirectional two-sample MR analysis was
employed to investigate the possible causal relationship between blood
lipid traits and the risk of pterygium. Additionally, drug-target MR
analysis was conducted using expression quantitative trait loci (eQTLs)
as instruments to explore the therapeutic potential of lipid-modifying
agents for pterygium, specifically 3-hydroxy-3-methylglutaryl-coen-
zyme A reductase (HMGCR) and proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors.

2. Methods
2.1. Study design

Our 2-sample MR study was based on summary statistics from in-
dependent genome-wide association studies (GWAS). A total of four

types of serum lipids were included, including HDL-c, LDL-c, TC, and
TG. A forward MR analysis was performed to assess the causal
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associations of serum lipids with pterygium. The following reverse MR
analysis was conducted to investigate the reverse causation between
pterygium and different circulating lipids. Based on the established ev-
idence of lipid effects on pterygium outcomes, two classes of U.S. Food
and Drug Administration (FDA) approved LDL-c-lowering pharmaceu-
ticals (HMGCR and PCSK9 inhibitors) were selected as exposures to
evaluate their association with pterygium risk by performing the drug-
target MR. The GWAS dataset of coronary artery disease (CAD) was
used as a positive control to test instrument validity for PCSK9 and
HMGCR. All these studies were approved by the relevant ethics com-
mittees and all participants provided informed consent. The overall
design of the study is illustrated in Fig. 1.

2.2. Selection of genetic instruments

All single-nucleotide polymorphisms (SNPs) associated serum lipids
were available from the MRC Integrative Epidemiology Unit (IEU)
OpenGWAS database (https://gwas.mrcieu.ac.uk/datasets/). Four lipid
traits were collected from independent GWAS of European ancestry,
including HDL-c (dataset ieu-b-109; n = 403,943), LDL-c (dataset ieu-b-
5089; n = 201,678), TC (dataset ebi-a-GCST002221; n = 94,595), and
TG (dataset ieu-b-4850; n = 78,700) (Table 1). Genetic associations
with pterygium were also retrieved from IEU OpenGWAS with 203,880
participants of European ethnicity (dataset finn-b-H7_PTERYGIUM,
ncase = 363, ncontrol = 203,517), together with the positive control
CAD dataset (dataset ieu-a-7; n = 184,305, ncase = 60,801, ncontrol =
123,504) (Table 1). Significant SNPs were selected on a p-value
<5 x 1078, To assess genetic linkage among SNPs, linkage disequilib-
rium (LD) was applied with a window size = 1 megabase (Mb) and a
threshold value of r* < 0.001.

Based on the observed positive association between LDL-c levels and
pterygium risk, a drug-target MR analysis was conducted using eQTLs
for targets that modify LDL-c levels, specifically PCSK9 and HMGCR, as
proxies for exposure to lipid-lowering drugs. SNPs for HMGCR and
PCSK9 were obtained from the eQTLGen Consortium (https://www.
eqtlgen.org/), which is comprised of individuals of European ancestry
(Table 2). We selected significant eQTLs with a p-value less than
5 x 10~ for HMGCR and PCSK9 concentrations. Subsequently, we
identified common eQTLs (minor allele frequency [MAF] > 0.01)
associated with the expression of HMGCR or PCSK9 in blood as IVs for
drug-target MR analyses. Only cis-eQTLs were included, defined as
eQTLs located within 1 Mb on either side of the target gene.

2.3. MR statistical analysis

Two-sample MR analysis was conducted to estimate the causal
impact of genetically determined circulating lipid traits on pterygium
risk using TwoSampleMR v4.1.1 R packages. Inverse variance weighted
(IVW) was chosen as the primary approach to establish causality, with
weighted median (WM), MR-Egger, weighted mode, and simple mode
methods used as complementary techniques. The IVW method is the
most common approach in two-sample MR, providing the best unbiased
estimate assuming IVs are valid and without pleiotropy [31]. The WM
method is employed to integrate various genetic variants into a causal
estimate and is applicable when up to 50% of IVs are invalid [32]. The
MR-Egger model is used to calculate the pleiotropy effect across genetic
variants and can provide a robust estimation in the case of weaker IVs
[33]. The weighted mode-based method is a reliable analytical model
for overall causal estimates provided that individual estimates are pri-
marily obtained from valid IVs [34]. Estimates were considered signif-
icant based on the IVW method (p < 0.05) and the other MR methods
displayed effects in the identical direction.

For drug-target MR, eQTLs were used as an instrument to investigate
the association between pterygium risk and expression levels of two
target genes, PCSK9 and HMGCR. To ensure the instrument validity of
PCSK9 and HMGCR, a two-sample MR was performed using CAD as a
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Step 1: Two-sample MR identifying the effects of circulating lipids on pterygium.

Lipids IVs

Pterygium IVs

Confounders

Pterygium

Step 2: Drug-target MR identifying novel therapeutic target for pterygium.

Genetic variants

MY HMGCR [X %

MAY PCsk9 \MA

PN
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Circulating LDL-c

Confounders

Outcome
Pterygium

Fig. 1. Study overview and Mendelian randomization (MR) model. In step 1, we aimed to identify the causal relationship between circulating lipid traits and
pterygium risk using a bidirectional two-sample MR approach. (a) Forward MR; (b) IVs for lipid traits are not related to pterygium; (c) IVs for lipid traits should not
have an association with measured or unmeasured confounding. In step 2, we aimed to identify novel LDL-c-modifying targets for pterygium. (d) Effect of genetically
proxied PCSK9 and HMGCR on circulating LDL-c; (e) Association of circulating LDL-c on pterygium mediated by drug targets PCSK9 and HMGCR; (f) Effect of
genetically proxied PCSK9 and HMGCR on pterygium risk. HDL-c: high-density lipoprotein cholesterol; HMGCR: 3-hydroxy-3-methylglutaryl-coenzyme A reductase;
IVs, Instrumental variables; LDL-c: low-density lipoprotein cholesterol; PCSK9: proprotein convertase subtilisin/kexin type 9; TC; total cholesterol; TG: triglycerides.

Table 1
Description of GWAS Summary Statistics for Circulating Lipids and Pterygium.

Table 2
Genetic Instruments of LDL-c-Lowering Drugs.

Traits Accession Sample Number of Ethnicity Exposure Genetic variants Genetic variants associated with LDL-c
Sizes SNPs associated with eQTLs

HDL-c ieu-b-109 403,943 12,321,875 European HMGCR 921 common cis-eQTLs 7 common SNPs (MAF > 0.01) in low LD

LDL-c ieu-b-5089 201,678 12,321,875 European inhibitors (MAF > 0.01) (r? < 0.30), associated with LDL-c

TC ebi-a-GCST002221 94,595 2,418,562 European in blood for HMGCR (p < 5.0 x 107®), located within a 1 Mb

TG ieu-b-4850 78,700 7,892,037 European gene (p < 5.0 x 107%) window from HMGCR gene

Pterygium  finn-b- 203,517 16,380,437 European PCSK9 24 common cis-eQTLs 15 common SNPs (MAF > 0.01) in low

H7_PTERYGIUM inhibitors (MAF > 0.01) LD (2 < 0.30), associated with LDL-c

in blood for PCSK9 (p < 5.0 x 107®), located within a 1 Mb

CAD ieu-a-7 184,305 9,455,779 European gene (p<5.0 x 107%) window from PCSK9 gene

GWAS summary datasets were obtained from the IEU OpenGWAS (https://gwas.
mrcieu.ac.uk/). CAD was used as a positive control for drug-target Mendelian
randomization (MR). CAD: coronary artery disease; HDL-c: high-density lipo-
protein cholesterol; LDL-c: low-density lipoprotein cholesterol; TC: total
cholesterol; TG: triglycerides; SNP: single nucleotide polymorphism.

positive control, as CAD is the main indication for PCSK9 and HMGCR
inhibitors. Subsequently, drug target instrument exposures were
harmonized with the pterygium dataset, and IVW MR analysis was
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eQTLs: expression quantitative trait loci; HMGCR: HMG-CoA reductase; LD:
linkage disequilibrium; LDL-c: low-density lipoprotein cholesterol; MAF: minor
allele frequency; PCSK9: proprotein convertase subtilisin/kexin type 9; SNP:
single nucleotide polymorphism.

conducted alongside MR-Egger, WM, weighted mode, and simple mode
methods. IVW p < 0.05 was used to assess statistical significance, and
evidence strength was determined based on odds ratio (OR) and 95%
confidence interval (CI).
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3. Results
3.1. Causal effects of circulating lipids on pterygium

To analyze the causal associations of circulating lipids with pteryg-
ium, a total of 332, 78, 85, and 43 SNPs were selected as IVs for HDL-c,
LDL-c, TC, and TG, respectively (Table 3). Our analysis revealed a sig-
nificant and positive association between genetically predicted levels of
LDL-c and the incidence of pterygium, as confirmed by the IVW (OR =
2.227; P = 1.53 x 107, MR Egger (OR =3.261; P =1.71 x 107, WM
(OR = 2.381; P=4.17 x 10'3), and weighted mode method (OR =
2.412; P=2.21 x 107%) (Fig. 2A and Table 3). The leave-one-out
sensitivity analysis showed no outliers (Fig. 2B). As depicted in
Fig. 2C, the scatter plot revealed a significant and positive correlation
between genetically determined LDL-c levels and pterygium risk. The
funnel plots displayed no significant heterogeneity for both IVW and MR
Egger models in the analysis of LDL-c and pterygium (Fig. 2D).

Furthermore, a genetically determined higher TC level was found to
be significantly associated with an increased risk of developing pteryg-
ium (Fig. 3A). Effect estimates were broadly consistent between IVW
(OR = 1.806; P = 1.70 x 107>) and other complementary approaches,
including MR Egger (OR = 3.238; P =0.010), WM (OR = 2.213;
P =2.81 x 107, and weighted mode (OR = 2.302; P = 1.99 x 107)
(Table 3). The leave-one-out analysis revealed no outliers, and Egger
intercept calculations showed no evidence of directional horizontal
pleiotropy (Fig. 3B). The scatter plot revealed the consistent direction of
the estimated MR effect for the IVW, MR Egger, and WM method
(Fig. 3C), while the funnel plots visualized the distribution of the effect
of a single SNP (Fig. 3D). A subsequent analysis of the potential rela-
tionship between HDL-c and TG levels and pterygium risk was under-
taken, and no statistical correlation was identified (Table 3). Taken
together, these findings provide support for a causal relationship be-
tween LDL-c and TC and the risk of developing pterygium.

3.2. Causal effects of pterygium on circulating lipids

We performed the reverse MR by calculating the effect of pterygium
on circulating lipid levels. A total of 14, 14, 32, and 56 independent
SNPs were used as outcome IVs to investigate the causal link between
pterygium and four lipid parameters, HDL-c, LDL-c, TC, and TG
(Table 4). Despite our analysis, genetically determined pterygium
showed no association with circulating lipids using any of the methods

Computational and Structural Biotechnology Journal 21 (2023) 5506-5514

tested (Table 4).

3.3. Genetically proxied HMGCR and PCSK9 inhibitors on the risk of
pterygium

In light of the finding that LDL-c levels are positively associated with
pterygium risk, we conducted a comprehensive investigation into the
potential effects of HMGCR and PCSK9 inhibitors on pterygium out-
comes. Our analysis of eQTLGen data revealed a total of 921 and 24 cis-
eQTLs associated with the target genes, HMGCR and PCSK9, respec-
tively. In a positive control study, significant associations were observed
between the use of these drugs and CAD using the proposed eQTLs-based
instruments, validating the effectiveness of our selected genetic in-
struments. (Tables 5 and 6).

Analysis of protein levels using eQTLs identified a positive correla-
tion between genetically determined HMGCR levels and pterygium risk,
as demonstrated by IVW (OR = 6.999; P = 0.016) and WM (OR = 7.660;
P =0.034) (Table 5, Fig. 4). No significant correlation was observed
between PCSK9 expression and pterygium risk (IVW OR = 1.479;
P =0.322) (Table 6, Fig. 4). A schematic illustration of the drug-target
MR analysis is shown in Fig. 5.

4. Discussion

To the best of our knowledge, this is the first comprehensive MR
study to investigate the causal impact of genetically determined circu-
lating lipid profiles on pterygium risk. Using independent GWAS sum-
mary statistics, this study found that genetically predicted circulating TC
and LDL-c levels were positively associated with pterygium risk,
providing evidence for the potential significance of dietary modifica-
tions or medications targeting LDL-c and TC in the prevention of pte-
rygium development. To provide additional insights, drug-target MR
analyses were conducted, indicating that HMGCR inhibitors may reduce
pterygium risk by lowering LDL-c levels. However, PCSK9 inhibitors,
another LDL-c-regulating drug, were not found to have equivalent
effects.

Although the exact nature of pterygium remains largely unknown,
increasing evidence suggests that pterygium is a chronic inflammatory
disorder in which complex interactions exist between cell proliferation
and cholesterol metabolism. A growing body of research indicates that
imbalance in cholesterol metabolism plays a crucial role in the devel-
opment and progression of ocular surface inflammation. Recent studies

Table 3
Causal Associations of Circulating Lipid Traits with Pterygium.

MR method SNP (n) Beta SE OR 95% CI P value

HDL-c vw 332 0.025 0.180 1.025 0.720, 1.459 0.891
WM 0.591 0.303 1.808 0.997, 3.276 0.051
MR Egger -0.124 0.274 0.883 0.516, 1.513 0.652
Weighted mode 0.420 0.300 1.522 0.846, 2.738 0.162
Simple mode 0.317 0.664 1.374 0.374, 5.047 0.633

LDL-c wvw 78 0.801 0.211 2.227 1.15, 2.33 1.53 x 107
WM 0.867 0.303 2.381 1.315, 4.309 4.17 x 1072
MR Egger 1.182 0.299 3.261 1.815, 5.860 1.71 x 107
Weighted mode 0.881 0.278 2.412 1.399, 4.160 2.21 x 1073
Simple mode 0.926 0.580 2.525 0.810, 7.871 0.114

TC vw 85 0.591 0.188 1.806 1.248, 2.613 1.70 x 1073
WM 0.794 0.266 2.213 1.314, 3.727 2.81 x 1073
MR Egger 0.806 0.307 2.238 1.225, 4.089 0.010
Weighted mode 0.834 0.261 2.302 1.380, 3.841 1.99 x 1073
Simple mode 0.544 0.517 1.723 0.625, 4.744 0.296

TG wvw 43 0.148 0.212 1.160 0.765, 1.757 0.485
WM -0.212 0.311 0.809 0.440, 1.487 0.495
MR Egger 0.248 0.353 1.282 0.642, 2.559 0.486
Weighted mode -0.076 0.307 0.927 0.508, 1.693 0.806
Simple mode 0.230 0.667 1.258 0.340, 4.651 0.732

CIL: confidence interval; HDL-c: high-density lipoprotein cholesterol; IVW: inverse-variance weighted; LDL-c: low-density lipoprotein cholesterol; MR: Mendelian
randomization; TC: total cholesterol; TG: triglycerides; OR: odds ratio; SE: standard error; SNP: single nucleotide polymorphism; WM: weighted median.
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Fig. 2. Mendelian randomization (MR) for the causal effect of circulating LDL-c levels on pterygium risk. (A) Forest plot, (B) leave-one-out sensitivity analysis, (C)
scatter plot, and (D) funnel plot of the genetically risk of LDL-c on pterygium. LDL-c: low-density lipoprotein cholesterol; SNP: single nucleotide polymorphism.

have found that hyperlipidemia induces inflammation of the meibomian
glands (MGs). Using the ApoE knockout mouse model, which is char-
acterized by a significant increase in plasma TC levels, the researchers
found a marked increase in inflammatory cell infiltration into the sur-
rounding microenvironment of MGs [16]. In addition, studies have
consistently demonstrated that a high-fat diet and dysregulated
cholesterol metabolism cause dry eye-like corneal epithelial barrier
disruption and ocular surface inflammation by elevating the expression
of inflammatory factors and activation of oxidative stress [35,36]. Our
MR analysis confirms that high levels of circulating TC and LDL-c are
significant risk factors for pterygium. Therefore, it is essential to
implement proactive measures, such as dietary modifications and
medication administration, to mitigate the risk of developing pterygium.

To further expand on our research findings and enhance their clinical
implications, we conducted a drug-target MR to explore the causal
relevance of LDL-c-modifying HMGCR and PCSK9 inhibitors on pte-
rygium outcomes. HMGCR plays a vital role in catalyzing the conversion
of 3-hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA) to mevalonic
acid, which serves as the rate-limiting step in the cholesterol biosyn-
thetic pathway [37]. HMGCR inhibitors, commonly known as statins,
have been used for decades to control hypercholesterolemia. Statins can
suppress cholesterol biosynthesis and enhance the expression of LDL
receptors on the surface of hepatic cells [38]. These receptors are
responsible for the capture and clearance of LDL-c from the bloodstream,
an essential mechanism that helps prevent the accumulation of athero-
sclerotic plaques within the arterial wall and reduces the likelihood of
cardiovascular disease [39]. Studies have demonstrated that statins may
possess therapeutic potential in a variety of ophthalmic conditions,
including dry eye, corneal ulcer scarring, uveitis, and other ocular in-
flammatory states [40-42]. In the present investigation, we proposed
the potential efficacy of statins in the management of pterygium. These
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lipid-lowering agents have been shown to suppress pro-inflammatory
cytokine levels, potentially reducing tissue damage associated with
ocular inflammation [43-45]. Furthermore, statins have demonstrated
the ability to inhibit oxidant-induced reactive oxygen species (ROS) and
prevent cell apoptosis via a nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase and/or p38 mitogen-activated protein kinases
(MAPK)-dependent mechanism [46]. These antioxidant properties may
hold the potential to reduce tissue inflammation and injury commonly
observed in pterygium. PCSK9 is another protein-coding gene that
modulates LDL-c levels in the bloodstream by binding to LDL receptors
and promoting their degradation. Although PCSK9 inhibitors have
demonstrated potential in clinical trials for reducing the risk of
atherosclerotic cardiovascular disease [47,48], our drug-target MR
analysis suggested that HMGCR inhibitors exhibit a significant ability to
reduce pterygium risk, while PCSK9 inhibitors have not yielded satis-
factory results in the same context.

Our study demonstrates several notable strengths. First, we system-
atically investigated the correlation between circulating lipids and pte-
rygium risk through comprehensive MR analysis. There is currently no
conclusive evidence from clinical trials that lowering serum lipid levels
can reduce the incidence of pterygium. This is the first large-scale ge-
netic study to report a causal relationship between higher circulating TC
and LDL-c levels and increased risk of pterygium. Second, our study
offers a novel perspective on the potential efficacy of lipid-lowering
therapy as a treatment for pterygium. The findings are independent of
reverse causation and are less susceptible to various sources of bias than
observational studies. In addition, we conducted extensive sensitivity
analyses to confirm the credibility and validity of the results. Third, we
chose significant eQTLs as instruments to demonstrate the association
between target genes (PCSK9 and HMGCR) and pterygium risk. Our
drug-target MR indicated a positive association between HMGCR
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scatter plot, and (D) funnel plot of the genetically risk of TC on pterygium. TC: total cholesterol; SNP: single nucleotide polymorphism.

Table 4
Causal Associations of Pterygium with Circulating Lipid Traits.

MR method SNP (n) Beta SE OR 95% CI P value

HDL-c VW 14 -1.69 x 1072 1.23x10° 0.998 0.996, 1.001 0.168
WM 532 x 1074 1.56 x 107° 0.999 0.996, 1.003 0.733
MR Egger -8.63 x 1074 1.97 x 107 0.999 0.995, 1.003 0.671
Weighted mode -9.16 x 10 1.63 x 102 1.000 0.997, 1.003 0.996
Simple mode -4.60 x 1074 2.36 x 107° 1.000 0.995, 1.004 0.849

LDL-c VW 14 -2.58 x 1073 1.75 x 107° 0.997 0.994, 1.001 0.139
WM -2.56 x 1073 2.68 x 107° 0.997 0.992, 1.003 0.340
MR Egger 2.71 x 1073 2.73 x 107 0.997 0.992, 1.003 0.342
Weighted mode -2.20 x 1073 2.76 x 107° 1.001 0.994, 1.008 0.440
Simple mode 1.03 x 103 3.70 x 10°° 1.001 0.994, 1.008 0.786

TC VW 32 1.98 x 107 2.68 x 107° 1.002 0.997, 1.007 0.458
WM 4,06 x 107° 3.90 x 107 1.004 0.996, 1.012 0.299
MR Egger -0.011 7.92 x 107 0.989 0.974, 1.004 0.168
Weighted mode 1.37 x 107 6.89 x 107 1.001 0.988, 1.015 0.843
Simple mode 7.54 x 107 7.36 x 1073 1.008 0.993, 1.022 0.313

TG I 56 8.89 x 107 1.79 x 107 1.001 0.997, 1.004 0.619
WM 2.73 x 10°7° 2.74 x 10° 1.003 0.997, 1.008 0.320
MR Egger 9.72 x 107* 2.86 x 107 0.999 0.993, 1.005 0.736
Weighted mode 2.87 x 107° 3.33x10° 1.003 0.996, 1.009 0.392
Simple mode 2.44 x 107 5.43 x 107° 1.000 0.990, 1.011 0.964

CIL: confidence interval; HDL-c: high-density lipoprotein cholesterol; IVW: inverse-variance weighted; LDL-c: low-density lipoprotein cholesterol; MR: Mendelian
randomization; TC: total cholesterol; TG: triglycerides; OR: odds ratio; SE: standard error; SNP: single nucleotide polymorphism; WM: weighted median.

expression and pterygium risk. The HMGCR inhibitor statins are widely
used to treat hypercholesterolemia and various cardiovascular diseases
[49]. With extensive research on the pharmacological effects of statins,
our study can provide a basis for future clinical trials on statins as a
therapeutic intervention for pterygium. Finally, by limiting our study

5511

population to individuals of European descent, we reduced the potential
impact of population stratification bias on our results.

Nevertheless, the present study has several limitations. First, given
the limited sample size, our current study may not have sufficient sta-
tistical power to draw any definitive conclusions about the relationship
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Table 5
Genetically Proxied HMGCR on Pterygium.
Outcome MR method SNP (n) Beta SE OR 95% CI P value
CAD vw 7 0.451 0.104 1.569 1.280, 1.924 1.45 x 107°
WM 0.476 0.129 1.610 1.251, 2.073 2.17 x 107*
MR Egger 0.595 0.458 0.883 1.280, 1.924 0.251
Weighted mode 0.542 0.155 1.719 1.268, 2.331 0.013
Simple mode 0.490 0.199 1.632 1.104, 2.412 0.049
Pterygium vw 7 1.946 0.808 6.999 1.436, 34.114 0.016
WM 2.036 0.960 7.660 1.166, 50.316 0.034
MR Egger 3.280 3.627 26.582 0.022, 32500 0.407
Weighted mode 2.077 1.119 7.978 0.890, 71.502 0.113
Simple mode 1.287 1.492 3.622 0.195, 67.377 0.421

CAD: coronary heart disease; CI: confidence interval; HMGCR: 3-hydroxy-3-methylglutaryl-coenzyme A reductase; IVW: inverse-variance weighted; MR: Mendelian
randomization; OR: odds ratio; SE: standard error; SNP: single nucleotide polymorphism; WM: weighted median.

Table 6
Genetically Proxied PCSK9 on Pterygium.
Outcome MR method SNP (n) Beta SE OR 95% CI P value
CAD vw 14 0.793 0.094 2.211 1.840, 2.657 2.54 x 1077
WM 0.747 0.123 2.110 1.658, 2.685 1.26 x 10™°
MR Egger 0.696 0.193 2.006 1.374, 2.928 3.61 x 1073
Weighted mode 0.745 0.132 2.106 1.625, 2.730 8.20 x 107°
Simple mode 0.723 0.200 2.061 1.392, 3.054 3.18 x 1073
Pterygium vw 15 0.391 0.395 1.479 0.682, 3.206 0.322
WM 0.429 0.514 1.535 0.561, 4.201 0.404
MR Egger 0.628 0.566 1.873 0.618, 5.682 0.286
Weighted mode 0.576 0.432 1.779 0.763, 4.149 0.204
Simple mode 1.084 0.731 2.958 0.706, 12.392 0.160

CAD: coronary heart disease; CI: confidence interval; IVW: inverse-variance weighted; MR: Mendelian randomization; OR: odds ratio; PCSK9: proprotein convertase
subtilisin/kexin type 9; SE: standard error; SNP: single nucleotide polymorphism; WM: weighted median.

method nsnp pval OR (95% CI)
PCSK9
Inverse variance weighted 15 0.3216 —_———> 1.4789 (0.6822 - 3.2059)
Weighted median 15 0.4039 1.5352 (0.5610 — 4.2008)
MR Egger 15 0.2876 1.8734 (0.6176 - 5.6821)
Weighted mode 15 0.2035 —-—-—> 1.7793 (0.7630 — 4.1491)
HMGCR
Inverse variance weighted 7 0.0160 . 6.9994 (1.4361 — 34.1142)
Weighted median 7 0.0340 _— 7.6600 (1.1662 — 50.3157)
MR Egger 7 0.4072 26.5818 (0.0217 - 32500.6777)
Weighted mode 7 0.1128 —_— 7.9785 (0.8903 - 71.5021)

—
05 1
Odds ratio (95% Cl)

I I I |
15 2 25 3

Fig. 4. Drug-target Mendelian randomization (MR) for the causal effect of PCSK9 and HMGCR on pterygium risk using expression quantitative trait loci (eQTLSs) as
instruments. CI: confidence interval; HMGCR: 3-hydroxy-3-methylglutaryl-coenzyme A reductase; OR: odds ratio; PCSK9: proprotein convertase subtilisin/kexin type

9; SNP: single nucleotide polymorphism.

between pterygium and circulating lipid levels. Further research with a
larger sample size is warranted to provide more definitive evidence of
this potential relationship. Second, the genetic associations between
pterygium and four lipid traits were all derived from GWAS studies
conducted on individuals of European descent. Consequently, caution
should be exercised when attempting to generalize our findings to other
populations. For greater credibility and applicability, information on the
statistics of various ethnic groups could be included. Third, due to the
existence of conflicting evidence surrounding the correlation between
certain lipid traits and pterygium, further clinical trials are recom-
mended to substantiate our results. A combination of RCTs and MR
studies can yield additional data to support our findings and aid
decision-making in medical fields. Fourth, while statins provide many

benefits, their use in pterygium should be treated with caution for po-
tential ocular toxicity, such as extraocular muscle myositis caused by
ATP depletion, which may be mitigated by concurrent coenzyme
administration [50,51]. Finally, it is critical to conduct further research
to unravel the molecular mechanism underlying LDL-c and pterygium,
providing further support for our findings.

5. Conclusions

In conclusion, our MR analysis suggested that elevated serum LDL-c
and TC levels may be associated with an increased risk of pterygium. In
addition, our drug-target MR study revealed the potential protective
effect of statins, which are HMGCR inhibitors, in preventing pterygium
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Genetic proxying of statin use on pterygium via drug target HMGCR
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Fig. 5. Genetic proxying of statin therapy on pterygium via inhibition of the drug target gene HMGCR. SNPs were extracted from the drug target gene position in
GWAS of circulating LDL-c. Drug-target Mendelian randomization (MR) was performed to investigate the causal relevance of PCSK9 and HMGCR in pterygium using
expression quantitative trait loci (eQTLs) as instruments. The data shown are standardized MR effect estimates and 95% CI corresponding to pterygium risk via the
drug target PCSK9 and HMGCR. GWAS: genome-wide association studies; CI: confidence interval; HMGCR: 3-hydroxy-3-methylglutaryl-coenzyme A reductase; LDL-
c: low-density lipoprotein cholesterol; PCSK9: proprotein convertase subtilisin/kexin type 9; SNP: single nucleotide polymorphism.

risk. These findings highlight the importance of maintaining healthy
LDL-c levels through dietary interventions and considering statin ther-
apy as a preventive measure for this ocular condition. Further research is
warranted to fully elucidate the role of cholesterol metabolism in pte-
rygium pathogenesis.
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