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Abstract. Observational studies and clinical trials have shown 
that low‑density lipoprotein cholesterol (LDL‑C) is associate 
with cataract. However, the causal association between LDL‑C 
and cataract remains elusive. In the present study, in an aim to 
shed light onto this association, exposure and outcome data 
were obtained from the IEU OpenGWAS project. The analysis 
of the data was then conducted using two‑sample Mendelian 
randomization (MR). The inverse‑variance weighted (IVW) 
method .was mainly used for the analysis. The simple mode, 
simple median, weighted mode, the MR‑Egger regression and 
weighted median estimator served as complementary methods. 
The results of the IVW MR analysis revealed a casual effect of 
LDL‑C on cataract (IVW odds ratio, 1.01; P=0.036); similarly, 
the methods of simple mode and simple median also yielded 
similar results. The MR‑Egger regression and Cochran's Q 
test revealed no heterogeneity in the present study. On the 
whole, the present study revealed a causal association between 
LDL‑C and the risk of developing cataract, suggesting the 
re‑evaluation of lipid management to prevent cataracts and 
improve ocular health.

Introduction

Worldwide, 94 million individuals suffer from blindness or are 
visually impaired, and the most common cause of blindness is 
cataract (1). Cataract is highly associated with a decreased 
quality of life and a reduced life expectancy (2). Age and 
diabetes are considered to the main causes of cataract (3,4). 
Surgery is the only viable method with which to treat cata‑
racts, and replacing them with an artificial lens can restore 
vision (5). However, not all countries have sufficient resources 
for surgery (6); thus, alternative treatment strategies also need 
to be explored. Apart from age and diabetes, smoking, myopia, 
intraocular infection, metabolic diseases and drug use are 
also defined as the factors associated with cataract develop‑
ment (7‑10). However, it is not known whether changing levels 
of low‑density lipoprotein cholesterol (LDL‑C) may cause 
cataract.

The level of LDL‑C is considered to be related to cardio‑
vascular disease and recurrent stroke (11). Previous dietary 
trials have demonstrated that a reduction in LDL‑C levels 
is beneficial to human health  (12). As regards diabetes, 
high levels of LDL‑C are associated with the of developing 
diabetes (13). High LDL‑C levels are also related to abnormal 
liver and kidney function and hypertension (14,15). LDL‑C is 
a common index examined in clinical practice.

Mendelian randomization (MR) provides a method which 
can be used to assess the association between a risk factor and a 
clinical disease (16). By using genetic variants as instrumental 
variables (IVs) for the tested exposure, confounding or reverse 
causality can be solved in this process (17). Two‑sample MR 
refers to the use of MR methods in a two‑sample environment; 
in this case, the instrument‑exposure and instrument‑outcome 
associations are estimated in non‑overlapping sets of indi‑
viduals (18). The majority of the data used for analysis can be 
obtained from genome‑wide association studies (GWAS) (19).

GWAS aim to reveal the genotype‑phenotype associations 
by testing genetic variants across the genomes of different indi‑
viduals (20). Data of single‑nucleotide polymorphism (SNP) 
arrays are used for analysis in GWAS (21). The wide applica‑
tion of GWAS has proven to be beneficial to several complex 

Exploring the causal link between low‑density lipoprotein 
cholesterol and cataract: Evidence from 

Mendelian randomization analysis
ZHUOWEI RONG1*,  YUN LONG2*,  YANCHAO PAN3,  ZHENJUN HUANG4  and  WENHAO OUYANG4

1Department of Ophthalmology, The People's Hospital of Jiangmen City, Jiangmen, Guangdong 529000, P.R. China; 2Department of 
Gynecological Oncology, Sun Yat‑sen Memorial Hospital, Sun Yat‑sen University, Guangzhou, Guangdong 510120, P.R. China; 

3Department of Ophthalmology, The People's Hospital of Xinhui, Jiangmen, Guangdong 529000, P.R. China; 4Department of 
Medical Oncology, Sun Yat‑sen Memorial Hospital, Sun Yat‑sen University, Guangzhou, Guangdong 510120, P.R. China

Received March 4, 2024;  Accepted October 31, 2024

DOI: 10.3892/wasj.2024.304

Correspondence to: Dr Zhenjun Huang or Dr Wenhao Ouyang, 
Department of Medical Oncology, Sun Yat‑sen Memorial Hospital, 
Sun Yat‑sen University, 107 Yanjiang West Road, Guangzhou, 
Guangdong 510120, P.R. China
E‑mail: huangzhenjun1128@163.com
E‑mail: auyeung3@126.com

*Contributed equally 

Abbreviations: GWAS, genome‑wide association study; MR, 
Mendelian randomization; SNP, single‑nucleotide polymorphism; 
LDL‑C, low‑density lipoprotein cholesterol; IV, instrumental 
variable; OR, odds ratio; 95% CI, 95% confidence interval

Key words: LDL‑C, cataract, Mendelian randomization, genetics, 
SNPs

https://www.spandidos-publications.com/10.3892/wasj.2024.304


RONG et al:  LDL-C AS A RISK FACTOR FOR CATARACT THROUGH MENDELIAN RANDOMIZATION ANALYSIS2

disease genetics over the past decades (22). Moreover, novel 
causes of diseases and mechanisms of diseases are defined 
in this manner (23). Although there are some limitations of 
GWAS, such as the fact that it implicates a high number of loci, 
GWAS are a useful tool due to their capacity of understand the 
genetic basis of human diseases (22).

The present study employed bidirectional two‑sample MR 
to investigate the causal association between LDL‑C and cata‑
ract. By addressing the global challenge of cataract, particularly 
where surgical options are limited, the present study aimed 
to identify novel preventive strategies. By exploring genetic 
links, the present study aimed to unveil modifiable risk factors, 
providing insight into non‑surgical interventions to reduce the 
incidence of cataract and improve public health outcomes.

Data and methods

Exposure and outcome data. The SNPs for LDL‑C were used 
as IVs and sourced from the IEU OpenGWAS project (mrcieu.
ac.uk) GWAS dataset (GWAS ID: ebi‑a‑GCST002222). This 
project provides summary statistics, publications and top 
associations, and does not require additional ethical approval. 
The data includes 94,595 European participants and 2,409,690 
SNPs. To obtain result data, summary data for cataracts were 
also utilized from the IEU OpenGWAS project (GWAS ID: 
ukb‑a‑426), which consists of 108,817 European partici‑
pants (10,475 cases and 98,342 controls), covering a total of 
10,894,596 SNPs.

It is important to note that the conclusions of the present 
study are based on data from European populations. 
Therefore, the findings presented herein may not be applicable 
to non‑European populations. Explicitly acknowledging this 
limitation and suggesting future research directions to explore 
the generalizability of this association in different population 
groups would be beneficial.

IV selection criteria. The SNPs for LDL‑C were selected as IVs 
from the IEU Open GWAS project. Specifically, genome‑wide 
significant SNPs (P<0.00000005) were used. This P‑value 
threshold is a standard criterion in GWAS, ensuring that only 
variants with strong statistical evidence of association with 
LDL‑C are included. Additionally, a linkage disequilibrium 
(LD) cut‑off of r²<0.1 was applied within a 1 MB window. This 
threshold minimizes the impact of closely related genetic vari‑
ants (in high LD) that could bias the results. The selected SNPs 
were then filtered to remove duplicates and palindromic SNPs, 
ensuring a robust set of instrumental variables.MR‑PRESSO 
and MR‑Egger regression tests were conducted to further 
evaluate the potential for horizontal pleiotropy, enhancing the 
credibility of the findings.

MR analysis. MR analysis was performed to determine the 
casual association between LDL‑C and cataract. Among the 
five methods of MR analysis, the inverse‑variance weighted 
(IVW) method is considered to be slightly more powerful 
than the others (24); thus, the IVW test was used as the main 
statistical method in the present study. The other methods of 
MR analysis (simple mode, simple median, weighted mode, 
MR‑Egger regression and weighted median estimator) were 
used as complementary methods. Leave‑one‑out analysis 

refers to the observation of residual stability following the 
stepwise remove of SNPs, ideally with minimal change after 
culling, which is similar to the meta‑analysis of culling. 
Further more, F‑statistics was calculated to evaluate weak 
instrument bias, as an F value <10 indicates weak instrument 
strength. Odds ratios (ORs) and 95% confidence intervals 
(95% CI) were indicated as causal estimates. All data 
analyses were performed using tge R package (two‑sample 
MR and MR‑PRESSO).

Heterogeneity. MR‑heterogeneity mainly depends on the 
P‑value of Cochran's Q test; when the statistical Q value is 
<0.05, it is considered that there is heterogeneity. Heterogeneity 
is acceptable and allowed to exist. 

Horizontal pleiotropy. The MR‑Egger method was used to 
test the horizontal pleiotropy, In the MR‑Egger analysis, the 
existence of an Egger‑intercept was considered and used to 
compare with 0 and assess horizontal pleiotropy. In the case 
that there is no significant difference (P>0.05), no horizontal 
pleiotropy was considered to exist.

Results

Effect of LDL‑C on cataract. In the two‑way MR analysis, 
75 SNPs were extracted with LDL‑C as the exposure and 
cataract as the outcome. In the set of IVs (P<0.00000005), 
IVW analysis revealed that there was a positive causal associa‑
tion between LDL‑C and cataract (OR, 1.01; P=0.036). The 
sample mode analysis also indicated that LDL‑C was associ‑
ated with cataract (OR, 1.02; P=0.013). Similarly, the sample 
median analysis revealed that LDL‑C was causally associated 
with cataract (OR, 1.02; P=0.003) (Figs. 1, and 2A and C). A 
leave‑one‑out sensitivity test was performed to test the robust‑
ness of the results; following the stepwise elimination of SNPs, 
the results were not markedly altered (Fig. 2D).

The MR‑Egger regression method was applied to measure 
horizontal pleiotropy. It was found that there was no directional 
pleiotropy in the MR‑Egger regression (P>0.05). At the same 
time, Cochran's Q test indicated that there was no evidence of 
heterogeneity in the present study (Q value >0.05). The funnel 
plot can also prove this finding (Fig. 2B).

Discussion

In the present study, a bidirectional MR was performed to 
investigate the causal association between LDL‑C and cata‑
ract; it was found that LDL‑C was causally associated with 
cataract. Moreover, no significant heterogeneity or pleiotropy 

Figure 1. Mendelian randomization forest result. Causal effects of low‑density 
lipoprotein cholesterol on cataracts estimated by Mendelian randomization 
given as ORs and 95% CIs. OR, odds ratio; CI, confidence interval. 



WORLD ACADEMY OF SCIENCES JOURNAL  7:  16,  2025 3

were found in the present study, which confirmed the validity 
of the conclusions.

To the best of our knowledge, this is the first study to use 
the MR method to assess the association between LDL‑C and 
cataract. Some previous studies have found a possible associa‑
tion between the LDL‑C and cataract. In previous research, 
through a univariate and multivariate Cox model analysis, 
time‑varying LDL‑C lowering (annually assessed) was asso‑
ciated with a lower incident of cataract (25,26). Moreover, it 
was previously found that following the inhibition of plasma 
proprotein convertase subtilisin/kexin type 9, the decrease of 
LDL‑C levels was associated with an increased risk of cata‑
racts (27). Another study using a common data model revealed 
that LDL‑C variability was associated with developing cata‑
racts (26). However, whether patients with very low LDL‑C 
levels are at a risk of developing cataract remains a matter of 
debate (26,28).

The present study was based on the methods of MR 
analysis, and several advantages of the study should be 
mentioned. Firstly, through analysis using the MR method, 
reverse causality and unmeasured confounding factors can be 
reduced (29), which can improve the accuracy of causal infer‑
ence. Secondly, the GWAS database provides a large scale of 
significant SNPs; thus, sufficient IV strength was ensured in the 
present study. Thirdly, the present study found an association 
between LDL‑C and cataract, which may provide new insight 
into the prevention and treatment of cataract. At the same time, 
the control of LDL‑C levels will help to reduce the risk of 
developing diabetes (30), thus also preventing the occurrence 
of diabetes‑related cataracts to a certain extent (31).

There are some limitations to the present study which 
should also be mentioned. The use of a European‑only 
dataset limits the generalizability of the results to other 
populations. Genetic heterogeneity across different ethnic 

Figure 2. (A) Scatter plot of the association between LDL cholesterol and cataract. The six Mendelian randomization methods are presented. Lines in light 
blue, blue, light green, green, orange and red, respectively the inverse‑variance weighted, MR-Egger, simple median, weighted median, simple mode, weighted 
median and weighted mode methods. (B) Funnel plot depicting whether there was significant heterogeneity in the observed associations. (C) Forest plot illus‑
trating the MR estimate and 95% confidence intervals for each SNP; the gray line segment represents 95% confidence intervals; the inverse‑variance weighted 
and MR-Egger results are shown at the bottom. (D) Leave‑one‑out sensitivity test; SNPs were removed one by one and the results of MR were calculated. LDL, 
low‑density lipoprotein; MR, Mendelian randomization; SNP, single nucleotide polymorphism.
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groups means that findings in European populations may 
not be directly applicable to non‑European groups. Future 
studies are thus required to include diverse populations to 
enhance the external validity of the results and provide a 
more comprehensive understanding of the genetic determi‑
nants of cataract risk. Additionally, reflecting on how these 
limitations may influence the outcomes of the present study 
is vital. For instance, the exclusion of certain genetic variants 
could lead to an underestimation of the true causal effect of 
LDL‑C on cataract. This underestimation may affect clinical 
recommendations and public health policies derived from 
the study. Acknowledging this limitation helps in tempering 
the interpretation of the findings and emphasizes the need 
for cautious application in clinical settings. To address these 
gaps, future research could adopt a more inclusive approach 
to IV selection, perhaps by incorporating methods that 
allow for the inclusion of variants with weaker associations. 
Furthermore, expanding the study to include diverse popu‑
lations may provide a broader understanding of the genetic 
underpinnings of cataract. Collaborations with international 
cohorts and the inclusion of multi‑ethnic GWAS datasets can 
help achieve this goal.

In conclusion, the present study leverages two‑sample MR 
to reveal a causal link between LDL‑C levels and cataract, 
advocating for revised lipid management strategies to mitigate 
cataract risk and enhance ocular health.
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