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Background. Diabetic retinopathy (DR) is a diabetic microvascular complication and a leading cause of vision loss. However, there
is a lack of effective strategies to reduce the risk of DR currently. The present study is aimed at assessing the causal effect of lipid-
regulating targets on DR risk using a two-sample Mendelian randomization (MR) study. Method. Genetic variants within or near
drug target genes, including eight lipid-regulating targets for LDL-C (HMGCR, PCSK9, and NPC1L1), HDL-C (CETP, SCARBI,
and PPARG), and TG (PPARA and LPL), were selected as exposures. The exposure data were obtained from the IEU OpenGWAS
project. The outcome dataset related to DR was obtained from the FinnGen research project. Inverse-variance-weighted MR
(IVW-MR) was used to calculate the effect estimates by each target. Sensitivity analyses were performed to verify the
robustness of the results. Results. There was suggestive evidence that PCSK9-mediated LDL-C levels were positively associated
with DR, with OR (95% CI) of 1.34 (1.02-1.77). No significant association was found between the expression of HMGCR- and
NPC1L1-mediated LDL-C levels; CETP-, SCARB1-, and PPARG-mediated HDL-C levels; PPARA- and LPL-mediated TG
levels; and DR risk. Conclusions. This is the first study to reveal a genetically causal relationship between lipid-regulating drug
targets and DR risk. PCSK9-mediated LDL-C levels maybe positively associated with DR risk at the genetic level. This study
provides suggestive evidence that PCSK9 inhibition may reduce the risk of DR.

1. Introduction

Diabetic retinopathy (DR), present in approximately 30% of
patients with diabetes, is a common diabetic microvascular
complication and a leading cause of vision loss in the adult
working population [1-3]. As the prevalence of type 2 diabe-
tes continues to rise globally, the prevalence of DR is
expected to increase in parallel [2]. However, there is cur-
rently a lack of effective strategies to reduce the risk of DR.
Therefore, there is an urgent need to identify some therapeu-
tic targets to delay the onset and progression of DR.

It is known that disturbances in lipid metabolism can
induce increased inflaimmation and oxidative stress [4].

The retina is particularly vulnerable to oxidative damage
due to its high metabolic rate and rapid oxygen consump-
tion [5, 6]. Therefore, increased oxidative stress can trigger
apoptosis of retinal endothelial cells, pericytes, and ganglion
cells [7]. Meanwhile, inflammation and oxidative stress can
also lead to endothelial injury and dysfunction in blood
vessel walls [8], resulting in macro- or microvascular com-
plications such as retinopathy and nephropathy [9]. Conse-
quently, disorders in lipid metabolism may contribute to
the onset and progression of DR. However, inconsistent evi-
dence has been observed regarding the association between
several circulating lipoproteins and DR [10]. Some epidemi-
ological studies found no significant association between
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FIGURE 1: Association between lipid-regulating drug targets and DR risk.

total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), and DR development [11, 12]. But other studies
observed that triglyceride (TG) and TC levels were signifi-
cantly associated with DR risk in diabetic patients [13, 14].
These discrepant findings could be attributed to measure-
ment errors, uncontrolled confounders, and reverse causality
in epidemiological studies [15], which can induce spurious
associations or mask the real risk factors [16].

Mendelian randomization (MR) analysis is a method
that uses genetic variants, randomly allocated at conception,
as instrumental variables (IVs) to estimate the causal effect
of exposure on outcome [17]. It minimizes biases caused
by confounding factors and reverse causation [18], thereby
facilitating a more robust inference of causal relationships
between exposure and outcome. Therefore, MR analysis
may be a reliable approach to help elucidate the association
between lipid levels and DR risk. While a previous MR meta-
analysis did not find clear causal links between lipid levels
(including HDL-C, low-density lipoprotein cholesterol
(LDL-C), TC, and TG) and DR [19], a recent MR study
reported an association between HDL-C levels and DR risk
[7]. Consequently, inconsistent evidence also exists regard-
ing the effect of lipids on DR. It is worth noting that the
aforementioned studies primarily focused on investigating
the influence of lipid concentrations on DR, while neglecting
to investigate specific targets. Hence, the specific target for
regulating lipid metabolism to modulate the progression of
DR remains unknown. Therefore, exploring the association
between lipid-regulating drug targets and DR could effec-
tively address this research gap and contribute to identifying
potential preventive and therapeutic targets for DR.

Lipid-regulating drugs can be classified according to
their predominant targets, including drugs that lower TG
and LDL-C, as well as those that raise HDL-C. Common
LDL-C lowering targets include HMG-CoA reductase
(HMGCR) inhibitors, proprotein convertase subtilisin/kexin
type 9 (PCSK9) inhibitors, and Niemann-Pick Cl-like 1

(NPCI1L1) inhibitors [20]. The most commonly used TG-
lowering drug, fenofibrate, primarily targets peroxisome
proliferator-activated receptor alpha (PPARA) [20]. Lipo-
protein lipase (LPL) is also a therapeutic target in modulat-
ing TG levels [21, 22]. Targets are aimed at increasing
HDL-C levels including cholesterol ester transfer protein
(CETP), scavenger receptor class B member 1 (SCARBI1),
and PPARG [23-25].

Therefore, the purpose of this study was to evaluate the
causal effect of lipid-regulating targets on DR outcome using
a two-sample MR study. To our knowledge, it is the first
study investigating the association between lipid profiles
and DR risk through specific lipid-regulating targets. Find-
ings from this study suggest that lipid-lowering therapies
may reduce the risk of DR. Furthermore, it provides insights
into specific therapeutic targets through which such thera-
pies could potentially reduce DR risk. These results under-
score the importance of integrated disease management for
protecting visual health in people with diabetes.

2. Materials and Methods

2.1. Study Design. This study was a two-sample MR analysis
based on publicly available GWAS summary-level data. The
present study incorporated eight lipid-regulating targets,
comprising three LDL-C targets (HMGCR, PCSK9, and
NPC1L1), along with three HDL-C targets (CETP, SCARBI,
and PPARG) and two TG targets (PPARA and LPL) as
exposures. The outcome of the present study was DR.

No further ethical approval was necessary as the data
were obtained from publicly available databases.

2.2. Data Source. Genetic instruments for blood LDL-C
(GWAS 1ID: ieu-a-300) [26], HDL-C (GWAS ID: ieu-b-
109) [27], and TG (ieu-b-111 and ebi-a-GCST90092829)
[27, 28] were obtained from the IEU OpenGWAS project
[29]. GWAS summary-level data for DR (scale of 0 to 4
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FIGURE 2: Scatter plot for drug targets: (a) HMGCR-, (b) PCSK9-, and (c) NPC1L1-mediated LDL-C effects on DR.

including no DR, mild, moderate, severe, and proliferative
DR [30]) was obtained from finn-b-H7_RETINOPATHY-
DIAB_BKG in FinnGen data release 9. Detailed information
for each dataset can be seen in Supplementary Table 1
(details of the GWAS datasets).

2.3. Selection of Genetic Instruments. Single nucleotide poly-
morphisms (SNPs) located within 100kb windows of the
target genes (HMGCR, PCSK9, and NPC1L1) and exhibiting
a genome-wide significance level association (P < 5.0 x 107%)
with LDL-C were chosen as proxies for the targets related to
LDL-C. In a similar manner, SNPs located within 100kb
windows of CETP, SCARBI, and PPARG, which demon-
strated significant associations with HDL-C at the genome-
wide level, were employed as proxies for the targets
associated with HDL-C. And SNPs, located within 100kb
windows of PPARA and LPL which demonstrated signifi-
cant associations with TG at the genome-wide level, were
employed as TG targets. SNPs with a linkage disequilibrium
coefficient (2 < 0.10) and an effective allele frequency > 0.01
were selected as independent IVs to perform MR analysis.

2.4. Statistical Analyses. Inverse-variance-weighted MR
(IVW-MR) was used to calculate the effect estimates by each
target. If heterogeneity exists, random-effects IVW model is
applied; otherwise, the fixed-effects IVW model is applied
[31, 32]. The odds ratio (OR) and 95% confidence interval
(CI) values were calculated. Sensitivity analyses including
heterogeneity test, horizontal pleiotropy test, and leave-

one-out method have been described in detail in our previ-
ous study [33, 34]. All analyses were performed using the
TwoSampleMR R package (version 0.5.7). The Bonferroni
correction was used to adjust the thresholds of significance
level. Strong evidence of significance was suggested for P
values less than 0.00625 (adjusted for eight comparisons),
and there was suggestive evidence for P values ranging from
0.00625 to less than 0.05 [35].

3. Results

3.1. Acquisition of Genetic Instruments for Drug Targets. Fol-
lowing the screening criteria, a total of 2 SNPs located within
or in close proximity (100kb) to HMGCR were chosen as
IVs for the LDL-C target to conduct MR analysis. Similarly,
10 SNPs for PCSK9 and 2 SNPs for NPCIL1 were selected.
Additionally, 53, 18, and 5 SNPs were selected as IVs for
the HDL-C targets CETP, SCARBI, and PPARG, respec-
tively. Lastly, 2 SNPs for PPARA and 11 SNPs for LPL were
selected as IVs for the TG targets. IVs ultimately used for
MR analysis can be found in Supplementary materials.

Supplementary Tables 2-9 show the IVs used to assess the
genetic association between HMGCR, PCSK9, NPCI1L1,
CETP, SCARBI, PPARG, PPARA, and LPL targets and DR,
respectively.

3.2. Association between Drug Targets and DR. IVW-MR
was used to assess the association between drug targets and
DR. The results provided suggestive evidence of a positive
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FIGURE 3: Scatter plot for drug targets: (a) CETP-, (b) SCARBI-, and (c) PPARG-mediated HDL-C effects on DR.

association between PCSK9-mediated LDL-C levels and the
risk of DR, with an OR and 95% CI of 1.34 (1.02-1.77)
(Figures 1 and 2(b)). No significant association was observed
between the HMGCR- and NPC1L1-mediated LDL-C levels
(Figures 1 and 2); CETP-, SCARB1-, and PPARG-mediated
HDL-C levels (Figures 1 and 3); and PPARA- and LPL-
mediated TG levels (Figures 1 and 4) with the risk of DR.

3.3. Sensitivity Analyses. Based on Cochran’s Q test, no sig-
nificant heterogeneity was observed across all targets
(Table 1). Pleiotropy test for HMGCR, NPCIL1, and
PPARA targets could not be conducted as insufficient
genetic instruments were identified. No horizontal pleiot-
ropy was observed in other targets in MR-PRESSO global
test (Table 2). Horizontal pleiotropy was detected in
SCARBI targets in MR-Egger regression.

4. Discussion

This MR study provides suggestive evidence of a positive
association between PCSK9-mediated LDL-C levels and
DR risk at the genetic level. These findings suggest that
inhibitors of PCSK9 may potentially provide protective
effects against DR. To the best of our knowledge, this is
the first study to establish a causal relationship between
lipid-regulating drug targets and DR risk at the genetic level.
The absence of horizontal pleiotropy and heterogeneity in
the PCSK9 target underlines the robustness of the result.

In contrast to previous studies that focused only on the
relationship between lipid levels and DR risk, we investi-
gated the effect of specific lipid-regulating targets on DR.
Among the eight targets analyzed in this study, we found
that elevated PCSK9-mediated LDL-C levels may be associ-
ated with an increased risk of DR. The results of our study
allow us to hypothesize that there is a causal relationship
between PCSK9 inhibition and the reduced risk of DR.
However, no evidence was found regarding the association
between DR risk and other LDL-C-associated targets includ-
ing HMGCR and NPCI1L1. Meanwhile, none of the HDL-C
and TG targets were related to DR risk. Thus, the results of
this study indicate that modulation of the LDL-C target,
rather than the TG or HDL-C target, may reduce the risk
of DR. Moreover, it is likely that PCSK9 mediate this effect.
Therefore, in addition to lipid-lowering effects, the use of
PCSK9 inhibitors may potentially contribute to the reduc-
tion of retinal diseases in diabetic patients.

PCSK9 is a critical lipid metabolism gene that targets
LDL receptors on the surface of liver cells [36]. PCSK9
inhibitors can increase the abundance of the LDL receptors
to reduce LDL-C levels [37]. Some studies found signifi-
cantly higher PCSK9 levels in patients with diabetes com-
pared to those without diabetes [38-41]. Recent evidence
from a meta-analysis, which included eight large random-
ized controlled trials, showed that PCSK9 inhibitors effec-
tively reduced the risk of major cardiovascular events
(MACE) and improved lipid profiles in patients with
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TaBLE 1: The results of heterogeneity test.
Exposure IVW Cochran’s Q test
Q value P value

LDL-C targets

HMGCR 2250111 0.134

PCSK9 8.657546 0.469

NPCIL1 0.093398 0.760
HDL-C targets

CETP 35.903940 0.957

SCARB1 18.554610 0.355

PPARG 9.182818 0.057
TG targets

PPARA 0.076553 0.782

LPL 15.867860 0.103

TaBLE 2: The results of pleiotropy test.

Intercept in MR-Egger RSSobs in MR-PRESSO

Exposure regression global test
Value P value Value P value
LDL-C targets
HMGCR — — — —
PCSK9 0.010891 0.602 11.455660 0.505
NPCIL1 — — — —
HDL-C targets
CETP -0.015321 0.268 36.964580 0.968
SCARB1 -0.068692 0.026 19.968930 0.388
PPARG 0.133891 0.065 14.509800 0.073
TG targets
PPARA — — — —
LPL -0.038611 0.227 19.424070 0.153

diabetes and dyslipidaemia over a median follow-up of 51
weeks [42]. Therefore, although PCSK9 inhibitors may
mildly elevate blood glucose [43, 44], their long-term bene-
fits would outweigh this potential risk [45, 46]. Our study
further provides evidence for the potential of PCSK9 inhibi-
tion in mitigating the risk of DR at the genetic level.
Furthermore, our study yielded reliable conclusions
indicating that TG levels mediated by LPL and HDL-C levels
mediated by CETP and PPARG are not associated with the
risk of DR. However, it is noteworthy that horizontal
pleiotropy was detected in the HDL-C targets SCARBI in
MR-Egger regression. IVW estimates would be biased if
horizontal pleiotropy existed [47], because the existence of
horizontal pleiotropy can induce false-positive causal rela-
tionships in up to 10% of relationships [48]. Since no
horizontal pleiotropy was observed in these targets by MR-
PRESSO global test and negative results were obtained in
the current analysis, we do not consider the effects caused
by horizontal pleiotropy. Despite our efforts to utilize vari-
ous datasets, we were unable to acquire an adequate number
of genetic instruments, thus preventing us from conducting

Journal of Lipids

a pleiotropy analysis on the targets HMGCR, NPC1L1, and
PPARA. Meanwhile, the LDL-C dataset includes a minor
fraction of non-European ancestry, accounting for 4.02%
of the sample. Although the original study has shown that
population stratification has a negligible effect on its results
[26], it remains crucial to consider that the presence of dif-
ferent ancestries may still influence SNP weights [49].
Therefore, to further validate these findings and enhance
their generalizability, it is essential to conduct genomic stud-
ies with larger sample sizes across independently represented
ethnicities.

Although the evidence is still preliminary, these results
suggest that the use of PCSK9 inhibitors may help to reduce
the risk of DR. The results of our study also provide some
evidence for a better selection of the most appropriate
lipid-regulating drugs in patients with diabetes. Further evi-
dence from experimental and real-world clinical studies is
necessary to confirm these findings.

The present study has the following advantages com-
pared to previous researches. This is the first MR study to
assess the genetic association between lipid-regulating tar-
gets, including LDL-C, HDL-C, TG, and DR risk. The appli-
cation of genetic instruments to proxy drug target exposure
could minimize confounding bias and avoid reverse causa-
tion. We focused the effects of lipid-regulating targets on
DR, which would not only help analyze the relationship
between lipid profiles and DR but also provide evidence
for identifying precise therapeutic targets. The large sample
size in GWAS datasets allows us to draw the above
conclusions.

Our study also has several limitations. First, the present
study was based on GWAS summary data but not individ-
ual level, and we could not conduct subgroup analyses
according to the severity of DR. Second, targets included
in this study are limited to known important drug targets,
which cannot represent all potential targets. The GWAS
datasets used in the present analysis were predominantly
derived from the European population, which may limit
the generalizability of the findings to other populations.
Therefore, future studies that stratify disease severity across
different genetic ancestries are needed to fully elucidate the
relationship between lipid-regulating drug targets and DR
and translate these findings into clinically actionable
insights.

5. Conclusions

This study provides suggestive evidence of a positive associ-
ation between PCSK9-mediated LDL-C levels and DR risk at
the genetic level. PCSK9 could be potential prognostic bio-
markers and therapeutic targets for DR. PCSK9 inhibition
may reduce the risk of DR.

Data Availability

The datasets are available in the IEU OpenGWAS and Finn-
Gen research project.
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