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ABSTRACT

Introduction: With the global aging popula-
tion on the rise, age-related macular degenera-
tion (AMD) poses a growing healthcare burden.
Prior research hints at immune-mediated
inflammatory diseases (IMIDs) potentially ele-
vating AMD risk via diverse mechanisms.
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However, causality remains disputed as a result
of confounding factors. Hence, our Mendelian
randomization (MR) study aims to untangle this
link, mitigating confounding effects to explore
the IMID-AMD causal relationship. This study
aims to investigate the causal relationship
between IMIDs and AMD, providing new
strategies for the prevention and treatment of
AMD in clinical practice.

Methods: This study was registered with
PROSPERO, CRD42023469815. We obtained
data on IMIDs and AMD from Genome-Wide
Association Studies (GWAS) summary statistics
and the FinnGen consortium. Rigorous selec-
tion steps were applied to screen for eligible

F. Liang

Retinal Image Technology and Chronic Vascular
Disease Prevention and Control and Collaborative
Innovation Center, Chengdu, Sichuan Province,
China

F. Liang

Ineye Hospital of Chengdu University of Traditional
Chinese Medicine, Chengdu, Sichuan Province,
China

F. Liang

Sichuan Integrated Traditional Chinese and
Western Medicine Myopia Prevention and
Treatment Center, Sichuan Vision Protection
Science Popularization Base, Chengdu, Sichuan
Province, China

I\ Adis


https://doi.org/10.1007/s40123-024-00895-1
https://doi.org/10.1007/s40123-024-00895-1
https://doi.org/10.1007/s40123-024-00895-1
https://doi.org/10.1007/s40123-024-00895-1
http://crossmark.crossref.org/dialog/?doi=10.1007/s40123-024-00895-1&amp;domain=pdf
https://doi.org/10.1007/s40123-024-00895-1

956

Ophthalmol Ther (2024) 13:955-967

instrumental single nucleotide polymorphisms
(SNPs). We conducted univariate Mendelian
randomization, inverse variance-weighted
(IVW), weighted median, Mendelian random-
ization-Egger (MR-Egger), and multivariate
Mendelian randomization (MVMR) analyses.
Various sensitivity analysis methods were
employed to assess pleiotropy and heterogene-
ity. The aim was to explore the causal relation-
ships between IMIDs and AMD.

Results: The MR analysis revealed that Crohn’s
disease (CD) (IVW: odd ratios (OR) 1.05, 95% CI
(confidence interval) 1.01-1.10, p =0.007),
rheumatoid arthritis (RA) (IVW: OR 1.09,
95% CI 1.04-1.15, p = 0.0001), and type 1 dia-
betes (T1D) (IVW: OR 1.05, 95% CI 1.02-1.09,
p = 0.001) were correlated with an elevated risk
of AMD, while multiple sclerosis (MS) (IVW: OR
2.78E—18, 95% CI 2.23E-31 to 3.48E-05,
p =0.008) appeared to be protective against
AMD. These findings were supported by an
array of MR analysis methodologies and the
MVMR approach.

Conclusion: Our study results, based on MR,
provide genetic evidence indicating a causal
relationship between specific IMIDs and AMD.
CD, RA, and T1D are factors increasing the risk
of AMD, while MS may have a protective effect.

Keywords: Age-related macular degeneration;
Immune-mediated inflammatory  diseases;
Mendelian randomization

Why carry out this study?

The increasing global aging population is
contributing to a rising healthcare burden
from age-related macular degeneration
(AMD).

Previous studies suggest that immune-
mediated inflammatory diseases (IMIDs)
may affect AMD risk, but causality
remains debated as a result of
confounding factors. This research
investigates the causal link between IMIDs
and AMD, revealing specific associations.

What was learned from the study?

The Mendelian randomization (MR)
analysis revealed specific associations
between IMIDs and AMD risk. Crohn'’s
disease, rheumatoid arthritis, and type 1
diabetes were correlated with an elevated
risk of AMD. Multiple sclerosis appeared
to have a protective influence against
AMD.

Genetic evidence supports IMID-AMD
causality, guiding future research and
therapeutic strategies. These findings have
implications for future research and the
development of strategies for the
prevention and treatment of AMD.

The identification of specific IMIDs
associated with AMD risk provides
potential targets for therapeutic
interventions.

INTRODUCTION

With the progression of time, the demographic
trend of an aging global population is acceler-
ating. Forecasts predict a twofold increase in
individuals aged 60 years or older by 2050,
escalating from 962 million in 2017 to an esti-
mated 2.1 billion [1]. This significant and con-
tinuous demographic expansion highlights the
growing impact of the senior population seg-
ment. The significant increase in the incidence
of age-associated diseases, particularly age-re-
lated macular degeneration (AMD) [2], is closely
associated with this demographic change. AMD
is identified as the leading cause of visual
impairment and blindness among the senior
populace in industrialized nations. Future pro-
jections indicate that the worldwide prevalence
of AMD is expected to rise to 288 million by
2040 [3]. AMD presents considerable physical
and psychological challenges to those affected
and its escalating incidence contributes to an
increased societal burden.

AMD is an intricate ocular pathology pre-
dominantly affecting the macula, a diminutive
structure located posteriorly in the retina, cru-
cial for mediating acute detail and chromatic
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perception [4]. Initial manifestations of AMD
are characterized by the accumulation of dru-
sen, yellowish-white deposits comprising pro-
teins and lipids, coupled with anomalous
pigmentation. Progression of AMD divides into
two distinct phenotypes: the atrophic (dry) and
the neovascular (wet) forms [5]. Dry AMD,
constituting 80-85% of all advanced AMD
cases, is typified by a profusion of drusen. The
primary etiology of vision impairment in AMD
is attributed to the advanced dry variant,
known as geographic atrophy [6], which leads
to the functional debilitation and subsequent
loss of photoreceptor cells. Despite concerted
efforts to mitigate the progression of this AMD
variant, it remains recalcitrant to current ther-
apeutic interventions. Conversely, wet AMD is
characterized by choroidal neovascularization,
the proliferation of aberrant blood vessels from
the choroid penetrating the retina, culminating
in retinal edema [7]. This phenotype can be
treated with pharmaceuticals derived from
nucleic acids, monoclonal antibodies, or chi-
meric proteins, such as anti-vascular endothe-
lial growth factor drugs [7], which are expected
to promote reperfusion of choroidal capillaries
and improve the patient’s condition. Hence,
early detection of this severe, age-related disor-
der is imperative for substantially improving
the quality of life in the aging demographic.
Immune-mediated inflammatory diseases
(IMIDs) represent a spectrum of clinically com-
mon disorders with heterogeneous presenta-
tions, including inflammatory bowel disease
(IBD) which encompasses Crohn'’s disease (CD)
and ulcerative colitis (UC), rheumatoid arthritis
(RA), ankylosing spondylitis (AS), MS multiple
sclerosis (MS), and asthma, among others [8]. At
present, the therapeutic approaches for
managing IMIDs are still insufficient [9]. IMIDs
and AMD are both characterized as inflamma-
tory conditions, sharing not only common
pathological features but also overlapping risk
factors such as age, smoking, obesity, family
history, and gender [10]. Emerging evidence
suggests a potential association within the IMID
spectrum and the pathogenesis of AMD [11-14].
Notably, the connection between RA and AMD
has been extensively explored, with multiple
observational studies indicating a significant

link [11]. This may be because they are regu-
lated, to some extent, by the complement
pathway of the immune response and the role
of the inflammatory cytokine tumor necrosis
factor alpha (TNFa) [15]. Concurrently, some
drugs used to treat RA, including hydroxy-
chloroquine (HCQ), have also been employed
for the treatment of AMD. McGeer and Sibley
initially reported that their patients with RA,
following treatment with HCQ, were relatively
spared from the development of AMD [16],
suggesting a potential protective effect of HCQ
against AMD. Yahalomi’s study found that
patients undergoing HCQ treatment experi-
enced slower progression of AMD and fewer
formations of vitreous drusen [17]. However,
the overall effectiveness and mechanism of
action of these treatments in this context
remain. Despite certain similarities, the precise
relationship between these conditions requires
further in-depth investigation. However, as a
result of the inherent limitations of observa-
tional studies, including susceptibility to
remaining confounding and reverse causation,
it is necessary to establish a novel research
strategy for exploring the causal relationship
between IMIDs and AMD.

Mendelian randomization (MR), as a
research method, utilizes genetic variations in
non-experimental data to infer the causal rela-
tionships between exposure factors and out-
come variables. These exposure factors may
encompass various elements, like biological
markers, dietary habits, anthropometric mea-
surements, lifestyle factors, or additional
potential risk factors, which may influence the
outcomes [18]. MR is considered a reliable
approach to overcome the potential limitations
seen in observational studies and to assess cau-
sal relationships. This is because that genetic
variations are randomly allocated at conception
and are less likely to be affected by external
confounding factors [19].

As of now, we have not come across any
reports on MR studies investigating the rela-
tionship between IMIDs and AMD. Motreover,
there have been no dedicated randomized con-
trolled trials exploring the relationship between
the two. Therefore, the present MR analysis was
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carried out to explore the association between
IMIDs and AMD.

METHODS

Study Design

In this study, a two-sample MR analysis method
was employed, and then instrumental variables
(IVs) were obtained for various IMIDs based on
public summary data. The method contributes
to the effective addressing of confounding bias
present in conventional epidemiological studies
and to investigating the causal relationship
between these diseases and AMD [20]. Three
assumptions must be satisfied to consider a
genetic variant as a valid IV for MR analysis:

1. The variant is associated with the exposure.

2. The variant is not associated with the
outcome via a confounding pathway.

3. The variant does not directly affect the
outcome; instead, it may indirectly affect
the outcome via the exposure [21].

In addition, multivariate Mendelian ran-
domization (MVMR) analysis was conducted to
assess whether IMIDs were independently asso-
ciated with AMD. On the basis of the results of
univariable MR analysis, we specifically exam-
ined whether digestive system diseases and
skeletal system diseases were independently
related to AMD [22]. Figure 1 illustrates the
study design.

Data Sources

In this study, the AMD data were sourced from
the FinnGen consortium. According to its
summary statistics, the dataset comprises 3763
cases (including dry, wet, or a combination of
both AMD types) and 205,359 controls, cover-
ing a total of 16,380,424 single nucleotide
polymorphisms (SNPs) [23]. The official
description of this dataset is “age-related loss of
vision in the central portion of the retina
(macula), secondary to retinal degeneration.”
The dataset is large with regard to its sample size
and offers a novel perspective compared with

previous MR analyses related to AMD. More-
over, data on IMIDs in this study were obtained
on the basis of the open Genome-Wide Associ-
ation Studies (GWAS) database of the Medical
Research Council Integrated Epidemiology Unit
(IEU) (https://gwas.mrcieu.ac.uk/) [24]. These
datasets encompass CD, UC, RA, MS, and AS, all
of which are derived from the European popu-
lations [25-27]. Table 1 displays more detailed
information of phenotype and consortium.

Outcome
AMD

e G0 S .

B Exposure 1
CD/AS

Ger‘\etic H Outcome
variants H AMD

Exposure 2
UC/RA

Fig. 1 A The design of univariable Mendelian random-

ization. The crosses mean that genetic variants are not
associated with confounders or cannot be directly involved
in outcome but via the exposure pathway. Solid paths are
significant; dashed paths should not exist in the Mendelian
randomization study. B The design of multivariate
Mendelian randomization (MVMR). MVMR considered
whether Crohn’s disease and ulcerative colitis are inde-
pendent within inflammatory bowel disease and whether
they have a causal relationship with age-related macular
degeneration. It also examined the independence of
ankylosing spondylitis and rheumatoid arthritis within
the study and their causal relationship with age-related
macular degeneration. AMD age-related macular degener-
ation, R4 rheumatoid arthritis, /BD inflammatory bowel
disease, CD Crohn’s disease, UC ulcerative colitis, MS
multiple sclerosis, A4S ankylosing spondylitis, 71D type 1
diabetes
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Table 1 Source of data for this MR study

Phenotype Participants

GWAS ID Year of publication

Age-related macular degeneration
Rheumatoid arthritis
Inflammatory bowel disease
Crohn’s disease

Ulcerative colitis

Multiple sclerosis

Ankylosing spondylitis

Type 1 diabetes

n = 3763 cases and 205,359 controls finn-b-H7_AMD 2021
n = 14,361 cases and 43,923 controls ebi-a-GCST90013534 2020
n = 12,882 cases and 21,770 controls ebi-a-GCST003043 2015
7 = 5956 cases and 14,927 controls  ebi-a-GCST003044 2015
7 = 6968 cases and 20,464 controls  ebi-a-GCST003045 2015
n = 1679 cases and 461,254 controls ukb-b-17670 2018
n = 1296 cases and 461,637 controls  ukb-b-18194 2018
7 = 9266 cases and 9266 controls  ebi-a-GCST010681 2020

GWAS Genome-Wide Association Studies, MR Mendelian randomization

Genetic Instrumental Variable Selection

The process of selecting IVs was roughly divided
into three steps. First, to satisfy the assumptions
of MR analysis, SNPs whose p values were lower
than the genome-wide significance level
(5 x 107®) were selected. Additionally, to guar-
antee a strong relationship between IVs and
exposure factors, weak IVs whose F values (ac-
cording to the formula [R%*/(R* — 1)] x [(N —
K — 1)/K]) were less than 10 were eliminated.
Second, those selected IVs should pass the
independence test. Genetic distance is the
length of linkage disequilibrium region. Con-
sequently, 1000 Genomes Project European
sample data were used as a reference panel for
determining linkage disequilibrium among
SNPs. In other words, linkage disequilibrium
level (r*) of SNPs was set as 0.001, while genetic
distance was 10,000 kb. Furthermore, SNPs
whose r* level was > 0.001 and those with the
greatest significance were eliminated to reduce
the impact of linkage disequilibrium and to
maintain the independence of those chosen IVs
[28]. Third, MR-PRESSO package was used to
exclude outliers. Finally, we evaluated and
eliminated SNPs associated with other pheno-
types, like potential confounders and mediators
(e.g., body mass index), according to the
PhenoScanner database V2 [29] (Supplementary
Table 8 displays data on specific SNPs). After
these three steps, IVs closely related to the

exposure, weakly related to the outcome, but
not related to confounders were obtained. More
details of the SNP selection process are shown in
Table 2.

In two-sample MR analysis, we used the
inverse variance-weighted (IVW) method to
assess the causality between IMIDs and AMD.
IVW is a traditional analysis approach used to
combine Wald ratio estimates from diverse
related IVs [30]. In the absence of horizontal
pleiotropy, the IVW method is identified as the
unbiased and most effective approach to esti-
mate causality in MR studies. Additionally, we
employed the weighted median method for MR
analysis as well. This method is identified as the
reliable approach for generating effective causal
estimates, even though as much as 50% of
genetic instruments (i.e., IVs) are ineffective or
are affected by pleiotropic effects [31]. This
method takes the median of diverse IV esti-
mates to determine the causal effect estimate,
and weights it with the inverse of correspond-
ing variance. Moreover, we applied the Simple
and Weight mode methods as additional refer-
ence standards. In case of inconsistent results
among these methods, the priority was given to
IVW as the primary outcome [32].

Furthermore, to investigate the direct impact
of different IMIDs on AMD, we conducted a
MVMR analysis. The MVMR method allows one
to simultaneously consider multiple risk factors,
such as different immune mediators, and their
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Table 2 Selection process of SNPs

Exposure Outcome SNPs with intermediate allele SNPs after SNPs associated Final
frequencies and without removing with confounding retained
palindromes outliers factors SNPs

Rheumatoid Age-related 84 83 19 64

arthritis macular

Inflammatory ~ degeneration 33 132 1 131

bowel
disease

Crohn’s 118 10 9 110

disease

Ulcerative 86 86 0 86

colitis

Multiple 4 4 1 3

sclerosis

Ankylosing 5 5 0 5

spondylitis

Type 1 39 1 1 37

diabetes

SNPs number of single nucleotide polymorphisms

potential interactions [33]. First of all,
researchers collected genetic data related to
IMIDs and selected SNPs associated with
immune mediators or immune-related gene
expression levels as IVs. Subsequently, they
utilized the MVMR method to combine all IVs
for estimating the causality between IMIDs and
AMD while taking into account the interactions
among multiple exposure factors. Through
conditional analysis, researchers were able to
assess the interrelationships among these fac-
tors, thereby gaining a more comprehensive
understanding of their impact on AMD. The
MVMR method facilitates the further explo-
ration of multifactor disease relationships and
offers a more comprehensive insight into the
complex association between IMIDs and AMD.

Sensitivity Analysis

To ensure the reliability of MR analysis, we
employed multistep  validation.  Firstly,

Cochran’s Q statistic was used to assess the
heterogeneity among [Vs. Subsequently, MR-
PRESSO was applied to detect and remove SNPs
showing great outlier values before conducting
a reiteration of MR analysis [34]. Next, a test for
pleiotropy was performed, and the detection of
pleiotropy indicated that the reliability of
causality between exposure and outcome was
substantially compromised [35]. Finally, the
leave-one-out analysis was carried out by elim-
inating one SNP each time and determining the
pooled effect of the rest of the SNPs to observe if
there were significant changes in results upon
removing specific SNPs. Any significantly
altered results after removing a particular SNP
suggested that this SNP substantially affected
the outcome, and this was undesirable. Con-
versely, the ideal scenario was that the outcome
remained insignificantly altered after SNP
removal. Table 3 shows the sensitivity analysis
results.
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Table 3 Results of sensitivity analysis

Exposure Outcome No. of IVs  Heterogeneity test Pleiotropy test
Cochran’s Q P P
Rheumatoid arthritis Age-related macular degeneration 64 88.770 0.017  0.075
Inflammatory bowel disease 131 153.670 0.076 0.878
Crohn’s disease 110 101.251 0.688 0.053
Ulcerative colitis 86 107.841 0.047 0.951
Multiple sclerosis 3 2.357 0.307  0.660
Ankylosing spondylitis 5 0.477 0.975  0.630
Type 1 diabetes 37 55.957 0.018 0.420

IVs instrumental variables

Result Reporting and Software

Our MR analysis results were represented by
estimates of odds ratio (OR) or B values and
corresponding 95% confidence interval (CI),
according to binary or continuous variables.
P < 0.05 (two-sided) indicated statistical signif-
icance. Two estimate types were expressed as
point estimates. Data were processed and ana-
lyzed by R version 4.3.0 [36], along with Storm
Statistical Platform (www.medsta.cn/software).

Ethical Approval

Primary data were not utilized in this work,
which avoided the need for ethical approval.

RESULTS

F statistics were determined for diverse SNPs
according to exposure and outcome data; as a
result, all SNPs satisfied the standard of F > 10,
indicating no weak instrument bias. On the
basis of MR-Egger regression, its intercept sug-
gested no horizontal pleiotropy among SNPs
associated with exposure factor (Supplementary
Fig. 1).

Univariate Mendelian Randomization

As for MR analysis using AS, CD, IBD, MS, RA,
T1D, and UC as exposures and AMD as the
outcome, after filtering, there were altogether 5,
110, 131, 3, 64, 37, and 86 SNPs enrolled.
According to two-sample MR analysis results,
except for UC, all the other IMIDs showed a
significant causal relationship with AMD.
Specifically, the following results were obtained
by the IVW method: the pvalues and ORs
(95% CI) of the IVW method were 0.036 and
3.58E10 (2.24-5.72E10) for AS, 0.007 and 1.05
(1.01-1.1) for CD, 0.033 and 1.05 (1-1.1) for
IBD, 0.008 and 2.78E—18 (2.23E-31 to
3.48E—-05) for MS, 0.0001 and 1.09 (1.04-1.15)

Exposure Method OR P-value
Ankylosing Spondylitis (NSNP=5)
\a —0.036435955
Inflammatory Bowel Disease (nSNP=131)
s - 0.033303683
Crohn's Disease (nSNP=110)
i - 0.007171199
Ulcerative Colitis ('\SNP=86)
VW 0.531123909
Multiple Sclerosis (nNSNP=3)
VW 2 0.008605789
Rheumatoid Arthritis (NSNP=64)
VW i 0.000156039
Type 1 Diabetes (nNSNP=37)
VW > 0.001050152
T 1 1 T
005 1 2 3

Fig. 2 Forest plot of univariable Mendelian randomiza-
tion analyses. Influence of immune-mediated inflammatory
diseases on age-related macular degeneration after remov-
ing outliers. OR odds ratio, IVW¥ inverse variance-
nSNP
polymorphisms

weighted, nucleotide

number of  single
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for RA, 0.001 and 1.05 (1.02-1.09) for T1D, and
0.5 and 1.01 (0.96-1.07) for UC, respectively
(Fig. 2).

In summary, patients with AS, CD, IBD, RA,
and T1D were more likely to develop AMD as a
secondary condition. Interestingly, our statisti-
cal results even suggested that the presence of
MS was a protective factor against AMD. More-
over, the MR-Egger regression intercept results
revealed no evidence of pleiotropy, with a
pvalue greater than 0.05. Supplementary
Figs. 1-3 present all the results of MR analysis,
assessments of heterogeneity, and the “leave-
one-out” analysis.

Multivariable Mendelian Randomization

In the previous univariable MR analysis, we
identified shared IVs among several IMIDs in
the digestive system disease group; similarly,
the skeletal system disease group exhibited the
same situation. Considering that it might
potentially affect the reliability of MR analysis
results, separate MVMR analyses were con-
ducted for both the digestive system and the
skeletal system to validate the associations of
digestive system diseases and skeletal system
diseases with AMD.

The results of mutual MVMR analysis indi-
cated that the causal relationship between CD
and AMD was consistent with the univariable
MR analysis results, suggesting that CD might
be a contributing factor for the onset of AMD
(p = 0.03, OR 1.068, 95% CI 1.005-1.136). The
estimated effect of RA on AMD was also com-
parable to the wunivariable IVW estimate
(p =0.01, OR 1.010, 95% CI 1.018-1.182). In
contrast, the multivariable MR estimates for

Exposure nSNP OR P-value
Crohn's Disease :
103 - 0.033338585
Ulcerative Colitis :
65 - 0.372093996
Rheumatoid Arthritis :

44 0.014473236
Ankylosing Spondylitis :
1 —————————0.619803749

Fig. 3 Forest plot of multivariable Mendelian randomiza-
tion analyses. OR odds ratio, zSNP number of single
nucleotide polymorphisms

other autoimmune diseases and their associa-
tion with AMD were not statistically significant.
To sum up, the results from the MVMR study
emphasized a certain causal association
between CD and AMD, and highlighted the
potential link between RA and AMD (Fig. 3).

DISCUSSION

The present work focused on comprehensively
investigating the possible causality between
IMIDs and AMD. To achieve this goal, we
selected multiple autoimmune diseases as
exposures and AMD as the outcome. After rig-
orous IV selection, univariable and multivari-
able MR analyses were performed. Following
thorough sensitivity analysis, the following
research findings were obtained:

1. The genetically predicted CD, RA and T1D
might be the causative factors for AMD.

2. There was no causal relationship between
UC, AS, and AMD.

3. The presence of MS might potentially have
a protective effect against AMD.

IMIDs constitute a diverse and widespread
spectrum of diseases driven by immune,
inflammatory, and genetic pathways, which
have increased the risk of developing AMD via
various biological mechanisms [11-13, 37]. One
of the primary pathological characteristics of
these diseases is the alteration of cellular
homeostasis in the body, with a central and
plausible mechanism involving systemic
inflammation. IMIDs can result in the produc-
tion of oxidized lipoproteins and free radicals,
causing stress responses in retinal tissues [38].
This process can activate local microglial cells
and induce the accumulation of subretinal
products, thereby triggering localized inflam-
matory responses. Consequently, macrophages,
T lymphocytes, and mast cells infiltrate the
macular region to initiate the formation of
drusen [39-41]. On the other hand, low-grade
inflammation may persist for decades during
the course of IMIDs and intensify with age,
leading to pathological changes that disrupt
ocular homeostasis; particularly, it involves the
activation of microglial cells and the

A\ Adis



Ophthalmol Ther (2024) 13:955-967

963

complement system, ultimately promoting the
development of AMD [42].

No previous reports have illustrated a clear
causal relationship between MS and AMD.
Instead, there are only isolated case reports
indicating the induction of macular edema fol-
lowing symptomatic treatment of MS [43],
implying a potential protective effect of MS
against AMD. From a pathophysiological per-
spective, patients with MS exhibit elevated
levels of sphingosine-1-phosphate (S1P) in their
bodies [44]. In vitro, S1P has been recognized to
enhance the barrier function via sphingosine-1-
phosphate receptor 1 (S1PR1), which may con-
tribute to the inhibition of exudation and
choroidal neovascularization, the two key
characteristics of exudative AMD [45]. Such
indirect effects may mitigate the occurrence of
exudative AMD. This underscores the complex
roles of S1P and S1PR in the development and
maintenance of ocular vasculature. Although
our MR analysis results suggested a potential
protective effect of MS against AMD, further
investigation is warranted in the future.

In research on IBDs, the increased risk of
AMD is associated with CD rather than with
UC. CD can occur anywhere in the digestive
tract, while UC is limited to the colon. A cross-
sectional study also detected differences in the
impact of these two IBDs on AMD [12]. To be
specific, retinal drusen significantly increased in
patients with CD, whereas it was less pro-
nounced in patients with UC. The formation of
drusen is related to fatty acid oxidation, cell
apoptosis, and complement activation [46, 47].
In IBDs, the microbial cell wall lipids exposed to
normal intestinal epithelium increase the
secretion of C3 [48]. However, in the context of
IBD, the defects in intestinal mucosa allow for
continuous bacterial exposure, thus activating
the alternative complement pathway [49].
C-reactive protein can bind to intestinal bacte-
ria, triggering the classical pathway comple-
ment activation, all of which provides the
necessary conditions for drusen formation [50].
Nonetheless, the complement involvement
differs between CD and UC, with the enhanced
complement activation during CD potentially
accounting for a higher number of drusen. In
CD, greater levels of C3 and C4 can be produced

by the intestinal mucosa [51], while the for-
mation of crypt abscesses further upregulates C3
[48, 52, 53]. Additionally, as a result of the more
extensive lesion scope in CD than UC, more
complement is generated. Increased production
of C3 in patients with CD leads to the formation
of more vitreous drusen, thereby exacerbating
the progression of AMD. This may explain the
differential impact of the two IBDs on AMD
observed in the MVMR study. Generally, more
retinal drusen can be observed in IBDs, accom-
panied by the extended disease course, a higher
complication rate, and an increased risk of
related IgA glomerulonephritis.

According to our MR analysis among IMIDs
affecting the skeletal system, RA was identified
as a risk factor for AMD, while AS was not. Both
RA and AS are chronic inflammatory diseases
primarily affecting the joints, and they share
numerous common risk factors and overlapping
immune responses with AMD. We hypothesized
that this might be due to the prolonged acti-
vation of the shared immune pathways, such as
the complement cascade, thus potentially
increasing the risk of developing AMD in these
patients [47]. Previous research has yielded
conflicting results regarding the association
between RA and AMD. McGeer suggested that
the risk of AMD might decrease among patients
with RA [16], which was attributed to the long-
term anti-inflammatory treatments. Neverthe-
less, certain limitations should be noted in the
study, including a small sample size, lack of
assessment of AMD prevalence, and oversim-
plification of the pharmacodynamics of RA
treatments. Moreover, Keenan’s cross-sectional
study found that the risk of subsequent AMD
significantly increased in patients with RA [11].
Their study had the strength of a large dataset
and extended follow-up period, adding credi-
bility to its findings. Furthermore, a recent
study based on the MarketScan database indi-
cated that the diagnosis of RA led to a signifi-
cantly earlier diagnosis of AMD [54]. Our MR
study also corroborated this finding at the
genetic level.

While diabetes has long been considered a
significant risk factor for AMD [55], previous
reports on the association between diabetes and
AMD have afforded conflicting results, and
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studies specifically addressing the relationship
between T1D and AMD are lacking. A previous
study suggested a protective effect of diabetic
retinopathy on the risk of AMD, since inner
blood-retinal barrier damage in diabetes was
associated with the enhanced outer blood-reti-
nal barrier activity, thus potentially providing a
protective mechanism for AMD [56]. However,
a meta-analysis found an increased risk of AMD
associated with diabetes [57], although it only
adjusted for age and sex, leaving potential
confounders unaccounted for. Moreover, recent
studies have shown that, compared with non-
diabetic eyes, the choriocapillaris surrounding
the dark halo associated with type 1 macular
neovascularization in diabetic eyes exhibits
greater hypoperfusion both before starting
therapy and after the loading phase. These
findings suggest that diabetic retinopathy may
be a potential risk factor for the development
and progression of late-stage AMD [58]. Com-
pared with previous studies, our research has a
significant advantage by utilizing the MR study
method, which minimizes confounders, and
confirming the causality between T1D and
AMD.

Certain limitations should be noted in the
present work. First, genome-wide association
study data only recruited individuals of Euro-
pean ancestry, which may limit the generaliz-
ability of our results to other populations. More
studies are warranted for validating the appli-
cability of our results in other ethnic groups.
Secondly, resource constraints prevented us
from accessing the updated individual-level
statistical data. Additionally, the FinnGen Gwas
database does not provide detailed staging
information for patients with AMD, hindering
precise guidance for each specific subtype.
Finally, there were only three IVs for MS and
AMD, which may inevitably introduce bias.

CONCLUSION

Our MR analysis reveals that CD, RA, and T1D
are related to a higher risk of AMD, while MS
appears to have a protective effect against AMD.
Moreover, the identification of specific IMIDs
linked to an increased risk of AMD presents

potential targets for innovative therapeutic
interventions.
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