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SUMMARY
We investigatedwhether the effect of lipid-lowering drugs (LLDs) on age-relatedmacular degeneration (AMD)
differs according to the main complement genetic variants in Singapore Epidemiology of Eye Diseases
(SEED) (n = 5,579) and UK Biobank studies (n = 445,727). The effect of LLD was determined for each stratum
of 20 complement genetic variants. In SEED, 484 individuals developed AMD and 216 showed progression
over 6 years. In the UK Biobank, 913 participants developed AMD over 11 years. rs1061170 variant (comple-
ment factor H gene) was the only variant for whichwe found a protective effect in both populations. This effect
was found in individuals carrying at least one C allele in SEED (odds ratio [OR] = 0.41; 95% confidence
interval [CI], 0.19–0.87) and in individuals carrying two C alleles in UK Biobank (hazard ratio [HR] = 0.65;
95% CI, 0.45–0.93). These effects corresponded to a 50% and 35% decrease in AMD risk, respectively.
Our study highlights the potential for personalized therapy for AMD based on complement genotyping.
INTRODUCTION

Age-related macular degeneration (AMD) is a chronic, pro-

gressive disease causing severe and irreversible vision loss

in the elderly.1 It impacts nearly 200 million individuals glob-

ally,2 accounting for 15%–20% of irreversible vision loss cases

in individuals aged 50 and over in Europe and North America.3

The burden of AMD will increase further with the aging popu-

lation. Current treatments, i.e., the anti-vascular endothelial

growth factor agents, primarily stabilize vision in wet AMD,1

while treatment options to prevent progression from the early

or intermediate to the sight-threatening late stage of AMD

remain limited.

Numerous studies have suggested that lipid metabolism plays

a significant role in the pathophysiology of AMD,4–7 indicating

that lipid-lowering drug (LLD) may be a potential treatment strat-

egy for AMD. However, both clinical and non-clinical studies,

including meta-analyses, have reported inconsistent findings
iScience 27, 111344, Decem
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regarding the association between LLD and AMD, with some

showing beneficial effect of LLD,8–11 while others showing no ef-

fect.12–17 Clarifying the effect of LLD on AMD is important for

improving treatment strategies for AMD.

We hypothesized that the complement system activity, driven

by genotype polymorphism, might modify the effect of LLD on

AMD and thus explain the discrepancy in current evidence.

Firstly, complement system can regulate lipid metabolism by

modulating the inflammatory properties of lipoproteins.18 Sec-

ondly, strong associations between measurements made on

systemic complement activation with lipoprotein sub-fractions

have been observed.19,20 Therefore, in this prospective study,

including participants from Singapore Epidemiology of Eye Dis-

eases (SEED) and the UK Biobank studies, we aimed to deter-

mine whether the effect of LLD on AMD incidence and progres-

sion differs according to the main complement genetic variants

and to explore how lipoprotein sub-fractions could mediate

this effect.
ber 20, 2024 ª 2024 The Authors. Published by Elsevier Inc. 1
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Table 1. Characteristics of the Singapore Epidemiology of Eye

Diseases study participants according to lipid-lowering drug

No LLD LLD

p value ASDn = 4,328 n = 1,251

Age, years, median (IQR) 52.8 (48.0,

60.2)

61.1 (54.3,

66.9)

<0.001 0.73

Female, n (%) 2,260 (52.2) 622 (49.7) 0.119 0.05

Ethnicity, n (%) <0.001 0.31

Chinese 1,704 (39.4) 490 (39.2)

Indian 1,292 (29.9) 523 (41.8)

Malay 1,332 (30.8) 238 (19.0)

Hypertension, n (%) 2,131 (49.4) 1,018 (81.4) <0.001 0.72

Diabetes, n (%) 727 (16.8) 595 (47.6) <0.001 0.70

BMI, kg/m2, median (IQR) 24.6 (22.0,

27.6)

25.5 (23.2,

28.5)

<0.001 0.24

Smoking status, n (%) <0.001 0.13

Never smoked 3,094 (71.5) 925 (74.0)

Current smoker 689 (15.9) 147 (11.8)

Past smoker 542 (12.5) 178 (14.2)

CVD, n (%) 156 (3.6) 262 (20.9) <0.001 0.55

Education level, n (%) <0.001 0.16

No or primary 2,205 (51.0) 736 (59.0)

Higher than primary 2,118 (49.0) 512 (41.0)

LLD, lipid-lowering drug; IQR, interquartile range; ASD, absolute stan-

dardized difference; BMI, body mass index; CVD, cardiovascular dis-

ease.
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RESULTS

Characteristics of participants included in the analysis
In SEED, among the 10,033 participants recruited at baseline,

6,762 had follow-up visits. We excluded 1,154 participants

without AMD grading at baseline and/or follow-up (no or ungrad-

able fundus images). Among the remaining 5,608 participants,

1,251 (22.3%) took LLD at baseline (29 did not have this informa-

tion available). The medications were mainly statin (n = 1,136;

90.8%) and fibrates (n = 102; 8.2%), the remaining were either

labeled other LLD (n = 29; 2.3%) or medication not specified

(n = 2; 0.2%). The characteristics of the individuals taking LLD

showed significant difference with individuals not taking these

medications (Table 1). Individuals taking LLD were older and

more likely to have hypertension, diabetes, and cardiovascular

disease (CVD). The absolute standardized difference (ASD) for

these four variables were higher than 0.50 (Table 1), suggesting

that classical regression adjustment might not be trustworthy,

and thus advocating for the use of a propensity score approach.21

To build our incidence outcome in SEED, among the 5,608 in-

dividuals having a gradable fundus at both visits, we excluded

2,159 prevalent AMD cases at baseline. We further excluded

44 individuals with incomplete medical records. Among the re-

maining 3,405 individuals, 2,586 (75.9%) had genotyping avail-

able. In this population, 484 (18.7%) developed AMD at the

follow-up visit (317 early, 163 intermediate, and 4 late AMD).

Compared to individuals who remained free of any AMD

between the two visits, individuals that developed AMD at the
2 iScience 27, 111344, December 20, 2024
follow-up visit were older and were more likely to be male, to

be Chinese or Malay, to have hypertension, to be past smokers,

and to have no primary education level (Table S1).

We then built our progression outcome. Among the 5,608 indi-

viduals having a gradable fundus at both visits, 2,133 had early or

intermediate AMDat baseline.We excluded 31 individuals due to

incompletemedical records. Among the remaining 2,102 individ-

uals, 1,620 (77.1%) had genotyping available. Out of them, 216

participants progressed between the 2 visits (early to intermedi-

ate, n = 199; early to late, n = 3, and intermediate to late AMD,

n = 14). Compared to individuals that remained within their base-

line AMD categories between the two visits, individuals that pro-

gressed to a more severe stage were more likely to be Indian or

Malay and had higher body mass index (BMI) (Table S1).

In UK Biobank, among the 449,297 participants included with

complete medical records, 77,864 (17.3%) took LLD at baseline.

The prevalent cases at baseline were removed (n = 3,984).

Among the remaining individuals, 913 developed AMD during

the follow-up at a mean follow-up time of 6.9 ± 2.8 years.

Compared to individuals who remained free of AMD during the

follow-up, individuals who developed AMD were older and

were more likely to have diabetes and CVD, and to be past

smokers (Table S2).

Association of LLDwith AMD incidence and progression
Overall, in SEED, the effect of LLD was not associated with AMD

incidence (inverse treatment probability weights [ITPW] method:

odds ratio [OR], 0.93; 95% confidence interval [CI], 0.68, 1.27;

overlap weights [OW] method: OR, 1.08; 95% CI, 0.83, 1.41).

However, when stratifying for complement genotypes, LLD

was associated with AMD according to rs7523273 (CD46) and

rs10033900 (CFI) with decreased risks of AMD and according

to rs41347947 (CD93) with increased risk of AMD (Table S3).

We used UK Biobank to confirm these possible associations

by estimating the effect of LLD according to the same genetic

variants. None of these associations were found in UK Biobank

(Table S4; Figure S1).

Overall, in SEED, the effect of LLD was not associated with

progression (ITPW method: OR, 0.83; 95% CI, 0.56, 1.22; OW

method: OR, 0.93; 95%CI, 0.64, 1.34). However, when stratifying

for the complement genotype, LLD was associated with a

decreased risk of AMDprogression according to rs1061170 (com-

plement factor H [CFH]) for individuals with CT or CC genotype,

and rs11080055 (VTN) for individuals with CC genotype (Table 2;

Table S3). These associations were tested in UK Biobank. LLD

was only associatedwith a decreased risk of AMD incidence in in-

dividuals with the CC genotype of rs1061170 (CFH) (ITPW

method: hazards ratio [HR], 0.65; 95%CI, 0.45, 0.93; OWmethod:

HR, 0.67; 95% CI, 0.47, 0.96) (Table 2; Figure 1; Table S4; Fig-

ure S1).Compared to SEED study, the larger sample size of UK

Biobank allowed us to detect that protective effect specifically

for individuals with two C alleles (CC genotype). The reduction in

the ASD when using the propensity score methods (Figures S2

and S3) showed a drastic reduction of bias due to differences be-

tween individual taking and not taking LLD, which confirms the

advantage of using a propensity score approach.

In SEED, we performed a subgroup analysis by considering

only individuals taking statin (instead of LLD as a whole) and



Table 2. Effect of lipid-lowering drug on the risk of AMD in

Singapore Epidemiology of EyeDiseases study and in UKBiobank

according to the CFH rs1061170 genetic variant

Cohort allele n Method Effect sizea p value

SEED

AMD progression

OR

(95% CI)

CFH rs1061170 TT 1,281 ITPW 1.00 (0.64,

1.55)

0.983

TT 1,281 OW 1.09 (0.72,

1.66)

0.688

CT/CC 339 ITPW 0.41 (0.19,

0.87)

0.020

CT/CC 339 OW 0.45 (0.22,

0.96)

0.039

UK Biobank

AMD incidence

HR

(95% CI)

CFH rs1061170 TT 171,893 ITPW 1.14 (0.83,

1.57)

0.416

TT 171,893 OW 1.04 (0.79,

1.38)

0.760

CT 209,130 ITPW 0.89 (0.67,

1.20)

0.456

CT 209,130 OW 0.85 (0.66,

1.11)

0.230

CC 64,704 ITPW 0.65 (0.45,

0.93)

0.019

CC 64,704 OW 0.67 (0.47,

0.96)

0.027

SEED, Singapore Epidemiology of Eye Diseases; ITPW, inverse treat-

ment probability weighting; OW, overlap weights.
aThe effects are expressed as odds ratios (OR) or hazard ratios (HRs) with

their 95% confidence intervals (CIs).
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found similar trends (ITPWmethod: OR, 0.46; 95%CI, 0.21, 1.01;

p = 0.052; OWmethod: OR, 0.52; 95% CI, 0.24, 1.11; p = 0.091)

for individuals with at least one C allele (CC/CT genotype) in

rs1061170 genetic variant (CFH).

Furthermore, we predicted AMDprogression and incidence ac-

cording to LLD intake and rs1061170 polymorphism in SEED and

UK Biobank (Figure 2). A large reduction was found for individuals

taking LLD with at least one C allele in SEED (genotypes CT/CC),

from 16.9% to 8.5%, compared to a stable rate of 12.3% in indi-

viduals homozygous for the reference allele (genotype TT) (Fig-

ure 2A). A similar reduction associated with LLD intake was found

in UK Biobank for individuals homozygous for the C allele (geno-

type CC), with a reduction from 0.38% to 0.25% (Figure 2B).

Lipoprotein sub-fractions
An interaction between two lipoprotein sub-fractions and

rs1061170 genetic variant was observed in relation to AMD after

correction for multiple testing: triglycerides in large high-density

lipoprotein (HDL) and triglycerides in very large HDL (Figure 3A;

Table S5). While the direction of effect of triglycerides in

large HDL and triglycerides in very large HDL on AMDwas nega-

tive for individuals with TT genotype, the association was posi-

tive for individuals with the CC genotype (Figures 3C and 3D;

Table S5A). Furthermore, taking LLD was associated with
decreased levels of triglycerides in very large HDL regardless

of the rs1061170 genotype, and associated with decreased

levels of triglycerides in large HDL for individuals with CC and

CT genotypes (Figures 3B and Table S5B).

DISCUSSION

We have shown in two large prospective cohorts that LLD had a

protective effect on AMD according to the rs1061170 genetic

variant located in the CFH gene. In SEED, this decreased risk

was evidenced for individuals with at least one C allele, and in

UK Biobank, due to its bigger sample size, this effect was evi-

denced for individuals with the CC genotype. In SEED, the

protective effect of LLD corresponded to a 50%decrease in pro-

gression rate. A similar protective effect with 35%decreased risk

was found in the UK Biobank for individuals with two CC alleles.

Further analyses showed that this protective effect could be

mediated by a decrease in the triglycerides sub-fraction in very

large HDL.

Because lipid metabolism is involved in the AMD pathophysi-

ology,4,5 LLDs have previously been investigated as a potential

therapeutic option; however, the results have been inconsistent.

Numerous studies, including meta-analyses, were insufficient to

establish a role for LLD as a preventive strategy for delaying the

onset or progression of AMD.12–17 Conversely, a recent meta-

analysis of 38,694 participants from 14 European populations re-

vealed a 15% reduction in risk of any AMD in patients who were

on LLD.11 While this is the largest association study to date on

LLD and AMD, the main limitation was its cross-sectional nature.

Several small clinical trials have also attempted to compare the

effects of statins on AMD progression. In a small trial of 26 pa-

tients with large drusenoid deposits, the group treated with

high-dose atrovastin had regression of drusen.22 A double-blind

randomized controlled trial showed that simvastatin was associ-

ated with a significant 2-fold decrease in the risk of progression.

We suggest that these inconsistencies in prior literature were

due to the complement genotype polymorphism. In our study,

we found a protective effect of LLD for people with one or two

C alleles in the rs1061170 genetic variant in SEED and UK Bio-

bank, respectively. The magnitudes of the effect were strong

with 50% and 35% decreases in the progression rates in SEED

and UK Biobank, respectively. In SEED, unfortunately, the num-

ber of individuals with a CC genotype for the rs1061170 genetic

variant was too limited to determine the effect of LLD in this

group. Consistent with our findings, Guymer et al. found that

the most prominent effect of simvastatin was observed among

those homozygous for the at-risk allele C of this genetic

variant.23

The protective effect of LLD in a sub-group of individuals ac-

cording to their complement genotype may be due to the com-

plex interplay between complement system and lipid meta-

bolism in the retina. HDL lipoprotein particles contain various

complement components18,24,25 and this may explain the inter-

actions between these two biological systems.20 It has been

shown that increased CFH concentration can trigger the anti-

inflammatory properties of large HDL particles.18 In our ana-

lyses, we showed that LLD was associated with an overall

decrease in the level of the triglyceride sub-fraction in very
iScience 27, 111344, December 20, 2024 3



Figure 1. Effect of lipid-lowering drug on the

risk of AMD in Singapore Epidemiology of

Eye Diseases and UK Biobank according to

the rs1061170 genetic variant

The squares represent the odds ratios (Singapore

Epidemiology of Eye Diseases [SEED]) or hazard

ratios (UK Biobank [UKBB]), with the horizontal

bars indicating the 95% confidence intervals. The

outcome is AMD progression in SEED study and

AMD incidence in UKBB study. ITPW, inverse

treatment probability weighting; OW, overlap

weights.
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large HDL particles. We also showed that the effect of this sub-

fraction on AMD was modified by rs1061170 polymorphism,

with the opposite direction of effects for individuals with CC

and TT alleles. Interestingly, lower level of this sub-fraction

was associated with a decreased risk of AMD only in individ-

uals with CC genotype. Therefore, the protective effect of

LLD for AMD progression for these individuals may be due to

decreased inflammation levels associated with a lower concen-

tration of triglycerides sub-fraction in very large HDL particles.

Proper biological studies are needed to determine the func-

tional effect of rs1061170 genetic variant polymorphism.
models (as shown in Figure 1) using the inverse treatment probability weighting approach, and applied to

details).

4 iScience 27, 111344, December 20, 2024
Our findings suggest that LLD could

be used for AMD in a personalized med-

icine framework. Despite the variation of

the allele frequency of the rs1061170 ge-

netic variant between populations, the

high magnitude of effect of LLD reported

here has the potential for a large public

health impact on the disease burden of

the 200 million individuals estimated to

have AMD. Here, we reported between

50% (SEED) and 35% (UK Biobank)

decreased risk in individuals on LLD

with one or two C alleles for the genetic

variant rs1061170. In contrast, the Age-
Related Eye Disease Study supplement formulary had a mod-

erate effect (25%) in individuals with high-risk features and no

effect at earlier stages.26 An approach could be to genotype

for CFH genetic variant of interest in patients with early

AMD, and appropriate LLD commenced if a risk allele is de-

tected. These drugs are well known, safe, and are widely

used for common systemic conditions and would require

only a change in indication if proven to prevent AMD

progression.

The key strength of this study was the utilization of longitudinal

data from two independent cohorts. We believe this is an
Figure 2. Predicted AMD progression and

incidence according to the lipid-lowering

drug and the CFH rs1061170 genotype

(A) Predicted AMD progression in Singapore

Epidemiology of Eye Diseases (SEED) study ac-

cording to the lipid-lowering drug (LLD) and the

CFH rs1061170 genotype.

(B) Predicted AMD incidence in UK Biobank

populations according to the LLD and the CFH

rs1061170 genotype. The points represent

the mean predicted progression rate (SEED)

or incidence rate (UKBB), with the vertical

bars indicating their 95% confidence inter-

vals. Predictions from the UK Biobank were

multiplied by 100 to facilitate the reading.

These predictions were calculated using the

LLD effects estimated from the multivariable

the untreated population (see STAR Methods for



Figure 3. Effect of lipoprotein sub-fractions

and lipid-lowering drug according to CFH

rs1061170 genotype

(A) Estimates corresponding to the interactions

between 49 low-density lipoprotein and high-den-

sity lipoprotein (HDL) sub-fractions and CFH ge-

netic variant (rs1061170) on AMD. The gray dotted

and red dashed lines corresponded to 5% signifi-

cance threshold before and after FDR correction,

respectively. The two HDL sub-fractions with FDR

corrected p values < 5% (above the red dashed line)

were considered for the analyses (B), (C), and (D).

(B) Effect of lipid-lowering drug on triglycerides sub-

fractions in large and very large HDL according to

rs1061170 genetic variant.

(C) Effects of triglycerides in large HDL (L_HDL_TG)

on AMD according to rs1061170 genetic variant.

The shaded areas around the solid and dotted lines

corresponded to the 95% confidence intervals.

(D) Effects of triglycerides in very large HDL

(XL_HDL_TG) on AMD according to rs1061170 ge-

netic variant. The shadedareas around the solid and

dotted lines corresponded to the 95% confidence

intervals.
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important strength compared to prior cross-sectional observa-

tional studies.Moreover, the validation of our findings in the large

UKBiobank cohort demonstrated the robustness of our findings.

Furthermore, the severity of AMD in SEED was performed using

Beckman classification system,27 graded by a reading center,

ensuring that the progression of disease was unequivocal as

each increase in severity grade required amark change in clinical

features. Finally, we used appropriate statistical methods based

on the estimation of propensity scores to account for the impor-

tant differences in the characteristics of the participants accord-

ing to the use of LLD.

Overall, our study conducted in two large independent co-

horts sheds new light on the use of LLD for AMD therapeutics.

We show that, while LLD may not be beneficial overall, individ-

uals with a C allele for the genetic variant rs1061170 in the CFH

gene have a substantially decreased risk of AMD. This indi-

cates a possible avenue for the development of a targeted,

personalized therapy based on the complement genotyping

for patients with early form of the disease and thus at risk of

progressing.

Limitations of the study
Some limitations must also be acknowledged. Firstly, no infor-

mation was available on the dose of the LLD taken; we could

not thus explore a possible dose-relationship effect of these

medications on AMD progression. Secondly, in the AMD inci-

dence analysis in UK Biobank, the AMD status was based on

self-reported information and hospital consultations. However,

we manually graded the images of all the AMD cases and found

that 45.3%, 41.7%, and 3.9% of them had signs of early, inter-

mediate, and late AMD, respectively, while only 9.1% showed

no AMD in fundus image. Although the proportion of false-nega-

tive cases is unknown, this indicates a low proportion of false-

positive cases.
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Software and algorithms

R Project RStudio https://posit.co/products/open-source/rstudio/

Other

Singapore Epidemiology of

Eye Disease (SEED) data

Singapore Epidemiology of

Eye Disease (SEED) study

https://www.snec.com.sg/research-innovation/

key-programme-singapore-epidemiology-of-eye-diseases

UK Biobank data UK Biobank https://www.ukbiobank.ac.uk/
EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

This is a multi-ethnic prospective study. Participants were from the Singapore Epidemiology of Eye Diseases (SEED) and the UK Bio-

bank studies. SEED is a prospective population-based study of 10,033 subjects aged 40 years and over from the three main ethnic

groups in Singapore: Chinese Indian, andMalay, recruited at 2004 and followed up 6 years later, a standardised interview, laboratory

and ophthalmic investigations at both visits.28 The UK Biobank study is a prospective cohort in the UKwith over 500,000 participants

aged 37–73 years recruited during 2006–2010.29 The study has collected extensive phenotypic detail, including data from question-

naires, physical measures, and sample assays and longitudinal follow-up for a wide range of health-related outcomes. Age, sex,

ethnicity and other relevant demographics and clinical information for SEED participants and UK Biobank participants included in

this study are presented in Tables S1 and S2.

Ethics
Informed, written consent was obtained from all the participants of the SEED study, with ethical approval obtained from the Institu-

tional Review Board of SingHealth. Similarly, written informed consent was obtained from all the participants of the UK Biobank

study, which was approved by the North West Center for Research Ethics Committee.

METHOD DETAILS

AMD grading
In SEED, the presence and severity of AMD was determined by the Singapore National Eye Center Ocular reading center, based on

fundus photographs, according to the Beckman classification system.27 Early AMD was defined as the presence of medium

(63–125 mm) drusen and without any pigmentary abnormalities. Intermediate AMD was defined as the presence of large drusen

(larger than 125mm) and/or the presence of pigmentary abnormalities with medium drusen. Late AMD was defined as the presence

of features of wet AMD or geographic atrophy. The analyses were performed at the individual level with the more severe eye consid-

ered for each individual (Table S6).

We identified AMD incidence and progression based on the grading at baseline and 6-year follow-up. Individuals who were free of

AMD at baseline but had any form of AMD at the follow-up visit were defined as having incident AMD, with the corresponding controls

being those free of AMD at both visits. Individuals with AMD progression was defined as those who progressed from early AMD to

intermediate/late AMD, or from intermediate to late AMD. The controls were individuals whose AMD severity remained unchanged

between the two visits.

LLD and participant’s characteristics
We obtained the patient reported use of LLD (statins, fibrates and unspecified) at the baseline visit. No information was available on

the dosage. In the main analysis, LLD was used as a whole. In a sensitivity analysis, only statins were considered. To account for

potential confounders, we considered the following participant’s characteristics: age, sex, ethnicity, hypertension, cardiovascular

disease, diabetes status, BMI, smoking status and education level.

Complement system genotype
We considered the single nucleotide polymorphisms (SNPs) associated with AMD in the latest large international genome-wide as-

sociation studies conducted on 16,144 patients with AMD and 17,832 controls.30 Among these SNPs, we selected those flanked

250kb of each complement system genes. For each gene, we used the lead SNP with the smallest p-value, which led us to consider
e1 iScience 27, 111344, December 20, 2024
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36 SNPs. These SNPs were extracted in SEED, and for the SNPs not available, we used the next available lead SNP instead. Finally,

we excluded those with mean R2 imputation quality <0.60 and thus kept a total of 20 SNPs (Table S7).

To determine whether the effect of LLD differ according to the complement system genotype, we stratified the analyses according

to these SNPs, i.e., one analysis was run in each genetic stratum: homozygous for the reference allele, heterozygous, and homozy-

gous for the risk allele. If the number of individuals in the latest group was too small, then two groups were considered: homozygous

for the reference allele and individuals with at least one risk allele.

Replication of analysis in UK biobank
In UK Biobank, AMD was defined based on a combination of the following information: 1) in-patient and mortality data using prede-

fined International Classification of Diseases (ICD) 10 (code: H35.3) 2) self-reported information (data field: 20002; code: 1528 and

date field: 6148). Prevalent AMD cases were defined as individuals who received an initial diagnosis of AMD at or before recruitment.

Incident AMD cases were defined as individuals who initially received a diagnosis of AMD between recruitment and during the 11

years of follow up. The use of LLD at the baseline visit were collected. All the 20 complement genotype SNPs used for the analyses

in SEED were available in UK Biobank and all had R2 imputation values R 0.90 (Table S7).

Lipoprotein sub-fractions
We used nuclear magnetic resonance (NMR) metabolomics data available in UK biobank at the baseline visit. Among the 170 blood

metabolites quantified, we included 49 HDL and low-density lipoprotein (LDL) sub-fractions. HDL and LDL were classified as very

large (XL), large (L), medium (M), and small (S); and L, M and S, respectively. For each lipoprotein subclass, the concentrations of

lipids, triglycerides, cholesterol esters, free cholesterol, and phospholipids were considered. The list of the lipid-related metabolites

considered is shown in Table S8.

QUANTIFICATION AND STATISTICAL ANALYSIS

The effect of LLD on AMD was determine according to each complement system genetic variant. To account for the difference in

characteristics between individuals taking or not LLD, we used a propensity score approach.31 This method is very efficient to deter-

mine the effect of a treatment in an observational study because it allows to appropriately removes confusion effects.32 It has been

indeed shown that propensity score studies produce results generally consistent with the findings of randomized clinical trials.33

First, we estimated the probability of the participants to be taking LLD using a logistic regression model with the following covariates:

age, sex, ethnicity (Chinese, Malay or Indian), hypertension (yes/no), diabetes status (yes/no), BMI (continuous), smoking status

(never smoked, past smoker, current smoker), self-reported history of cardio-vascular disease (yes/no), and education level

(no formal education or primary education, O/N levels, A levels or university education). These probabilities (predicted scores)

were then used to calculate weights which were used in a logistic regression model (SEED) and Cox proportional hazards model

(UK Biobank) with AMD outcomes as the dependent variables, and LLD as the exposure variable. Two different weights were

used to determine the robustness of the results: IPTW34 and OW.35 The effect of LLD on AMD were expressed in odds-ratios

(OR) in SEED and in hazard ratios (HR) in UK Biobank. More details regarding these methods are presented in the Methods S1.

Furthermore, we calculated the adjusted predicted AMD progression and incidence according to LLD and the CFH rs1061170 ge-

notype. In SEED, we first converted the OR (estimated using the logistic multivariable model) into relative risks (RR) using the formula:

RR = OR/((1-P0)+(P0*OR)),36 with P0 being the AMD probability in individuals not taking LLD. In UK Biobank, we converted the HR

(estimated using the multivariable Cox model) into RR using the following formula: RR=(1-exp(HR*log(1-P0)))/P0. The adjusted AMD

predictions were then obtained using the formula: adjusted AMD predictions = RR*P0/(1-P0+(RR*P0)). In SEED, P0 with their 95%CI

were calculated using a binomial distribution and in UK Biobank as 1 – survival probability of a Cox model with only the intercept.

Finally, to explore whether lipoprotein sub-fractions mediated the effect of LLD on AMD, we performed the following cross-

sectional analyses in UK Biobank using the prevalent AMD cases at baseline. Firstly, we determined whether the effect of the

HDL and LDL sub-fractions on AMD varied according to rs1061170 genetic variant by testing the interaction effect between these

sub-fractions and rs1061170 coded as continuous variable. The same set of covariates as the one used in the main analyses was

used to correct for possible confounders. Then, for the significant interactions after false discovery rate correction, we quantified

the variations of lipoprotein sub-fractions associated with LLD using the same propensity score approach as the one used for the

main analyses. For these analyses, we standardized the lipoprotein sub-fractions distributions with Z score normalizations.
iScience 27, 111344, December 20, 2024 e2
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