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IMPORTANCE Advanced age-related macular degeneration (AMD) is a leading cause of
blindness in Western countries. Causal, modifiable risk factors need to be identified to
develop preventive measures for advanced AMD.

OBJECTIVE To assess whether smoking, alcohol consumption, blood pressure, body mass
index, and glycemic traits are associated with increased risk of advanced AMD.

DESIGN, SETTING, PARTICIPANTS This study used 2-sample mendelian randomization. Genetic
instruments composed of variants associated with risk factors at genome-wide significance
(P < 5 × 10−8) were obtained from published genome-wide association studies.
Summary-level statistics for these instruments were obtained for advanced AMD from the
International AMD Genomics Consortium 2016 data set, which consisted of 16 144 individuals
with AMD and 17 832 control individuals. Data were analyzed from July 2020 to September
2021.

EXPOSURES Smoking initiation, smoking cessation, lifetime smoking, age at smoking
initiation, alcoholic drinks per week, body mass index, systolic and diastolic blood pressure,
type 2 diabetes, glycated hemoglobin, fasting glucose, and fasting insulin.

MAIN OUTCOMES AND MEASURES Advanced AMD and its subtypes, geographic atrophy (GA),
and neovascular AMD.

RESULTS A 1-SD increase in logodds of genetically predicted smoking initiation was associated
with higher risk of advanced AMD (odds ratio [OR], 1.26; 95% CI, 1.13-1.40; P < .001), while a
1-SD increase in logodds of genetically predicted smoking cessation (former vs current
smoking) was associated with lower risk of advanced AMD (OR, 0.66; 95% CI, 0.50-0.87;
P = .003). Genetically predicted increased lifetime smoking was associated with increased
risk of advanced AMD (OR per 1-SD increase in lifetime smoking behavior, 1.32; 95% CI,
1.09-1.59; P = .004). Genetically predicted alcohol consumption was associated with higher
risk of GA (OR per 1-SD increase of log-transformed alcoholic drinks per week, 2.70; 95% CI,
1.48-4.94; P = .001). There was insufficient evidence to suggest that genetically predicted
blood pressure, body mass index, and glycemic traits were associated with advanced AMD.

CONCLUSIONS AND RELEVANCE This study provides genetic evidence that increased alcohol
intake may be a causal risk factor for GA. As there are currently no known treatments for GA,
this finding has important public health implications. These results also support previous
observational studies associating smoking behavior with risk of advanced AMD, thus
reinforcing existing public health messages regarding the risk of blindness associated with
smoking.
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A ge-related macular degeneration (AMD) is a leading cause
of blindness in Western countries,1-4 accounting for 8.7%
of blindness worldwide.5 The prevalence of AMD is pro-

jected to increase by 47% in the next 20 years because of popu-
lation aging, posing a major burden to health care systems across
the world.4 Advanced AMD consists of geographic atrophy (GA)
and neovascular AMD (nAMD).6 Treatment is currently only
available for nAMD and comes in the form of intravitreal injec-
tions of anti–vascular endothelial growth factor.3 This treat-
ment is invasive, expensive, of limited effectiveness, and poses
a considerable burden on patients.7-9 Therefore, increased pub-
lic health efforts need to be directed toward prevention of ad-
vanced AMD. Identifying causal, modifiable risk factors for ad-
vanced AMD is critical to implementing interventions for
prevention.

Observational epidemiological studies have investigated the
associations of lifestyle and metabolic risk factors (smoking,10-12

alcohol consumption,13-16 obesity,8,17-19 blood pressure,20-22 gly-
cemictraits,21,23-25 anddyslipidemia2,26,27)withAMD,butthefind-
ings are inconsistent and cannot be established as causal owing
to limitations introduced by confounding and reverse causality.
Randomized clinical trials (RCTs) allow reliable causal inferences
to be drawn and have shown that dietary intake of specific high-
dose combinations of zinc and antioxidants reduces progression
from intermediate to advanced AMD.28-30 However, for diseases
ofaging,suchasAMD,wheretheremaybealonglagtimebetween
exposuretoriskfactorsandclinicalmanifestationofdisease,RCTs
may be prohibitively expensive, time consuming, and infeasible,
particularly for exposures such as smoking, alcohol intake, obe-
sity, hypertension, glycemic traits, and blood lipid levels.

Mendelian randomization (MR) is a technique that has been
used to assess potential causal associations across a wide range
of diseases. MR is based on the principle that if a genetic vari-
ant causes a change in an exposure (eg, smoking or alcohol in-
take), and if this exposure is causal for a disease (eg, advanced
AMD), then the genetic variant should also be associated with
risk of the disease. This method exploits the random allocation
of genetic variants at meiosis,31 rendering MR studies similar to
RCTs in that they are less prone to confounding than classical
observational epidemiological studies. MR studies also miti-
gate the problem of reverse causation because the genotype is
invariant and not modified by disease.32 MR techniques based
on multiple genetic variants selected from across the genome
have found a causal role for increased levels of high-density li-
poprotein cholesterol, but not low-density lipoprotein choles-
terol or triglycerides, in advanced AMD risk.33,34

Here we use MR to assess the potential causal role of other
exposures that are amenable to intervention (ie, smoking, alco-
hol intake, body mass index [BMI], blood pressure, and glycemic
traits) on the risk of advanced AMD and its subtypes, GA and
nAMD, using publicly available data.

Methods
Study Design
Two-sample MR was performed, whereby summary-level data
of genetic variants associated with smoking initiation (ever

having smoked regularly), smoking cessation (former vs cur-
rent smoking), lifetime smoking (represented by an index
which captures smoking status, duration, heaviness, and ces-
sation), age at smoking initiation, weekly alcohol intake, BMI,
systolic and diastolic blood pressure, type 2 diabetes, gly-
cated hemoglobin (HbA1c), fasting glucose level, and fasting
insulin level were obtained from study samples that did not
overlap with those for advanced AMD and its subtypes
(eMethods in Supplement 1). Ethical approval for each data set
had been obtained in the original studies.

Data Sources
Summary-level statistics for smoking traits, alcohol intake, BMI,
blood pressure, and glycemic traits were obtained from, to our
knowledge, the largest genome-wide association studies
(GWAS) for these exposures to date (eMethods in Supple-
ment 1). Summary-level genetic association data for ad-
vanced AMD, GA, and nAMD were obtained from the Interna-
tional AMD Genomics Consortium (IAMDGC) 2016 data set.35

Data were analyzed from July 2020 to September 2021. The
number of participants in each study, the race and ethnicity
of the participants, and the number of single-nucleotide vari-
ants (SNVs; formerly SNPs) in the genetic instruments for each
exposure are provided in the Table. The SNVs used as instru-
mental variables for the exposures in this study (eTables 1-12
in Supplement 1) were obtained from the studies listed in the
Table. SNVs were selected according to criteria outlined in the
eMethods in Supplement 1.

Statistical Analysis
We performed univariable inverse-variance–weighted (IVW)
2-sample MR analyses under a multiplicative random-effects
model to examine the potential causal associations of smok-
ing, alcohol intake, BMI, blood pressure, and glycemic risk fac-
tors with the risk of advanced AMD and its subtypes, GA and
nAMD (eMethods in Supplement 1).

Additionally, we conducted sensitivity analyses using the
weighted median,36 MR-Egger,37 and MR pleiotropy residual
sum and outlier (MR-PRESSO)38 methods, as well as multi-
variable MR (MVMR) with smoking traits adjusted for alcohol
intake and vice versa (eMethods in Supplement 1).

Key Points
Question Are smoking, alcohol intake, blood pressure, body mass
index, and glycemic traits associated with age-related macular
degeneration (AMD)?

Findings In this mendelian randomization study, genetically
predicted smoking initiation and lifetime smoking were associated
with elevated risk of advanced AMD, genetically predicted
smoking cessation was associated with decreased risk of advanced
AMD, and genetically predicted alcohol intake was associated with
increased risk of geographic atrophy.

Meaning These findings support a potential causal association of
alcohol consumption with an increased risk of geographic atrophy,
smoking initiation and lifetime smoking with an increased risk of
advanced AMD, and smoking cessation with a decreased risk of
advanced AMD.
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We analyzed 12 potentially modifiable lifestyle and meta-
bolic exposures (Table). Wald test was used to calculate 2-tailed
P values. Using a conservative approach, we applied a Bon-
ferroni-corrected significance level of .004 (.05 divided by 12).
Analyses were conducted using the MR, MR-PRESSO, and
2-sample MR packages in R version 3.5.0 (the R Foundation).

Results
Association of Smoking With Risk of Advanced AMD
Genetic predisposition to smoking initiation was associated
with overall risk of advanced AMD under the IVW method (OR
[odds ratio], 1.26; 95% CI, 1.13-1.40; P < .001) (Figure; eFig-
ure 1 and eTable 13 in Supplement 1). This was supported by
the MVMR analysis (OR, 1.19; 95% CI, 1.05-1.36; P = .007) and
weighted median analysis (OR, 1.20; 95% CI, 1.02-1.40; P = .03)
(Figure; eFigure 1 and eTable 13 in Supplement 1). The results
were similar for nAMD (IVW: OR, 1.26; 95% CI, 1.11-1.43;
P < .001; MVMR: OR, 1.18; 95% CI, 1.02-1.37; P = .02; weighted
median: OR, 1.29; 95% CI, 1.08-1.54; P = .005). Smoking ini-
tiation was not associated with GA (IVW: OR, 1.24; 95% CI, 1.03-
1.49; P = .02; weighted median: OR, 1.31; 95% CI, 1.00-1.72;

P = .05) (Figure; eTable 13 in Supplement 1). There was no in-
dication of heterogeneity using the Cochran Q statistic (Figure)
or directional pleiotropy using MR-Egger and MR-PRESSO
methods (eTable 13 in Supplement 1).

Genetically predicted smoking cessation was protective
for advanced AMD compared with persistent smoking (IVW:
OR, 0.66; 95% CI, 0.50-0.87; P = .003; MVMR: OR, 0.71;
95% CI, 0.57-0.88; P = .002; MR-Egger: OR, 0.43; 95% CI,
0.21-0.87; P = .02) (Figure; eFigure 2 and eTable 13 in
Supplement 1). There was no association between smoking
cessation and nAMD or GA (Figure; eTable 13 in Supple-
ment 1). No evidence was found of heterogeneity using the
Cochran Q statistic (Figure) or directional pleiotropy using
MR-Egger and MR-PRESSO (eTable 13 in Supplement 1).

Genetically predicted lifetime smoking (represented by
a composite index taking into account smoking status, dura-
tion, heaviness, and cessation)39 was associated with higher
odds of advanced AMD (IVW: OR, 1.32; 95% CI, 1.09-1.59;
P = .004; MVMR: OR, 1.48; 95% CI, 1.14-1.94; P = .004;
weighted median: OR, 1.42; 95% CI, 1.11-1.81; P = .005)
(Figure; eFigure 3 and eTable 13 in Supplement 1). The
results were similar for nAMD (IVW: OR, 1.41; 95% CI, 1.14-
1.74; P = .001; MVMR: OR, 1.62; 95% CI, 1.19-2.19; P = .002;

Table. Details of the Summary-Level Data

Trait or disease Source
No. of participants and participant
race or ethnicity

No. of SNVs included
in the instrumental
variable

Ever smoked regularly GSCAN 1 232 091 European individuals 336

Smoking cessation
(former vs current
smoking)

GSCAN 547 219 European individuals 23

Lifetime smoking
index

UKB 462 690 European individuals 119

Age at initiation of
regular smoking

GSCAN 341 427 European individuals 7

Alcohol intake
per wk

GSCAN 941 280 European individuals 85

Body mass indexa GIANT, UKB 694 649 European individuals 289

Systolic blood
pressure

GERA, ICBP, UKB 321 262 (2% African individuals,
2% East Asian individuals,
92% European individuals, 3% Latinx
individuals, <1% South Asian
individuals, <1% individuals
of mixed/other race or ethnicity)

89

Diastolic
blood pressure

GERA, ICBP, UKB 321 262 (2% African individuals,
2% East Asian individuals,
92% European individuals, 3% Latinx
individuals, <1% South Asian
individuals, <1%
individuals of mixed/other race
or ethnicity)

103

Type 2 diabetes DIAGRAM, GERA,
UKB

62 892 Individuals with AMD and
596 424 control individuals,
all European

134

HbA1c MAGIC 159 940 (5% African individuals,
13% East Asian individuals,
77% European individuals,
6% South Asian individuals)

37

Fasting glucose MAGIC 133 010 European individuals 34

Fasting insulin MAGIC 108 557 European individuals 14

Advanced AMD IAMDGC 16 144 Individuals with advanced AMD
(10 749 with neovascular AMD, 3325
with geographic atrophy, and 2070
with mixed neovascular AMD
and geographic atrophy)
and 17 832 control individuals,
all European

NA

Abbreviations: AMD, age-related
macular degeneration; DIAGRAM,
Diabetes Genetics Replication and
Meta-analysis; GERA, Genetic
Epidemiology Research on Adult
Health and Aging; GIANT, Genetic
Investigation of Anthropometric
Traits; GSCAN, GWAS and Sequencing
Consortium of Alcohol and Nicotine
Use; IAMDGC, International
Age-Related Macular Degeneration
Genomics Consortium; ICBP,
International Consortium for Blood
Pressure; MAGIC, Meta-Analyses of
Glucose and Insulin-Related Traits
Consortium; NA, not applicable;
SNVs, single-nucleotide variants;
UKB, UK Biobank.
a Calculated as weight in kilograms

divided by height in meters
squared.

Association of Smoking, Alcohol Consumption, Blood Pressure, BMI, and Glycemic Risk Factors With AMD Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology Published online November 4, 2021 E3

Downloaded From: https://jamanetwork.com/ by a University College London User  on 11/22/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.4601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.4601
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.4601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.4601
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.4601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.4601
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.4601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.4601
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.4601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.4601
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.4601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.4601
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.4601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.4601
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.4601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.4601
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2021.4601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.4601
http://www.jamaophthalmology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2021.4601


weighted median: OR, 1.42; 95% CI, 1.08-1.88; P = .01)
(Figure; eTable 13 in Supplement 1). The association with GA
was not statistically significant. Heterogeneity was detected

in the variant-specific estimates for lifetime smoking
(Figure). However, the multiplicative random-effects IVW
method accounts for heterogeneity and provides valid esti-

Figure. Association of Genetically Predicted Modifiable Risk Factors With Advanced Age-Related Macular Degeneration (AMD) and its Subtypes

0 3 52 4
OR (95% CI)

1

Q stat P valueRisk factor OR (95% CI)
Smoking behavior

Alcohol consumption

Obesity

Smoking initiation
Overall advanced AMD
Geographic atrophy
Neovascular AMD

1.26 (1.13-1.40)
1.24 (1.03-1.49)
1.26 (1.11-1.43)

369335
358335
362335

.09

.18

.15

Smoking cessation
Overall advanced AMD
Geographic atrophy
Neovascular AMD

0.66 (0.50-0.87)
0.84 (0.54-1.30)
0.67 (0.49-0.92)

2522
1922
2622

.31

.66

.26

Lifetime smoking index
Overall advanced AMD
Geographic atrophy
Neovascular AMD

1.32 (1.09-1.59)
1.25 (0.92-1.69)
1.41 (1.14-1.74)

167118
150118
160118

.002

.02

.006

Age of smoking initiation
Overall advanced AMD
Geographic atrophy
Neovascular AMD

0.89 (0.39-2.01)
1.18 (0.30-4.68)
0.88 (0.35-2.22)

46
26
46

.72

.89

.67

Drinks per wk
Overall advanced AMD
Geographic atrophy
Neovascular AMD

1.57 (1.03-2.40)
2.70 (1.48-4.94)
1.49 (0.95-2.34)

16584
11384
14584

<.001
.02
<.001

Body mass index
Overall advanced AMD
Geographic atrophy
Neovascular AMD

1.03 (0.90-1.18)
1.03 (0.83-1.29)
1.02 (0.87-1.19)

380288
343288
377288

<.001
.03
<.001

Blood pressure

Glycemic risk factors

Systolic blood pressure
Overall advanced AMD
Geographic atrophy
Neovascular AMD

1.01 (0.85-1.21)
1.06 (0.82-1.38)
0.97 (0.80-1.18)

13688
10688
13088

<.001
.09
.002

Diastolic blood pressure
Overall advanced AMD
Geographic atrophy
Neovascular AMD

0.82 (0.58-1.16)
0.93 (0.59-1.48)
0.82 (0.57-1.19)

265102
161102
230102

<.001
<.001
<.001

Type 2 diabetes
Overall advanced AMD
Geographic atrophy
Neovascular AMD

0.89 (0.77-1.02)
0.94 (0.82-1.07)
0.88 (0.75-1.02)

1288133
381133
1129133

<.001
<.001
<.001

HbA1c
Overall advanced AMD
Geographic atrophy
Neovascular AMD

0.72 (0.45-1.16)
0.74 (0.36-1.50)
0.75 (0.48-1.15)

6936
5536
4636

<.001
.02
.13

Fasting glucose
Overall advanced AMD
Geographic atrophy
Neovascular AMD

0.82 (0.59-1.14)
0.83 (0.53-1.31)
0.83 (0.57-1.20)

5333
3433
5233

.01

.42

.02
Fasting insulin

Overall advanced AMD
Geographic atrophy
Neovascular AMD

0.45 (0.20-1.01)
0.38 (0.13-1.11)
0.48 (0.18-1.28)

2213
1413
2613

.06

.39

.02

Odds ratios under the inverse-variance weighted mendelian randomization
method are shown for a 1-SD increase in the logodds of ever having smoked
regularly, 1-SD increase in the logodds of smoking cessation (former vs current
smoking), 1-SD increase in the lifetime smoking index, 1-SD increase of the age
at which an individual started smoking regularly, 1-SD increase of
log-transformed alcoholic drinks per week, 1-SD increase in body mass index

(calculated as 4.8 kg/m2); 10-mm Hg increase in systolic and diastolic pressure;
1-SD increase in the logodds of having type 2 diabetes; 1% increase in glycated
hemoglobin (HbA1c); 18.02-mg/dL (to convert to mmol/L, multiply by 0.0555)
increase in fasting glucose; and 1 log-transformed (pmol/L) increase in fasting
insulin.
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mates under the assumption of balanced pleiotropy.40

There was no indication of directional (unbalanced) pleiot-
ropy using the MR-Egger method. The MR-PRESSO test
detected no outliers for advanced AMD or nAMD and 1 out-
lier for GA, with no significant difference in the estimates
before and after adjusting for the outlier (eTable 13 in
Supplement 1). The age at which smoking was initiated
was not found to be associated with risk of advanced AMD
and its subtypes (Figure; eFigure 4 and eTable 13 in
Supplement 1).

Association of Alcohol Consumption
With Risk of Advanced AMD
We found no association between increased genetically pre-
dicted alcohol consumption and risk of advanced AMD using
IVW (OR, 1.57; 95% CI, 1.03-2.40; P = .04), MVMR (OR, 1.65;
95% CI, 1.21-2.26; P = .002), weighted median (OR, 2.04; 95%
CI, 1.23-3.39; P = .006), or MR-PRESSO (OR, 1.47; 95% CI, 1.02-
2.10; P = .04) (Figure; eFigure 5 and eTable 13 in Supple-
ment 1). Examination of advanced AMD subtypes showed a
strong association between higher alcohol intake and GA (IVW:
OR, 2.70; 95% CI, 1.48-4.94; P = .001; MVMR: OR, 2.83; 95%
CI, 1.64-4.88; P < .001; and MR-PRESSO: OR, 2.50; 95% CI, 1.42-
4.42; P = .002), but not nAMD (Figure; eTable 13 in Supple-
ment 1). There was evidence of heterogeneity (Figure), but this
was accounted for under the multiplicative random-effects
IVW method.40 There was no indication of directional (unbal-
anced) pleiotropy using MR-Egger. The MR-PRESSO test
detected 3 outliers for advanced AMD—1 for GA and 2 for
nAMD—but there was no significant difference between the es-
timates before and after correction for outliers (eTable 13 in
Supplement 1).

Association of BMI, Blood Pressure, and Glycemic Risk
Factors With Risk of Advanced AMD
There was no evidence that BMI, blood pressure, type 2 dia-
betes, HbA1c, fasting glucose level, or fasting insulin level had
a causal association with the risk of AMD using MR (Figure;
eFigures 6-12 and eTable 13 in Supplement 1).

Discussion
Main Findings
This study used an MR framework to explore potential
causal associations between the risk of advanced AMD and
the following modifiable risk factors: smoking, alcohol con-
sumption, BMI, blood pressure, and glycemic traits. We
found genetic evidence supporting a potential causal asso-
ciation between smoking initiation and advanced AMD risk
consistent with previous observational studies. This asso-
ciation was stronger for nAMD than for GA. Similar results
were found for lifetime smoking behavior. Additionally,
smoking cessation was associated with a decreased risk of
advanced AMD, specifically nAMD, compared with persis-
tent smoking. We also found suggestive evidence for a pos-
sible causal association between increased alcohol con-
sumption and risk of advanced AMD that was likely driven

by a strong association with GA. There was insufficient evi-
dence to suggest a potential causal association with the
other exposures, namely BMI, blood pressure, or glycemic
risk factors, on advanced AMD risk.

Results in Context With the Published Literature
Conventional observational studies have consistently implicated
smoking as a risk factor for developing AMD (OR, 1.7-4.6),10,11,41-43

with1studyreportingtheriskofAMDreducedtobaseline20years
aftersmokingcessation.44 UsingMRtechniques,wefoundgenetic
evidence to support that smoking initiation and lifetime
smoking behavior may be causally associated with risk of ad-
vanced AMD and that smoking cessation is protective. Several
theories have been proposed to explain the association between
smoking and AMD. Oxidative stress is thought to play a major role
in AMD pathogenesis.45 Smoking is known to decrease levels of
antioxidants,46 resulting in the disruption of the retinal pigment
epithelium barrier and leading to the formation of drusen
and neovascularization.47-50 Smoking can also upregulate endo-
thelial smooth muscle cell proliferation, leading to choroidal
neovascularization.51 Atherosclerosisorvasoconstrictionsecond-
ary to smoking could cause hypoxic conditions in the retina,52

stimulating production of vascular endothelial growth factor
and resulting in retinal endothelial cell proliferation and
neovascularization.53 Smoking has also been found to be asso-
ciated with the production of inflammatory mediators and acti-
vation of the complement cascade involved in the pathogenesis
of AMD.54-56 While these hypotheses may explain how smoking
can cause AMD generally, it has been unclear whether and how
smoking affects GA and nAMD differently. Our finding that smok-
ing behavior has a greater potential association with nAMD com-
pared with GA may be a reflection of how the pathogenesis of
nAMD diverges from what is assumed to be the underlying de-
fault pathway of early AMD to GA.57,58 Further investigation is re-
quired to provide insights into how these pathways differ.

The evidence in the literature for an association between
alcohol consumption and AMD risk is less robust than for smok-
ing. While high alcohol intake has been reported to be associ-
ated with an increased risk of AMD, a systematic review con-
cluded that residual confounding effects from smoking could
not be ruled out.13,59,60 One study has conversely reported a
protective effect with moderate alcohol consumption.61 Our
results provide genetic evidence of a potential causal associa-
tion between increased weekly alcohol consumption and risk
of GA. While there are no studies, to our knowledge, looking
at the role of alcohol consumption in the pathophysiology of
GA specifically, the mechanism of alcohol as a risk factor for
AMD is thought to be related to oxidative damage. Alcohol de-
pletes antioxidant levels and results in the production of re-
active oxygen species.62,63 Further studies are required to in-
vestigate why increased alcohol intake appears to have a causal
association with GA but not with nAMD.

The effects of BMI and blood pressure on AMD are uncer-
tain. Some observational studies have found increased BMI and
blood pressure to be associated with increased AMD risk,
whereas others showed no association.17,26 A meta-analysis of
cohort studies found an increased risk of advanced AMD in in-
dividuals with obesity.17 One cohort study found antihyper-
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tensive medication to be associated with increased AMD risk.64

However, cohort studies are prone to confounding, and meta-
analyses are prone to publication bias. Our MR estimates did
not indicate potential causal associations for either BMI or
blood pressure traits with risk of advanced AMD.

Reports on the association between diabetes and AMD are
conflicting. A recent meta-analysis found that diabetes was as-
sociated with increased risk of AMD.25 However, the authors
stated that it was not possible to rule out underlying confound-
ers, as most of the included studies only adjusted for age and sex.
Other studies have reported a protective effect for diabetic reti-
nopathy on AMD risk.65 While both AMD and diabetic retinopa-
thy are inflammatory retinal conditions, AMD is characterized
by alterations in the outer blood-retinal barrier (BRB) and dia-
betic retinopathy by changes in the inner BRB. Damage to the
inner BRB in diabetes is associated with upregulation of outer
BRB activity,66 which could potentially provide a protective
mechanism for AMD. The MR estimates for the 4 glycemic traits
analyzed in this study did not reach statistical significance.

Implications for Clinical Practice and Health Policy
This study provides genetic evidence that smoking initiation and
lifetime smoking behavior are potential causal risk factors for ad-
vanced AMD, and that stopping smoking may be protective
against the risk of advanced AMD. The detrimental effects of
smoking on multiple conditions, such as cardiovascular disease,
cancers, and chronic obstructive pulmonary disease, are well
known.Publichealthcampaignsshoulddisseminateinformation
that smoking can also lead to blindness as an additional deterrent
against smoking. We also found genetic evidence that increased
alcohol consumption has a potential causal association with GA
risk.Hereagain,publichealthmessagesandclinicaladviceregard-
ing the harms of excessive alcohol intake should include the risk
of blindness, especially given that there are currently no effec-
tive treatments for GA. Given the deterioration in quality of life
and the cost to health and social care systems of managing ad-
vanced AMD, increased funding should be allocated to smoking
cessation and alcohol reduction programs to minimize the health
burden of advanced AMD.

Strengths and Limitations
Thisstudyhasseveralstrengths.TheuseofMRmitigatesbiasfrom
reverse causation and confounding that can affect findings from
observational studies. The 2-sample MR approach increases sta-
tistical power as it allows independent large GWAS summary data
sets to be used for both exposures and outcomes.67,68 The use of
multiple genetic variants as instruments for each of the risk fac-
tors enables SNVs across the whole genome to be used to assess

the association of each of the modifiable exposures with risk of
advanced AMD. This allowed us to perform sensitivity analyses
to detect and correct for directional pleiotropy. Most of the par-
ticipants in the GWAS data sets were of European descent, thus
minimizing bias due to population stratification.

This study also has several limitations. While we used sum-
mary statistics from the largest known advanced AMD GWAS to
date, the number of advanced AMD cases, especially for GA, was
still relatively small compared with other outcomes used in MR
studies, such as cardiovascular disease. This might have resulted
in insufficient statistical power to detect associations with some
of the exposures analyzed. Additionally, effect sizes from MR
analyses should be interpreted with caution. This is because the
MR estimate is better interpreted as a test statistic for a causal hy-
pothesis rather than the expected impact of a clinical interven-
tion at a specific point in time.69-71 Another potential limitation
in MR analyses is directional horizontal pleiotropy, which can oc-
cur if genetic variants affect advanced AMD independently of the
risk factors investigated. To identify and adjust for pleiotropy, we
performedsensitivityanalysesusingMR-Egger,weightedmedian,
MVMR,andMR-PRESSOmethods(eFigures1-12inSupplement1).
These tests can provide reliable inferences when some genetic
variantsarepleiotropic.72-74 Therewasnoevidencefordirectional
pleiotropy using these tests. However, it is not possible to com-
pletely rule out the presence of residual pleiotropy. Additionally,
we were unable to test the nonlinear association for nonbinary
exposures, such as alcohol consumption, blood pressure, BMI,
and quantitative glycemic traits, with advanced AMD risk, as MR
analysis assumes a linear association between exposure and
outcome.

Conclusions
We found genetic evidence that increased alcohol consump-
tion has a potential causal association with risk of GA. We also
present genetic evidence that smoking initiation and lifetime
smoking behavior may be casually associated with risk of ad-
vanced AMD, while smoking cessation results in a lower risk
of advanced AMD than persistent smoking. These associa-
tions were stronger for nAMD than for GA. To reduce the preva-
lence of advanced AMD in aging populations, public health
campaigns and programs to support smoking abstention, smok-
ing cessation, and reduced alcohol intake should incorporate
the evidence that these activities can lead to blindness. The
finding that smoking and alcohol have differential effects on
nAMD and GA may prompt future studies examining the dif-
ferent pathologies of these 2 forms of advanced AMD.
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