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PURPOSE. Metformin is a biguanide derivative that is commonly used for the treatment
of diabetes mellitus (DM). It demonstrates antioxidative, anti-inflammatory, and antian-
giogenic activity within the ocular tissue and thus may be implicated in the treatment of
age-related macular degeneration (AMD). However, epidemiological studies have shown
conflicting results.

METHODS. The Ovid MEDLINE/Embase, Cochrane Library, and Web of Science databases
were systematically searched from inception through August 3, 2022. Studies reporting
the association between metformin use and odds of AMD were enrolled. Adjusted odds
ratios (ORs) of AMDwere extracted and pooled with random-effects model meta-analysis.
Subgroup analyses based on AMD subtypes, ethnicity, study design, sex, and confirmation
of AMD diagnosis were conducted.

RESULTS. A total of 9 observational studies with 1,446,284 participants were included in the
analysis. The meta-analysis showed that metformin use was associated with a significant
reduction in the odds of AMD (pooled ORs = 0.81, 95% confidence interval [CI] = 0.70–
0.93). Subgroup analyses revealed that metformin use was not significantly associated
with dry or wet AMD. Black (pooled ORs = 0.61, 95% CI = 0.58–0.64) and Hispanic
populations (pooled ORs = 0.85, 95% CI = 0.81–0.89) demonstrated significantly lower
odds of AMD.

CONCLUSIONS. This systematic review and meta-analysis found that patients with DM with
metformin usage were at lower odds of developing AMD. Future prospective clinical trials
are needed to confirm this association.
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Age-related macular degeneration (AMD) was the fourth
most common cause of blindness in those aged 50 years

and older in 2020 globally, with 1.8 million people affected.1

Patients plagued by AMD are projected to rise from 196
million in 2020 to 288 million in 2040.2 AMD can be divided
into wet (neovascular) and dry (non-neovascular) subtypes.
Dry AMD accounts for approximately 90% of total AMD
cases.3 However, effective treatment is still lacking.

Metformin, a biguanide derivative, is the preferred first-
line treatment in type 2 diabetes mellitus (DM). Apart
from its antiglycemic effect, it was shown to possess anti-
aging properties.4 In retinal tissues, metformin demon-
strated antioxidative,5 anti-inflammatory,6 anti-angiogenic,7

and pro-autophagic effects8 mediated through activa-
tion of 5’ adenosine monophosphate-activated protein

kinase (AMPK). As the pathogenesis of AMD involves
oxidative stress,9 inflammation,10 neovascularization, and
autophagic dysfunction,11 metformin may have potential
in preventing or treating this sight-threatening disease.
However, the results have been inconsistent in various
studies.12–20

A recent meta-analysis investigated the possible associ-
ation between metformin and the development of AMD.21

Nevertheless, it failed to demonstrate statistical significance
in decreasing the odds of AMD with metformin usage. The
limited number of included studies also precluded subgroup
analysis on outcomes, including AMD subtypes and further
stratification based on ethnicity. Since then, four additional
cohort studies, including one prospective study, have been
performed, again presenting conflicting results. Therefore,

Copyright 2022 The Authors
iovs.arvojournals.org | ISSN: 1552-5783 1

This work is licensed under a Creative Commons Attribution 4.0 International License.

mailto:cyao@seed.net.tw
https://doi.org/10.1167/iovs.63.13.10
http://creativecommons.org/licenses/by/4.0/


Metformin Use and Age-Related Macular Degeneration IOVS | December 2022 | Vol. 63 | No. 13 | Article 10 | 2

a systematic review and meta-analysis that incorporates
all currently available evidence on this topic is warranted
to establish the conducive effect of metformin usage
on AMD.

METHODS

The systematic review and meta-analysis were undertaken in
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2020 guidelines.
The title and protocol were registered prospectively on the
International Prospective Register of Systematic Reviews
database (CRD42022353750).

Search Strategy

We systematically performed eligibility screening with the
Ovid MEDLINE/Embase, Cochrane Library, and Web of
Science databases from inception through August 3, 2022,
aiming for studies that reported the relationship between
oral metformin use and the odds of AMD. Detailed search
strategies with syntax specific for each database are available
in Supplementary Table S2. References from the included
studies and relevant reviews underwent further screening to
account for potential additional studies. No language restric-
tions were applied during the search process.

Eligibility Criteria

Studies were included if the following criteria were
met: (1) observational studies (including cross-sectional,
cohort, or case–control designs); (2) studies enrolling
patients diagnosed with DM; (3) intervention group actively
prescribed oral metformin; (4) comparator group consisted
of metformin nonusers at the time of recruitment; and (5)
articles reporting the association between oral metformin
use and AMD. Studies were excluded if the diagnosis of AMD
preceded DM or if other macular diseases were present.
Studies without control groups, animal studies, case reports
or series, reviews, and conference abstracts with inadequate
provision of data were also excluded.

Data Extraction and Risk of Bias Assessment

Two reviewers (authors K.L. and H.T.) separately screened
the title and abstract of the articles retrieved from the prelim-
inary search. Full texts from potentially eligible studies were
downloaded for screening to identify the final included stud-
ies. Disparities during the decision process were resolved
by discussion between the two reviewers. The two review-
ers (authors K.L. and H.T.) then independently extracted
the following data from the included studies: first author,
date of publication, country, study period, database utilized,
mean age of the cohort, follow-up duration, participants
exposed/nonexposed to metformin, and the method for
ascertainment of AMD diagnosis. Discrepancies were first
discussed between the two reviewers. The third author (C.C.)
was consulted if disagreements could not be resolved. The
risk of bias of the individual observational studies was
independently assessed by the two reviewers (authors K.L.
and H.T.) with the Risk of Bias in Non-randomized Studies
of Exposure (ROBINS-E) assessment tool.22 Consensus was
reached between the two reviewers should differences in
grading results arise.

Data Synthesis and Statistical Analysis

For studies providing incomplete data for meta-analysis,
the corresponding authors of each study were contacted
for additional information. We performed meta-analyses
with RevMan version 5.4.1 software version (The Cochrane
Collaboration). For dichotomous outcomes, pooled esti-
mates were reported as odds ratios (ORs) with their respec-
tive 95% confidence intervals (CIs). The OR with the most
covariates adjusted within each study was selected for anal-
ysis. The adjusted ORs of the sole use of metformin were
used for synthesis if provided. A P value less than 0.05
was considered statistically significant. Due to the expec-
tation of differences in treatment effect, the DerSimonian–
Laird random-effects model was used to calculate the effect
estimates.

Between-study heterogeneity was assessed with I2 statis-
tics. An I2 value between 50 and 75% was defined as
moderate heterogeneity, and >75% was considered to
be of substantial heterogeneity.23 To account for possible
heterogeneity, subgroup analyses were conducted accord-
ing to predetermined categories, including subtypes of
AMD, ethnicity, study designs, sex, and the ascertain-
ment of AMD diagnosis. Sensitivity analysis was performed
by removing one study at a time from the analysis
(leave-one-out analysis). Studies at high risk of bias
were also excluded in the sensitivity analysis. Publica-
tion bias will be evaluated with the asymmetry of funnel
plots if more than 10 studies are enrolled in the final
analysis.

Additionally, we conducted trial sequential analysis (TSA)
with TSA software version 0.9.5.10 Beta to determine
whether the required information size (RIS) was met to
confirm the treatment benefits.24 We set the alpha value at
5% with a power of 80%. The relative risk reduction was set
at 20%. If the cumulative z-curve crosses the trial sequential
monitoring boundaries without falling into the inner wedge
futility boundaries, the treatment effect will be regarded as
significant.25

RESULTS

Study Selection

The PRISMA flowchart for the database search results is
presented in Figure 1. After the removal of duplicate records,
a total of 493 studies underwent title and abstract screening.
The full texts of 32 studies were retrieved for assessment of
eligibility, with 9 studies remaining in the final quantitative
meta-analysis.12–20

Characteristics of Included Studies

Baseline characteristics and pertinent outcomes are
presented in Table 1. A total of 9 studies with 1,446,284
participants were enrolled in the study. The included studies
consisted of one cross-sectional,19 three case–control,12,13,18

and five cohort studies.14–17,20 Eight studies were retrospec-
tive in design,12–19 and one was conducted prospectively.20

Four studies were performed in the United States,12,13,15,19

three in Asia,14,17,18 and the other two in Europe.16,20 Seven
studies obtained a diagnosis of DM with International
Classification of Diseases (ICD) codes,12–15,17–19 one with
database read codes,16 and one with medical records.20

Four studies exclusively enrolled patients with type 2
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FIGURE 1. PRISMA flow diagram. AMD, age-related macular degeneration.

DM,14,16,17,20 whereas 5 studies also recruited patients
with type 1 DM.12,13,15,18,19 Seven studies investigated the
outcome of incident AMD,12–19 whereas one study aimed for
both incident and prevalent AMD.20 The adjusted covariates
applied in each study are illustrated in Supplementary
Table S3.

Risk of Bias Assessment

Supplementary Figure S1 summarizes the risk of bias
assessment for each study. Four studies were rated with
a high risk of bias in the domain of confounding,13–15,18

which was due to the absence of adjustment for smoking
status, a known risk factor for AMD.26 The study by Blitzer
et al. was judged to have some concerns for bias in the
same domain, as ethnicity was not included in the adjusted
covariates.12

Association of Oral Metformin Use With AMD

A total of 9 observational studies with 1,446,284 patients
reported multivariable adjusted ORs. Meta-analysis revealed
a significant decrease in the odds of AMD for oral metformin
use (pooled ORs = 0.81, 95% CI = 0.70–0.93, P < 0.01,
I2 = 96%; Fig. 2). TSA demonstrated that the RIS (n =
1,170,839) was exceeded. In addition, the cumulative z-
curve crossed the trial sequential monitoring boundary, indi-
cating that the decrease in the odds of AMD observed
from conventional meta-analysis was further confirmed
(Fig. 3).

Table 2 presents the results for subgroup analysis accord-
ing to AMD subtypes, ethnicity, study design, sex, and confir-
mation of AMD diagnosis. The stratified analysis showed no
significant association between metformin use and either
dry (pooled ORs = 0.98, 95% CI = 0.62–1.57, P = 0.94,
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FIGURE 2. Association of oral metformin use with AMD. AMD, age-related macular degeneration; CI, confidence interval; IV, inverse
variance; SE, standard error.

FIGURE 3. Trial sequential analysis (TSA). AMD, age-related macular degeneration. Trial sequential analysis of 9 observational studies
included in the meta-analysis showed that the required information size of 1,170,839 was exceeded.

I2 = 92% Supplementary Fig. S2) or wet AMD (pooled ORs
= 1.03, 95% CI = 0.80–1.22, P = 0.82; see Supplementary
Fig. S2).

Regarding ethnicity, the analysis demonstrated a signif-
icant decrease in the odds of AMD in Black (pooled ORs
= 0.61, 95% CI = 0.58–0.64, P < 0.01, I2 = 0%; Supple-
mentary Fig. S3) and Hispanic populations (pooled ORs
= 0.85, 95% CI = 0.81–0.89, P < 0.01; see Supplemen-
tary Fig. S3), whereas no significant association was found
in Caucasian (pooled ORs = 0.91, 95% CI = 0.36–2.33, P
= 0.85, I2 = 88%; see Supplementary Fig. S3) or Asian
populations (pooled ORs = 0.71, 95% CI = 0.40–1.27, P =
0.25, I2 = 99%; see Supplementary Fig. S3). Subgroup anal-
ysis based on study design exhibited a significant associ-
ation between metformin use and AMD in cohort studies

(pooled ORs = 0.67, 95% CI = 0.47–0.95, P = 0.03; I2 =
98%; Supplementary Fig. S4), whereas the association was
nonsignificant in non-cohort studies (pooled ORs = 0.88,
95% CI = 0.73–1.07, P = 0.20; I2 = 74%; see Supplementary
Fig. S4).

Sensitivity Analysis

The results obtained by excluding studies with a high risk
of bias yielded results similar to those of the primary anal-
ysis. On the other hand, the leave-one-out analysis overall
remained statistically significant, with the exception of the
removal of the study by Chen et al., which showed nonsignif-
icant results (Supplementary Table S4).
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TABLE 2. Association of Oral Metformin Use With Age-Related Macular Degeneration

Age-Related Macular Degeneration Subgroup Difference

Subgroups No. of Studies Pooled OR (95% CI) P Value I2 (%) P Value I2 (%)

AMD subtypes 0.86 0
Dry AMD 3 0.98 (0.62 to 1.57) 0.94 92
Wet AMD 1 1.03 (0.80 to 1.33) 0.82 NA

Ethnicity <0.01** 96.6
Asian 4 0.71 (0.40 to 1.27) 0.25 99
Black 2 0.61 (0.58 to 0.64) <0.01** 0
Caucasian 2 0.91 (0.36 to 2.33) 0.85 88
Hispanic 1 0.85 (0.81 to 0.89) <0.01** NA

Study design 0.18 43.8
Cohort studies 5 0.67 (0.47 to 0.95) 0.03* 98
Others 4 0.88 (0.73 to 1.07) 0.20 74

Sex 0.09 65.1
Male 4 0.91 (0.79 to 1.04) 0.16 92
Female 2 1.06 (0.94 to 1.21) 0.34 74

Ascertainment of AMD 0.25 24
ICD codes 7 0.79 (0.67 to 0.93) <0.01** 97
Clinical diagnosis 1 0.54 (0.29 to 1.01) 0.05 NA

According to subgroups.
AMD, age-related macular degeneration; NA, not applicable.
* P < 0.05.
** P < 0.01.

DISCUSSION

This meta-analysis of 9 observational studies with 1,446,284
participants concluded that oral metformin use was asso-
ciated with 0.81-fold decreased odds of AMD. However,
metformin use did not decrease the odds of dry or wet
AMD. Black and Hispanic populations seemed to benefit
most from metformin use.

An earlier meta-analysis combined the results from five
retrospective studies, showing a nonsignificant association
between metformin use and the risk of AMD (OR = 0.80,
95% CI = 0.54–1.05). Subgroup analysis was not performed
due to the few studies enrolled.21 Compared to the previ-
ous review, 4 studies (including one prospective study)
with 1,183,645 patients were added to the analysis. Further-
more, the additional studies included data from Euro-
pean countries, which improved the generalizability of our
results. Subgroup analyses based on ethnicity, sex, and study
design could partially account for the substantial hetero-
geneity encountered in the primary analysis. Additionally,
the marked heterogeneity of the pooled estimates may stem
from the disparities among the adjusted covariates in each
study (see Supplementary Table S3), which was common-
place in meta-analyses of observational studies.27

Metformin was shown to exert its therapeutic effect
against AMD via diverse mechanisms. First, metformin acti-
vates AMPK, which leads to subsequent liver X recep-
tor (LXR) activation and adenosine triphosphate-binding
cassette (ABC) transporters ABCA1/G1 expression, reduc-
ing intracellular cholesterol accumulation and therefore
drusen formation.28,29 Second, oxidized low-density lipopro-
tein derived from drusen induces inflammation and oxida-
tive stress.30–33 In acute retinal pigment epithelial-19
(ARPE-19) cells exposed to oxidative stress induced by
glyoxal, metformin was demonstrated to reverse the oxida-
tive damage via AMPK activation.5 Third, metformin was
found to possess anti-angiogenic activity in human reti-
nal vascular endothelial cells,7 which might implicate a

possible role in neovascular AMD. Finally, retinal pigment
epithelium (RPE) cells are pivotal in maintaining normal
photoreceptor function by phagocytosing the shed outer
segments of photoreceptors.34 Senescent RPE cells, there-
fore, resulted in dysfunctional photoreceptors. Mechanistic
target of rapamycin (mTOR) inhibition by AMPK induces
autophagy in RPE cells, which serves to maintain effective
self-clearance.34–36 Thus, metformin might have the poten-
tial to prevent RPE cell degeneration and AMD mediated by
AMPK activation.37

Subgroup analysis based on subtypes of AMD did not
show a significant association between oral metformin
use and non-neovascular or neovascular forms of AMD,
which was contrary to the proposed mechanisms delin-
eated in the previous paragraph. This discrepancy may
result from the heterogeneous population enrolled in Lee
et al.’s study,18 where patients with cardiovascular disease
were also included. Another possible explanation was
that other antidiabetic medications may be used concomi-
tantly with metformin, such as sulfonylurea and insulin,
which might be a potential source of confounding. In the
subgroup analysis for dry AMD, two studies did not spec-
ify whether other antidiabetics were prescribed.15,19 Previ-
ous studies found that ABCA1 and scavenger receptor BI
(SR-BI) were expressed in cultured human RPE cells,38,39

both of which are involved in reverse cholesterol transport
and lipid efflux.40,41 Glyburide (a sulfonylurea drug) inhibits
ABCA1 and SR-BI activity,42 which in turn impedes efflux
of lipids derived from phagocytosed photoreceptor outer
segments from cultured RPE cells.39 This observed effect of
sulfonylurea might play a role in the pathogenesis of dry
AMD, thus resulting in a nonsignificant treatment benefit of
metformin.

Our results showed that metformin use conferred a
more significant treatment benefit in the Black popula-
tion. Various population-based cohort studies have demon-
strated that the risk of AMD was lower in Black populations
than in White populations,43,44 which was attributed to the



Metformin Use and Age-Related Macular Degeneration IOVS | December 2022 | Vol. 63 | No. 13 | Article 10 | 7

protective effect of ocular pigmentation and the higher
frequencies of protective allele expression.45,46 Our observa-
tion may result from the inherently favorable genetic profile
of the black population against the development of AMD.
Nevertheless, further research regarding potential candidate
genes that metformin targets between various ethnic groups
is warranted to better account for the different treatment
outcomes noted in our study.

Strength and Limitations

The strengths of this study are that it was the first study
to investigate the association between metformin use and
either dry or wet AMD. Multiple population-based stud-
ies with diverse ethnic backgrounds also enabled subgroup
analyses to be performed on ethnicity. Due to the lack of
effective treatment for dry AMD at present, the results of this
study may prompt further prospective clinical trials explor-
ing the therapeutic effect of metformin on this group of
patients.

Several limitations exist in this study. First, previous stud-
ies showed disparate risk-lowering effects of metformin at
different cumulative and average daily doses. Thus, a dose–
response meta-analysis may elucidate whether the risk of
AMD decreases as the metformin dosage increases.12,14,15,17

Although stratified analysis according to different dose
ranges was demonstrated in four studies,12,14,15,17 attempts
to synthesize the corresponding data were futile due to the
absence of case numbers provided in each stratum of differ-
ent dosages. Additional studies are therefore required to
establish a dose–response relationship regarding metformin
use and the decrease in AMD risk. Second, subgroup analysis
dependent on AMD severity could not be carried out due to a
lack of studies classifying patients by various stages of AMD.
Only one study subcategorized their participants by stages
of AMD.17 Furthermore, a limited number of studies desig-
nated geographic atrophy (GA) as their primary outcome.
Jiang et al. performed subgroup analysis according to AMD
stage and found that the OR for late AMD was 0.44 (95% CI
= 0.58–0.64, P = 0.17). However, both GA and neovascu-
lar AMD were incorporated in this group, precluding sepa-
rate analysis of metformin’s therapeutic effect. An ongoing
phase II randomized clinical trial considering metformin’s
effect in hindering the progression of GA in nondiabetic
patients with AMD is expected to be complete in December
2024, which may further shed light on the treatment bene-
fit of metformin.47 Third, the number of studies included
in some subgroup analyses was small. For instance, only
one study was analyzed for the outcome of wet AMD, which
may explain the nonsignificant treatment result of metformin
use.18 Last, as associations derived from mostly retrospective
observational studies do not imply causation, the positive
treatment effect should be interpreted cautiously.

CONCLUSION

This systematic review and meta-analysis revealed that oral
metformin use is associated with decreased odds of AMD
in patients with diabetes. Black and Hispanic populations
are shown to derive the most benefit from metformin usage.
However, no reduction in odds was observed in dry and wet
AMD patients taking metformin. Evidence from prospective
large-scale clinical trials is needed to confirm this observa-
tion.
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