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ABSTRACT

Introduction: Vision loss due to age-related macular degeneration (AMD) is a major and growing
health issue. Given that no definitive treatment is available for AMD, this study aims to evaluate
the association between metformin use and AMD risk using a systematic review and meta-analysis
approach.

Materials and Methods: In this study, databases including ProQuest, PubMed, Web of Science,
Cochrane, and Google Scholar search engines were searched without time restriction until April
20, 2024, based on PRISM A statement guidelines. Data were analyzed using STATA 14 software at
a significance level of P < 0.05.

Results: Overall, metformin administration reduced the risk of AMD (OR: 0.86, 95% CI: 0.80,
0.94). Concerning the dosage, a metformin dose of 1-270 g per 2 years (OR: 0.93, 95% CI: 0.90, 0.96)
and 271-600 g per 2 years (OR: 0.91, 95% CI: 0.89, 0.94) mitigated the risk of AMD. Metformin
use in women increased the risk of AMD (OR: 1.14, 95% CI: 1.09, 1.18). However, no significant
relationship was noticed between metformin use and AMD risk in men (OR: 0.86, 95% CI: 0.73,
1.01). In addition, metformin was associated with a lower risk of AMD in case-control (OR: 0.93,
95% CI: 0.89, 0.97) and cohort (OR: 0.69, 95% CI: 0.51, 0.95) studies. Likewise, metformin use was
associated with a lower risk of AMD in the age groups of 50-59 years (OR: 0.54, 95% CI: 0.50, 0.58)
and 70-79 years (OR: 0.90, 95% CI: 0.84, 0.97).

Conclusion: Metformin administration lowered the risk of AMD by 14%. Moreover, female gender
was identified as a risk factor for AMD development. However, further studies are required on this
subject to reach a definite conclusion.

Registration: This study has been compiled based on the PRISMA checklist, and its protocol
was registered on the PROSPERO (ID: CRD42024539904) and Research Registry (UIN:
reviewregistryl824) website.

Meta-analysis

Implication for health policy/practice/research/medical education:

Our systematic review and meta-analysis of observational studies showed, metformin can lower the risk of age-related macular
degeneration by 14%.
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Introduction

Age-related macular degeneration (AMD) is a progressive
retinal disorder that affects the central part of the retina,
known as macula (1). AMD is the leading cause of
irreversible vision loss in individuals above 65 years in
industrialized countries (2). From a clinical perspective,
AMD is classified into different stages: early, intermediate,
and two late stages (3). The estimated number of patients
affected by AMD was 196 million in 2020 and is projected
to reach 288 million people globally by 2040. The
population aging is considered a significant reason for the
rising incidence of AMD (4). In addition, AMD is a multi-
factorial condition that is caused by a combination of a
strong genetic component and environmental risk factors,
including advanced age, smoking, obesity, hypertension,
and hypercholesterolemia (5).

Metformin is an oral antidiabetic medication. However,
evidence suggests that metformin can exert several
beneficial effects beyond its antidiabetic action (6-8).
It can reduce retinal cell necrosis induced by various
pathological factors, mitigate diabetic retinopathy, and
inhibit corneal and intraocular neovascularization (9-13).
Additionally, metformin plays a role in increasing lifespan
and lowering the risk of age-related conditions, such as
cancer, diabetes mellitus, and cardiovascular diseases
(14,15).

At present, there is no therapeutic method available
to delay or prevent the progression of AMD during
early stages (16). Inconsistencies exist among the studies
examining the relationship between metformin use and
AMD risk. While some previous studies could not report
a statistically significant relationship between metformin
and AMD risk (17,18), others have found metformin
administration beneficial in reducing the risk of AMD
(19,20). Based on these considerations, the present study
aims to assess the relationship between metformin use and
AMD risk using a systematic review and meta-analysis
approach.

Materials and Methods

Study design

This research adopted a systematic review and meta-
analysis approach based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement guidelines (21). The study protocol was
registered on the International Prospective Register of
Systematic Reviews (PROSPERO) website.

Search strategy

International databases, including ProQuest, PubMed,
Web of Science, Cochrane, and the Google Scholar
search engine, were searched without time and location
restrictions from the inception until April 20, 2024.
The search query was developed using Medical Subject
Headings (MeSH) keywords, including “Metformin,”
“Metformin Hydrochloride,” “Glucophage,” “Macular

Degeneration,” and “Age-related Macular Degeneration.”
Different combinations of keywords with the Boolean
operators “AND” and “OR” were used to ensure an
extensive search. Moreover, for completeness of the
research and maximum coverage, the reference lists of
the initially identified studies were searched to identify
additional studies. The search strategy for PubMed
included the following: (Glucophage OR Metformin OR
Metformin Hydrochloride) AND (Macular Degeneration
OR Age-Related Macular Degeneration).

PICO components

o Population: Observational studies assessing the effect
of metformin use on AMD.

o Intervention: Metformin use.

o Comparison: Individuals who did not use metformin.

o Outcome: The risk of AMD.

Inclusion criteria

Studies that met the following criteria entered the
systematic review: observational studies whose objective
was to study the effect of metformin on AMD.

Exclusion criteria

The exclusion criteria for the studies were as follows:
clinical trials, meta-analyses, abstract meetings, mini-
review studies, the unavailability of the full text, duplicate
studies, studies with poor quality, studies with incomplete
data for analysis, and studies that evaluated the effect of
metformin combined with another drug.

Quality assessment of the studies

The Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) checklist was utilized to assess
the quality of the retrieved articles (22). This checklist
contains 22 questions, with its final score ranging from
0 to 44. The cutoff point of this checklist was a score of
18. Discrepancies in responses to the checklist items were
assessed, and a single choice was selected by consensus.

Data extraction

Two researchers extracted the data using a checklist
containing the author’s name, publication year, country,
study type, sample size and age, the odds ratio between
metformin use and AMD, and its 95% confidence interval.
A third researcher checked the extracted data to resolve
any inconsistencies.

Statistical analysis

Logarithmic odds ratio (OR) was obtained for each study
and used to pool the results. The I* index was employed
to assess heterogeneity. Additional analyses, including
meta-regression and publication bias, were conducted as
well. A random-effect model was applied in this study.
Data were analyzed using STATA software version 14 at a
significance level of P<0.05.
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Results

Study selection

Of the 279 articles retrieved from the initial search, 112
duplicates were removed. Abstracts of the remaining 167
articles were reviewed, and 16 studies were removed as
their full text was unavailable. The full text of 151 articles
was screened, and 31 articles were discarded due to
incomplete data for analysis. Of the remaining 120 articles,
105 were excluded based on the other exclusion criteria.
Eventually, 15 articles entered meta-analysis (Figure 1).
This systematic review and meta-analysis involved six
case-control studies, six cohort studies, and three cross-
sectional studies. Table 1 provides details of the included
studies.

Primary outcome

Figure 2 displays a statistically significant relationship
between metformin use and AMD risk, indicating a
significant reduction in AMD risk with metformin use
(OR: 0.86, 95% CI: 0.80, 0.94).

Sub-group analysis
Figure 3 demonstrates that metformin use reduced the risk
of AMD in case-control (OR: 0.93, 95% CI: 0.89, 0.97) and

Age-related macular degeneration

cohort (OR: 0.69, 95% CI: 0.51, 0.95) studies. However,
cross-sectional studies found no statistically significant
association between metformin use and AMD risk (OR:
0.99, 95% CI: 0.71, 1.38).

As Figure 4 illustrates, metformin use lowered the
risk of AMD in the US (OR: 0.94, 95% CI: 0.89, 0.99),
the Netherlands (OR: 0.69, 95% CI: 0.49, 0.98), China
and Japan (OR: 0.24, 95% CI: 0.13, 0.43). Nevertheless,
there was no statistically significant association between
metformin and AMD risk in England (OR: 1.02, 95% CI:
0.92, 1.13), Taiwan (OR: 0.81, 95% CI: 0.54, 1.21), and
South Korea (OR: 1.15, 95% CI: 0.91, 1.45).

According to Figure 5, metformin use mitigated the
risk of AMD in the age groups of 50-59 years (OR: 0.54,
95% CI: 0.50, 0.58) and 70-79 years (OR: 0.90, 95% CI:
0.84, 0.97). Still, metformin use and AMD risk were not
significantly related in the age groups of 40-49 years (OR:
1, 95% CI: 0.87, 1.15) and 60-69 years (OR: 0.96, 95% CI:
0.81, 1.15).

Notably, metformin use elevated the risk of AMD in
women (OR: 1.14, 95% CI: 1.09, 1.18) (Figure 6). However,
no statistically significant association was observed
between metformin use and AMD risk in men (OR: 0.86,
95% CI: 0.73, 1.01) (Figure 7).
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Figure 1. The process of entering the studies into the systematic review and meta-analysis.
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Table 1. Background data of articles

Index First author, year Country Type of Study n:::;:” T‘;;aelaife m(-:l\tlror:r:?r: zZer Ageut;feziit:‘:rr)min Nuumstf{yzg:‘; n- Ageu(;fe:on- Duration of study

OR Aggarwal S, 2024 (19) USA Case—control NR NR 231142 75.1 232879 74.9 2006 to 2017

OR Khanna S, 2024 (20) USA Case—control NR NR 86930 75.4 86918 65.8 between January 2003 and December 2019
HR Gokhale KM, 2023 (17) UK Cohort 173 689 62.8 NR NR NR NR 1995-2019

OR Huang KH, 2023 (23) Taiwan Cross-sectional 728 703 62.06 377 878 61.21 350825 62.98 2001 to 2018

OR Kaufmann GT, 2023 (24) USA Case—control NR NR 194135 74.16 193990 74.15 2008 and 2017

OR Tseng CH, 2023 (25) Taiwan Cohort NR NR 13303 >50 13303 >50 1999 to 2005

OR Domalpally A, 2023 (26) USA Cross-sectional NR NR 1592 NR 546 49.3 2017-2019

OR Vergroesen JE, 2022 (27) Netherlands Cohort 11260 65.1 NR NR NR NR between April 23, 1990, and June 25, 2014
OR Jiang J, 2022 (28) China-Japan Cohort NR NR 209 66 115 68 September 2015 to August 2020

HR Eton EA, 2022 (29) USA Cohort 1007 226 67.5 NR NR NR NR 2002 to 2016

OR Blitzer AL, 2021 (30) USA Case—control NR NR 312404 >55 312376 >55 January 2008 to December 2017

OR Stewart JM, 2020 (31) USA Cross-sectional 3120 > 60 NR NR NR NR from April 18, 2012 until August 31, 2019
OR Brown EE, 2019 (32) USA Case—control NR NR 1947 75 5841 77 between June 1, 2011, and June 1, 2017
OR Lee H, 2019 (18) South Korea Case—control NR NR 2330 66.5 23278 66.4 between January 2012 and December 2015
HR Chen YY, 2019 (33) Taiwan Cohort NR NR 45524 55.2 22681 57.8 2001 to 2013

NR, Not reported; OR, Odds ratio; HR, Hazard ratio.
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Tseng CH, 2023 (Taiwan)
Aggarwal S, 2024 (USA)
Blitzer AL, 2021 (USA)
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Huang KH, 2023 (Taiwan)
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1.00(0.87,1.15)  7.07
1.02(092,1.13)  8.06
1.08(1.04,1.12)  9.00
115(091,145)  5.15
1.39(1.08,1.78)  4.84
0.86(0.80,0.94) 100.00
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NOTE: Welghts re fom andomffect el
Figure 2. Forest plot of association between metformin administration
and age-related macular degeneration with its 95% confidence interval.
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<-r-

Cohort
Gokhale KM, 2023 (UK) . .
Tseng CH, 2023 (Taiwan)

Vergroesen JE, 2022 (Netherlands)

Jiang J, 2022 (China-Japan) ~ ———fe—— !
Eton EA, 2022 (USA) !
Chen YY, 2019 (Taiwan) . !
Subgroup, DL ( = 98.4%, p = 0.000) 0

1.02 (092, 1.13) 1830
0.75 (0.67,0.84) 18.21
069 (0.49,0.98) 15.17
0.24 (0.13,0.43) 1127
. 1.08 (1.04,1.12) 1859
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Cross-sectional
Huang KH, 2023 (Taiwan)
Domalpally A, 2023 (USA)
Stewart JM, 2020 (USA)

Subgroup, DL ( = 87.1%, p = 0.000) >

139 (1.08, 1.78) 31.68
1.00 (0.87,1.15) 3598
0.70 (0.55,0.89) 3234
0.9 (0.71, 1.38) 100.00

Heterogeneity between groups: p = 0.178
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Figure 3. Forest plot of association between metformin use and age-
related macular degeneration by type of study.

Furthermore, the results indicated no statistically
significant relationship between metformin use and the
risk of dry AMD (OR: 0.97, 95% CI: 0.88, 1.07) (Figure 8).

Metformin administration at a dose of 1-270 g per 2
yearsdecreased the risk of AMD (OR: 0.93, 95% CI: 0.90,
0.96) (Figure 9).

Similarly, metformin doses of 271-600 g per 2 years
lowered the risk of AMD (OR: 0.91, 95% CI: 0.89, 0.94)
(Figure 10).

However, a metformin dose of 600-1080 g per 2 years
had no statistically significant effect on reducing the risk
of AMD (OR: 0.96, 95% CI: 0.93, 1) (Figure 11).

Increasing metformin dosage to above 1080 g per 2
years did not significantly affect the AMD risk (OR: 1.03,
95% CI: 0.99, 1.08) (Figure 12).

Additional analysis
Meta-regression analysis found no statistically significant

Age-related macular degeneration

%

Country and Author (Country) exp(b) (95% Cl) Weight

us,
Aggarwal S, 2024 (USA) |
Khanna S, 2024 (USA)
Kaufmann GT, 2023 (USA)
Domalpally A, 2023 (USA)
Eton EA, 2022 (USA) |
Blitzer AL, 2021 (USA)

\
Brown EE, 2019 (USA) —— 6

0.83 (0.77,0.90) 13.29
095 (0.92,0.99) 17.45
0.97 (0.95,0.99) 18.51
1.00(0.87,1.15) 8.04
1.08 (1.04, 1.12) 17.45
094 (0.92,0.96) 18.48
Stewart JM, 2020 (USA) 0.70 (0.55,0.89)  4.09
058 (0.43,0.79) 268
Subgroup, DL (f = 90.5%, p = 0.000) 0.94 (0.89, 0.99) 100.00
UK
Gokhale KM, 2023 (UK)

1.02 (0.92, 1.13) 100.00
Subgroup, DL (f = 0.0%, p= )

1.02 (0.92, 1.13) 100.00

——
Taiwan

Huang KH, 2023 (Taiwan) 1.39 (1.08, 1.78) 30.99
Tseng CH, 2023 (Taiwan) é 0.75 (067, 0.84) 34.25
Chen YY, 2019 éTaiwan) 0.54 (050, 0.58) 34.76
Subgroup, DL ( = 96.9%, p = 0.000) > 0.81(0.54, 1.21) 100.00

Netherlands
Vergroesen JE, 2022 (Netherlands)
Subgroup, DL (f = 0.0%, p=.)

China-Japan
Jiang J, 2022 (China-Japan)
Subgroup, DL (f = 0.0%, p = )

South Korea
Lee H, 2019 (South Korea)
Subgroup, DL (f = 0.0%, p=.)

0.69 (0.49, 0.98) 100.00
0.69 (0.49, 0.98) 100.00

0.24 (0.13, 0.43) 100.00
0.24 (0.13, 0.43) 100.00

1.15 (0.91, 1.45) 100.00
1.15 (0.91, 1.45) 100.00

Heterogeneity between groups: p = 0.000
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Figure 4. Forest plot of association between metformin use and age-
related macular degeneration by countries.
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60-69
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i
i
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50-59
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Subgroup, DL (f = 0.0%, p =) 0.54 (0.50, 0.58) 100.00

Heterogeneity between groups: p = 0.000

T T
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Figure 5. Forest plot of association between metformin use and age-
related macular degeneration by mean age.

relationship between “the association between metformin
use and the risk of AMD” and the sample size (P=0.136)
or publication year (P=0.243) of the studies (Figures 13
and 14).

Figure 15 illustrates the publication bias plot. As shown, no
publication bias was present, suggesting a comprehensive
and unbiased literature search (P=0.191).

Discussion

The results suggest that metformin use lowered the risk
of AMD by 14%. Concerning the dosage, metformin
doses of 1-270 g per 2 years and 271-600 g per 2 years
were associated with a 7% and 9% reduction in the risk of
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Author (Country)
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Figure 6. Forest plot of association between metformin use and age-related macular degeneration

in women.
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Figure 7. Forest plot of association between metformin use and age-related macular degeneration

in men.
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Figure 8. Forest plot of association between metformin

Author (Country)

T
125

use and dry age-related macular degeneration.

%
exp(b) (95% Cl) Weight

Blitzer AL, 2021 (USA) -
Khanna S, 2024 (USA)

0.91(0.88, 0.94) 42.94

Kaufmann GT, 2023 (USA)

0.94 (0.89, 1.00) 19.52

- 0.95 (0.92, 0.99) 37.54

Overall, DL (I’ = 34.6%, p = 0217) <> 0.93(0.90,0.96)  100.00

NOTE: Weights are from random-effects model

Figure 9. Forest plot of association between metformin administration and age-related macular

degeneration for metformin dose 1-270 g per 2 years.

AMD, respectively. In addition, metformin administration
caused a 7% reduction in AMD risk in case-control
studies and a 31% reduction in cohort studies. Regarding
the age of metformin users, the risk of AMD decreased by
46% in the age group of 50-59 years and 10% in the age

group of 70-79 years. In women, metformin use increased
the AMD risk by 14% and was considered a risk factor
for AMD development. However, metformin was not
significantly associated with AMD risk in men.

In a meta-analysis by Holtz et al, aiming to assess the
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%
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Figure 12. Forest plot of association between metformin use and age-related macular degeneration

for Metformin dose >1080 g per 2 years.

relationship between oral metformin and AMD risk, the
likelihood of AMD development was considerably lower
in patients using metformin (OR: 0.63, 95% CI: 0.46, 0.86)
(34). Another meta-analysis by Mauschitz et al studied
the association between lipid-lowering and antidiabetic
drugs with AMD in the European population. The results
suggested that lipid-lowering drugs (OR: 0.85, 95% CI:
0.79, 0.91) and antidiabetic drugs (OR: 0.78, 95% CI: 0.66,
0.91) decreased the risk of AMD development (35). In a
meta-analysis by Liang et al involving nine observational
studies, metformin was associated with a lower risk of
AMD (OR: 0.81, 95% CI: 0.70, 0.93) (36). Romdhoniyyah
et al conducted a meta-analysis on five retrospective
studies and concluded that patients taking metformin
were less likely to develop AMD (OR: 0.80, 95% CI: 0.54,
1.05) (6). The results of the above studies indicate that
metformin use can notably lower the risk of AMD.

In a systematic review, Dang et al reported the functions

of metformin in regulating lipid metabolism, inhibiting
inflammation, preventing retinal cell death, and
inhibiting corneal neovascularization formation, which
makes metformin a good candidate to prevent and treat
AMD (37). The present meta-analysis is similar to the
mentioned studies in terms of the type and outcome of
the study. However, our study provided a more up-to-date
and thorough search compared to past meta-analyses by
including more studies and larger sample size. Moreover,
our study involved a subgroup analysis to assess the effect
of different variables, including age, location, gender, dose
of metformin, and type of basic studies.

Kim et al performed a meta-analysis and reported no
statistically significant relationship between metformin
use and the incidence of open-angle glaucoma (HR: 1.05,
95% CI: 0.79, 1.40) (38). Tan et al performed an umbrella
review of meta-analyses and found that patients taking
metformin did not have a lower risk of diabetic retinopathy
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than those using other antidiabetic drugs (RR: 1.15, 95%
CI: 0.81, 1.63) (39). The results of these studies contradict
our meta-analysis and highlight the ineffectiveness of
metformin in reducing the risk of ocular diseases, such as
open-angle glaucoma and diabetic retinopathy. However,
it should be noted that the type of ocular disease examined

in these studies differs from that of our study.

Other studies have addressed the favorable and
significant effect of metformin on lowering the risk
of certain conditions, which can support our result.
According to the meta-analysis conducted by O’Connor
et al, metformin was associated with reduced risk of
cancer development in case-control (RR: 0.55, 95% CI:
0.30, 0.80) and prospective cohort (RR: 0.65, 95% CI: 0.37,
0.93) studies (40). A meta-analysis by Zhang et al revealed
that taking metformin contributed to a lower incidence of
cognitive disorders in diabetic patients (aHR: 0.92, 95%
CI: 0.85, 0.99) (41). Another meta-analysis conducted by
Campbell et al suggested a lower incidence of dementia in
metformin users (HR: 0.76, 95% CI: 0.39, 0.88) (42).

Conclusion

In conclusion, metformin use decreased the risk of AMD
by 14%, and a metformin dose of 271-600 g per 2 years
was the most effective dose for lowering AMD risk. In
addition, metformin administration reduced the risk of
AMD by 46% in patients aged 50 to 59 years, and this age
group achieved the most benefit from metformin taking.
Moreover, metformin use is not recommended for women
who are at risk of AMD development.

Study limitations

A limited number of cross-sectional studies have focused
on this subject. Most studies did not report the type of
AMD or the duration of drug consumption. Therefore, we
were unable to perform an analysis based on the effect of
metformin on different types of AMD or the duration of
drug consumption. Thus, future studies are suggested to
address these limitations.
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