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Abstract: Aim: Statins have been established in the market not only due to their ability to lower
plasma cholesterol levels but also due to their pleiotropic effects. In the literature, there is a con-
troversy regarding the role of statins in ophthalmology. We aimed to systematically address the
possible effect of statin therapy on ocular diseases and to identify if there is a beneficial relationship.
Methods: We searched PubMed and Cochrane Library databases up to 31 December 2022 for studies
evaluating the effect of statins on ocular diseases. We included all relevant Randomized Control
Trials (RCTs) that have been conducted in the adult population. PROSPERO registration number:
CRD42022364328. Results: Nineteen RCTs were finally considered eligible for this systematic review,
with a total of 28,940 participants. Ten studies investigated the role of simvastatin, suggesting a lack
of cataractogenic effect and a possible protective role in cataract formation, retinal vascular diseases,
and especially diabetic retinopathy, age-related macular disease progression, and non-infectious
uveitis. Four studies investigated lovastatin, showing no cataractogenic effect. Three studies exam-
ined atorvastatin, revealing conflicting results regarding diabetic retinopathy. Two studies examined
rosuvastatin, indicating a possibly harmful effect on lenses and a significant protective effect on retinal
microvasculature. Conclusions: Based on our findings, we believe that statins have no cataractogenic
effect. There are indications that statins may have a protective role against cataract formation, AMD,
diabetic retinopathy progression, and non-infectious uveitis. However, our results were insufficient
for any robust conclusion. Future RCTs, with large sample sizes, on the current topic are therefore
recommended to provide more solid evidence.

Keywords: statins; cataract; age-related macular disease (AMD); glaucoma; diabetic retinopathy;
uveitis; dry eye disease

1. Introduction

Nowadays, multiple statins are available in the market, including atorvastatin, ro-
suvastatin, simvastatin, lovastatin, pravastatin, fluvastatin, and pitavastatin [1,2]. Since
1987, when the first statin was introduced, intensive clinical investigations have proven
that statin therapy is well tolerated, with an excellent safety profile, although some adverse
events have been reported, with the most common being muscle toxicity and elevation of
liver enzymes [3,4]. The occurrence of other adverse effects, such as the slightly elevated
risk of newly diagnosed diabetes mellitus and the possible increased risk of hemorrhagic
stroke, has limited importance compared to the proven cardiovascular benefits of statin
therapy [3,4].
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Many publications during the past have focused mainly on statin’s therapeutic effect
in cholesterol-lowering. However, several recent clinical trials suggest that statin therapy
benefits are partially associated with other cholesterol-lowering independent effects, known
as pleiotropic effects [5]. Statin’s most known pleiotropic effects include anti-inflammatory
and immunomodulatory properties, antioxidant activity, neuroprotective actions, the ability
to reduce thrombogenicity, and the improvement of endometrial dysfunction [5,6].

The role of statin therapy in ophthalmology has not been clarified yet. Due to their
pleiotropic effects, relatively safe profile, and low cost, statins seem to be an up-and-coming
option for preventing and managing ocular diseases [7]. However, studies that exam-
ined the association between statin therapy and eye disorders have provided conflicting
results [8].

This study aims to perform a systematic review of RCTs, assessing the association
of ocular conditions, including cataracts, age-related macular disease (AMD), glaucoma,
diabetic retinopathy, dry eye, and uveitis, with statin therapy.

2. Results
2.1. Study Selection

Figure 1 summarizes the results of our extended literature search in a Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) chart [9]. We
identified 567 publications through PubMed, Cochrane Library, and the relevant studies’
reference lists. Of these, 303 publications were duplicates in the database, and an additional
239 records were excluded after reviewing their titles and abstracts. The full texts of the
remaining 26 studies were further assessed for eligibility. Studies to be included in this
review had to match predetermined criteria according to the Population, Intervention, Com-
parison, Outcomes, and Study (PICOS) approach. Criteria for inclusion and exclusion are
specified in Supplementary Table S1. After reviewing the full texts, seven more studies were
excluded for not meeting the inclusion criteria (Supplementary Table S2) [10–16]. After the
final exclusion, 19 RCTs [17–35] fulfilled the criteria to be included in our systematic review.

2.2. Study Characteristics

The studies that met the eligibility criteria for inclusion in our systematic review
examined a total of 28,940 participants, who were followed up for a mean of 24.4 months.
The mean age of all participants was approximately 55 years old, and the male-to-female
ratio was similar. We initially searched for seven different statins, but in the included
studies, only four were evaluated: simvastatin (10 studies), atorvastatin (3 studies), lo-
vastatin (4 studies), and rosuvastatin (2 studies). Among the studies, ten analyzed the
effect of statins in the human lens, and seven studies investigated the role of statins in
the progression of retinal vascular diseases focusing mainly on diabetic retinopathy. The
remaining studies examined other eye disorders, such as AMD and non-infectious uveitis.
The studied population mainly suffered from hyperlipidemia and diabetes mellitus. Other
comorbidities that were also reported were non-advanced AMD and asymptomatic aortic
stenosis, and a percentage of the participants was considered to be at high risk for coronary
heart diseases. A series of ophthalmological tests (slit lamp examination, measurement
of visual acuity, fundoscopy) and a biochemical investigation were evaluated in most of
the trials. More specific tests were also performed based on the aim of each study. No
significant adverse events have been reported except for some minor symptoms that can be
attributed as possible side effects of statins, such as muscle pain, weakness, rash, and mild
headache. The studies were conducted in different areas around the world, including the
US (5 studies), India (3 studies), Australia (3 studies), Europe (4 studies), Turkey (1 study),
Russia (1 study), and China (1 study). Table 1 lists the characteristics of each one of the
included studies.
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Figure 1. The PRISMA flowchart of our systematic review.

2.3. Outcomes of the Included Studies

The results are summarized in Table 1. According to our analysis, 10 studies investi-
gated the role of simvastatin, suggesting a lack of cataractogenic effect and a possible protec-
tive role in cataract formation, retinal vascular diseases, and especially diabetic retinopathy,
age-related macular disease progression, and non-infectious uveitis. In addition, four stud-
ies investigated lovastatin, showing no cataractogenic effect. Furthermore, three studies
examined atorvastatin, revealing conflicting results regarding diabetic retinopathy, while
two studies examined rosuvastatin, indicating a possibly harmful effect in lenses and a
significant protective effect on retinal microvasculature.

2.4. Quality Appraisal

The bias risk was assessed using version 2 of the Cochrane risk of bias tool for random-
ized trials (RoB2) [36] (Figures 2 and 3). Out of the 19 studies assessed, only two studies
were judged to have “high” bias risk, while six were judged to have “some concerns”. All
the 11 remaining trials were judged to have a “low” bias risk.
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Table 1. Characteristics of the included studies.

First Author Year Country Participants
(No)

Study
Duration Comorbidities

Mean
Age

(Years)
Ocular disorder Statin Therapy

(Dosage) Comparator Outcomes p-Value

Havel [17] 1987 US 101 6 weeks Heterozygous familial
hypercholesterolemia 44 Cataract

Lovastatin (5–40
mg twice/day

or 20 to 40
once/day)

Placebo No change in the prevalence of
lens opacities N/A

Bach [18] 1990 Australia 20 4 weeks Hyperlipidemia, coronary
artery disease N/A Cataract

Simvastatin (2.5,
5, 10, or 20
mg/day)

Placebo No difference regarding lens
opacities and visual acuity N/A

Lundh [19] 1990 Sweden 29 2 years Hypercholesterolemia N/A Cataract
Simvastatin
(10–20 mg
twice/day)

Control No harmful effect in the
human lens p = N/S

Laties [20] 1991 US 8245 48 weeks Hypercholesterolemia 55 Cataract
Lovastatin (20 or

40 mg once or
twice/day)

Placebo No effect on the human lens p = N/S

Chylack [21] 1993 US 192 2 years Hypercholesterolemia 53.5 Cataract Lovastatin (40
mg/day) Placebo

Cataract progression showed
no significant difference
between the two groups

p = N/S
(Only for nuclear
cataract in right
eyes, p < 0.02)

Blankenhorn
[22] 1993 US 270 4 years Coronary artery disease 58 Cataract Lovastatin (40

mg twice/day) Placebo
No difference was found

between groups in new onset
or worsening of lens opacities

N/A

Pedersen [23] 1994 Scandinavian
countries 4444 5.4 years

Angina pectoralis or
previous myocardial

infarction,
hypercholesterolemia

58.9 Cataract
Simvastatin
(20–40 mg
once/day)

Placebo No difference between the two
groups p = 0.19

Harris [24] 1995 UK 474 18 months High risk of coronary
heart disease 53.9 Cataract Simvastatin (20

or 40 mg/day) Placebo No differences between the
two groups N/A

Fried [25] 2000 US 39 2 years Insulin-dependent
diabetes mellitus 32.1 Diabetic Retinopathy Simvastatin Diet No difference in change in

retinopathy status N/A

Sen [26] 2001 India 50 180 days Diabetes mellitus,
hypercholesterolemia 53.9 Diabetic Retinopathy Simvastatin (20

mg/day) Placebo Delay the progression of
diabetic retinopathy p = 0.009

Gupta [27] 2004 India 30 18 weeks
Diabetes, Hyperlipidemia,
macular edema with hard

exudates
54.1 Diabetic macular

edema
Atorvastatin (10

mg/day) Control

Reduction of hard exudates
and none of the patients

suffered from subfoveal lipid
migration

p = 0.07

Ozkiris [28] 2006 Turkey 45 10 weeks Diabetes type 2 58.3 Diabetic Retinopathy Atorvastatin (10
mg/day) Placebo

Vascular resistance
improvement, decrease of

mean peak systolic velocity of
the ophthalmic artery and the

central retinal artery

p < 0.05
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Table 1. Cont.

First Author Year Country Participants
(No)

Study
Duration Comorbidities

Mean
Age

(Years)
Ocular disorder Statin Therapy

(Dosage) Comparator Outcomes p-Value

Narang [29] 2012 India 30 6 months

Non-insulin-dependent
diabetes,

non-proliferative diabetic
retinopathy with

clinically significant
macular edema (CSME)

55.9 CSME Atorvastatin (20
mg/day) Placebo

No significant difference in
visual acuity, macular edema,
and hard exudate among the

two groups

p = 0.39 for visual
acuity

p = 0.62 for
macular edema

Guymer [30] 2013 Australia 114 6 years Non-advanced AMD 74.6 AMD Simvastatin (40
mg/day) Placebo

Simvastatin retarded the AMD
progression compared to the

placebo group
p = 0.047

Sasaki [31] 2013 Australia 102 3 years Non-advanced AMD N/A Retinal vascular
diseases

Simvastatin (40
mg/day) Placebo

Simvastatin group had a
significantly larger retinal

arteriolar caliber compared to
the control group

p = 0.443

Bang [32] 2015 Denmark 1873 4.3 years Asymptomatic aortic
stenosis 67.5 Cataract Simvastatin (40

mg/day) Placebo
Simvastatin plus ezetimibe
was associated with a 44%

lower risk of cataract
p = 0.034

Yusuf [33] 2016 N/A 12,705 5.6 years Cardiovascular risk
factors 65.7 Cataract Rosuvastatin (10

mg/day) Placebo

More patients in the
rosuvastatin group needed

cataract surgery compared to
the placebo group

p = 0.02

Shrinsky [34] 2017 Russia 50 2 months Active non-infectious
uveitis 43.9 Non-infectious uveitis Simvastatin (40

mg/day) Control

Patients in the simvastatin
group received significantly
less steroid treatment and

showed an improvement in
visual acuity and reduction in

ocular inflammation.

p < 0.001

Li [35] 2019 China 127 12 months Hypercholesterolemia 53.7 Retinal vascular
diseases

Rosuvastatin (10
mg/day) Control

A significant effect of
rosuvastatin on retinal
microvasculature was

detected, including artery vein
ratio increase, venular

constriction, and arteriolar
dilation

p < 0.01

N/A: Not available.
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3. Discussion

To the best of our knowledge, this is the first systematic review conducted on RCTs
that examined the relation between statin use and ocular diseases in the adult population.
Our findings suggested conflicting results regarding the effect of statins on the eyes.

Currently, the treatment options for cataracts, AMD, glaucoma, diabetic retinopathy,
dry eye, and uveitis are limited, despite affecting a large percentage of the population
worldwide. Further options of medical therapy are required to slow the damage in vision
loss and, at the same time, to prevent the disease from occurring [7,8]. Due to their
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pleiotropic effects, relatively safe profile, and low cost, statins seem to be an up-and-
coming option for preventing and managing ocular diseases. Statins have already been
recommended to use in chronic inflammatory disorders such as rheumatoid arthritis and
systemic lupus erythematosus [5]. However, in the literature, the studies that examined
the association between statin therapy and eye disorders have provided controversial
results [8].

The exact mechanism linking statin and ocular diseases has not been clarified yet.
Their ability to reduce pro-inflammatory cytokines may minimize the harm of inflammation
in tissue damage in wet AMD, diabetic retinopathy, dry eye disease, and uveitis [7]. One of
the RCTs that have addressed the anti-inflammatory properties of statins was the PRINCE
(pravastatin inflammation/CRP evaluation) trial, which noted that statins were involved
in the reduction of C-reactive protein (CRP) in patients suffering from cardiovascular
diseases [37]. Moreover, in the JUPITER (Justification for the Use of Statins in Prevention:
an Intervention Trial Evaluating Rosuvastatin) study, it was first reported that rosuvastatin
administration reduced cardiovascular morbidity and mortality, as well as overall mortality,
in apparently healthy subjects without hyperlipidemia, but with elevated high-sensitivity
CRP (hs-CRP) levels [38].

Statins also have the ability to reduce transforming growth factor beta (TGF-β) and
Rho-kinase inhibitory activity, which may have a beneficial impact on glaucoma by im-
proving the aqueous outflow [7,39]. Furthermore, statins decrease vascular endothelial
growth factor (VEGF) expression and nicotinamide adenine dinucleotide phosphate oxidase
(NADPH) oxidase inhibition, which allows a significant increase in endothelial structure
and function, that may benefit the progression of diabetic retinopathy and AMD [7]. Of
note, oxidative stress is a significant risk factor for age-related cataracts, further enhancing
a possible connection with statins due to their known antioxidative effects [39,40].

Most trials investigated the reaction of the human lens in statin therapy, although
a clear causal association could not be ascertained. A meta-analysis that used data from
fourteen clinical trials (eight observational studies and six randomized), including approx-
imately 2,403,644 patients and 25,618 cataracts, showed that statin use was related to a
19% drop in the risk of cataracts (OR 0.81, 95% CI: 0.72–0.92, p = 0.0009) [41]. The effect
appeared to be statistically significant for clinical cataracts (19% decrease, OR 0.81, 95% CI
0.71–0.93, p = 0.0022), but it was not statistically significant for the lenticular opacities (OR
0.81, 95% CI 0.59–1.12, p = 0.2106) [41]. Of note, the effect observed in the RCTs had the same
importance as the observational studies, but it was not statistically significant (OR 0.84, 95%
CI 0.67–1.05, p = 0.1189) [41]. Overall, a clinically relevant and statistically significant pro-
tective role of statins was demonstrated by the analysis of the results, which appeared to be
more pronounced in younger patients and with a more extended follow-up period [41]. A
more recent meta-analysis, conducted by Yu et al., analyzed the results of seventeen studies,
including six cohorts, six case controls, and five RCTs, in more than 313,200 patients, aiming
to reach a clear conclusion to the debatable cataractogenic effect of statins [42]. Analysis of
the included cohort studies showed that the pooled RR was 1.13 (95% CI, 1.01–1.25), which
suggested that statins were responsible for a 13% increased risk of cataract formation or
cataract surgery [42]. In contrast, the pooled RRs of case-control studies and RCTs were
1.10 (95% CI, 0.99–1.23) and 0.89 (95% CI, 0.72–1.10), respectively, which indicated that no
link was detected between statin use and the risk of cataract development or surgery for
cataract extraction [42]. Significant heterogeneity was detected among both cohort studies
and case-control studies, although RCTs had low heterogeneity scores [42]. The researchers
concluded that there was insufficient data to establish a cataractogenic effect of statins [42].

Concerning the role of statins in the progression of retinal vascular diseases, our results
supported that statins may have the ability to minimize diabetic retinal complications
either by interfering with retinal vessels or by reducing the hard exudates [26–28,31,35].
Miyahara et al. reported that high-dose simvastatin could decrease the expression of
vascular endothelial growth factor (VEGF), which has an essential role in the pathogenesis
of both diabetic retinopathy and exudative AMD [43]. Additionally, Weis et al. noticed that
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endothelial release of VEGF was considerably reduced with high statin concentrations, but
no significant difference was detected with low dosages of statins [44].

This protective effect of statins in diabetic retinopathy is further enhanced by a recent
meta-analysis that used data from six cohort studies with a total of 558,177 patients [45].
Analysis showed that statin therapy was correlated with a reduced prevalence of diabetic
retinopathy [HR: 0.68 (0.55, 0.84), p < 0.001; I2: 95%] [45]. Regarding the subtypes of
diabetic retinopathy, statins reduced the risk of proliferative diabetic retinopathy [HR:0.69
(0.51, 0.93), p = 0.01; I2: 90%], non-proliferative diabetic retinopathy [HR: 0.80 (0.66, 0.96),
p = 0.02; I2: 93%], and diabetic macular edema [HR: 0.56 (0.39, 0.80), p = 0.002; I2: 82%] [45].
Furthermore, the findings suggested that statin use minimizes the necessity of more inter-
ventional techniques [HR:0.72 (0.64, 0.80), p < 0.001; I2: 73%], such as retinal laser treatment,
intravitreal injection with anti-VEGF, and vitrectomy [45].

Regarding the association between statins and AMD risk, Guymer et al. addressed
that simvastatin may retard the progression of non-advanced AMD [30]. In support of this
notion, a meta-analysis using 15 articles (seven cohort studies, five case-control studies,
and three cross-sectional studies), with the number of subjects ranging from 744 to 104,176,
indicated no important connection between statin use and the risk of any AMD (RR, 0.95;
95% CI, 0.74–1.15) [46]. Seven studies assessed data on the relationship between statins
and early AMD, with a total of 27,308 participants [46]. When the results of these studies
were analyzed, the authors found that statins can drop the incidence of early AMD by
approximately 17% (RR, 0.83; 95% CI, 0.66–0.99) [46]. The remaining eight studies, with a
total of 22,973 participants, reported the role of statins in late AMD [46]. The analysis of the
results showed an important protective effect of statins on exudative AMD (RR, 0.90; 95%
CI, 0.80–0.99), although no link was detected between statins and geographic atrophy (RR,
1.16; 95% CI, 0.77–1.56) [46]. In general, this meta-analysis supported that statins had a
protective role for both early and exudative AMD [46]. However, a recent systematic review
and meta-analysis that aimed to link statins and AMD led to a different conclusion [47].
Researchers reviewed a total of 22 studies, with 2,063,195 participants, 15.2% of whom
were diagnosed with AMD. The overall OR of AMD in statin-receiving participants was
0.93 (95% CI; 0.83–1.05, p = 0.225). The OR of AMD in those that received statins were
0.92 (95% CI; 0.75–1.13, p = 0.440) in case-control studies, 0.95 (95% CI; 0.82–1.09, p = 0.458)
in cohort studies, and 0.951 (95% CI; 0.59–1.53, p = 0.831) in cross-sectional studies. This
meta-analysis showed that statin therapy has no positive or negative impact on AMD
development [47].

Patients with uveitis usually have to follow an intensive steroid treatment plan for a
prolonged time period to avoid any relapse of the disease [39]. Shrinsky et al.’s findings
supported the hypothesis that statins have the ability to reduce the extent of ocular inflam-
mation in uveitis due to their anti-inflammatory and immunomodulatory properties [34].
Additionally, a retrospective population-based case-control study selected 108 incident
cases of uveitis, with most of them being anterior (81%) and non-infectious (76%) [48].
Comparing the participants with non-infectious uveitis and their respective general pop-
ulation controls, the percentage of those suffering from uveitis was almost 56% less in
statin users in contrast to non-statin users (OR: 0.44, 95% CI: 0.22 to 0.88, p = 0.02) when
adjusting for multiple factors including age, gender, race, smoking status, and autoimmune
diseases [48].

Of note, no RCT has examined the association between statins and glaucoma. However,
in a recent systematic review and meta-analysis [49] that included 17 studies, mainly cohort
and case-control studies, with a total of 515,788 patients, statin use was associated with a
slightly lower risk of open-angle glaucoma onset, while no association between statin use
and open-angle glaucoma progression was observed. The use of underpowered studies,
however, weakened the overall meta-analysis outcome [49].
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Limitations

This systematic review examined the association between statin therapy and ocular
diseases. We believe that through an extensive search of two databases, we were able to
detect and analyze all the relevant RCTs. However, certain limitations should be acknowl-
edged. Different classifications for the evaluation of the findings were used in the studies,
making it hard to compare them. Additionally, due to high heterogeneity, we were unable
to perform a meta-analysis.

4. Materials and Methods
4.1. Study Design

We performed a qualitative synthesis of published randomized controlled trials (RCTs)
to address the possible effect of statin therapy, including simvastatin, lovastatin, atorvas-
tatin, fluvastatin, pravastatin, rosuvastatin, and pitavastatin on ocular diseases, namely,
cataracts, AMD, glaucoma, diabetic retinopathy, dry eye, and uveitis, and to identify if
there is any beneficial relationship.

4.2. Search Strategy

This systematic review was registered on PROSPERO (ID number: CRD42022364328)
and was conducted following PRISMA recommendations [9]. An extensive bibliographic
search of PubMed and Cochrane library databases was conducted until 31 December 2022,
using the following keywords: “simvastatin and cataract”, “simvastatin and lens opacities”,
“simvastatin and glaucoma”, “simvastatin and diabetic retinopathy”, “simvastatin and
dry eye”, “simvastatin and uveitis”, “simvastatin and AMD”, “simvastatin and macu-
lar edema”, “lovastatin and cataract”, “lovastatin and lens opacities”, “lovastatin and
glaucoma”, “lovastatin and diabetic retinopathy”, “lovastatin and dry eye”, “lovastatin
and uveitis”, “lovastatin and AMD”, “lovastatin and macular edema”, “atorvastatin and
cataract”, “atorvastatin and lens opacities”, “atorvastatin and glaucoma”, “atorvastatin and
diabetic retinopathy”, “atorvastatin and dry eye”, “atorvastatin and uveitis”, “atorvastatin
and AMD”, “atorvastatin and macular edema”, “fluvastatin and cataract”, “fluvastatin
and lens opacities”, “fluvastatin and glaucoma”, “fluvastatin and diabetic retinopathy”,
“fluvastatin and dry eye”, ”fluvastatin and uveitis”, “fluvastatin and AMD”, “fluvastatin
and macular edema”, “pravastatin and cataract”, “pravastatin and lens opacities”, “pravas-
tatin and glaucoma”, “pravastatin and diabetic retinopathy”, “pravastatin and dry eye”,
“pravastatin and uveitis”, “pravastatin and AMD”, “pravastatin and macular edema”, “ro-
suvastatin and cataract”, “rosuvastatin and lens opacities”, “rosuvastatin and glaucoma”,
“rosuvastatin and diabetic retinopathy”, “rosuvastatin and dry eye”, “rosuvastatin and
uveitis”, “rosuvastatin and AMD”, “rosuvastatin and macular edema”, “pitavastatin and
cataract”, “pitavastatin and lens opacities”, “pitavastatin and glaucoma”, “pitavastatin and
diabetic retinopathy”, “pitavastatin and dry eye”, “pitavastatin and uveitis”, “pitavastatin
and AMD”, “pitavastatin and macular edema”. Additionally, the reference lists of eligible
studies were manually searched to detect any relevant articles that could meet the PRISMA
criteria. This search has included only papers written in English.

4.3. Eligibility Criteria

Eligible studies for our systematic review were RCTs in adults (>18 years old) that
compared statin therapy (simvastatin, lovastatin, atorvastatin, fluvastatin, pravastatin,
rosuvastatin, and pitavastatin) versus placebo, diet, or control group. We excluded any
nonrandomized studies, including case controls, cohort, and cross-sectional studies, articles
written in a non-English language, articles focusing on the pediatric population (<18 years
old), articles with insufficient data, and articles irrelevant to our primary aim.

4.4. Data Extraction

Two authors (C.L., A.P.A.) independently scanned the abstract, title, or both, of every
record and assessed the full text to determine which studies meet the inclusion criteria
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in order to be included in the review. During the process, any disagreement between the
reviewers was resolved by consensus discussion. Data extraction was done in accordance
with the PRISMA model. Because of the study’s design, there was no need either for
approval by the National Bioethics Committee (CNBC) or for informed permission from
the patients. Initially, all the search results to databases were screened for duplications
through Zotero software. After removing duplicates, data were extracted using Excel and
included the following information: first author, publication year, the country where the
trial was conducted, number and characteristics of the participating population, study
duration, statin therapy, comparator, and the outcome. Following that, papers were chosen
based on a further review of full-text articles to conclude our final selection.

4.5. Assessment of Risk of Bias

A Risk of Bias Assessment was performed for each included study to establish trans-
parency of systematic review results and findings, using the RoB2 tool for randomized
trials [36]. The assessment is divided into a series of domains through which bias might be
introduced into the trial. Within each domain, a number of questions (‘signaling’ questions)
aim to facilitate judgments regarding the risk of bias. Based on the answers to the signaling
questions, an algorithm generates a proposed judgment regarding the risk of bias from
each domain. Judgment can be expressed as having a “Low” risk of bias, “High” risk of
bias, or “Some concerns”.

5. Conclusions

This systematic review found 19 RCTs that assess the effect of statin use (simvastatin,
lovastatin, atorvastatin, and rosuvastatin) in eye disorders (cataracts, AMD, retinal vascular
disease, and non-infectious uveitis). Based on our findings, we believe that statins have
no cataractogenic effect. There are indications that statins may have a protective role
against cataract formation, AMD, diabetic retinopathy progression, and non-infectious
uveitis. However, our results were insufficient for any robust conclusion. Future research
is required to give definite answers regarding the role of statins in ophthalmology.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ph16050711/s1, Supplementary Table S1. PICOS criteria for in-
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Author Contributions: C.L.: Conceptualization, methodology, formal analysis, investigation,
writing—original draft, visualization; S.A.K.: methodology, writing—review and editing; I.T.:
writing—review and editing; I.M.: writing—review and editing; T.X.: writing—review and editing,
supervision; A.P.A.: conceptualization, methodology, formal analysis, investigation, writing—review
and editing, visualization, supervision. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Toth, P.P.; Banach, M. Statins: Then and Now. Methodist Debakey Cardiovasc. J. 2019, 15, 23–31. [CrossRef]
2. Agouridis, A.P.; Elisaf, M.S.; Nair, D.R.; Mikhailidis, D.P. All for Statins and Statins for All; An Update. Curr. Pharm. Des. 2016, 22,

18–27. [CrossRef] [PubMed]
3. Newman, C.B.; Preiss, D.; Tobert, J.A.; Jacobson, T.A.; Page, R.L., 2nd; Goldstein, L.B.; Chin, C.; Tannock, L.R.; Miller, M.;

Raghuveer, G.; et al. Statin Safety and Associated Adverse Events: A Scientific Statement from the American Heart Association.
Arterioscler. Thromb. Vasc. Biol. 2019, 39, e38–e81. [CrossRef] [PubMed]

4. Hu, M.; Cheung, B.M.; Tomlinson, B. Safety of statins: An update. Ther. Adv. Drug Saf. 2012, 3, 133–144. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ph16050711/s1
https://www.mdpi.com/article/10.3390/ph16050711/s1
https://doi.org/10.14797/mdcj-15-1-23
https://doi.org/10.2174/1381612822666151109111511
https://www.ncbi.nlm.nih.gov/pubmed/26548311
https://doi.org/10.1161/ATV.0000000000000073
https://www.ncbi.nlm.nih.gov/pubmed/30580575
https://doi.org/10.1177/2042098612439884
https://www.ncbi.nlm.nih.gov/pubmed/25083232


Pharmaceuticals 2023, 16, 711 11 of 12

5. Bedi, O.; Dhawan, V.; Sharma, P.L.; Kumar, P. Pleiotropic effects of statins: New therapeutic targets in drug design. Naunyn
Schmiedebergs Arch. Pharmacol. 2016, 389, 695–712. [CrossRef]

6. Blanco-Colio, L.M.; Tunon, J.; Martin-Ventura, J.L.; Egido, J. Anti-inflammatory and immunomodulatory effects of statins. Kidney
Int. 2003, 63, 12–23. [CrossRef]

7. Ooi, K.G.; Khoo, P.; Vaclavik, V.; Watson, S.L. Statins in ophthalmology. Surv. Ophthalmol. 2019, 64, 401–432. [CrossRef]
8. Olson, E.A.; Hainsworth, D.P.; Davis, G.; Hagan, J.C., 3rd. Eye on statins: A comprehensive review. MO Med. 2013, 110, 344–348.
9. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;

Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef]

10. Murakami, T.; Kato, S.; Shigeeda, T.; Itoh, H.; Komuro, I.; Takeuchi, M.; Yoshimura, N.; ophthalmology substudy of EMPATHY
Investigators. Intensive treat-to-target statin therapy and severity of diabetic retinopathy complicated by hypercholesterolaemia.
Eye 2021, 35, 2221–2228. [CrossRef]

11. Maguire, M.G.; Ying, G.S.; McCannel, C.A.; Liu, C.; Dai, Y.; Complications of Age-related Macular Degeneration Prevention Trial
(CAPT) Research Group. Statin use and the incidence of advanced age-related macular degeneration in the Complications of
Age-related Macular Degeneration Prevention Trial. Ophthalmology 2009, 116, 2381–2385. [CrossRef] [PubMed]

12. Al-Holou, S.N.; Tucker, W.R.; Agron, E.; Clemons, T.E.; Cukras, C.; Ferris, F.L., 3rd; Chew, E.Y.; Age-Related Eye Disease Study 2
Research, G. The Association of Statin Use with Age-Related Macular Degeneration Progression: The Age-Related Eye Disease
Study 2 Report Number 9. Ophthalmology 2015, 122, 2490–2496. [CrossRef]

13. Chew, E.Y.; Davis, M.D.; Danis, R.P.; Lovato, J.F.; Perdue, L.H.; Greven, C.; Genuth, S.; Goff, D.C.; Leiter, L.A.; Ismail-Beigi, F.; et al.
The effects of medical management on the progression of diabetic retinopathy in persons with type 2 diabetes: The Action to
Control Cardiovascular Risk in Diabetes (ACCORD) Eye Study. Ophthalmology 2014, 121, 2443–2451. [CrossRef]

14. Gaede, P.; Lund-Andersen, H.; Parving, H.H.; Pedersen, O. Effect of a multifactorial intervention on mortality in type 2 diabetes.
N. Engl. J. Med. 2008, 358, 580–591. [CrossRef]

15. Tobert, J.A.; Shear, C.L.; Chremos, A.N.; Mantell, G.E. Clinical experience with lovastatin. Am. J. Cardiol. 1990, 65, 23F–26F.
[CrossRef]

16. Gehlbach, P.; Li, T.; Hatef, E. Statins for age-related macular degeneration. Cochrane Database Syst. Rev. 2016, 2016, CD006927.
[CrossRef]

17. Havel, R.J.; Hunninghake, D.B.; Illingworth, D.R.; Lees, R.S.; Stein, E.A.; Tobert, J.A.; Bacon, S.R.; Bolognese, J.A.; Frost, P.H.;
Lamkin, G.E.; et al. Lovastatin (mevinolin) in the treatment of heterozygous familial hypercholesterolemia. A multicenter study.
Ann. Intern. Med. 1987, 107, 609–615. [CrossRef]

18. Bach, L.A.; Cooper, M.E.; O’Brien, R.C.; Jerums, G. The use of simvastatin, an HMG CoA reductase inhibitor, in older patients
with hypercholesterolemia and atherosclerosis. J. Am. Geriatr. Soc. 1990, 38, 10–14. [CrossRef]

19. Lundh, B.L.; Nilsson, S.E. Lens changes in matched normals and hyperlipidemic patients treated with simvastatin for 2 years.
Acta Ophthalmol. 1990, 68, 658–660. [CrossRef] [PubMed]

20. Laties, A.M.; Shear, C.L.; Lippa, E.A.; Gould, A.L.; Taylor, H.R.; Hurley, D.P.; Stephenson, W.P.; Keates, E.U.; Tupy-Visich, M.A.;
Chremos, A.N. Expanded clinical evaluation of lovastatin (EXCEL) study results. II. Assessment of the human lens after 48 weeks
of treatment with lovastatin. Am. J. Cardiol. 1991, 67, 447–453. [CrossRef] [PubMed]

21. Chylack, L.T., Jr.; Mantell, G.; Wolfe, J.K.; Friend, J.; Rosner, B. Lovastatin and the human lens; results of a two year study. The
MSDRL Study Group. Optom. Vis. Sci. 1993, 70, 937–943. [CrossRef]

22. Blankenhorn, D.H.; Azen, S.P.; Kramsch, D.M.; Mack, W.J.; Cashin-Hemphill, L.; Hodis, H.N.; DeBoer, L.W.; Mahrer, P.R.;
Masteller, M.J.; Vailas, L.I.; et al. Coronary angiographic changes with lovastatin therapy. The Monitored Atherosclerosis
Regression Study (MARS). Ann. Intern. Med. 1993, 119, 969–976. [CrossRef]

23. Pedersen, T.R.; Berg, K.; Cook, T.J.; Faergeman, O.; Haghfelt, T.; Kjekshus, J.; Miettinen, T.; Musliner, T.A.; Olsson, A.G.;
Pyorala, K.; et al. Safety and tolerability of cholesterol lowering with simvastatin during 5 years in the Scandinavian Simvastatin
Survival Study. Arch. Intern. Med. 1996, 156, 2085–2092. [CrossRef]

24. Harris, M.L.; Bron, A.J.; Brown, N.A.; Keech, A.C.; Wallendszus, K.R.; Armitage, J.M.; MacMahon, S.; Snibson, G.; Collins, R.
Absence of effect of simvastatin on the progression of lens opacities in a randomised placebo controlled study. Oxford Cholesterol
Study Group. Br. J. Ophthalmol. 1995, 79, 996–1002. [CrossRef]

25. Fried, L.F.; Forrest, K.Y.; Ellis, D.; Chang, Y.; Silvers, N.; Orchard, T.J. Lipid modulation in insulin-dependent diabetes mellitus:
Effect on microvascular outcomes. J. Diabetes Complicat. 2001, 15, 113–119. [CrossRef] [PubMed]

26. Sen, K.; Misra, A.; Kumar, A.; Pandey, R.M. Simvastatin retards progression of retinopathy in diabetic patients with hypercholes-
terolemia. Diabetes Res. Clin. Pract. 2002, 56, 1–11. [CrossRef] [PubMed]

27. Gupta, A.; Gupta, V.; Thapar, S.; Bhansali, A. Lipid-lowering drug atorvastatin as an adjunct in the management of diabetic
macular edema. Am. J. Ophthalmol. 2004, 137, 675–682. [CrossRef]

28. Ozkiris, A.; Erkilic, K.; Koc, A.; Mistik, S. Effect of atorvastatin on ocular blood flow velocities in patients with diabetic retinopathy.
Br. J. Ophthalmol. 2007, 91, 69–73. [CrossRef]

29. Narang, S.; Sood, S.; Kaur, B.; Singh, R.; Mallik, A.; Kaur, J. Atorvastatin in clinically-significant macular edema in diabetics with
a normal lipid profile. Nepal. J. Ophthalmol. 2012, 4, 23–28. [CrossRef]

https://doi.org/10.1007/s00210-016-1252-4
https://doi.org/10.1046/j.1523-1755.2003.00744.x
https://doi.org/10.1016/j.survophthal.2019.01.013
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1038/s41433-020-01202-5
https://doi.org/10.1016/j.ophtha.2009.06.055
https://www.ncbi.nlm.nih.gov/pubmed/19850347
https://doi.org/10.1016/j.ophtha.2015.08.028
https://doi.org/10.1016/j.ophtha.2014.07.019
https://doi.org/10.1056/NEJMoa0706245
https://doi.org/10.1016/0002-9149(90)91251-Z
https://doi.org/10.1002/14651858.CD006927.pub5
https://doi.org/10.7326/0003-4819-107-5-609
https://doi.org/10.1111/j.1532-5415.1990.tb01589.x
https://doi.org/10.1111/j.1755-3768.1990.tb01689.x
https://www.ncbi.nlm.nih.gov/pubmed/2080693
https://doi.org/10.1016/0002-9149(91)90002-3
https://www.ncbi.nlm.nih.gov/pubmed/1998274
https://doi.org/10.1097/00006324-199311000-00011
https://doi.org/10.7326/0003-4819-119-10-199311150-00002
https://doi.org/10.1001/archinte.1996.00440170097011
https://doi.org/10.1136/bjo.79.11.996
https://doi.org/10.1016/S1056-8727(01)00140-4
https://www.ncbi.nlm.nih.gov/pubmed/11358679
https://doi.org/10.1016/S0168-8227(01)00341-2
https://www.ncbi.nlm.nih.gov/pubmed/11879715
https://doi.org/10.1016/j.ajo.2003.11.017
https://doi.org/10.1136/bjo.2006.098285
https://doi.org/10.3126/nepjoph.v4i1.5846


Pharmaceuticals 2023, 16, 711 12 of 12

30. Guymer, R.H.; Baird, P.N.; Varsamidis, M.; Busija, L.; Dimitrov, P.N.; Aung, K.Z.; Makeyeva, G.A.; Richardson, A.J.; Lim, L.;
Robman, L.D. Proof of concept, randomized, placebo-controlled study of the effect of simvastatin on the course of age-related
macular degeneration. PLoS ONE 2013, 8, e83759. [CrossRef] [PubMed]

31. Sasaki, M.; Gan, W.L.; Kawasaki, R.; Hodgson, L.; Lee, K.Y.; Wong, T.Y.; Lamoureux, E.; Robman, L.; Guymer, R. Effect of
simvastatin on retinal vascular caliber: The Age-Related Maculopathy Statin Study. Acta Ophthalmol. 2013, 91, e418–e419.
[CrossRef]

32. Bang, C.N.; Greve, A.M.; La Cour, M.; Boman, K.; Gohlke-Barwolf, C.; Ray, S.; Pedersen, T.; Rossebo, A.; Okin, P.M.; Devereux,
R.B.; et al. Effect of Randomized Lipid Lowering With Simvastatin and Ezetimibe on Cataract Development (from the Simvastatin
and Ezetimibe in Aortic Stenosis Study). Am. J. Cardiol. 2015, 116, 1840–1844. [CrossRef] [PubMed]

33. Yusuf, S.; Bosch, J.; Dagenais, G.; Zhu, J.; Xavier, D.; Liu, L.; Pais, P.; Lopez-Jaramillo, P.; Leiter, L.A.; Dans, A.; et al. Cholesterol
Lowering in Intermediate-Risk Persons without Cardiovascular Disease. N. Engl. J. Med. 2016, 374, 2021–2031. [CrossRef]
[PubMed]

34. Shirinsky, I.V.; Biryukova, A.A.; Shirinsky, V.S. Simvastatin as an Adjunct to Conventional Therapy of Non-infectious Uveitis: A
Randomized, Open-Label Pilot Study. Curr. Eye Res. 2017, 42, 1713–1718. [CrossRef] [PubMed]

35. Li, L.; Wang, S.; Huang, H.; Cai, Y.; Xi, Y.; Bai, Y.; Ma, C. Effects of Rosuvastatin and Aspirin on Retinal Vascular Structures
in Hypercholesterolemic Patients with Low-to-Moderate Risk of Coronary Artery Disease. Am. J. Cardiovasc. Drugs 2019, 19,
415–420. [CrossRef] [PubMed]

36. Sterne, J.A.C.; Savovic, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, l4898. [CrossRef]

37. Albert, M.A.; Danielson, E.; Rifai, N.; Ridker, P.M. Effect of statin therapy on C-reactive protein levels: The pravastatin
inflammation/CRP evaluation (PRINCE): A randomized trial and cohort study. JAMA 2001, 286, 64–70. [CrossRef]

38. Ridker, P.M.; Danielson, E.; Fonseca, F.A.; Genest, J.; Gotto, A.M., Jr.; Kastelein, J.J.; Koenig, W.; Libby, P.; Lorenzatti, A.J.;
MacFadyen, J.G.; et al. Rosuvastatin to prevent vascular events in men and women with elevated C-reactive protein. N. Engl. J.
Med. 2008, 359, 2195–2207. [CrossRef]

39. Gilbert, R.; Al-Janabi, A.; Tomkins-Netzer, O.; Lightman, S. Statins as anti-inflammatory agents: A potential therapeutic role in
sight-threatening non-infectious uveitis. Porto Biomed. J. 2017, 2, 33–39. [CrossRef]

40. Leuschen, J.; Mortensen, E.M.; Frei, C.R.; Mansi, E.A.; Panday, V.; Mansi, I. Association of statin use with cataracts: A propensity
score-matched analysis. JAMA Ophthalmol. 2013, 131, 1427–1434. [CrossRef]

41. Kostis, J.B.; Dobrzynski, J.M. Prevention of cataracts by statins: A meta-analysis. J. Cardiovasc. Pharmacol. Ther. 2014, 19, 191–200.
[CrossRef]

42. Yu, S.; Chu, Y.; Li, G.; Ren, L.; Zhang, Q.; Wu, L. Statin Use and the Risk of Cataracts: A Systematic Review and Meta-Analysis.
J. Am. Heart Assoc. 2017, 6, e004180. [CrossRef]

43. Miyahara, S.; Kiryu, J.; Yamashiro, K.; Miyamoto, K.; Hirose, F.; Tamura, H.; Katsuta, H.; Nishijima, K.; Tsujikawa, A.; Honda, Y.
Simvastatin inhibits leukocyte accumulation and vascular permeability in the retinas of rats with streptozotocin-induced diabetes.
Am. J. Pathol. 2004, 164, 1697–1706. [CrossRef]

44. Weis, M.; Heeschen, C.; Glassford, A.J.; Cooke, J.P. Statins have biphasic effects on angiogenesis. Circulation 2002, 105, 739–745.
[CrossRef] [PubMed]

45. Pranata, R.; Vania, R.; Victor, A.A. Statin reduces the incidence of diabetic retinopathy and its need for intervention: A systematic
review and meta-analysis. Eur. J. Ophthalmol. 2021, 31, 1216–1224. [CrossRef]

46. Ma, L.; Wang, Y.; Du, J.; Wang, M.; Zhang, R.; Fu, Y. The association between statin use and risk of age-related macular
degeneration. Sci. Rep. 2015, 5, 18280. [CrossRef] [PubMed]

47. Memarzadeh, E.; Heidari-Soureshjani, S. The Relationship between Statin and Risk of Age-Related Macular Degeneration: A
Systematic Review and Meta-Analysis. J. Ophthalmol. 2022, 2022, 8564818. [CrossRef] [PubMed]

48. Borkar, D.S.; Tham, V.M.; Shen, E.; Parker, J.V.; Uchida, A.; Vinoya, A.C.; Acharya, N.R. Association between statin use and
uveitis: Results from the Pacific Ocular Inflammation study. Am. J. Ophthalmol. 2015, 159, 707–713. [CrossRef]

49. Yuan, Y.; Xiong, R.; Wu, Y.; Ha, J.; Wang, W.; Han, X.; He, M. Associations of statin use with the onset and progression of
open-angle glaucoma: A systematic review and meta-analysis. EClinicalMedicine 2022, 46, 101364. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1371/journal.pone.0083759
https://www.ncbi.nlm.nih.gov/pubmed/24391822
https://doi.org/10.1111/aos.12114
https://doi.org/10.1016/j.amjcard.2015.09.026
https://www.ncbi.nlm.nih.gov/pubmed/26602073
https://doi.org/10.1056/NEJMoa1600176
https://www.ncbi.nlm.nih.gov/pubmed/27040132
https://doi.org/10.1080/02713683.2017.1355468
https://www.ncbi.nlm.nih.gov/pubmed/28937830
https://doi.org/10.1007/s40256-019-00330-y
https://www.ncbi.nlm.nih.gov/pubmed/30793259
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1001/jama.286.1.64
https://doi.org/10.1056/NEJMoa0807646
https://doi.org/10.1016/j.pbj.2017.01.006
https://doi.org/10.1001/jamaophthalmol.2013.4575
https://doi.org/10.1177/1074248413511690
https://doi.org/10.1161/JAHA.116.004180
https://doi.org/10.1016/S0002-9440(10)63728-5
https://doi.org/10.1161/hc0602.103393
https://www.ncbi.nlm.nih.gov/pubmed/11839631
https://doi.org/10.1177/1120672120922444
https://doi.org/10.1038/srep18280
https://www.ncbi.nlm.nih.gov/pubmed/26658620
https://doi.org/10.1155/2022/8564818
https://www.ncbi.nlm.nih.gov/pubmed/35586594
https://doi.org/10.1016/j.ajo.2015.01.009
https://doi.org/10.1016/j.eclinm.2022.101364
https://www.ncbi.nlm.nih.gov/pubmed/35399812

	Introduction 
	Results 
	Study Selection 
	Study Characteristics 
	Outcomes of the Included Studies 
	Quality Appraisal 

	Discussion 
	Materials and Methods 
	Study Design 
	Search Strategy 
	Eligibility Criteria 
	Data Extraction 
	Assessment of Risk of Bias 

	Conclusions 
	References

