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Abstract
● AIM: To clarify this controversy and to provide evidence 
for application of lipid lowering agents in treatment of 
diabetic retinopathy (DR).
● METHODS: We searched the databases of PubMed, 
Embase and Cochrane Library Central Register of Controlled 
Trials (CENTRAL) and abstracts from main annual meetings 
up to January 1, 2017. Google scholar and ClinicalTrials.gov 
were also searched for unpublished relevant studies. We 
included randomized controlled trials (RCTs) that studied 
lipid-lowering agents in type 1 or type 2 diabetes in this 
Meta-analysis. The primary endpoint was the progression 
of DR, and the secondary endpoints included vision 
loss, development of diabetic macular edema (DME) and 
aggravation of hard exudates. The pooled odds ratios (OR) 

with corresponding 95% confidence intervals (95%CIs) 
were calculated.
● RESULTS: After systemic and manual literature search 
by two independent investigators, we included 8 RCTs 
from 7 published articles with 13 454 participants in this 
Meta-analysis. The results revealed that lipid-lowering 
drugs were associated with reduced risk in DR progression 
[OR=0.77 (95%CI: 0.62, 0.96), P=0.02]. Lipid-lowering agents 
might have protective effect on DME compared to placebo, 
although the difference was not statistically significant 
[OR=0.60 (95%CI: 0.34, 1.08), P=0.09]. However, no significant 
differences in the worsening of vision acuity [OR=0.96 
(95%CI: 0.81,1.14), P=0.64] and hard exudates [OR=0.50 
(95%CI:0.15, 1.74), P=0.28] were found between the lipid-
lowering drugs and the placebo groups.
● CONCLUSION: In DR patients, lipid-lowering agents show 
a protective effect on DR progression and might be 
associated with reduced risk in the development of DME. 
However, lipid-lowering agents have no effects on vision 
loss and hard exudates aggravation. Further clinical trials 
in larger scale are required to confirm the conclusion of 
this study and thus justify the use of intensive control 
lipids with anti-lipid agents at the early stages of DR.
● KEYWORDS: diabetic retinopathy; lipid-lowering agents; 
fibrates; statins; vision acuity; hard exudates; diabetic macular 
edema
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INTRODUCTION

D iabetic retinopathy (DR) is the most frequently occurring 
chronic microvascular complication in patients with 

diabetes, which remains a leading cause of irreversible vision 
loss globally and has become an important public health 
problem[1-2]. The features of DR in the non-proliferative stage 
(NPDR) include the development of microaneurysms, petechial 
hemorrhage and hard and soft exudation. The diabetic macular 
edema (DME) and proliferative diabetic retinopathy (PDR) 
occur in the late stage of the disease, which become refractory 
to treatment. Eventually, vitreous hemorrhage or tractional 
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retinal detachment caused by retinal neovascularization will 
lead to partial or complete vision loss[3]. Therefore, developing 
effective therapies to prevent the onset and to delay the 
progression of DR at early stage has been considered as the 
most effective strategy for DR treatment[4].
Elevated blood lipid levels, in particular cholesterol and low-
density lipoprotein (LDL), has been identified as a risk factor 
of DR and considered correlated to the development of retinal 
hard exudates and DME that lead to moderate vision loss, 
defined as three or more lines of vision loss compared with 
baseline[3,5-9]. In recent years, some studies have revealed 
that intensive control of lipids in patients with diabetes could 
substantially delay the progression of DR and suggested that 
fibrates and statins, two types of widely prescribed lipid-
lowering drugs, should be applied in the treatment of DR in 
diabetes[7,10-14]. However, the results of some other studies 
did not demonstrate the beneficial effects of lipid-lowering 
drugs on the progression of DR[15-17]. In addition, there is no 
explicit statement in the application of lipid-lowering agents 
in the current guidelines for DR treatment[18]. Therefore, the 
relationship between antilipemic agents and the progression of 
DR deserves further investigation. In this study, we conducted 
a systematic review and Meta-analysis to assess the effects of 
two types of most widely used lipid-lowering drugs, fibrates 
and statins, on the development of DR, vision loss, hard 
exudates and DME.
MATERIALS AND METHODS
Search Strategy  We performed literature search using the 
online databases of PubMed, Embase, and the Cochrane 
Library Central Register of Controlled Trials (CENTRAL) 
for publications and abstracts from main annual meetings 
about the effects of two main types of lipid-lowering drugs, 
fibrates and statins, on the development of DR for the period 
of Jan. 1, 1990 through Jan. 1, 2017. Google scholar and 
ClinicalTrials.gov were also searched for unpublished relevant 
studies. We conducted the literature search using the following 
keywords and MeSH terms: “antilipemic agents”, “therapy 
for dyslipidemia”, “lipid lowering drugs”, “hypolipidemic”, 
“statins”, “statin”, “simvastatin”, “mevastatin”, “rosuvastatin”, 
“atorvastatin”, “cerivastatin”, “pravastatin”, “lovastatin”, 
“fibrate”, “fibrates”, “bezafibrate”, “fenofibrate”, “etofibrate” 
and “diabetic retinopathy”, “proliferative diabetic retinopathy”, 
“diabetic macular edema”, “diabetic macular oedema”, 
“diabetic maculopathy”, “retinal disorders”, “diabetic eye 
disease”, or “vision loss”. In addition, bibliographies of 
retrieved studies and recent review articles were checked for 
additional relevant studies. We limited the language of articles 
to English. The literature search process was conducted by two 
investigators independently. 
Selection Criteria  Studies that meet the following criteria 
were included: 1) the study included type 1 or type 2 diabetes 

patients with or without DR; 2) the article compared the effect 
of lipid-lowering drugs with other reagents or placebo on DR 
or reported the relationship of lipid-lowering drugs and DR; 3) 
the study must include at least one of the following outcomes: 
progression of DR, incidence of DR, DME development or 
severity, aggravation of vision acuity loss or hard exudates 
and report the number of patients and events in each 
treatment group; 4) the study was a randomized controlled 
trial (RCT); 5) the period of follow-up was more than 3mo. 
The exclusion criteria were as following: 1) animal- and cell-
based experimental studies; 2) crossover trials; 3) the study 
combined lipid-lowering reagents with other drugs, such as 
antihypertensive and hypoglycemic drugs. 
Endpoints of Included Trials  The primary endpoint was the 
progression of DR. The secondary endpoints included 2-lines 
worsening in vision acuity, aggravation in DME and worsening 
of hard exudates. For studies employing the Early Treatment 
Diabetic Retinopathy Study (ETDRS) grading system, 
progression of at least two step changes was selected as the 
primary endpoint because most studies with ETDRS grading 
system used at least two step changes as criteria[19]. In addition, 
we performed subgroup analyses according to follow-up time 
and the number of participants to improve the specificity of the 
assessment.
Data Extraction and Quality Assessment  Two investigators 
(Shi R and Zhao L) independently reviewed the titles and 
abstracts of all retrieved articles and then selected the included 
studies. Any disagreement was solved by consensus or 
consultation. They then reviewed the full-text of all included 
articles and extracted the following data using a standardized 
excel-based data extraction form: first author’s name, year 
of publication, types of diabetes, types and doses of drugs, 
number of participants and baseline information including 
mean age, duration of DM, HbA1c, total serum cholesterol 
(TC), LDL cholesterol, high-density lipoprotein (HDL) 
cholesterol, and serum triglycerides (TGs), dropout rates and 
the number of events in the intervention groups. The quality of 
included articles was evaluated using the Review Manager 5.3 
software (UK). Potential risks of bias in each included study 
were assessed using the Cochrane Collaboration’s method that 
was composed of six domains: sequence generation, allocation 
concealment, masking of participants or outcome assessors, 
incomplete outcome, selective outcome reporting and other 
bias[20]. 
Statistical Analysis  The STATA statistical software (version 
12.0, Stata Corp, USA) and the Review Manager software 
(v.5.3.0, Cochrane Community, UK) were employed to analyze 
the data and perform the Meta-analysis. The pooled odds ratios 
(ORs) with corresponding 95% confidence intervals (CIs) 
were calculated by using the bivariate binomial mixed model 
and used to compare the effects of treatments. The forest plot 
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was used to illustrate the extent of effects and P<0.05 was 
considered as significant. The χ2-based Cochran’s Q test and 
the Higgins’ I2 statistics were used to assess the heterogeneity 
among included studies. P<0.1 and I2>50% were considered 
as indicators of significant heterogeneity. When heterogeneity 
was present, the random-effects model (DerSimonian-
Laird method) was applied; otherwise the fixed-effects 
model (Mantel-Haenszel method) was carried out. Potential 
publication bias was assessed with the Begg’s funnel plot 
and the Egger’s linear regression test was applied to evaluate 
the asymmetry of the funnel plot. A P<0.05 indicated an 
asymmetric plot, which suggested the existence of possible risk 
of publication bias. All P values were two sided, and statistical 
significance was defined as P<0.05 unless indicated otherwise. 
RESULTS
Characteristics and Quality Assessment of Included 
Studies  The initial literature search identified 282 articles 
through systematic search for online databases and 4 studies 
through manual review of the bibliographies of included 
studies and recently published reviews. Eight duplicate 
records were removed and 231 abstracts were further excluded 
because they were basic researches, for different aims reviews 
or case report. The remaining 23 studies were subjected to 
complete full-text review by 2 independent investigators, 
of which 16 studies were subsequently excluded based on 
the exclusion criteria. Finally, a total of 7 articles met the 
inclusion criteria and therefore were included in the present 
Meta-analysis[11,15,21-25]. One of the included articles reported 
2 individual trials[21]; therefore, 8 clinical trials with 13 454 
participants were included in this Meta-analysis. The process 
of literature search and selection was summarized in the 
PRISMA chart (Figure 1). The main characteristics of included 
studies were summarized in Table 1. 

Among the included trials, 6 studies involved type 2 diabetes 
patients, 2 studies recruited both type 1 and 2 diabetes patients. 
Regarding the types of lipid-lowering reagents, 5 included 
trials investigated the effects of fibrates on DR and the other 
3 trials studied statins. All studies reported the baseline 
levels of all or some of the following blood lipid parameters: 
HbA1c (%), serum TC, TG, LDL and HDL. The data for DR 
progression was reported in 6 trials with 3629 participants; 4 
included studies described DME according to the definitions 
by the ETDRS study[19]; 4 trials provided the data for the 
alterations in vision acuity during the lipid-lowering drugs 
therapy; and the worsening of hard exudates was examined in 

Table 1 Main characteristics of 7 included articles in this Meta-analysis

Included study (year) Study 
design

Sample size 
(lipid-lowering 
drug/control)

Intervention Follow-up Outcomes

Chung et al 2017[11] RCT 70/40 Statin/no-statin 5y DME, hard exudates, progression 
steps

ACCORDION et al 2016[15] RCT 399/363 Fibrate/placebo plus simvastatin 8y Progression steps

Keech et al 2007[21] RCT 4895/4900 Fenofibrate/placebo 5y DME

512/500 Fenofibrate/placebo VA, progression steps

Gupta et al 2004[22] RCT 15/15 Atorvastatin/no-lipid lowering agents 18wk VA, progression steps

Sen et al 2002[23] RCT 25/25 Simvastatin/placebo 6mo VA, hard exudates, progression 
steps, DME

Chew et al 2010[24] RCT 806/787 Fibrate/placebo plus simvastatin 4y VA and progression steps

Massin et al 2014[25] RCT 52/50 Fenofibrate/placebo 1y DME, exudates, progression steps

RCT: Randomized controlled trial; DME: Diabetic macular edema; VA: Vision acuity; NA: Not available. Outcomes: VA=2-line worsen in 
visual acuity, progression steps=at least 2 steps progression. DR status was defined according to the eye with the highest level on the ETDRS 
Final Severity Scale, as follows: no DR, a level of less than 20; mild DR, a level of 20; moderate NPDR, a level above 20 but less than 53; severe 
DR, a level of 53; and PDR, a level of 60 or higher[24].

Figure 1 PRISMA 2009 flow diagram in our study.
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4 articles. Baseline characteristics of the included trials in the 
present Meta-analysis were summarized in Table 2.
The quality of included articles was assessed using the 
Cochrane Collaboration’s method for the potential risks of 
bias, and the results showed that all the included RCTs had low 
risk of bias (Table 3). 
The Effects  of  Lipid- lowering Reagents  on the 
Development and Progression of Diabetic Retinopathy  Six 
trials investigated the roles of lipid-lowering drugs (4 trials for 
fibrates, 2 trials for statins) in the progression of DR. The Meta-
analysis revealed that lipid-lowering drugs were associated 

with reduced risk of DR progression [OR=0.77 (95%CI: 0.62, 
0.96), P=0.02] (Figure 2). Subgroup analyses were then carried 
out based on the follow-up time (< 3y or ≥3y) and the number 
of participants (n<100 or n≥100). However, no difference was 
found between the trials with different follow-up time (test for 
subgroup differences: P=0.14, I2=53.6%) (Figure 3) and different 
scales (test for subgroup differences: P=0.84, I2=0) (Figure 4). 
We then explored the effects of lipid-lowering reagents on 
secondary endpoints, including vision acuity, hard exudes and 
DME. The results suggested that lipid-lowering drugs did not 
reduce the risk of vision acuity worsening [OR=0.96 (95%CI: 

Table 2 Baseline data of the included clinical trials in the Meta-analysis                                                                                                 mean±SD

Included study (year) Sample 
size Interventions

Baseline characteristics

Age (y) Diabetes 
duration (y) VA HbA1c

 (%) TC LDL-C HDL-C TG

Chung et al 2017[11] 70 Statin 58.1 (11.6) 12.4 (8.0) NA 8.1 (1.7) 4.4 (2.6) 2.1 (0.8) 1.1 (0.3) 1.9 (1.4)

40 No-statin 52.3 (12.2) 8.6 (8.2) NA 8.0 (1.5) 4.4 (1.5) 3.0 (1.3) 1.1 (0.3) 2.1 (1.5)

ACCORDION 
et al 2016[15]

399 Fibrate plus 
simvastatin

61.8 (5.8) 9.8 (6.5) NA 8.2 (1.0) NA 2.79 (0.78) 0.98 (0.19) 2.1 (1.14)

363 Placebo plus 
simvastatin

61.1 (5.6) 9.4 (6.6) NA 8.1 (0.9) NA 2.84 (0.87) 1.0 (0.19) 2.06 (1.18)

Keech et al 2007[21] 4895 Fenofibrate NA NA NA NA 5.04 3.07 1.1 NA

4900 Placebo NA NA NA NA 5.04 3.07 1.1 NA

512 Fenofibrate NA NA NA NA 5.04 3.07 1.1 NA

500 Placebo NA NA NA NA 5.04 3.07 1.1 NA

Gupta et al 2004[22] 15 Atorvastatin 55.53 (8.29) 10.99 (5.42) NA 8.38 5.95 (0.96) 3.29 (0.56) NA 2.13 (1.05)

15 No-lipid 
lowering agents

52.73 (7.27) 14.07 (4.36) NA 8.32 6.07 (1.78) 3.16 (0.75) NA 2.41 (1.52)

Sen et al 2002[23] 25 Simvastatin 54.9 (7.8) NA NA 7.4 (0.14) 5.8 (0.69) 4.1 (0.65) 1 (0.1) 1.4 (0.6)

25 Placebo 53.0 (10.2) NA NA 7.3 (0.26) 5.5 (0.45) 4 (0.53) 1 (0.13) 1.3 (0.31)

Chew et al 2010[24] 806 Fibrate plus 
simvastatin

61.9 (6.2) 9.7 (6.8) 76.2 (9.7) 8.2 (1.0) NA 2.49 (0.76) 0.99 (0.20) 2.14 (1.25)

787 Placebo plus 
simvastatin

61.5 (6.5) 9.8 (7.2) 76.2 (10.7) 8.2 (1.0) NA 2.50 (0.77) 0.99 (0.20) 2.12 (1.27)

Massin et al 2014[25] 52 Fenofibrate 62.6 (6.3) 14.3 0.28 (0.27) 7.8 (1.1) NA 3.16 (1.07) 1.23 (0.33) 2.25 (1.29)

50 Placebo 60.6 (8.8) 13.3 0.23 (0.27) 8.0 (1.0) NA 3.05 (1.16) 1.21 (0.34) 2.18 (0.92)

Data shown was the mean (SD) of each parameter except for the study by Keech et al[21] that only provided the mean. TC: Total cholesterol; TG: 
Triglyceride; LDL-C: Low-density lipoprotein cholesterol; HDL: High-density lipoprotein cholesterol. In three articles, mg/dL instead of mmol/L was 
used, therefore, interchange of units was performed according the following calculation: TC: 100 mg/dL=2.58 mmol/L, TG: 100 mg/dL=1.13 mmol/L,
LDL: 100 mg/dL=2.59 mmol/L, HDL: 100 mg/dL= 2.58 mmol/L. Mixed=D1M and D2M. Baseline data of the first article[11] was exchanged 

from the table in the paper (Table 2: Baseline characteristics of participants requiring or not requiring laser treatment during the study).

Table 3 Risk of bias summary: each risk of bias item for each included study

Included study (year)
Random 
sequence 

generation

Allocation 
concealment

Masking of 
participants or 

outcome assessors

Incomplete 
outcome

Selective 
outcome 
reporting

Other bias

Chung et al 2017[11] Low risk Unclear Unclear Low risk Low risk Low risk
ACCORDION 
et al 2016[15]

Low risk High Risk Unclear Low risk Low risk Low risk

Keech et al 2007[21] Low risk Low risk Unclear High Risk Low risk Low risk
Gupta et al 2004[22] High Risk High Risk Low risk Low risk unclear Low risk
Sen et al 2002[23] Low risk Low risk Low risk High Risk Low risk Low risk
Chew et al 2010[24] Low risk Low risk Low risk High Risk Low risk Low risk
Massin et al 2014[25] Low risk Low risk Low risk Low risk Unclear Low risk
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0.81,1.14), P=0.64] (Figure 5). Patients on lipid-lowering drugs 
had no significant difference in developing severe hard exudates 
compared with patients who didn’t use these reagents [OR=0.50 
(95%CI: 0.15, 1.74), P=0.28] (Figure 6). Although no statistically 
significant difference was found in the severity of DME between 
the lipid-lowering drugs and the placebo groups [OR=0.60 
(95%CI: 0.34, 1.08), P=0.09], anti-lipid drugs might be able to 
reduce DME aggravation according to its OR value (Figure 7). 

Test of Heterogeneity and Publication Bias  The spearman 
correlation coefficient was 0.371 (P=0.468), suggesting that no 
obvious threshold effect was detected. The Cochran Q value 
of DOR was 12.30 (P=0.031) and the inconsistency index (I2) 
was <50%, suggesting the absence of obvious non-threshold 
effects. In together, these results indicated that no evidence of 
significant heterogeneity existed among the included studies 
when the progression of DR was set as the primary endpoint. 

Figure 2 Effects of lipid-lowering agents on DR progression.

Figure 3 Subgroup analyses effects of lipid-lowering agents on diabetic retinopathy progression according to the follow-up period  Three 
years was used as the grouping factor as previously described[26].

Figure 4 Subgroup analyses effects of lipid-lowering agents on DR progression according to number of participants.
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The Begg’s funnel plot and the Egger’s regression test were 
performed to explore any potential publication bias in this 
Meta-analysis (Figure 8). The slope coefficient reflected a P 
value of 0.935 in the overall studies, suggesting the symmetry 
of data and the absence of significant publication bias.
DISCUSSION
A total of 8 RCTs from 7 articles[11,15,21-25] with 13 454 participants 
were included in the present Meta-analysis. The large number 
of participants made our research more reliable in estimating 
the effect of lipid-lowering reagents on the development and 
progression of DR, compared with single-centered studies and 
previously published systemic reviews[27]. Our Meta-analysis 
revealed that lipid-lowering agents were associated with 
significantly reduced risks in DR progression (Figure 2, Figure 8), 
and might delay DME aggravation in diabetic patients (Figure 7). 
However, no beneficial effects of lipid-lowering agents were 
discovered in terms of vision acuity and hard exudates in DR 
patients (Figures 5, 6).
In this Meta-analysis lipid-lowering drugs including fibrates 
and statins were shown to significantly reduce the risk 
in DR progression in 6 trials with 3629 participants, for 
which estimates were adjusted for baseline or follow-up 
characteristics (Table 2). This finding was in consistent with 

the reports by Chew et al[24] and Gupta et al[22]. However, due 
to the limited number of included studies, subgroup analysis 
based on the types of lipid-lowering agents, fibrates and statins, 
was not carried out in this Meta-analysis, which represented 
the main methodological limitation in our study. However, 
there was no significant heterogeneity among included 
studies, suggesting that the type of lipid-lowering drugs 
unlikely affected the results across the included trials. We also 
performed a subgroup analysis according to the number of 
participants of the included trials, and the results revealed that 
the size of trials did not influence the final results.

Figure 5 Forest plots for the effects of lipid-lowering reagents on the worsening of vision acuity, which was defined as 2-line worsening in 
visual acuity.

Figure 6 Forest plots for the effects of lipid-lowering reagents on hard executes.

Figure 7 Forest plots for the effects of lipid-lowering reagents on the severity of DME  All included studies described DME according to the 
definitions by the Early Treatment Diabetic Retinopathy Study (ETDRS) study[19]. 

Figure 8 The Begg’s funnel plot for potential publication bias.

Effects of lipid-lowering agents on diabetic retinopathy
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The underlying mechanism(s) of the protective effects of lipid-
lowering drugs was unlikely solely due to lowering the plasma 
lipids concentrations and several potential mechanisms have 
been proposed. Some studies suggested that these drugs might 
exert protective effect via anti-inflammation property, because 
they could reduce the expression of inflammatory factors, such 
as IL-6, prostacyclin, cyclooxygenase (COX)-2 and VEGF in 
vascular smooth muscles[28] and therefore relieve the leakage 
of endothelium and regulate the function of blood-retina 
barrier[29-31]. In addition, reducing endothelial cell apoptosis 
and affecting antioxidant pathway were also involved in the 
protective effect of fibrates[32]. However, the exact molecular 
mechanism(s) for this effect was still unclear. Further studies 
are needed to explicit it.
Regarding the duration of the protective effects offered by 
lipid-lowering drugs, there were variations among reported 
studies. The Fenofibrate Intervention and Event Lowering 
in Diabetes (FIELD) study demonstrated that treatment with 
200 mg fenofibrate per day (n=4895), compared with placebo 
(n=4900), resulted in a 31% reduction in the need for the first 
course of laser treatment for DR over 5y[21]. The Action to 
Control Cardiovascular Risk in Diabetes (ACCORD) study 
reported the most updated follow-up data that fenofibrate plus 
simvastatin slowed the progression of DR in patients with type 
2 diabetes in 4y, but fenofibrate provided no benefit at 8y[15]. To 
further identify the protective effect of lipid-lowering agents 
on DR progression, we did a subgroup analysis for different 
follow-up time and the period of 3y was chosen as the criterion 
as described in a previous study[26]. Our Meta-analysis revealed 
that lipid-lowering therapy had significant protection against 
the progression of DR in both subgroups (I2=53.6%, P=0.14), 
particularly within 3y follow-up (OR=0.37, I2=0, P=0.05), 
similar to what the ACCORD study has reported[15]. We 
proposed that at late stages of DR, ischemia led to irreversible 
vascular dysfunction and proliferation, thus the resultant retina 
neovascularization and DME needed more potent treatments 
beyond anti-lipidemic therapy. In addition, the effectiveness 
of anti-lipid drugs might also be related to the baseline status 
of DR before the participants were recruited into the trials. 
Further experimental studies or clinical trials with long-term 
follow-ups are guaranteed to uncover such mechanism(s).
DME is the most common cause of vision loss in diabetes 
patients and may occur at any stage of DR[33], and it is 
defined as retinal thickening in the macular area of either 
eye, according to the ETDRS scale. Four trials with 10 057 
participants were included in this Meta-analysis to investigate 
the effect of lipid-lowering agents on DME aggravation, which 
was defined as occurrence of DME or the increased thickness 
of macular during the follow-up time[11]. Lipid-lowering agents 
seemed to improve the outcome of DME compared with 
placebo (Figure 7), although this result was not statistically 

significant (P=0.09). This finding was in accordance with the 
results of previous studies[21], which showed that fenofibrate 
had no significant effect on DME. However, Das et al[27] 

has revealed a strong relationship between lipid levels and 
the severity of DME, and dyslipidemia is known to be an 
important risk factor for DME[34]. Therefore, evidence for 
the direct comparisons between anti-lipid drugs for DR is 
guaranteed in future studies.
The ophthalmic outcome of most interest to patients is how 
well they can see. However, our results suggested that lipid-
lowering agents had no significant effect on improving vision 
acuity in diabetes patients with DR. That was in line with the 
two biggest clinical trials, the FIELD substudy over 5y and 
the ACCORD-Eye substudy over 4y, which also reported that 
lipid-lowering drugs was not expected to significantly reduce 
PDR-related vision loss. Here we proposed three possible 
explanations. Firstly, hard exudates in macular might be an 
important reason for worsening in vision acuity at the early 
stage of DR, which was related to high serum lipid level[6]. 
However, we found no significant effect of lipid-lowering 
agents on hard exudates. Therefore, there might be other 
mechanism(s). Another possible explanation for the absence of 
a significant effect of lipid-lowering agents on DR in diabetes 
patients was the lens status of all the participants. The average 
age of participants in all the included trials was about 60y, and 
poor lens status or pre-existing cataract might be another risk 
factor which will influence the results of the clinical trials. 
Thirdly, moderate heterogeneity and the limited number of 
included trials might be other factors influencing the results.
The main limitation of this Meta-analysis was the small 
number of included studies. For example, some subgroup 
analyses had small numbers of participants, which may lead 
to inaccuracy of estimates. Additionally, because of the small 
number of relevant studies, funnel plot and Egger’s test had 
little power to correctly detect the risk of publication bias. 
Finally, most included trials didn’t analyze the difference 
in response to lipid-lowing agents between types 1 and 2 
diabetes. Moreover, the trials that involved hard exudates and 
DME only calculated the rate of developing hard exudates and 
DME, but the baseline data and the diagnostic criteria were not 
provided. 
In conclusion, despite the above-mentioned limitations, this 
Meta-analysis revealed that in patients with DR, lipid-lowering 
agents could reduce the risk in progression of DR and might 
delay DME development, but they did not have protective 
effects on vision acuity and hard exudates. These findings 
provided important evidence that intensive control of blood 
lipid levels at early stage of DR potentially represented a novel 
therapeutic strategy for delaying DR development. Further 
large-scale prospective studies are warranted to confirm our 
results. In addition, previous studies have revealed that the 
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effects of lipid-lowering agents on DR progression were not 
only related to their lipid-lowering function, therefore, whether 
DR patients without dyslipidemia should be administrated with 
oral lipid-lowering drugs still remain controversial.
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