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Purpose. To evaluate effects of long-term metformin on the severity of diabetic retinopathy (DR) in high-risk type 2 diabetic (T2D)
patients. Methods. A retrospective chart review study was conducted involving 335 DR patients with T2D≥ 15 years from 1990 to
2013. The severity of DR was determined by Early Treatment Diabetic Retinopathy Study scale. The associations between
metformin and DR severity were evaluated. Comparison with stratification for the use of sulfonylurea and insulin was
performed to identify possible confounding effects. Results. Severe nonproliferative diabetic retinopathy or proliferative diabetic
retinopathy (SNPDR/PDR) was more often diagnosed in nonmetformin users (67/142, 47%) versus metformin users (48/193,
25%) (p < 0 001), regardless of gender and race of the patients. The odds ratio of metformin associated with SNPDR/PDR was
0.37 in all cases (p < 0 001), 0.35 in sulfonylurea use cohort (p < 0 05), 0.45 in nonsulfonylurea use cohorts (p < 0 01), and 0.42
in insulin use cohort (p < 0 01). Insulin users had a higher rate of SNPDR/PDR. Metformin had no influence on the occurrence
of clinical significant diabetic macular edema. Conclusions. Long-term use of metformin is independently associated with a
significant lower rate of SNPDR/PDR in patients with type 2 diabetes≥ 15 years.

1. Introduction

Diabetes affects 29.3 million people in the United States
[1], of which 28.5% have diabetic retinopathy (DR) [2].
About one fourth of DR will progress to the stage of
severe nonproliferative diabetic retinopathy or proliferative
diabetic retinopathy (SNPDR/PDR). SNPDR/PDR is usu-
ally associated with significant vision loss due to the presence
of macular edema, retinal angiogenesis, vitreous hemorrhage,
and retinal detachment. DR is a leading cause of legal
blindness in US working-age population [3], despite the
efforts in systemic metabolic control and commonly applied
laser photocoagulation.

Metformin has been used to treat hyperglycemia since
1950s and becomes the first-line and the most widely used
oral medication for type 2 diabetes (T2D) recently [1, 4].
Such increased usage of metformin as the preferred treat-
ment in T2D is due to its newly identified protective effect
against microvascular and macrovascular complications in

diabetes patients beyond glycemic control. The landmark
trial United Kingdom Prospective Diabetes Study (UKPDS)
demonstrated a substantial beneficial effect of metformin
on cardiovascular disease outcomes when compared with
conventional diet treatment [5]. This finding was confirmed
by several other independent clinical studies [6–8] and
meta-analysis [9, 10] that metformin reduced risks of cardio-
vascular complications in diabetes patients compared with
any other oral hypoglycemics or placebo, independent of
its hypoglycemic effects. Further, metformin was reported
to effectively improve endothelial-dependent vasodilation
[11] and suppress serum markers of endothelial activation
such as soluble vascular adhesion molecule-1 (sVCAM-1)
and soluble intercellular adhesion molecule-1 (sICAM-1)
[12, 13] in T2D patients. These evidences pointed to a
potential effect of metformin on benefiting microvascular
complications of diabetes such as DR. However, first-
hand clinical data regarding the role of metformin in DR
is scarce.
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In this retrospective cross-sectional study, we assessed
the relationship between long-term oral metformin and
severity of DR in patients with T2D for 15 years or longer.
Metformin-treated patients were found less likely to have
SNPDR/PDR versus nonmetformin-treated patients, regard-
less of gender and race, and independent of glycated hemo-
globin (HbA1c) levels. The association between metformin
and a significant lower rate of SNPDR/PDR was not con-
founded by the use of insulin or sulfonylurea.

2. Methods

2.1. Participants. This study was a retrospective, cross-
sectional study that included all patients with a diagnosis of
DR and a history of T2D≥ 15 years within Henry Ford
Health System from January 1990 to September 2013. Cases
were identified with an International Classification of Dis-
eases- (ICD-) 9 diagnosis of DR. The index date of cases
was the date of the most recent visit. Two groups were
included in this study. One was the metformin-treated group
that comprised all those who received oral metformin for the
last 5 or more consecutive years. The other was the nonmet-
formin control group that consisted of cases that had no
record of metformin use for T2D therapy. Concurrent use
of insulin or other hypoglycemic agents was not excluded
in both groups. Cases with intermittent metformin use, his-
tory of retinal detachment, and coexistence of other retinal
vascular disorders, such as retinal vein occlusion and
wet-type age-related macular degeneration, were excluded.
A history of T2D≥ 15 years and metformin treatment≥ 5
years were chosen because prevalence of visual complication
was notably increased when duration of diabetes exceeds 15
years [14], and it takes years for the effect of medication to
become apparent. The study adhered to the tenets of the
Declaration of Helsinki and was approved by the Institu-
tional Review Board of Henry Ford Health System.

2.2. Measurements. From each case, the following informa-
tion were collected: (1) demographic features, including
age, gender, and race; (2) general information of T2D pro-
gression and management, such as date of T2D diagnosis,
5-year HbA1c levels (including the lowest, median, and high-
est values), and medications for T2D (including metformin,
insulin, and other hypoglycemic agents); (3) grading of DR
and prior DR treatments such as laser photocoagulation
and intravitreal antivascular endothelial growth factor
(VEGF) agents; and (4) ophthalmic history such as retinal
vein occlusion and age-related macular degeneration.

Diagnosis of DR was made by a staff retinal specialist.
The grading of DR severity and the presence of clinically sig-
nificant macular edema (CSME) were determined according
to the Early Treatment Diabetic Retinopathy Study (ETDRS)
grading standards [15, 16]. All cases were assigned into either
mild or moderate NPDR or SNPDR/PDR accordingly. If
both eyes had DR, the severity would be determined due to
the grade in the worse eye.

The rate of SNPDR/PDR was compared between the
metformin group and the nonmetformin control group, in
all cases as well as in subgroups categorized according to

sex and race. The odds ratio (OR) of SNPDR/PDR was
calculated to assess the association between hypoglycemic
treatment and severity of DR in all cases as well as in
treatment-stratified cohorts.

2.3. Statistics. Statistical analysis was performed using SAS
software, version 9.2 (SAS Institute Inc., USA). Group differ-
ence of categorical variables was determined using standard
chi-square test in the presence of nonsparse data, and Fisher
exact test in the presence of sparse data. Sparsity was defined
as the presence of expected cell counts less than 5. Group
comparisons of numeric variables were made using two-
sample t-test in the presence of distributional normality,
and Wilcoxon rank sum test in the presence of distributional
nonnormality. The ORs and 95% confidence intervals were
obtained from logistic regression analysis, and the statistical
significance of OR was assessed by chi-square test or Fisher’s
exact test. Significance was considered when p < 0 05.

3. Results

3.1. Demographic Features and Clinical Characteristics in the
Metformin and Nonmetformin Groups. This retrospective
cross-sectional study included 335 DR cases with T2D for
15 years or longer. Of all the cases, 193 (58%) had used met-
formin for at least 5 consecutive years and 142 (42%) had no
record of metformin use. Demographic features were compa-
rable between the two groups regarding age, gender, and race
(Table 1). The duration of T2D was 15.1± 6.7 in the metfor-
min group and 15.7± 7 in the nonmetformin group (p = 0 39;
Table 1). The highest, lowest, and median levels of HbA1c in
the most recent 5 years were well matched between the met-
formin group and the nonmetformin control group (p = 0 40,
0.81, and 0.58, resp.; Table 1).

Fewer percentage of patients used insulin in the metfor-
min group than that in the nonmetformin group (141 of
193, 73% versus 132 of 142, 93%) (p < 0 001; Table 1). On
the contrary, 142 of 193 (74%) metformin users also used
sulfonylurea, whereas only 54 of 142 (38%) nonmetformin
users had sulfonylurea treatment (p < 0 001; Table 1). Only
9 patients used other oral hypoglycemic agents such as
thiazolidinedione, glucagon-like peptide-1 receptor agonist,
and DPP-4 inhibitors.

Local therapies for DR including focal/grid laser photo-
coagulation, pan-retinal photocoagulation (PRP), and intra-
vitreal anti-VEGF injection were applied in both groups.
Significantly fewer patients in the metformin group received
PRP versus the nonmetformin group (48 of 193, 25% versus
61 of 142, 43%) (p = 0 001; Table 1). There was no difference
in the use of focal/grid laser photocoagulation or anti-VEGF
agents between the two groups (Table 1).

3.2. Long-Term Metformin Treatment Was Associated with
Significantly Reduced Severity of DR. SNPDR/PDR was diag-
nosed among 48 (25%) of the patients who used metformin
for 5 years or longer, compared with 67 (47%) of those who
never used metformin (p < 0 001; Table 2). The rest of the
patients in both groups (53% of the nonmetformin group
and 75% of the metformin group) were diagnosed with
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Table 1: Demographic features and clinical characteristics of the patients.

Characters Nonmetformin treated (n = 142) Metformin treated (n = 193) p value

Age (years) 74.2± 9.6 73.8± 10.6 0.73

Gender—number (%)

Male 69 (49) 99 (51)
0.67

Female 73 (51) 94 (49)

Race—number (%)

Black 90 (63) 104 (54)

0.06White 45 (32) 81 (42)

Other 7 (5) 8 (4)

Duration of diabetes (years) 15.7± 7 15.1± 6.7 0.39

HbA1c (%)

5-year low 6.9± 1.1 7± 1.3 0.40

5-year high 9.4± 2 9.5± 1.8 0.81

5-year median 8.2± 1.3 8.2± 1.4 0.58

Treatment for diabetes—number (%)

Insulin

Yes 132 (93) 141 (73) <0.001∗
No 10 (7) 52 (27)

Other oral hypoglycemic agent

Sulfonylurea 54 (38) 142 (74)

<0.001#Other oral hypoglycemic agents 3 (2) 6 (3)

No other oral hypoglycemic agents 85 (60) 45 (23)

Treatment for diabetic retinopathy—number (%)

Focal/grid laser photocoagulation

Yes 64 (45) 73 (38)
0.22

No 78 (55) 120 (62)

Pan-retinal photocoagulation

Yes 61 (43) 48 (25)
0.001∗

No 81 (57) 145 (75)

Intravitreal anti-VEGF reagent

Yes 12 (8) 23 (12)
0.37

No 130 (92) 170 (88)
∗p < 0 05, chi-square test; #p < 0 05, Fisher exact test.

Table 2: Logistic regression analysis between patients with mild/moderate NPDR and those with SNPDR/PDR for variables associated with
the use of metformin, insulin, or sulfonylurea.

Diabetes treatment
Severity of DR

Mil/Mod NPDR number (%) SNPDR/PDR number (%) OR (95% CI) p value

Effect of metformin

Nonmetformin users (n = 142) 75 (53) 67 (47)
0.37 (0.23–0.59) <0.001∗

Metformin users (n = 193) 145 (75) 48 (25)

Effect of insulin

Noninsulin users (n = 62) 54 (87) 8 (13)
4.35 (1.99–9.50) <0.001∗

Insulin users (n = 273) 166 (61) 107 (39)

Effect of sulfonylurea

Nonsulfonylurea users (n = 138) 75 (54) 63 (46)
0.45 (0.28–0.71) <0.001∗

Sulfonylurea users (n = 197) 143 (73) 54 (27)

DR: diabetic retinopathy; Mil/Mod NPDR: mild/moderate nonproliferative diabetic retinopathy; SNPDR/PDR: severe nonproliferative diabetic retinopathy/
proliferative diabetic retinopathy; OR: odds ratio; ∗p < 0 05 (logistic regression analysis).
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mild/moderate NPDR at the time of our study. When all
cases were assessed, the OR of SNPDR/PDR in metformin
users was 0.37 (95% CI, 0.23–0.59) (p < 0 001; Table 2),
implying a 63% reduction of SNPDR/PDR associated with
metformin treatment. Gender and racial subgroup analysis
further revealed that longer-term metformin was correlated
with significantly lower rate of SNPDR/PDR in both female
and male, as well as in black and white subgroups (Figure 1).

3.3. Metformin-Associated Less Severe DR Was Not
Confounded by the Use of Sulfonylurea or Insulin. Since there
was notable difference in the use of insulin and sulfonylurea
between the two groups (both p < 0 001; Table 1), association
of these hypoglycemic therapies with the occurrence of
SNPDR/PDR was evaluated. As summarized in Table 2, 54
of 197 (27%) sulfonylurea users had SNPDR/PDR, compared
with 63 of 138 (46%) among nonsulfonylurea users. The OR
was 0.45 (95% CI, 0.28–0.71) (p < 0 001; Table 2), which
means a lower possibility of SNPDR/PDR in sulfonylurea-
treated patients. 107 of 273 (39%) insulin-treated patients
were diagnosed with SNPDR/PDR, while 8 of 62 noninsulin
users (13%) had SNPDR/PDR. The OR of SNPDR/PDR by
insulin was 4.35 (95% CI, 1.99–9.50) (p < 0 001; Table 2).
Therefore, insulin was correlated with a higher rate of
SNPDR/PDR, which was opposite to that of metformin.

Further, comparison with stratification for the hypogly-
cemic treatments was performed to identify possible con-
founding effects. The association between metformin and
lowered frequency of SNPDR/PDR was persistent in sulfo-
nylurea cohort [OR 0.35 (95% CI, 0.18–0.68), p = 0 03], non-
sulfonylurea cohort [OR 0.45 (95% CI, 0.22–0.91), p = 0 001],
and insulin cohort [OR 0.42 (95% CI, 0.26–0.7), p = 0 001]
(Figure 2). There was a similar trend of less SNPDR/PDR
associated with metformin use in noninsulin cohort, but
not statistically significant [OR 0.84 (95% CI, 0.15–4.62),
p = 0 838] (Figure 2). These data indicated the association
between metformin, and a lower rate of SNPDR/PDR
was independent of sulfonylurea, and likely independent
of insulin as well.

When stratified for the use of metformin, sulfonylurea
treatment lost its significant association with reduced rate
of SNPDR/PDR [OR 0.54 (95% CI, 0.26–1.09) and 0.69
(95% CI, 0.35–1.36), p = 0 081 and 0.283 for metformin and
nonmetformin cohorts, resp.]. The effect of sulfonylurea
was divergent when stratified for the use of insulin, with
a lower rate of SNPDR/PDR in insulin cohort [OR 0.54
(95% CI, 0.33–0.88), p = 0 013] but a higher rate in nonin-
sulin cohort [OR: 1.59 (95% CI, 0.18–14.43), p = 0 678]
(Figure 2). Therefore, sulfonylurea’s effect on DR severity
was actually modified by the use of metformin or insulin.

It was interesting to note that patients who used insulin
were more likely to have SNPDR/PDR in cohorts stratified
by either metformin or sulfonylurea [OR 1.96 (95% CI,
0.88–4.38), p = 0 098 for metformin users; OR 3.88 (95%
CI, 0.79–18.97), p = 0 074 for nonmetformin users; OR 2.08
(95% CI, 0.97–4.51), p = 0 058 for sulfonylurea users; and
OR 6.91 (95% CI, 0.74–51.73), p = 0 057 for nonsulfonylurea
users] (Figure 2). Three of the four p values approached the

borderline of significance, indicating a noteworthy associa-
tion between insulin and higher rate of SNPDR/PDR.

3.4. Metformin Had No Effect on the Development of CSME.
Focal/grid laser photocoagulation was the major form of
therapy for CSME before anti-VEGF therapy was available.
CSME requiring focal/grid laser was identified in 83 of 193
(43%) cases among metformin users, and 69 of 142 (49%)
cases among nonmetformin users. No significant difference
was found between the two groups (p = 0 33).

4. Discussion

It is known from the United Kingdom Prospective Diabetes
Study (UKPDS) that metformin significantly reduced the risk
of many diabetes-related macrovascular and microvascular
events when compared with other hypoglycemic therapies
in diabetic patients [5]. As one of several endpoints of
UKPDS, metformin lowered the risk of DR progression in
overweight diabetic patients when compared with diabetic
diet treatment. Inspired by UKPDS but different from it, this
study focused on whether metformin influences DR severity
in high-risk diabetic patients, that is, those with 15 years or
longer history of T2D. We found a significant association
between oral metformin for ≥5 years and less severe DR in
these patients, which was not companied by a different
HbA1c level. Further, this association persisted across the
gender and racial subgroups and was independent of concur-
rent insulin or sulfonylurea treatment. The use of insulin was
associated with more severe DR in our study.

4.1. Link between Metformin Treatment and Reduced DR
Severity. As a retrospective study, we were unable to control
the use of insulin and sulfonylurea among the patients. A
higher percentage of nonmetformin users received insulin
treatment versus that of metformin users (93% versus 73%).
On the contrary, more patients of the metformin group
received sulfonylurea compared with those of the nonmetfor-
min group (74% versus 38%). Insulin therapy is generally
advocated when oral medications are insufficient in control-
ling blood glucose. It is likely that nonmetformin users had
poorly control glycemia at some point, which led to prescrip-
tion of insulin and might contribute to a higher risk of DR in
this group. The homogeneity in the duration of diabetes and
5-year HbA1c levels among the two groups helped provide a
relatively equal comparison regarding the risk factors of DR
in this study, since these two clinical parameters are believed
to be the most important factors that impact DR progression
[14, 17]. However, it is also important to note that tight
glycemic control and a lower HbA1c have minimal effect
on DR in T2D after prolonged follow-up, as evidenced by
large-scale and long-term clinical studies including a 4.1-year
ADVANCE study [18], a 5.6-year VADT trial [19], and a
10-year follow-up of UKPDS [20]. We assume that the
different rates of SNPDR/PDR between the two groups
were not simply a mirror of differently controlled blood
glucose but rather reflected direct regulation on the patho-
genic risk factors of DR by metformin.
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The initiation of DR was associated with hyperglycemia,
nonenzymatic glycosylation, and local oxidative and inflam-
matory stresses [21], while the progression of DR to the

proliferative phase was more prominently a consequence of
retinal inflammation, endothelial activation, and neovascu-
larization [22–24]. The inflammatory cytokine ICAM-1 was

24.9%
47.2%

24.7%

53.4%

25.5%
40.6% 31.1%

52.2%

17.2%
37.8%

0%

100%

Mil/Mod NPDR
SNPDR/PDR

p < 0.001 p < 0.001 p < 0.05 p < 0.01 p < 0.05

All cases Female Male Black White
Yes No

Metformin treatment
Yes NoYes No Yes NoYes No

Figure 1: Long-term metformin treatment was associated with significantly reduced rate of SNPDR/PDR in type 2 diabetes patients. 25% of
193 metformin users were found to have SNPDR/PDR, while 47% of 142 cases that never used metformin had SNPDR/PDR (p < 0 001). A
similar significantly lowered rate of SNPDR/PDR in metformin users versus nonmetformin users was also observed in female (25% versus
53%, p < 0 001) and male (26% versus 41%, p < 0 05), as well as in black (31% versus 52%, p < 0 01) and white (17% versus 38%, p < 0 05)
subgroups. Mil/Mod NPDR: mild and moderate nonproliferative diabetic retinopathy; SNPDR/PDR: severe nonproliferative diabetic
retinopathy/proliferative diabetic retinopathy.
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Odds ratio (95%CI) p value
0.37 (0.23–0.59) <0.001
0.35 (0.18–0.68) <0.05
0.45 (0.22–0.91) <0.01
0.42 (0.26–0.70) <0.01
0.84 (0.15–4.62) 0.838

0.45 (0.28–0.71) <0.001
0.54 (0.26–1.09)
0.69 (0.35–1.36)
0.54 (0.33–0.88) <0.05

1.59 (0.18–14.43)

4.35 (1.99–9.50) <0.001
1.96 (0.88–4.38)

3.88 (0.79–18.97)
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Less likely to have SNPDR/PDR
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More likely to have SNPDR/PDR

0.081
0.283
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Figure 2: Odds ratios that indicate the association between the rate of SNPDR/PDR and hypoglycemic therapy in all cases and within
each stratum of metformin, sulfonylurea, and insulin users. Metformin- or sulfonylurea-treated patients were significantly less likely to
have SNPDR/PDR when all cases were assessed, while insulin users were more likely to have SNPDR/PDR versus those did not use
insulin. When stratified for the use of each hypoglycemic agent, metformin showed independent association with lowered frequency
of SNPDR/PDR within each stratums of hypoglycemic treatment, with statistical significance in sulfonylurea users, nonsulfonylurea
users, and insulin users. However, sulfonylurea-associated significantly lower rate of SNPDR/PDR was only observed in insulin users.
Insulin was associated with higher rate of SNPDR/PDR, which persisted in all the four cohorts stratified by metformin or sulfonylurea.
Three of the four ORs had borderline p values. OR: odds ratio; SNPDR/PDR: severe nonproliferative diabetic retinopathy/proliferative
diabetic retinopathy.
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one of the most studied molecules in DR pathogenesis.
ICAM-1 was upregulated in the retina and vitreous of DR
patients [25, 26] and diabetes rodent models [27]. ICAM-1
knockout or pharmaceutical blockade attenuated DR features
such as retinal leukostasis and vascular leakage in diabetic
animals [24, 27]. The assumption that metformin could
directly modulate molecular events in DR progression, rather
than through controlling blood glucose, was supported by
clinical evidences that metformin significantly reduced
plasma ICAM-1 in diabetes patients [12, 13]. In addition,
we have recently reported that long-term metformin treat-
ment effectively reduced multiple inflammatory cytokines
and their correlations in the vitreous of DR patients, includ-
ing ICAM-1 and interleukins [26]. Experiments in endothe-
lial cells and STZ-induced diabetes mice by us and others
also identified significant attenuation of ICAM-1 and MCP-
1 levels, as well as inflammatory responses by metformin
[28, 29]. The antiangiogenic activity of metformin was dem-
onstrated in various endothelial cell lines as well as retinal
neovascularization mouse models [29, 30].

One major molecular target of metformin is AMP-
activated protein kinase (AMPK), a crucial cellular energy
sensor that regulates lipid and glucose metabolism. Activa-
tion of AMPK was intimately associated with metformin’s
action in regulating the metabolic processes [31] and the
inflammatory responses [28]. The association between
metformin and reduced severity of DR in T2D patients
could be explained by metformin-induced restoration of
energy balance in the retina through activation of AMPK.
However, AMPK may not account for all actions of
metformin, as demonstrated by the preserved metabolic
effect of metformin in liver-specific AMPK-deficient mice
[32]. The regulation on endothelial inflammatory and
angiogenic responses by metformin also has been shown
through both AMPK-dependent and AMPK-independent
mechanisms [29, 33].

Metformin did not change the rate of CSME in this study.
Macular edema is mediated in substantial part by VEGF.
Currently, the most successful treatment of macular edema
is intravitreal injection of anti-VEGF agents [34]. Although
metformin was weakly correlated with downregulation of
hypoxia-inducible factor-1α/VEGF induced by insulin and
insulin-like growth factor [35], this effect was insufficient to
control the symptomatic diabetic macular edema.

4.2. Effects of Sulfonylurea and Insulin on DR Severity. Com-
parison with stratification for use of insulin or sulfonylurea
treatment confirmed that the association between metformin
and reduced DR severity was independent of either hypogly-
cemic therapy. On the other hand, although sulfonylurea was
also correlated with a lower rate of SNPDR/PDR in all cases,
this correlation disappeared in cohorts stratified by the use of
metformin. Since 74% of sulfonylurea users also used metfor-
min in this study, it is possible that the effect of sulfonylurea
on DR severity was modified by metformin. Our data previ-
ously supported findings by the ADVANCE trial that sulfo-
nylurea does not prevent or reduce DR progression despite
reaching the glucose control goals in T2D patients with vas-
cular complications or risk factors of vascular diseases [36].

In contrast to metformin and sulfonylurea, insulin was
associated with a higher rate of SNPDR/PDR in all
patients with an OR of 4.35. Stratified analysis reduced
the level of significance but did not reverse this trend, with
the OR values varied from 1.96 to 6.91. Similar to what we
found, some other clinical studies also associated insulin
with increased risk of DR in T2D patients [37, 38]. There
were divergent findings about the effect of insulin on DR.
UKPDS suggested that intensive blood glucose control
with insulin could reduce risk of DR in newly diagnosed
diabetes [39]. A Veterans Affairs Cooperative Study found
that insulin had no effect on cardiovascular event or reti-
nopathy in patients with established T2D [40]. Another
study in diabetic mice associated insulin with increased
retinal vascular permeability [41]. The exact impact of
insulin on DR remains to be studied.

4.3. Strengths and Limitations of This Study. Our finding
that long-term metformin treatment was associated with
significantly reduced rate of SNPDR/PDR was supported
by previous clinical and basic research reports on the pro-
tective effects of metformin against microvascular compli-
cations of diabetes. In particular, this study adds first-
hand clinical data on the glycemic-independent effect of
metformin on the severity of DR in patients with estab-
lished T2D. Although there was an imbalance in the use
of insulin and sulfonylurea between the two groups, we
used stratified comparison to adjust for potentially con-
founding effects of both agents. The consistence of the
crude and adjusted OR for metformin treatment helps to
rule out the confounders. The difference between the
crude OR and adjusted OR for sulfonylurea suggested that
its effect was modified by metformin and insulin. Insulin
exhibited an opposite effect on DR severity compared with
metformin and sulfonylurea. As a single-centered, retro-
spective, cross-sectional study, we could only control a
few most prominent risk factors of DR. Unmeasured con-
founding may remain, such as blood pressure, blood lipid,
and degree of microproteinuria. Future large-scale pro-
spective studies are warranted for a better understanding
of how metformin influences the progression of DR in
T2D patients.

5. Conclusion

Our results should be interpreted as a significant association
between long-term metformin treatment and reduced sever-
ity of DR in patients with established T2D. This association
exists in the lack of a different HbA1c level, persists across
the gender and racial cohorts, and is not confounded by
sulfonylurea or insulin treatment. Insulin users were more
likely to have severe DR versus noninsulin users. Metformin
might be used for the purpose of reducing DR progression in
patients with long history of T2D. Our investigation is a
conceptual study which calls for large-scale future studies
for a full evaluation of the exact role of metformin in
the progression of DR.

6 Journal of Diabetes Research



Disclosure

Part of the results in the manuscript was presented as a
meeting abstract [42].

Conflicts of Interest

The authors declare that there is no conflict of interests.

Acknowledgments

This work was supported by grants from the Alliance for
Vision Research and fund from the Henry Ford Health
System (Xiaoxi Qiao). The authors are also grateful to
Dr. Lee Jampol from Jesse Brown Veterans Affairs Medical
Center and Northwestern Memorial Hospital, Chicago, IL,
USA, for his valuable comments on the manuscript. The
authors appreciate Mr. Gordon Jacobsen at Public Health
Sciences at Henry Ford Health System for his assistance
on statistical analysis.

References

[1] International Diabetes Federation, “IDF diabetes atlas,” 7th
edition, 2015, August 2017, http://www.diabetesatlas.org.

[2] X. Zhang, J. B. Saaddine, C. F. Chou et al., “Prevalence of dia-
betic retinopathy in the United States, 2005-2008,” JAMA,
vol. 304, no. 6, pp. 649–656, 2010.

[3] J. H. Kempen, B. J. O'Colmain, M. C. Leske et al., “The preva-
lence of diabetic retinopathy among adults in the United
States,” Archives of Ophthalmology, vol. 122, no. 4, pp. 552–
563, 2004.

[4] R. Holman, “Metformin as first choice in oral diabetes
treatment: the UKPDS experience,” Journées Annuelles de
Diabétologie de l'Hôtel-Dieu, vol. 13, pp. 13–20, 2007.

[5] UK Prospective Diabetes Study (UKPDS) Group, “Effect of
intensive blood-glucose control with metformin on complica-
tions in overweight patients with type 2 diabetes (UKPDS 34),”
The Lancet, vol. 352, no. 9131, pp. 854–865, 1998.

[6] R. Wurm, M. Resl, S. Neuhold et al., “Cardiovascular safety of
metformin and sulfonylureas in patients with different cardiac
risk profiles,” Heart, vol. 102, no. 19, pp. 1544–1551, 2016.

[7] J. A. Johnson, S. H. Simpson, E. L. Toth, and S. R. Majumdar,
“Reduced cardiovascular morbidity and mortality associated
with metformin use in subjects with type 2 diabetes,” Diabetic
Medicine, vol. 22, no. 4, pp. 497–502, 2005.

[8] J. M. M. Evans, S. A. Ogston, A. Emslie-Smith, and A. D.
Morris, “Risk of mortality and adverse cardiovascular out-
comes in type 2 diabetes: a comparison of patients treated
with sulfonylureas and metformin,” Diabetologia, vol. 49,
no. 5, pp. 930–936, 2006.

[9] W. L. Bennett, N. M. Maruthur, S. Singh et al., “Comparative
effectiveness and safety of medications for type 2 diabetes: an
update including new drugs and 2-drug combinations,”
Annals of Internal Medicine, vol. 154, no. 9, pp. 602–613, 2011.

[10] N. M. Maruthur, E. Tseng, S. Hutfless et al., “Diabetes med-
ications as monotherapy or metformin-based combination
therapy for type 2 diabetes: a systematic review and meta-
analysis,” Annals of Internal Medicine, vol. 164, no. 11,
pp. 740–751, 2016.

[11] K. J. Mather, S. Verma, and T. J. Anderson, “Improved endo-
thelial function with metformin in type 2 diabetes mellitus,”
Journal of the American College of Cardiology, vol. 37, no. 5,
pp. 1344–1350, 2001.

[12] F. Abbasi, J. W. Chu, T. McLaughlin, C. Lamendola, E. T.
Leary, and G. M. Reaven, “Effect of metformin treatment on
multiple cardiovascular disease risk factors in patients with
type 2 diabetes mellitus,” Metabolism, vol. 53, no. 2, pp. 159–
164, 2004.

[13] J. de Jager, A. Kooy, C. Schalkwijk et al., “Long-term effects of
metformin on endothelial function in type 2 diabetes: a ran-
domized controlled trial,” Journal of Internal Medicine,
vol. 275, no. 1, pp. 59–70, 2014.

[14] R. Klein and B. E.K. Klein, “Epidemiology of ocular functions
and diseases in persons with diabetes. Chapter 21 in Diabetes
in America,” 3rd edition, December 2016, https://www.niddk.
nih.gov/about-niddk/strategic-plans-reports/diabetes-in-
america-3rd-edition.

[15] Early Treatment Diabetic Retinopathy Study Research Group,
“Grading diabetic retinopathy from stereoscopic color fundus
photographs—an extension of the modified Airlie House clas-
sification: ETDRS report number 10,” Ophthalmology, vol. 98,
no. 5, pp. 786–806, 1991.

[16] Early Treatment Diabetic Retinopathy Study Research Group,
“Photocoagulation for diabetic macular edema. Early treat-
ment diabetic retinopathy study report number 1,” Archives
of Ophthalmology, vol. 103, no. 12, pp. 1796–1806, 1985.

[17] J. W. Y. Yau, S. L. Rogers, R. Kawasaki et al., “Global preva-
lence and major risk factors of diabetic retinopathy,” Diabetes
Care, vol. 35, no. 3, pp. 556–564, 2012.

[18] J. W. Beulens, A. Patel, J. R. Vingerling et al., “Effects of blood
pressure lowering and intensive glucose control on the inci-
dence and progression of retinopathy in patients with type 2
diabetes mellitus: a randomised controlled trial,” Diabetologia,
vol. 52, no. 10, pp. 2027–2036, 2009.

[19] W. Duckworth, C. Abraira, T. Moritz et al., “Glucose control
and vascular complications in veterans with type 2 diabetes,”
The New England Journal of Medicine, vol. 360, no. 2,
pp. 129–139, 2009.

[20] R. R. Holman, S. K. Paul, M. A. Bethel, D. R. Matthews, and
H. A. W. Neil, “10-year follow-up of intensive glucose control
in type 2 diabetes,” The New England Journal of Medicine,
vol. 359, no. 15, pp. 1577–1589, 2008.

[21] Lasker/IRRF Initiative for Innovation in Vision Science, “Dia-
betic retinopathy: where we are and a path to progress,” 2012,
March 2018, http://www.laskerfoundation.org/media/filer_
public/90/da/90dac4e3-af6f-4602-b479-df75837c6a5a/irrf_12
.pdf.

[22] S. Tang, K. C. Le-Ruppert, and V. P. Gabel, “Proliferation
and activation of vascular endothelial cells in epiretinal
membranes from patients with proliferative diabetic reti-
nopathy. An immunohistochemistry and clinical study,”
German Journal of Ophthalmology, vol. 3, no. 3, pp. 131–
136, 1994.

[23] S. Chahed, A. S. Leroyer, M. Benzerroug et al., “Increased
vitreous shedding of microparticles in proliferative diabetic
retinopathy stimulates endothelial proliferation,” Diabetes,
vol. 59, no. 3, pp. 694–701, 2010.

[24] A. M. Joussen, V. Poulaki, M. L. Le et al., “A central role for
inflammation in the pathogenesis of diabetic retinopathy,”
The FASEB Journal, vol. 18, no. 12, pp. 1450–1452, 2004.

7Journal of Diabetes Research

http://www.diabetesatlas.org
https://www.niddk.nih.gov/about-niddk/strategic-plans-reports/diabetes-in-america-3rd-edition
https://www.niddk.nih.gov/about-niddk/strategic-plans-reports/diabetes-in-america-3rd-edition
https://www.niddk.nih.gov/about-niddk/strategic-plans-reports/diabetes-in-america-3rd-edition
http://www.laskerfoundation.org/media/filer_public/90/da/90dac4e3-af6f-4602-b479-df75837c6a5a/irrf_12.pdf
http://www.laskerfoundation.org/media/filer_public/90/da/90dac4e3-af6f-4602-b479-df75837c6a5a/irrf_12.pdf
http://www.laskerfoundation.org/media/filer_public/90/da/90dac4e3-af6f-4602-b479-df75837c6a5a/irrf_12.pdf


[25] D. S. McLeod, D. J. Lefer, C. Merges, and G. A. Lutty,
“Enhanced expression of intracellular adhesion molecule-1
and P-selectin in the diabetic human retina and choroid,”
The American Journal of Pathology, vol. 147, no. 3, pp. 642–
653, 1995.

[26] Y. Li, S. Gappy, X. Liu et al., “Metformin reduces diabetes-
related inflammatory molecules in human vitreous and retinal
vascular endothelial cells,” Investigative Ophthalmology &
Visual Science, vol. 57, p. 6346, 2016.

[27] K. Miyamoto, S. Khosrof, S. E. Bursell et al., “Prevention of
leukostasis and vascular leakage in streptozotocin-induced
diabetic retinopathy via intercellular adhesion molecule-1
inhibition,” Proceedings of the National Academy of Sciences
of the United States of America, vol. 96, no. 19, pp. 10836–
10841, 1999.

[28] Y. Hattori, K. Suzuki, S. Hattori, and K. Kasai, “Metformin
inhibits cytokine-induced nuclear factor κB activation via
AMP-activated protein kinase activation in vascular endothe-
lial cells,” Hypertension, vol. 47, no. 6, pp. 1183–1188, 2006.

[29] J. Han, Y. Li, X. Liu et al., “Metformin suppresses retinal angio-
genesis and inflammation in vitro and in vivo,” PLoS One,
vol. 13, no. 3, article e0193031, 2018.

[30] S. G. Joe, Y. H. Yoon, J. A. Choi, and J. Y. Koh, “Anti-angio-
genic effect of metformin in mouse oxygen-induced retinopa-
thy is mediated by reducing levels of the vascular endothelial
growth factor receptor Flk-1,” PLoS One, vol. 10, no. 3, article
e0119708, 2015.

[31] G. Zhou, R. Myers, Y. Li et al., “Role of AMP-activated protein
kinase in mechanism of metformin action,” The Journal of
Clinical Investigation, vol. 108, no. 8, pp. 1167–1174, 2001.

[32] M. Foretz, S. Hébrard, J. Leclerc et al., “Metformin inhibits
hepatic gluconeogenesis in mice independently of the LKB1/
AMPK pathway via a decrease in hepatic energy state,” The
Journal of Clinical Investigation, vol. 120, no. 7, pp. 2355–
2369, 2010.

[33] K. Dallaglio, A. Bruno, A. R. Cantelmo et al., “Paradoxic effects
of metformin on endothelial cells and angiogenesis,” Carcino-
genesis, vol. 35, no. 5, pp. 1055–1066, 2014.

[34] A. Agarwal, S. Sarwar, Y. J. Sepah, and Q. D. Nguyen, “What
have we learnt about the management of diabetic macular
edema in the antivascular endothelial growth factor and corti-
costeroid era?,” Current Opinion in Ophthalmology, vol. 26,
no. 3, pp. 177–183, 2015.

[35] C. Treins, J. Murdaca, E. V. Obberghen, and S. Giorgetti-
Peraldi, “AMPK activation inhibits the expression of HIF-
1α induced by insulin and IGF-1,” Biochemical and Bio-
physical Research Communications, vol. 342, no. 4,
pp. 1197–1202, 2006.

[36] The ADVANCE Collaborative Group, A. Patel, S. MacMahon
et al., “Intensive blood glucose control and vascular outcomes
in patients with type 2 diabetes,” The New England Journal of
Medicine, vol. 358, no. 24, pp. 2560–2572, 2008.

[37] J. Z. Kuo, X. Guo, R. Klein et al., “Association of fasting insulin
and C peptide with diabetic retinopathy in Latinos with type 2
diabetes,” BMJ Open Diabetes Research & Care, vol. 2, no. 1,
article e000027, 2014.

[38] K. Al-Rubeaan, A. M. Abu El-Asrar, A. M. Youssef et al.,
“Diabetic retinopathy and its risk factors in a society with
a type 2 diabetes epidemic: a Saudi National Diabetes
Registry-based study,” Acta Ophthalmologica, vol. 93,
no. 2, pp. e140–e147, 2015.

[39] UK Prospective Diabetes Study (UKPDS) Group, “Intensive
blood-glucose control with sulphonylureas or insulin com-
pared with conventional treatment and risk of complications
in patients with type 2 diabetes (UKPDS 33),” The Lancet,
vol. 352, no. 9131, pp. 837–853, 1998.

[40] N. Emanuele, R. Klein, C. Abraira et al., “Evaluations of reti-
nopathy in the VA Cooperative Study on Glycemic Control
and Complications in Type II Diabetes (VA CSDM): a feasibil-
ity study,” Diabetes Care, vol. 19, no. 12, pp. 1375–1381, 1996.

[41] M. Sugimoto, A. Cutler, B. Shen et al., “Inhibition of EGF sig-
naling protects the diabetic retina from insulin-induced vascu-
lar leakage,” The American Journal of Pathology, vol. 183,
no. 3, pp. 987–995, 2013.

[42] C. Ryu, M. Munie, S. Noorulla, P. Edwards, X. Qiao, and
H. Gao, “Effect of metformin on the development of diabetic
retinopathy,” Investigative Ophthalmology & Visual Science,
vol. 54, p. 2449, 2013.

8 Journal of Diabetes Research


	Association of Metformin Treatment with Reduced Severity of Diabetic Retinopathy in Type 2 Diabetic Patients
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Measurements
	2.3. Statistics

	3. Results
	3.1. Demographic Features and Clinical Characteristics in the Metformin and Nonmetformin Groups
	3.2. Long-Term Metformin Treatment Was Associated with Significantly Reduced Severity of DR
	3.3. Metformin-Associated Less Severe DR Was Not Confounded by the Use of Sulfonylurea or Insulin
	3.4. Metformin Had No Effect on the Development of CSME

	4. Discussion
	4.1. Link between Metformin Treatment and Reduced DR Severity
	4.2. Effects of Sulfonylurea and Insulin on DR Severity
	4.3. Strengths and Limitations of This Study

	5. Conclusion
	Disclosure
	Conflicts of Interest
	Acknowledgments

