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Metformin use associated with protective effects for ocular
complications in patients with type 2 diabetes – observational
study
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Objective. The aim was to study the association of the use of an oral
antihyperglycemic agent metformin with the presence of ocular complications in patients with type 2 diabetes (T2D). Methods. Medical
records were reviewed for 234 patients with diagnosed T2D. 81.2%
(n=190) patients were using metformin and 18.8% (n=44) using other
oral antihyperglycemic agents. Plasma glucose concentration, glycated haemoglobin, and the presence of ocular complications in patients
treated with metformin were compared to those in patients treated
with other oral antihyperglycemic agents. Results. Ocular complications occurred in 65 patients (27.8%). Patients treated with metformin
had fewer ocular complications compared to patients treated with other oral antihyperglycemic agents (χ2=19.985; p<0.0001). After adjustCorrespondence:
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ment with metformin decreased the odds of both glaucoma (OR=0.14,
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95% CI: 0.03-0.57, p=0.006) and diabetic retinopathy (OR=0.33, 95%
CI: 0.14-0.82, p=0.017) compared with other oral antihyperglycemic
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agents. Conclusion. Our results suggest that metformin may have a
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protective effect on ocular complications, especially glaucoma, in patients with T2D. The effects of metformin either regarding prevention
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Ocular complications.
patients with T2D, should be further investigated.
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Introduction
Type 2 diabetes (T2D), as a chronic systemic
metabolic condition, causes changes to the
eyes, leading to ocular complications such
as glaucoma, diabetic retinopathy, cataracts
and other ocular lesions (1, 2). This has been
proven to be one of the major causes of visual impairment in these patients (3).
A relationship between T2D and glaucoma has been described (4). It is confirmed
that diabetes mellitus (DM) is an etiological
116

factor for neovascular glaucoma, but there
are still controversial opinions about its association with open-angle glaucoma or angle-closure glaucoma (5). Factors identified
to increase the risk of glaucoma in patients
with T2D are corneal stiffness, corneal hysteresis and enlargement of the optic cup,
recognized as an important morphological
feature of the glaucomatous eye (6). However, the age of the patient is a major risk factor
for the onset of glaucoma (5).
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Diabetic retinopathy is the most common ocular complication of DM and, if not
treated, may lead to vision loss (7). Factors
that affect the occurrence of diabetic retinopathy are the duration of DM, the severity of hyperglycaemia and the age of the patient (8). Diabetic retinopathy is also related
to hypertension, dyslipidaemia, pregnancy,
nephropathy, and anaemia (6). Inflammation-mediated pathways and angiogenesis
are thought to underlie the progression of
diabetic retinopathy (9, 10). Due to its anti-inflammatory, antiangiogenic and antiaging activity, the oral anti-hyperglycaemic
agent metformin could possibly exercise a
protective mechanism by inhibiting neovascularization in diabetic retinopathy, as
well as in other retinopathies (11-13). Some
studies have documented a less known but
also important mechanism of metformin,
the reduction of ischemia that may underlie
the beneficial effects of metformin in ischemia-related retinopathy (10, 14). However,
some recent studies have described the proangiogenic effects of metformin that could
favour diabetic retinopathy (14, 15).
Numerous studies have documented the
association between T2D and cataracts (5).
Patients with T2D are more likely to have
cataracts diagnosed at an earlier age, even
before any diabetic retinopathy is seen (16,
17). The suggested mechanisms that may
precipitate the formation of diabetic cataracts are: increased osmotic stress caused
by activation of the polyol pathway, nonenzymatic glycation of lens proteins and deposition of its end-products in the lens, and
increased oxidative stress (5, 18, 19). Based
on the risk factors for ocular complications
in patients with T2D on the one hand, and
the effects of metformin on the other, the
potential protective effects of metformin
treatment for ocular complications could be
hypothesized. However, the data regarding
this are controversial and limited to a few
studies (2, 20-24).

We aimed to study the association of the
use of the oral anti-hyperglycaemic agent
metformin with the presence of ocular complications in patients with T2D.

Patients and methods
Study design and data collection
This was an observational study. Patients
with T2D treated at the Sarajevo Public
Institution Health Centre in the period between 1997 and 2014 were screened for
inclusion in this study. Out of 500 records
reviewed, patients with confirmed diagnosis
of T2D and who were treated with the same
oral antihyperglycemic agents for at least
one year, were included in the study (n=234,
46.8%). Patients treated with insulin and
patients without complete medical records
were not included in the study. Data were
collected on the age of patients, gender, duration of T2D, body mass index (BMI), the
medication used in the treatment of T2D,
smoking habits, plasma glucose concentration, glycated haemoglobin (HbA1c), serum
cholesterol concentration, the presence of
ocular complications and the presence of
other diseases at the last check-up.
Ethics statement
The study was approved by Local Ethics
Committee organized at the School of Medicine of the University of Sarajevo. All procedures were performed in accordance with
the ethical standards of the institutional and/
or national research committee, the 1964
Helsinki Declaration and its later amendments, or comparable ethical standards.
Statistical analysis
Upon completion of the data collection, data
were analysed using IBM SPSS Statistics
software (Statistical Package for Social Sci117
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ences, SPSS Inc, Chicago, Illinois, USA) version 20.0. Continuous numerical variables
with normal distribution were expressed
as mean±standard deviation, while those
not normally distributed were expressed as
median and interquartile range. Depending on the type of distribution of continuous numerical variables, a comparison
between two treatment groups was made
either by using the unpaired Student’s t-test
or the Mann-Whitney test as appropriate.
Comparison between patients with different ocular complications was performed using ANOVA. The Chi-square test was used
to determine the relationship between categorical variables. The univariate associations between the presence of ocular complications and metformin treatment were
assessed with logistic regression. For multivariate analysis, models were adjusted for
gender, age, duration of T2D (model II) and
additionally for serum cholesterol concentrations, smoking, BMI and the presence of
other diseases (model III). The Bonferroni
adjustment at α=0.05/3=0.017 was applied.
To assess whether the findings were influ-

enced by the older age of some patients, a
sensitivity analysis was performed by excluding the patients in the highest tertile of
age (>70 years). P-values less than 0.05 were
considered statistically significant.

Results
This study included 234 patients with diagnosed T2D. For at least one year, 81.2%
(n=190) of the patients were treated with only
metformin, and 18.8% (n=44) of the patients
were treated with only one of other oral antihyperglycemic agents, either sulfonylureas
(glibenclamide, glimepiride, gliclazide) or
thiazolidinediones (pioglitazone). Patients
treated with metformin were more likely to
be women, younger, with shorter duration
of T2D and with fewer other comorbidities
compared to the patients treated with other
oral antihyperglycaemic agents. The subjects’
characteristics are presented in Table 1.
For the plasma glucose concentration
measured at the last check-up, the unpaired
t-test showed a marginally significant difference with slightly higher plasma glucose con-

Table 1 Patients characteristics
Parameters

Patients treated with
Metformin (n=190)

Other *AHG agents (n=44)

Age, years

65.6±10.5

72.1±12.4

Gender (male), n (%)

86 (45.3)

25 (56.8)

Duration of †T2D (years)

5.0 (2-11)

8.0 (4-11)

‡

BMI

29.9±5.07

28.6±4.31

Smoking, n (%)

87 (45.8)

20 (45.5)

Serum concentration of cholesterol (mmol/l)

5.6±1.29

5.1±1.35

Plasma glucose concentration (mmol/l)

8.2 (6.9-9.3)

7.4 (6.8-8.4)

§

7.2 (6.8-8.8)

7.0 (6.7-7.9)

Presence of other diseases, n (%)

182 (95.8)

44 (100)

Glaucoma, n (%)

6 (3.2)

5 (11.4)

Diabetic retinopathy, n (%)

11 (5.8)

6 (13.6)

Cataract, n (%)

24 (12.6)

13 (29.5)

HbA1c (%)

Ocular complications

Data are presented as mean±standard deviation or median (interquartile range) or percentages. *Antihyperglycemic; †Type 2 diabetes; ‡Body
Mass Index; §Glycated hemoglobin.
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centrations in patients treated with metformin,
compared to patients treated with other oral
antihyperglycemic agents (8.7±4.5 mmol/L
vs. 7.7±1.9 mmol/L; p=0.05; 95% CI: -1.360.01). The median HbA1c value in the metformin group was 7.2% and in the other treatment group 7.0%. The Mann-Whitney U-test
showed no significant difference between the
two groups (p=0.179). The one-way ANOVA
test showed no significant difference in plasma glucose concentrations [F(3,230)=0.236,
p=0.871] and HbA1c levels [F(3,230)=0.669,
p=0.572] between patients with different ocular complications. The median HbA1c levels in
patients with different ocular complications
are presented in Figure 1.
Out of 234 patients with diagnosed T2D,
ocular complications occurred in 65 patients
(27.8%). Patients treated with metformin
had fewer ocular complications compared
to patients treated with other oral antihyper-

Without
complication

Glaucoma

Diabetic
retinopathy

glycemic agents (c2 test=19.985; p<0.0001)
(Table 1). The association of T2D therapy
with ocular complications are shown in Table
2. When the association between metformin
use and the presence of ocular complications
was tested, metformin use was associated
with fewer ocular complications in an unadjusted model. The odds ratio of ocular complications in patients treated with metformin
(OR=0.23, 95% CI: 0.12-0.46, p<0.001) remained significant after adjustment for gender, age and duration of T2D (OR=0.22, 95%
CI: 0.10-0.49, p<0.001) and also after adjustment for gender, age, duration of T2D, serum
cholesterol concentration, smoking, BMI and
the presence of other diseases (OR=0.19,
95% CI: 0.08-0.42, p<0.0001).
Next, the association between metformin
use and each ocular complication was tested. Table 2 shows that the odds ratio of glaucoma was significant in unadjusted models

Cataract

Figure 1 Glycated haemoglobin (HbA1c) levels in patients from the two treatment groups with different ocular
complications. The solid horizontal line denotes the median value of HbA1c in two treatment groups with different ocular complications; the box represents the 25th and 75th interquartile range. The whisker represents the
minimum and maximum value.
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Table 2 Metformin therapy and ocular complications in patients with T2D
Metformin therapy
Outcome

Model I

Model II

Model III

OR (95% CI)

p

OR (95% CI)

P

OR (95% CI)

p

0.23 (0.12, 0.46)

<0.001

0.22 (0.10, 0.49)

<0.001

0.19 (0.08, 0.42)

<0.0001

Glaucoma

0.25 (0.07, 0.88)

0.030

0.21 (0.06, 0.78)

0.020

0.14 (0.03, 0.57)

0.006

Diabetic retinopathy

0.35 (0.16, 0.75)

0.007

0.40 (0.17, 0.94)

0.037

0.33 (0.14, 0.82)

0.017

Cataract

0.39 (0.14, 1.12)

0.079

0.36 (0.10, 1.26)

0.11

0.40 (0.10, 1.52)

0.18

Ocular complications

T2D= Type 2 diabetes; Model I: Univariate analysis; Model II: Analysis adjusted for gender, age and duration of T2D; Model III: Analysis adjusted
for gender, age, duration of T2D, serum concentration of cholesterol, smoking, BMI and presence of other diseases; Predictor: Metformin use;
other therapy was used as a reference category.

(OR=0.25, 95% CI: 0.07-0.88, p=0.030) and
also in two adjusted models (OR=0.21, 95%
CI: 0.06-0.78, p=0.020; OR=0.14, 95% CI:
0.03-0.57, p=0.006). It is also shown that the
odds ratio of diabetic retinopathy in patients
treated with metformin (OR=0.35, 95% CI:
0.16-0.75, p=0.007) remained significant
after adjustment for gender, age and duration of T2D (OR=0.40, 95% CI: 0.17-0.94,
p=0.037) and also after adjustment for gender, age, duration of T2D, serum cholesterol
concentration, smoking, BMI and the presence of other diseases (OR=0.33, 95% CI:
0.14-0.82, p=0.017).
The association of metformin use and
the presence of cataracts was also analysed.
The odds ratio of cataracts was not significant for metformin use in either unadjusted
or adjusted models. The results remained
significant after Bonferroni adjustment at
α=0.05/3=0.017. In sensitivity analysis, the
highest tertile of age (>70 years) was excluded and the results remained significant
for overall ocular complications (OR=0.184,
95% CI: 0.05-0.67, p=0.010) and glaucoma
(OR=0.10, 95% CI: 0.01-0.91, p=0.041).

Discussion
Although with no significant differences
in the control of the HbA1c levels and the
duration of T2D, and with a marginally significant difference in fasting plasma glucose
120

concentrations between the two treatment
groups, patients with T2D treated with
metformin presented with less glaucoma,
diabetic retinopathy, and cataracts. This
suggests the possible protective effect of
metformin treatment against these ocular
complications in patients with T2D. Besides
the duration of DM, glycaemic control is
recognized as one of the strongest predictors
for the development of diabetic retinopathy
(25, 26). However, our study showed that
patients treated with metformin had a lower
incidence of ocular complications, although
the control of plasma glucose concentrations and HbA1c levels were not within the
recommended range for most of the patients
in both treatment groups.
The micro- and macro-vascular complications of T2D lead to morbidity and reduced life expectancy (2, 27, 28). Use of metformin as calorie restriction (CR) mimetic
drug has been shown to be associated with
reduced risk of late-onset eye diseases such
as glaucoma, but also diabetic retinopathy,
cataract and macular degeneration (20). In
this regard, our study showed that the prevalence of glaucoma was lower among patients treated with metformin compared to
patients treated with other oral anti-hyperglycaemic agents (3.2% v. 11.4%). Although
the relationship between DM and glaucoma
was until recently controversial, new studies
have identified an association between these
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two disorders (4). Glaucoma is a type of
neuropathy and DM could cause optic neuropathy. In addition, it has also been found
that the central cornea is thicker in patients
with DM, and this could also cause higher
intraocular pressure (5). To our knowledge, only one retrospective cohort study
has shown that metformin use is associated
with a reduced risk of developing openangle glaucoma and the authors suggested
that metformin could have an impact on
glaucoma risk on multiple levels, including
glycaemic control, but also as a CR mimetic
drug (20, 21). As previous studies suggested
that age-related tissue changes significantly
contribute to glaucoma development (29),
the need has already been postulated to explore whether metformin, as a CR mimetic
drug with an anti-aging effect, could delay
progression of tissue damage (13).
Similar to our study, Richards et al. found
that glaucoma risk reduction in a population
with DM was dose-dependent for metformin and independent of glycaemic control
(21). They also found that other anti-hyperglycaemic agents did not result in a similar
glaucoma risk reduction (21). New prospective clinical trials are necessary to evaluate
whether metformin might also have protective effects on the occurrence of glaucoma in
non-diabetic patients. Such findings could
lead to novel treatment approaches and better glaucoma control.
Our study showed the possible beneficial
protective role that metformin may have for
diabetic retinopathy, compared to other antihyperglycemic agents (13.6% vs. 5.8% patients). This protective effect of metformin
on diabetic retinopathy has also been shown
in an animal study (10). Moreover, our results are consistent with the results from Ryu
et al. (22) who found that 45.5% of patients
from the non-metformin group developed
diabetic retinopathy compared to 27.3% of
the patients from the group treated with metformin. Additionally, the United Kingdom

Prospective Diabetes Study (UKPDS) Group
showed a significantly lower (p=0.044) rate
of progression of retinopathy in overweight
patients with intensive blood-glucose control, treated with metformin, compared to
those treated with other treatments (diet or
intensive treatment with chlorpropamide,
glibenclamide, or insulin) (2).
Limitations of the study
The total number of patients included in the
study was small, and therefore replication in a
larger study is needed. Also, as data on the onset or duration of ocular complications were
not available, we cannot conclude whether patients had any complications at the moment
when the therapy started, with either metformin or other oral antihyperglycemic agents.

Conclusion
The results of our study suggest that metformin use might be associated with protective
effects for ocular complications in patients
with T2D. As this is an observational study
and a causal/protective relationship cannot be established, the effects of metformin
either on the prevention of ocular complication or on ocular complications already
developed in patients with T2D should be
further investigated through large prospective clinical trials.
What is already known on this topic

Diabetes-associated ocular complications are often associated
with inflammation-mediated pathways, angiogenesis, and agerelated tissue changes. Besides its effects on glycaemic control,
metformin has also been shown to have anti-inflammatory,
antiangiogenic and calorie restriction related anti-aging activity. There are very limited data suggesting the protective role
of metformin treatment against glaucoma and retinopathy in
patients with type 2 diabetes.

What this study adds

This observational study confirmed the protective effects of
metformin treatment against glaucoma and diabetic retinopathy, and suggested its protective effects on cataracts in patients
with type 2 diabetes.
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