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Association of Types of Diabetic Macular Edema
with Different Anti-Diabetic Therapies
Farklı Antidiyabetik Tedavilerle
Diyabetik Makuler Ödem Tiplerinin İlişkisi
Luxmi SINGH,

Yadav SWATI,

Karoli RITU*,

Priyanka RAJ

Objective: To evaluate and assess the association of diabetic macular edema with different anti-diabetic therapy regimens. Material and Methods: We recruited 340 patients
with prediagnosed Type 2 diabetes mellitus attending the
ophthalmology and medicine outpatient department. Patients
were older than 30 years with Type 2 diabetes mellitus and
on a specific anti-diabetic regimen (monotherapy/combination therapy) for ≥6 months, and who underwent macular
edema assessment by using spectral domain optical coherence tomography. The patterns of macular edema per retinal morphology were grouped as diffuse retinal thickening,
cystoid macular edema, and serous retinal detachment. Results: No significant association was found between edema
pattern and dual therapy regimen (metformin+1 other oral
hypoglycemic agent) (p=0.685) in the 680 eyes of the 340
patients. In patients on all the other triple therapy regimens
(metformin+2 other oral hypoglycemic agents), diffuse retinal thickening was the most common type, except in patients on thiazolidinediones and insulin in conjunction with
metformin in which cystoid macular edema was the most
common. However, the difference between different triple
therapy regimens was statistically significant (p=0.053).
Conclusion: The most common form of macular edema was
diffuse retinal thickening irrespective of the type and regimen of anti-diabetic therapy. Increased incidence of cystoid
macular edema was observed in patients on triple therapy,
including insulin. Because of the difference in the patterns, it
is imperative to evaluate patients for different types of edema
due to ongoing anti-diabetic treatment.

Amaç: Diyabetik makuler ödemin farklı antidiyabetik tedavi rejimleriyle ilişkisinin değerlendirilmesi. Gereç ve
Yöntemler: Oftalmoloji ve medikal oftalmoloji polikliniğine
başvuran, önceden tanı almış Tip 2 diabetes mellituslu 340
hasta çalışmaya alındı. Otuz yaşından büyük, Tip 2 diabetes mellituslu ve ≥6 aydır spesifik bir antidiyabetik rejim
(monoterapi/kombinasyon terapisi) alan hastalar, spektral
alan optik koherens tomografisi kullanılarak makuler ödem
değerlendirmesine tabi tutulmuşlardır. Her bir retina morfolojisi için makuler ödem paternleri; diffüz retina kalınlaşması, sistoid makuler ödem ve seröz retina dekolmanı
olarak gruplandırıldı. Bulgular: Toplam 340 hastadaki 680
gözde
ödem
paterni
ve
ikili
tedavi
rejimleri
(metformin+diğer 1 oral hipoglisemik ajan) (p=0,685) arasında anlamlı bir ilişki bulunmadı. Diğer tüm üçlü tedavi
rejimlerindeki (metformin+diğer 2 oral hipoglisemik ajan)
hastalarda, kistoid makuler ödemin en yaygın olduğu tiazolidindionlar ve metformin ile birlikte insülin kullanan hastalar hariç, diffüz retinal kalınlaşma en yaygın tipti.
Bununla birlikte, farklı üçlü tedavi rejimleri arasındaki fark
istatistiksel olarak anlamlıydı (p=0,053). Sonuç: Makuler
ödemin en yaygın formu, antidiyabetik tedavinin tipi ve rejimine bakılmaksızın diffüz retinal kalınlaşma idi. İnsülin de
dâhil olmak üzere üçlü tedavi gören hastalarda artmış kistoid makuler ödem insidansı gözlenmiştir. Paternlerdeki
farklılık nedeni ile devam eden antidiyabetik tedaviye bağlı
olarak hastaları farklı ödem tipleri açısından değerlendirmek zorunludur.
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Introduction
Diabetes mellitus is a group of disorders
characterized by hyperglycemia and glucose
intolerance due to insulin deficiency, impaired effectiveness of insulin action, or both
(1). Retinopathy is probably the most common microvascular complication of diabetes.
Diabetic macular edema (DME) results in severe vision loss in Type 2 diabetes because
of fluid leakage due to increased vascular
permeability, owing to anatomical and biochemical changes. Increased vascular permeability of retinal blood vessels and
subsequent edema and hard exudates are
the key features of DME. The Wisconsin Epidemiological Study of Diabetic Retinopathy
(2) reported the prevalence to be 29% in
younger-onset diabetic patients and 28% in
older-onset diabetic patients, after 20 years.
As there is no definitive cure for diabetes,
glycemic control using oral hypoglycemic
agents (OHAs) and insulin remains the current mainstay of treatment, which has side
effects. DME is the warning sign associated
with the development and progression of diabetic retinopathy (DR). However, some
specific classes of OHAs alone or in combination with insulin are associated with fluid
retention and peripheral edema (3-5). The
treatment of diabetes with insulin may result in increased retinal vascular permeability, and then induce DR
progression and visual impairment (4,6,7).
Therefore, there is a need to review the
treatment strategies for diabetes mellitus in
this perspective. Various studies have recently assessed the association of DME with
anti-diabetic treatments; however, data regarding the severity and morphology of DME
are scarce.
Hence, we conducted this study to find an
association between the different types of
macular edema and different anti-diabetic
treatment regimens.
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the Declaration of Helsinki after approval
of our institutional ethics committee
(Institutional Ethics Committee, Era’s Lucknow Medical College and Hospital; Approval
No.
ELMC/R_Cell/EC/2017/71;
Dated: 14/02/2017). Patients older than 30
years with Type 2 diabetes mellitus and
who were on a specific anti-diabetic regimen (monotherapy/combination therapy)
for ≥6 months were included.
Patients with any other ocular disease altering macular thickness, hazy ocular media
obscuring fundus examination and imaging,
patients on other medications alongside
anti-diabetic treatment, those with a history
of recent (<3 months) intraocular surgeries
or laser treatment, chronic renal disease,
uncontrolled use of hypertensives, dyslipidemia, chronic smokers, and patients not
willing to participate in the study were excluded.
Detailed history regarding the demographic
profile of the patients and that of diabetes
and anti-diabetic medications and symptoms indicative of macular pathology were
obtained. Afterward, patients underwent a
best-corrected visual acuity assessment by
Snellen’s Chart, anterior segment assessment using a slit lamp, and a fundus examination using indirect ophthalmoscopy
and +90D lens. Fundus photography and
fluorescein angiography were performed
using Carl Zeiss Visucam724 (Carl Zeiss
Meditech Inc.). Patients then underwent
optical coherence tomography (macula)
using Carl Zeiss cirrus HD-Optical Coherence Tomography (OCT), and 512x128
macular cube axial scans covering an area
of 6 mmx6 mm were obtained. Center-involving DME was considered to be present
based on the incidence of foveal intraretinal fluid SD-OCT in association with the
clinical diagnosis of DR and concurrent appropriate fluorescein angiographic findings.
The patterns of macular edema per retinal
morphology were grouped as diffuse retinal
thickening, cystoid macular edema, and
serous retinal detachment.
Statistical analysis was performed using
SPSS Version 21.0 0 statistical Analysis
Software. The values are represented in
number (%) and mean±SD. p<0.05 was
considered significant, and p<0.001 as very
highly significant.

Material and Methods
This is a hospital-based cross-sectional
study conducted at a tertiary care center in
North India. We recruited 340 patients with
prediagnosed Type 2 diabetes mellitus
attending the ophthalmology and medicine outpatient department of our facility.
We obtained their informed and written
consent after adhering to the tenets of
199
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Results
We aimed to find the correlation of different
patterns of DME with the different types of
anti-diabetic regimens for which we included
680 eyes of 340 subjects.
The mean age of patients was 52.0±9.67
years. Most of the patients (55.3%) were
women. The duration of diabetes ranged
from 1 to 15 years. HbA1c values ranged
from 6% to 14% (8.3%±1.2%). Mean fasting and postprandial blood glucose levels
were 109.9±36.24 mg/dL and 174.1±45.6
mg/dL, respectively. Out of the 680 eyes of
340 patients, there were 598 (87.9%) with
normal vision, 71 (10.4%) with low vision,
and 11 (1.6%) with social blindness (vision
3/60 or diminution of the field of vision to
10°). No patients had economic blindness
(inability of a person to count fingers from a
distance of 6 m or 20 feet). Fifty-eight eyes
(8.5%) showed DR. OCT measurements
could not be performed in 6 eyes because of
poor scan. The central subfield thickness of
macula on OCT ranged from 106 µm to 468
µm (mean=238.81±39.94 µm). The mean
cube average thickness was 263.41±27.34
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µm. Seventy-two eyes (10.7%) showed
macular thickening followed by cystoid macular edema (n=20; 3%) and serous retinal
detachment (n=6; 0.9%). Twelve eyes
(1.8%) had clinically significant macular
edema (Table 1).
The majority of patients were on dual therapy taking metformin in combination with
one
other
anti-diabetic
medication
(58.25%), followed by those on metformin
alone (monotherapy) (26.2%) and triple
therapy (metformin+2 other anti-diabetic
medications) (17.1%).
Among patients receiving dual therapy, most
(n=59) were receiving the combination Metformin+Sulfonylureas (M+S), followed by
Metformin+DPP4 inhibitors (M+D) (n=53),
Metformin+Thiazolidinediones
(M+T)
(n=38), Metformin+Insulin (M+I) (n=28),
and Metformin+Alpha glucosidase inhibitor
(M+A) (n=20). Thus, overall, five combinations were used.
Among patients receiving triple therapy,
most (n=21) were receiving Metformin+Thiazolidinediones+Insulin (M+T+I), followed
by Metformin+Suplhonylurea+Alpha glu-

Table 1. Demographic profile and characteristics of the study population (n=340).
SN

Characteristic

1.

Mean age±SD (range) in years

2.

3.

Gender Gender (n=340)
Male

154 (44.9%)

Female

186 (55.3%)

Diabetic retinopathy (n=680)
Present
NPDR
PDR
Absent

4.

54
04
622
598 (87.9%)

<6/18-6/60

71 (10.4%)

<6/60-NPL

0

<3/60-Pl denied
Macular edema (n=674)

11 (1.6%)
72 (10.7%)

Serous retinal detachment

6 (0.9%)

Diffuse macular thickening

46 (6.8%)

Cystoid macular edema
6.

58 (8.5%)

Visual acuity (n=680)
≥6/6-6/18

5

Statistic
52.00±9.67 (35-76)

Clinically significant macular edema (n=674)

20 (3%)
12 (1.8%)

SN: Serial number; SD: Standard deviation; NPDR: Non proliferative diabetic retinopathy; PDR: Proliferative diabetic retinopathy.
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cosidase inhibitor (M+S+A) (n=11), Metformin+Sulfonylurea+Insulin
(M+S+I)
(n=9), Metformin+Alpha glucosidase inhibitor+DPP4 inhibitor (M+A+D) (n=7),
Metformin+Sulfonylurea+Dipeptidyl Peptidase 4 (DPP4) inhibitor (M+S+D) (n=5),
Metformin+Sulfonylurea+Thiazolidinediones
(M+S+T) (n=4), and Metformin+Thiazolidinediones+Alpha glycosidase inhibitor
(M+T+A) (n=1). Thus, overall, 7 combinations were used (Table 2).
Irrespective of therapy, diffuse retinal thickening was the dominant type. Although the
proportion of cystoid macular edema was
higher in mono and triple therapy groups
than in the dual therapy group, this difference was not statistically significant
(p=0.110) (Table 3).
Irrespective of dual therapy regimen, diffuse
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retinal thickening was most common. Statistically, there was no significant association
between the pattern of edema and dual
therapy regimen (p=0.685). Except for
M+T+I and M+T+A, diffuse retinal thickening was the most common type for all the
other triple therapy regimens. For M+T+I,
cystoid macular edema was most common,
whereas the lone edematous case of M+T+A
was of serous type; however, the difference
among different triple therapy regimens was
not statistically significant (p=0.053) (Table
4).

Discussion
Diabetes mellitus is a metabolic disorder of
multiple etiologies. The long term effects of
diabetes mellitus, besides systemic effects,
include the progressive development of

Table 2. Distribution of anti-diabetic treatment regimens (n=340).
SN

Treatment modality

1.

Monotherapy (metformin)

2.

Number

%

84

24.7

Dual therapy
M+T (Metformin+Thiazolidinediones)

3.

198

58.2

38

11.2

M+A (Metformin+Alpha glucosidase inhibitor)

20

5.9

M+D (Metformin+DPP4-inhibitors)

53

15.6

M+I (Metformin+Insulin)

28

8.2

M+S (Metformin+Suliphonylureas)

59

17.4

Triple therapy

58

17.1

M+S+T (Metformin+Sulfonylurea+Thiazolidinediones)

4

1.2

M+A+D (Metformin+Alpha glucosidase inhibitor+DPP4 inhibitor)

7

2.1

M+S+A (Metformin+Suplhonylurea+Alpha glucosidase inhibitor)

11

3.2

M+S+I (Metformin+Sulfonylurea+Insulin)
M+T+I (Metformin+Thiazolidinediones+Insulin)

9

2.6

21

6.2

M+S+D (Metformin+Sulponylurea+DPP4 inhibitor)

5

1.5

M+T+A (Metformin+Thiazolidinediones+Alpha glycosidase inhibitor)

1

0. 3

Table 3. Association between the pattern of macular edema and therapy (n=72).

Pattern
Serous retinal detachment
Diffuse retinal thickening
Cystoid macular edema

Monotherapy

Dual therapy

Triple therapy

Total

(n=19)

(n=29)

(n=24)

(n=72)

No.

%

No.

%

No.

%

No.

%

0

0

4

13.8

2

8.3

6

8.3

13

68.4

21

72.4

12

50.0

46

63.9

6

31.6

4

13.8

10

41.7

20

27.8

x2=7.54 (df=4); p=0.110 (percentages have been calculated column wise).
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Table 4. Pattern of edema by different multi therapies.
Pattern
Therapy
Dual therapy
M+T

Serous (n=4)

Diffuse (n=21)

Cystoid (n=4)

No.

%

No.

%

No.

%

3

20.0

11

73.3

1

6.7

Total (n=29)
Statistics
15

x2=5.66 (df=8);
p=0.685

M+A

0

0.0

1

50.0

1

50.0

2

M+D

0

0.0

1

100

0

0.0

1

M+I

1

12.5

5

62.5

2

25.0

8

M+S

0

0.0

3

100

0

0.0

3

Serous (n=2)
Triple therapy
M+S+T

Diffuse (n=12)

Cystoid (n=10)

No.

%

No.

%

No.

%

Total (n=24)

0

0.0

3

100

0

0.0

3

x2=18.1 (df=10);
p=0.053

M+A+D

0

0.0

2

66.7

1

33.3

M+S+A

0

0.0

2

66.7

1

33.3

3
3

M+S+I

0

0.0

1

100

0

0.0

1

M+T+I

1

7.7

4

30.8

8

61.5

13

M+T+A

1

100

0

0.0

0

0.0

1

M: Metformin; T: Thiazolidinediones; A: Alpha glucosidase inhibitor; D: DPP4; I: Insulin; S: Sulfonylurea.

retinopathy with potential blindness (8). The
total number of people with diabetes is expected to rise to an estimated 300 million by
2025, with the most significant increases occurring in developing countries, probably attributed to population growth, ageing,
obesity, and sedentary lifestyles. DME is a
vision-threatening complication of diabetic
microangiopathy, which demands urgent
treatment. The SN-DREAMS (9) study found
that the chances of DME increase at the fifth
and sixth decades of life and taper thereafter. OCT is a noninvasive, reproducible,
and reliable method to evaluate macular
thickness (10,11). Several authors have
studied the possibility of OCT for the early
diagnosis of ME and have suggested criteria
to detect so-called subclinical macular
edema. Among anti-diabetic medications,
thiazolidineiones (12-14) and insulin
(3,4,5,15) have been implicated in the rise
of macular thickness, which may be due to
the side effect of drugs or due to its role progression of retinopathy. However, the evidence obtained is not conclusive. Other
anti-diabetic medications like DPP4 inhibitors (vildagliptin) (16-18) and glibenclamide and glicazide (19) have shown to
possess a potential role against DR in obese

diabetic rats; however, human studies using
these medications have not been conducted
as yet.
Various studies have speculated the role of
anti-diabetic medications in the development of macular edema, but, to the best of
our knowledge, there is no available literature regarding the association of type of
macular edema with the use of anti-diabetic
medications.
In our study, most of the patients were
women (55.3%). The diabetic profile of patients revealed that the duration of diabetes
was <1 year (59.10%), showing that a fairly
large amount of patients had been recently
diagnosed, irrespective of their awareness
of disease status. The mean HbA1c was
8.3%±1.2% (6%-14%), representing a fair
glycemic control in the study population.
Intensive glycemic control was associated
with 46% reduction in the incidence of DME
at the end of trial, and a 58% reduction in
four years later compared with the conventional group. Diabetes Control and Complications Trial (DCCT) reported incentive
glycemic control progression of existing DR
(65th year treatment). Aggressive glycemic
control (<6.5%) did not reduce DR risk and
ME. Intensive glycemic control has a meta202
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bolic memory, whereby there is low risk of
DR/DME progression after 10 years of antidiabetic therapy (DCCT), but our study did
not have many patients with a duration of
diabetes mellitus>10 years, but they had
fairly controlled HbAlc levels. However, the
duration of treatment was not known.
In our study, most of the patients were on
dual therapy: metformin+OHA (58.2%), followed by monotherapy (metformin) and
triple therapy (metformin+OHA1+OHA2)
(6.2%), depicting a study population containing many patients who were not achieving glycemic target even after lifestyle
modification and metformin monotherapy
for a duration of 3 months (American Diabetes Association), or had a fairly disturbed
blood sugar profile on the first diagnosis.
Next in the majority were those patients
who were fairly controlled on metformin
alone and had been taking the drug for ≥6
months, irrespective of previous treatment.
In addition, these patients were free of contraindications for metformin therapy. The
number of patients on a triple drug regimen
to achieve glycemic targets was very small.
In our study, out of the 680 eyes of 340 patients, 594 eyes (92.5%) had no DR. The low
prevalence of DR could be attributed to the
fact that the study population was largely
metabolically stable with a duration of diabetes <5 years in many patients with a fair
glycemic control. Out of 340 patients, 72 patients had macular edema and 46 patients
(63.9%) of them showed diffuse retinal
thickening regardless of their anti-diabetic
regimen. Jingi et al. evaluated the presence
of macular edema in patients on various antidiabetic medications and found that irrespective of staging, the frequency of DME was
significantly higher in the insulin group than
in the OHA group (43.5% vs. 19.8%;
OR=3.1; 95% CI=1.2 to 8; p=0.019).
We evaluated the association between the
pattern of macular edema and the type of
anti-diabetic therapy taken by the patients
having DME. Irrespective of the type of therapy, diffuse retinal thickening was most
common in all anti-diabetic therapy groups.
Overall, diffuse retinal thickening was observed in 19 patients on monotherapy
(68.4%), 21 (72.4%) on dual therapy, and
12 (50%) on triple therapy. However, cystoid
macular edema was common in monother-

203

apy and triple therapy groups than in the
dual therapy group, but the difference was
not statistically significant. Among dual therapy subgroups, out of 29 eyes, diffuse retinal thickening was most common and most
eyes were of patients on M+S (100%) and
M+D (100%), followed by M+T (73.33%)
and M+I (62.5%), but the difference was not
statistically significant. Among triple therapy
subgroups, the M+T+I subgroup had cystoid
macular edema and the M+T+A subgroup
had serous retinal detachment as the most
common patterns of macular edema, but the
difference was not statistically significant.
Previous studies have shown that insulin
treatment is a risk factor for DME. Aroca et
al. (20) observed that insulin use was a risk
factor for focal and diffuse DME in a 4-year
prospective study, including 93 Type 2 diabetes mellitus patients.
Within the subgroups of 3 anti-diabetic therapy groups, no statistically significant pattern was associated with the type of
anti-diabetic therapy. However, those on the
triple combination showed more cystoid and
serous retinal detachment (SRD) patterns,
hinting at the presence of moderate to severe macular edema; however, the exact
duration of treatment was not known. Jingi
et al. (21) reported that out of the patients
who had developed macular edema, majority of them were on insulin therapy (43.5%)
compared with those on OHAs (19.8%). On
comparing the severity of macular edema
with the type of anti-diabetic regimen, the
authors found that in all the subgroups, the
number of patients on insulin therapy outnumbered the patients on OHA, where 8.7%
of the patients on insulin developed severe
macular edema compared with only 2.7% of
the patients on OHAs.
Various studies have assessed the effect of
anti-diabetic medications on the development of macular edema. Ryan et al. (14) reported the incidence of worsening of
macular edema to be 1.5%-2.6%, detected
using FFA alone. About 63% of their patients
had DME in at least one eye. Among OHAs,
Liazos et al., Oshitari et al., Fong et al., Tatti
et al., and Agarwal et al. reported a positive
association of macular edema with glitazones, but none of these authors studied the
type of macular edema in relation to the
anti-diabetic regimen. However, regardless
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of the anti-diabetic regimen, diffuse retinal
thickening was the most common pattern of
DME in the previous studies (22-24).
The diffuse thickening pattern of macular
edema represents the initial stage of macular edema formation, which may slowly
progress to severe visual impairment eventually giving rise to other patterns of macular edema. Thus, this pattern of macular
edema, which was present in the majority of
our study population, represented the early
stage of macular edema formation.
Although various studies have examined the
role of oral hypoglycemics and insulin in the
development of macular edema, to the best
of our knowledge, no study has examined
the correlation of various anti-diabetic regimens and different types of DME.
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Conclusion
We conclude that the most common form of
macular edema is diffuse retinal thickening,
irrespective of the type and regimen of antidiabetic therapy. An increase in the cystoid
macular edema was observed among patients on triple therapy, including insulin.
With a difference in the pattern of macular
edema, the treatment modalities for the
pattern might vary; hence, we must evaluate patients for the different types of edema
due to ongoing anti-diabetic treatments.
Changes are required in the currently available treatment options for diabetes to avoid
the vicious cycle set up by certain anti-diabetic medications. Further studies regarding
this concern involving a larger population
size need to be conducted for in-depth understanding of this association.
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