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ABSTRACT

Diabetes mellitus is one of our century's most common general health problems. By determining multiple systemic complications, this disease alters diabetic
patient’s quality of life, while also increasing the mortality rate. One of the most frequent and life-impacting complications is represented by diabetic macular
edema and diabetic retinopathy, as they determine visual impairment and increase the risk of blindness. This review aims to evaluate the most important

risk factors associated with the development of these pathologies.
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Introduction

Diabetes Mellitus (DM) has become one of the most serious and
common chronic diseases of our time [1]. The global prevalence
of DM has reached pandemic proportions. The rising prevalence
of diabetes has been attributed principally to the increase in the
proportion of people >65 years of age in the general population.
However, decreasing mortality among those with diabetes due to
improving medical care as well as an increase in diabetes incidence
in some countries resulting from a rising occurrence of diabetes
risk factors, especially obesity, are also important drivers of the
higher prevalence of DM [2,3].

DM is the most common disease causing life-threatening, disabling
and costly complications, and reducing life expectancy [4].

Over 90% of patients with diabetes have type 2 DM (T2DM).
Diabetic complications can be classified according to organ
involvement in cardiopathy, encephalopathy, nephropathy,
retinopathy, and peripheral vasculopathy. DM increases the risk
of all these complications, and multiple vasculopathy is associated
with a poorer general prognosis. Diabetic complications are usually
classified into two main categories: macro/microvascular disease,
or complications classified by target organs [5]. One of the most
life-impacting DM complications are represented by Diabetic
Retinopathy (DR) and Diabetic Macular Edema (DME), the latter
being considered the most frequent blindness cause among these
patients. This review aims to present the main systemic risk factors
that are involved both in the occurrence and progression of DME.

Definition of DME
DME represents retinal fluid accumulation, especially in the outer

and inner plexiform layers, that determines a subsequent retinal
thickening within two-disc diameters of the macular center. It is
usually associated with the presence of hard exudates, that can
be identified as white-yellow deposits in the macular area. The
main mechanism responsible for diffuse edema is represented by
Blood-Retinal Barrier (BRB) breakdown, that further determines
leakage from arterioles, retinal capillaries and microaneuvrysms.
DME is one of the most frequent causes of visual impairment
worldwide, therefore prompt diagnosis and treatment are crucial
to improve diabetic patients’ quality of life, but also the healthcare
system economic hardship [6].

Epidemiology of DME

Population-based studies have shown that patients with DM
have a higher risk of developing multiple ophthalmic conditions,
including DR, DME, cataract, diabetic papillopathy, glaucoma,
central retinal vein occlusion, dry eye syndrome, and infectious
diseases. These conditions are often associated with progressive
visual loss [7-14].

Proliferative Diabetic Retinopathy (PDR) is a vision-threatening
ocular complication of DM. Still, DME is responsible for most
of the vision loss experienced by diabetic patients [15]. DME
can occur in any stage of DR, but it is almost unfailingly present
in patients with T2DM that present PDR [16]. Additionally, DR
and DME have also been linked to the occurrence of other severe
diabetes-related complications such as cardiovascular events,
nephropathy and peripheral neuropathy [17,18].

The prevalence of DME is estimated to be between 4.2 and 7.9%
among patients with type 1 DM (T1DM) and 1.4 to 12.8% among
those with T2DM [19].
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Only a few population-based studies worldwide evaluate the
incidence of DR, and even less focus only on DME. This lack
of systematic medical information is mostly due to the fact that
developing countries are not able to sustain the needed medical
infrastructure to evaluate diabetic patients long-term. However, in
the last half a century there have been a few large cohort studies
conducted worldwide that aimed to evaluate DR and DME.

The most elaborate of these studies is the Wisconsin Epidemiologic
Study of Diabetic Retinopa-thy (WESDR), which has evaluated
T1DM over a period of 25 years, showing a 59% cumulative 4
years incidence of DR, that reached as far as 97% at the final
evaluation at 25 years, while the incidence of DME in the same
group was of 29 % [20].

Regarding T2DM patients, Europe and USA had a similar
incidence of DR, ranging from 26% at 4 years to 72.3% at 14
years, while Asia reported a significantly higher incidence of
47.9% at the 5 years evaluation [20].

Most of long-term cohort population-based studies, especially
those involving T1DM patients, have been conducted a while ago,
therefore the present incidence of DR and DME is considered to
be a lot lower due to the significant development in assessing and
managing diabetes and DR risk factors.

Risk Factors Involved in DME

DME is more common among people with T2DM than those
with TIDM. Even though increased diabetes duration is a strong
risk factor for DME, this association might not be as strong as it
is for DR. There are a great number of systemic risk factors that
contribute to the development of DR and DME, currently targeted
by healthcare professionals worldwide in an attempt to reduce the
occurrence of general and ocular DM complications.

Poor Glycemic Control

There is a general consensus that hyperglycemia is the most
important factor that increases the risk of both DR and DME.
Graue- Hernandez et.al. have found an increasing prevalence of
DR ranging from 9.2% at HbA 1c lower than 7%, to 24.6% when
HbAlc was higher than 9%. Regarding DME, prevalence varied
between 3.1% and 9.4 %, when evaluated at the same HbAlc
levels [21]. Considering these findings, managing hyperglycemia
remains the key factor in avoiding DR and DME occurrence, as
only a 1% decrease in HbAlc leads to a 10-25% lower risk of
DME development and a 31% decrease of laser therapy necessity
according to DCCT/EDIC [22].

Diabetes Type/Duration

A strong correlation exists between DM duration and the incidence
and prevalence of ocular complications such as DR and DME.
Still, differences should be noted between T1IDM and T2DM
patients when evaluating the risk of their occurrence. TIDM
subjects are prone to develop significant DR and DME usually
only after 5 years of diabetes duration, while T2DM patients might
have DME at the time of diagnosis [6].

The WESDR has shown a 10-year incidence of DME of 20-25%
in TIDM patients, reaching 29% at 25 years, without a linear
relation to diabetes duration, perhaps due to increase in medical
care in the latter years of the study [20].

Diabetic Retinopathy Severity
DME can virtually occur in any stage of DR, affecting about 5.5%

of people with diabetes [23]. Studies have shown that the presence
of DME increases with the severity of DR, without any clear
correlation between the stage of DR and the severity of DME [24].

According to WESDR, DME was present in 3% of eyes with
mild non-proliferative diabetic ret-inopathy, 38% in severe non-
proliferative diabetic retinopathy and 71% of the cases with PDR
[20].

Insulin Usage

Insulin remains the elected treatment in T1DM, but it is very also
important in those with T2DM in whom glycemic control could not
be further improved or obtained with oral medication. However,
despite the obvious benefits on glycemic control, several studies
have found insulin to actually increase the risk of proliferative
DR and DME [25].

Genetic Factors

Few studies have evaluated the genetic risk factors that contribute
to the development of DME and it’s response to treatment, most
of them mainly referring to DR. Systemic risk factors in con-
junction with poor diabetes management represent only a part of
the problem. Given the fact that some diabetic patients develop
general and ocular complications only after a short duration of the
disease, while others remain complication-free long-term, genetic
contribution to this variability becomes of great interest. The most
frequent candidate genes studied in relationship with DME are:
Apolipoprotein E (APOE), Erythropoietin (EPO), Nitric Oxide
Synthase (NOS), Vascular Endothelial Growth Factor A (VEGF
A), Vascular Endothelial Growth Factor C (VEGF C), Manganese
Superoxide Dismutase (SOD2), Pigment Epithelium-Derived
Factor (PEDF), Aldose Reductase (ALR 2) and Micro Rna Genes
(mi RNA) [26].

As most of diabetic patients simultaneously present DR and DME,
it becomes quite difficult to only evaluate the genetic profile
involved in DME. Another significant limitation regarding all
the available data is represented by the small number of studies
developed in this direction, most of them having relatively small
patient groups. Still, since it is known that variability exists not
only regarding the occurrence of ocular disease, but also involving
the response to intravitreal injections with anti-VEGF, the most
frequent and effective treatment in DME, larger studies involving
the genetic field should be taken into consideration [27].

Hypertension

Most diabetic patients, especially those with T2DM end up
having high blood pressure (values as high as 140/90 mmHg or
higher). By the age of 60 years old, 47% of these patients are
diagnosed with hypertension (HTA) [28]. Therefore, recent studies
have evaluated the association between HTA and diabetic eye
disease. Results have shown that even in diabetic patients with
normal elevated blood pressure ( values above 120/80 mmHg)
the prevalence of DR increased with 11.49%, while DME was
found mostly in the group with moderate HTA [29].Furthermore,
regarding HTA treatment, the risk of diabetic ocular complication
was found to be significantly reduced when a tight blood pressure
control was applied-only a 10 mmHg decrease of systolic blood
pressure leading to a 15% decreased risk of DME development,
need for retinal Argon laser photocoagulation and vision loss,
according to UKPDS 69 [28].

Dyslipidemia
In addition to glycemic control and hypertension, dyslipidemia
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is considered one of the key risk factors associated with DR and
DME. The underlying mechanism could be explained by perme-
ability changes of the retinal microvessels, therefore secondary
retinal leakage and deposition of exudates [30]. Different studies
have evaluated both cholesterol fractions and triglycerides’ im-
pact on retinal health in diabetic patients. High LDL-c levels
have been associated with an in-creased incidence of DR, while
diabetic patients with DME had significantly higher levels of
both triglycerides and LDL-c, when compared to diabetic persons
without DME [31,32]. Mostly, diabetic patients with dyslipidemia
are treated with a combination of statin and fenofibrate but their
direct impact on progression of DR and DME are still to be further
investigated. Recent data have shown that statins alone have no
impact on progression of DR, while in association with fenofibrate,
there is a temporary reduced progression of DR, according to
ACCORD study [33,34]. The benefits of fenofibrate administration
in diabetic patients with dyslipidemia and diabetic ocular disease
has also been evidenced by the FIELD study, as it reduced the
need for Argon laser retinal photocoagulation for DME by 31%
and the occurrence of DME by 64% [35]. Even if data regarding
the direct involvement of dyslipidemia on the progression of DR
and DME are still somewhat inconclusive, the benefits of lipid-
lowering agents are to be taken into consideration [36].

Nephropathy

Diabetic nephropathy, is one of the major microvascular
complications of DM and it is mainly characterized by a decreased
glomerular filtration rate and albuminuria. The latter it is known
to determine vascular injury and endothelial dysfunction, and a
similar mechanism also found in the development of DME. Given
this aspect it is known that the severity of diabetic neuropathy is
both associated with DME development and a possible progression
indicator of DR, suggesting that diabetic patients with poor kidney
function should undergo an ophthalmologic evaluation as they
might have diabetic ocular complications [37-39].

Neuropathy

Diabetic neuropathy with its four subtypes (peripheral, autonomic,
proximal and focal) refers to nerve damage caused by poorly
controlled diabetes in individuals with long-term disease. Ac-
cording to a US study, patients who end up developing neuropathy
are prone also to develop DME (HR=1.41;95% CI 1.50-1.69,
p<0.0001), while significant correlation between peripheral
neuropathy and DME (p<0.006) was found in a study conducted
by D. Acan et.al [19, 40].

Anemia

Anemia, independent of kidney disease, is more frequent in diabetic
patients. When evaluating the correlation between anemia and DR
it has been shown that anemia is responsible for the progression
and development of diabetic microvascular complications, anemic
individuals being 1.8 times more likely to develop DR [41,42].
Furthermore, the risk of developing vision-threatening DR and
DME is higher in patients with more severe anemia [43,44].

Sleep Apnea

Obstructive sleep apnea, a more and more concerning health
problem, is more frequent in the diabetic population, it’s prevalence
reaching up to 36% [45]. It is known that patients with DME have
a prevalence of obstructive sleep apnea ranging from 70.7% to
80.6% [46].

Obesity
Weight control is one of the most challenging aspects regarding the
treatment of diabetes, most of diabetic patients being overweight,

especially those with T2DM. As the body mass index elevates, the
prevalence of DME increases. Furthermore, concerning treatment
results in DME, lowering body mass had a beneficial effect on
obtaining a better visual acuity post-treatment [21].

Cataract Surgery

Diabetic patients are 5 times more likely to develop cataract
than the general population [47]. The presence of diabetic ocular
complications such as DR and DME is one of the main reasons
that might determine a poor visual prognosis after cataract surgery.
Worsening of DR and DME post-operative might occur due to
postsurgical inflammation that is increased in diabetic patients,
and might last up to 3 months after cataract surgery, and later start
to decrease naturally. On the other hand, diabetic patients have
a higher risk of developing macular edema post-cataract surgery
even in the absence of retinopathy, a risk that gradually increases
with the severity of diabetic retinopathy [48,49].

Pregnancy

Pregnancy is considered to determine a state of general
hyperdynamic circulation having as a possible consequence the
progression of DR and DME. The presence of DME at conception
is considered a direct cause of worse visual outcome, even after
adequate treatment [50]. Managing these ocular complications
means using retinal laser treatment or anti-VEGF intravitreal
injections, but it remains a challenge due to possible side effects,
so if the clinical situation allows it, delaying treatment and close
monitoring remains a frequent option. Still, improved screening
methods for diabetes during pregnancy and better treatment
options have led to a good pregnancy outcome in diabetic patients,
considering that in the 1970’ PDR was an indication to terminate
the pregnancy [51].

Lifestyle

Smoking is known to have a negative effect on glycemic control
and evolution of diabetes, as nicotine tends to impair insulin
activity, therefore determining an increase in blood sugar levels
and subsequent risk of diabetic complications. Still, regarding the
direct impact of smoking on DR and DME data is inconsistent,
ranging from a evidence of progression of DR in T1DM patients,
to a lack of relationship in progression over 4 years in the WESDR
study, while smaller studies shown that current smokers were less
likely to have DME [20,52,53].

When referring to alcohol, studies have shown inconclusive data
between alcohol consumption and the progression of DR and
DME. Still, chronic heavy usage of alcohol determines an in-
crease in overall inflammation, which has a negative effect on
general and eye health [54].

Gender/Ethnicity

Regarding gender, male subjects with diabetes tend to have more
frequent ocular complications. Type 1 diabetic males have a greater
risk of progression of DR, while type 2 subjects have a more severe
degree of DR at the time of diagnosis with DM [55]. DME also
remains more prevalent in male subjects [19].

DR and DME are known to be more frequent in black and hispanic
diabetic patients. Still, conclusive data regarding the ethnic
distribution of vision-threatening DR is yet to be determined, as
minorities tend to be underrepresented in large clinical trials [56].

Clinical Assessment and Imaging of DME
Clinically, DME is defined by the presence of hard exudates,
microaneuvrysms and blot hemorrhages within one disc diameter
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of the center of the macula, determined by intraretinal leakage of
fluid, lipids and protein. All these structural alterations leading
to progressive thickening of the retina. Since the 1980’s, the
most used grading system was the one developed by the Early
Treatment Diabetic Retinopathy Study ( ETDRS), which defines
the notion of non-clinically significant macular edema and
clinically significant macular edema, the latter implying retinal
thickening within 500 um or less from the center of the macula,
or hard exudates with adjacent retinal thickening within 500 um
or less from the center of the macula or at least one disc size
area of retinal thickening anywhere within one disc diameter
from the center of the macula[57]. Besides the ETDRS, other
similar grading systems such as The International Clinical Disease
Severity Scale for diabetic retinopathy, might be outdated but still
of great importance, leaving space for more up-to-date protocols
like the SAVE grading protocol, or the classification proposed by
Otani both evaluating tomographic features of retinal changes in
diabetic patients [58-60].

From Helmholtz’s invention of the ophthalmoscope in the 1850°s
to artificial intelligence, evaluating and grading DME has come
a long way [61,62]. Even with all this progress, first objective
in evaluating a diabetic patient remains to assess visual acuity,
but mostly as a parameter of following the progression of DME,
since in early stages edema might not alter it significantly [63].
The next step is represented by a dilated fundus exam, obtained
by a slit lamp biomicroscopy of the posterior pole, in order to
evaluate the presence of exudates, retinal hemorrhages, area of
retinal thickening and presence of cystoid changes [64]. This
method alongside fundus photography remain quite subjective
and somewhat time-consuming, as mild or moderate thickening
of the macular area might go undetected [65]. A more advanced
variant of fundus photography is fundus autofluorescence imaging
(FAF), based on mapping fluorophores such as lipofuscin in the
retina [66]. Regarding DME, the usage of blue FAF has shown
a 80% sensitivity and 89% specificity, while green FAF remains
of a more limited value [67]. Due to oxidative stress, macular
pigment is diminished in DME, therefore measuring macular
pigment optical density (MPOD) has been considered as a tool
to diagnose DME, revealing 91% specificity and 80% sensitivity.
Both blue FAF and MPOD have limited usage in these areas of
diagnosis due to low sensitivity [68].

A more invasive option to asses retinal complications of DM is
fluorescein angiography, method that implies intravenous injection
of fluorescein dye while assessing patterns of hyper fluorescence
in retinal vessels, determined by the disrupted BRB in diabetic
eyes [69]. It serves mostly to guide laser photocoagulation in eyes
with DR, rather than diagnose DME. Also, side effects ranging
from mild ones as slight nausea to risk of anaphylaxis are to be
considered [70].

These days, the most frequently performed imaging modality for
evaluating retinal diseases is represented by optical coherence
tomography (OCT) [71]. Having a similar working principle as
the ultrasound, it makes it a repetitive method without implying
patient-related risks, therefore being the most useful tool in grading
DME, establishing a treatment protocol and a accurate followup
[72,73]. OCT ofters the possibility to quantify macular thickening
as well as detailed cross-sectional imaging of retinal structures
in order to identify diabetes related ocular complications such
as diffuse retinal thickening, epiretinal membranes, posterior
hyaloid traction, serous or tractional retinal detachment [74,75].
In addition, the more recent OCT variant, OCT-angiography offers
simultaneous high-resolution images of both retinal and choroidal

vasculature, but is still not used on a large scale in clinical practice
[76]. Paired with these devices, adaptive optics tools by the usage
of wavefront sensors reduce the aberrations’ effect on retinal
imaging, while also having a future potential in detecting retinal
vasculature alterations in diabetic patients [77].

Emerging technologies such as the above-mentioned macular
pigment optical density (MPOD) and adaptive optics (AO) have
been tested or used alongside already known imaging devices, but
their role is yet to be defined in diagnosing and grading DR and
DME [77,78]. While all these and the more recent telemedicine
development [79] still have a long way to go until daily base
usage, OCT remains the most precise clinical assessment tool
of DME [80].

General Treatment Approach of DME

Treatment approach of DME depends on the patient’s baseline
visual acuity, but also on the extend of the retinal disease. Patients
that do not have clinically significant macular involvement,
are asymptomatic and have a visual acuity >20/25 are usually
observed. Once the patient is symptomatic due to DME, central
retinal thickness increases beyond 300 microns, or visual acuity
lowers under 20/30, treatment must be initiated, meaning choosing
between retinal laser photocoagulation or intravitreal injections
with either anti-VEGF or corticosteroids [81].

Retinal laser treatment remains the gold standard for treating
PDR, but is still of great importance in DME management [82].

Anti- VEGF represent a great innovation regarding the treatment
of DME, their use being associated with vision loss reverse, unlike
laser therapy[83-85]. Substances like off label bevacizumab or
the FDA approved substances ranibizumab, aflibercept or the
most recent brolicizumab and faricimab are used in treatment
protocols that usually begin with a loading dose of 3-6 monthly
injections, that are later continued according to diabetic retinal
disease progression [86].

Intravitreal corticosteroids represent the therapeutic algorithm for
patients with chronic DME, that no longer benefit from receiving
anti-VEGF agents [87]. For these particular cases, intravi-
treal injection of agents like triamcinolone, or implants with
dexametazone or fluocinolone acetonide that have a sustained-
release of the therapeutic agent become the treatment of choice
[88-90]. Regardless the chosen medical approach, treating DME
remains a challenge, considering that each of these therapeutic
options imply certain patient-related risks and treatment results
depend on the patients’ retinal disease individuality and compliance
to treatment [91-93].

Conclusion

The main purposes when treating DR and DME refer to maintaining
or improving visual acuity in diabetic patients and at the same
time preventing any further retinal, especially macular structural
damage [86].

In order to achieve these goals, the first step is represented by
the systemic management of the above-mentioned risk factors
involved in the development and progression of DR and DME
[94]. While some factors like gender/ethnicity, genetic factors,
diabetes type/duration and pregnancy status are unmodifiable, all
others must be taken under strict observation and management.
Therefore, a strict glycemic and blood pressure control must
be imposed, but also lowering lipid levels, proper management
of obesity, sleep apnea, renal impairment and anemia must be
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obtained. Last but not least, cessation of smoking and alcohol
consumption must be advised in all diabetic patients, regardless
of retinal complications degree [86].

A better understanding of the ocular pathology among the general
medical profession is essential for an optimal therapeutic approach
regarding diabetic population [25]. Patients with uncontrolled
diabetes are at risk of developing a variety of ocular pathologies
that affect almost every part of the eye. While vision-threatening
conditions like DR, DME, and cataracts are more widely
recognized, it is important to acknowledge the effects of diabetes
on other ocular tissues, as these can also lead to a decline in visual
function [95]. Apart from DR and DME, other diabetes-related
ocular pathologies, such as cataracts, diabetes-related refractive
changes, infections, and optic neuropathies (such as diabetic
papillopathy and non-arteritic anterior ischemic optic neurop-
athy), are also linked to chronic hyperglycemia [96].

Considering the major social impact and economic burden of
diabetes-related ocular pathologies, especially DME, a better
medical screening of at-risk populations and a more efficient
management of the risk factors that contribute to the development
of this pathology are the first and maybe the most important steps
in improving the diabetic patients’ quality of life.

Author Contributions: Conceptualization, A.l., S.P., R.T.;
writing—original draft preparation, A.I., S.P, and R.T.; writing
review and editing, A.I, S.P. M.P; visualization, R.I.; supervision
R.T. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by the Doctoral School of
Medicine and Pharmacy of “Victor Babes” University of Medicine
and Pharmacy, Timisoara, Romania.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

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

References

1. Chan JCN, Lim LL, Wareham NJ, Shaw JE, Orchard TJ, et
al. (2020) The Lancet Commis-sion on Diabetes: Using Data
to Transform Diabetes Care and Patient Lives. The Lancet
396: 2019-2082.

2. Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS,
et al. (2016) Guidelines for Accu-rate and Transparent Health
Estimates Reporting: The GATHER Statement. The Lancet
388: 19-23.

3. Cho NH, Shaw JE, Karuranga S, Huang Y, Da Rocha
Fernandes J, et al. (2018) IDF Diabe-tes Atlas: Global
Estimates of Diabetes Prevalence for 2017 and Projections for
2045. Diabe-tes Research and Clinical Practice 138: 271-281.

4. Heald AH, Stedman M, Davies M, Livingston M, Alshames R,
etal. (2020) Estimating Life Years Lost to Diabetes: Outcomes
from Analysis of National Diabetes Audit and Office of
National Statistics Data. Cardiovascular Endocrinology &
Metabolism 9: 183-185.

5. Type 2 Diabetes: National Clinical Guideline for Management
in Primary and Secondary Care (Update) (2008) Royal
College of Physicians: London. ISBN 978-1-86016-333-3.

6.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Musat O, Cernat C, Labib M, Gheorgh A, Toma O, et al.
(2015) Diabetic Macular Edema. Rom J Ophthalmol 59:
133-136.

Antonetti DA, Klein R, Gardner TW (2012) Diabetic
Retinopathy. N Engl J Med 366: 1227-1239.

Lee R, Wong TY, Sabanayagam C (2015) Epidemiology of
Diabetic Retinopathy, Diabetic Macular Edema and Related
Vision Loss. Eye and Vis 2: 17.

Glover SJ, Burgess PI, Cohen DB, Harding SP, Hofland HWC,
etal. (2012) Prevalence of Diabetic Retinopathy, Cataract and
Visual Impairment in Patients with Diabetes in Sub-Saharan
Africa. Br J Ophthalmol 96: 156-161.

Olafsdottir E, Andersson DKG, Stefansson E (2012) The
Prevalence of Cataract in a Popula-tion with and without Type
2 Diabetes Mellitus. Acta Ophthalmological 90: 334-340.
Bayraktar Z, Alacali N, Bayrakta S (2002) diabetic
papillopathy in type II diabetic patients. retina 22: 752-758.
Zhao D, Cho J, Kim MH, Friedman DS, Guallar E (2015)
Diabetes, Fasting Glucose, and the Risk of Glaucoma.
Ophthalmology 122: 72-78.

Shah BR, Hux JE (2003) Quantifying the Risk of Infectious
Diseases for People with Diabe-tes. Diabetes Care 26: 510-
513.

Wen L, Wang Y, Lin Z, Wang FH, Ding XX, et al. (2020)
The Prevalence and Causes of Visual Impairment in
Type 2 Diabetes Mellitus in Northeast China. Journal of
Ophthalmology 2020: 1-7.

He F, Xia X, Wu XF, Yu XQ, Huang FX (2013) Diabetic
Retinopathy in Predicting Diabetic Nephropathy in Patients
with Type 2 Diabetes and Renal Disease: A Meta-Analysis.
Diabeto-logia 56: 457-466.

Hagg S, Thorn LM, Putaala J, Liebkind R, Harjutsalo V, et al.
(2013) on behalf of the Finn-Diane Study Group Incidence
of Stroke According to Presence of Diabetic Nephropathy
and Severe Diabetic Retinopathy in Patients with Type 1
Diabetes. Diabetes Care 36: 4140-4146.

Mottl AK, Pajewski N, Fonseca V, Ismail-Beigi F, Chew E, et
al. (2014) The Degree of Reti-nopathy Is Equally Predictive
for Renal and Macrovascular Outcomes in the ACCORD
Trial. Journal of Diabetes and its Complications 28: 874-879.
Kawasaki R, Tanaka S, Tanaka S, Abe S, Sone H, et al. (2013)
Risk of Cardiovascular Dis-eases Is Increased Even with
Mild Diabetic Retinopathy. Ophthalmology 120: 574-582.
Acan D, Calan M, Er D, Arkan T, Kocak N, et al. (2018) The
Prevalence and Systemic Risk Factors of Diabetic Macular
Edema: A Cross-Sectional Study from Turkey. BMC Ophthal-
mol 18: 91.

Klein R, Knudtson MD, Lee KE, Gangnon R, Klein BEK
(2009) The Wisconsin Epidemio-logic Study of Diabetic
Retinopathy XXIII: The Twenty-Five-Year Incidence
of Macular Edema in Persons with Type 1 Diabetes.
Ophthalmology116: 497-503.

Graue-Hernandez EO, Rivera-De-La-Parra D, Hernandez-
Jimenez S, Aguilar-Salinas CA, Kershenobich-Stalnikowitz
D, Jimenez-Corona A (2020) Prevalence and Associated Risk
Factors of Diabetic Retinopathy and Macular Oedema in
Patients Recently Diagnosed with Type 2 Diabetes. BMJ
Open Ophth 5: e000304.

Lachin J, Braffett B (2023) Diabetes Control and
Complications Trial / Epidemiology of Dia-betes Interventions
and Complications. Diabetes Care 37: 9-16

Lundeen EA, Andes LJ, Rein DB, Wittenborn JS, Erdem E,
etal. (2022) Trends in Preva-lence and Treatment of Diabetic
Macular Edema and Vision-Threatening Diabetic Retinopa-

J Diabet Res Rev Rep, 2024

Volume 6(3): 5-8



Citation: Adriana Ivanescu, Simona Popescu, Radu Ivanescu, Monica Potra, Romulus Timar (2024) Risk Factors for Diabetic Macular Edema-An Overview. Journal
of Diabetes Research Reviews & Reports. SRC/JDRR-214. DOI: doi.org/10.47363/JDRR/2024(6)187

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

thy Among Medicare Part B Fee-for-Service Beneficiaries.
JAMA Ophthalmol 140: 345.

Mogilevskyy SYu, Ivaniuta Ye. P (2023) Relationship
between the Severity of Diabetic Macular Edema and the
Stage of Diabetic Retinopathy in Type 2 Diabetes Mellitus.
AOU 11: 24-28.

Shih KC, Lam KSL, Tong L (2017) A Systematic Review on
the Impact of Diabetes Mellitus on the Ocular Surface. Nutr
& Diabetes 7: 251-251.

Gurung RL, FitzGerald LM, McComish BJ, Verma N, Burdon
KP (2020) Identifying Genet-ic Risk Factors for Diabetic
Macular Edema and the Response to Treatment. J Diabetes
Res 2020: 5016916.

Graham PS, Kaidonis G, Abhary S, Gillies MC, Daniell M,
et al. (2018) Genome-Wide Asso-ciation Studies for Diabetic
Macular Edema and Proliferative Diabetic Retinopathy. BMC
Med Genet 19: 71.

David R Matthews, Irene M Stratton, Stephen J Aldington,
Rury R Holman, Eva M Kohner (2004) Risks of Progression
of Retinopathy and Vision Loss Related to Tight Blood
Pressure Control in Type 2 Diabetes Mellitus: UKPDS 69.
Arch Ophthalmol 122: 1631.

Zhang M, Wu J, Wang Y, Wu J, Hu W, Jia H, Sun X (2023)
Associations between Blood Pressure Levels and Diabetic
Retinopathy in Patients with Diabetes Mellitus: A Population-
Based Study. Heliyon 9: 16830.

Chatzirall IP (2017) The Role of Dyslipidemia Control in the
Progression of Diabetic Reti-nopathy in Patients with Type
2 Diabetes Mellitus. Diabetes Ther 8: 209-212.
Salinero-Fort MA, San Andrés-Rebollo FJ, De Burgos-Lunar
C, Arrieta-Blanco FJ, Gomez-Campelo P (2013) on behalf
of MADIABETES Group Four-Year Incidence of Diabetic
Ret-inopathy in a Spanish Cohort: The MADIABETES Study.
PLoS ONE 8: 76417.

DasR, Kerr R, Chakravarthy U, Hogg RE (2015) Dyslipidemia
and Diabetic Macular Ede-ma. Ophthalmology 122: 1820-
1827.

Preiss D (2014) Do Statins Reduce Microvascular
Complications in Diabetes? The Lancet Di-abetes &
Endocrinology 2: 858-859.

Ginsberg HN (2011) The ACCORD (Action to Control
Cardiovascular Risk in Diabetes) Li-pid Trial. Diabetes Care
34: 107-108.

Keech A, Simes RJ, Barter P, Best J, Scott R, et al. (2005)
Eftects of Long-Term Fenofibrate Therapy on Cardiovascular
Events in 9795 People with Type 2 Diabetes Mellitus (the
FIELD Study): Randomised Controlled Trial. The Lancet
366: 1849-1861.

Chou Y, Ma J, Su X, Zhong Y (2020) Emerging Insights into
the Relationship between Hy-perlipidemia and the Risk of
Diabetic Retinopathy. Lipids Health Dis 19: 241.
Ochodnicky P, Henning RH, Van Dokkum RPE, De Zeeuw
D (2006) Microalbuminuria and Endothelial Dysfunction:
Emerging Targets for Primary Prevention of End-Organ
Damage: Journal of Cardiovascular Pharmacology 47: 151-
162.

Suzuki Y, Kiyosawa M (2023) Relationship between Diabetic
Nephropathy and Develop-ment of Diabetic Macular Edema
in Addition to Diabetic Retinopathy. Biomedicines 11: 1502.
Zhang X, Hao X, Wang L, Xie L (2022) Association of
Abnormal Renal Profiles with Sub-retinal Fluid in Diabetic
Macular Edema. Journal of Ophthalmology 2022: 1-5.
Garcia-Ulloa A, Pérez-Peralta L, Jaime-Casas S, Jiménez-
Corona A, Rivera-De La Parra D, et al. (2024) Risk Factors

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Associated with Diabetic Retinopathy with and without
Macular Edema in Recently Diagnosed Patients with Type
2 Diabetes. DMSO 17: 231-238.

Ranil PK, Raman R, Rachepalli SR, Pal SS, Kulothungan
V, et al. (2010) Anemia and Dia-betic Retinopathy in Type 2
Diabetes Mellitus. J Assoc Physicians India 58: 91-94.
Thomas MC, Maclsaac RJ, Tsalamandris C, Power D, Jerums
G (2003) Unrecognized Ane-mia in Patients with Diabetes.
Diabetes Care 26: 1164-1169.

LiY, YuY, VanderBeek BL (2020) Anaemia and the Risk of
Progression from Non- Prolif-erative Diabetic Retinopathy
to Vision Threatening Diabetic Retinopathy. Eye 34: 934-
941.

Traveset A, Rubinat E, Ortega E, Alcubierre N, Vazquez B,
etal. (2016) Lower Hemoglobin Concentration Is Associated
with Retinal Ischemia and the Severity of Diabetic Retinopathy
in Type 2 Diabetes. Journal of Diabetes Research 2016: 1-8.
Einhorn D, Stewart DA, Erman MK, Gordon N, Philis-
Tsimikas A, et al. (2007) Prevalence of Sleep Apnea in a
Population of Adults with Type 2 Diabetes Mellitus. Endocrine
Practice 13: 355-362.

Kaba Q, Tai F, Al-Awadi A, Somani S, (2022) Examining
the Relationship Between Diabetic Macular Edema, and
Obstructive Sleep Apnea. OPTH 16: 1215-1223.

Javadi M-A, Zarei-Ghanavati S (2008) Cataracts in Diabetic
Patients: A Review Article. J] Ophthalmic Vis Res 3: 52-65.
Yao H, Yang Z, Cheng Y, Shen X (2023) Macular Changes
Following Cataract Surgery in Eyes with Early Diabetic
Retinopathy: An OCT and OCT Angiography Study. Front
Med 10: 1290599.

Hayashi K, Igarashi, C, Hirata A, Hayashi H (2009) Changes
in Diabetic Macular Oedema after Phacoemulsification
Surgery. Eye 23: 389-396.

Sinclair SH, Nesler C, Foxman B, Nichols CW, Gabbe S
(1984) Macular Edema and Preg-nancy in Insulin-Dependent
Diabetes. American Journal of Ophthalmology 97: 154-167.
Chandrasekaran P, Madanagopalan V, Narayanan R (2021)
Diabetic Retinopathy in Pregnan-cy - A Review. Indian J
Ophthalmol 69: 3015.

Cai X, Chen Y, Yang W, Gao X, Han X, et al. (2018) The
Association of Smoking and Risk of Diabetic Retinopathy in
Patients with Type 1 and Type 2 Diabetes: A Meta-Analysis.
En-docrine 62: 299-306.

Boretsky A, Gupta P, Tirgan N, Liu R, Godley BF, et al. (2015)
Nicotine Accelerates Diabe-tes-Induced Retinal Changes.
Current Eye Research 40: 368-377.

Karimi S, Arabi A, Shahraki T (2021) Alcohol and the Eye.
JOVR 16: 260-270.

Ozawa GY, Bearse MA, Adams AJ (2015) Male-Female
Differences in Diabetic Retinopa-thy? Curr Eye Res 40:
234-246.

Yu AJ, Masalkhi M, Brown R, Chen B, Chhablani J (2023)
Racial and Ethnic Distribution in Diabetic Macular Edema
Clinical Trials in the United States (2002-2021).Ophthalmol
Retina 7: 1035-1041.

Early Treatment Diabetic Retinopathy Study Research Group
(1991) Early Treatment Diabet-ic Retinopathy Study Design
and Baseline Patient Characteristics. Ophthalmology 98:
741-756.

Fong DS, Aiello LP, Ferris FL, Klein R (2004) Diabetic
Retinopathy. Diabetes Care 27: 2540-2553.

Bolz M, Lammer J, Deak G, Pollreisz A, Mitsch C, et al.
(2014) SAVE: A Grading Protocol for Clinically Significant
Diabetic Macular Oedema Based on Optical Coherence

J Diabet Res Rev Rep, 2024

Volume 6(3): 6-8



Citation: Adriana Ivanescu, Simona Popescu, Radu Ivanescu, Monica Potra, Romulus Timar (2024) Risk Factors for Diabetic Macular Edema-An Overview. Journal
of Diabetes Research Reviews & Reports. SRC/JDRR-214. DOI: doi.org/10.47363/JDRR/2024(6)187

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Tomogra-phy and Fluorescein Angiography. Br J Ophthalmol
98:1612-1617.

Otani T, Yamaguchi Y, Kishi S (2010) Correlation Between
Visual Acuity and Foveal Micro-structural Changes in
Diabetic Macular Edema. Retina 30: 774-780.

Keeler CR (2002) The Ophthalmoscope in the Lifetime of
Hermann von Helmholtz. Arch Ophthalmol 120: 194.

Lam C, Wong YL, Tang Z, Hu X, Nguyen TX, et al. (2024)
Performance of Artificial Intelli-gence in Detecting Diabetic
Macular Edema From Fundus Photography and Optical
Coher-ence Tomography Images: A Systematic Review and
Meta-Analysis. Diabetes Care 47: 304-319.

Agardh E, Stjernquist H, Heijl A, Bengtsson B (2006) Visual
Acuity and Perimetry as Measures of Visual Function in
Diabetic Macular Oedema. Diabetologia 49: 200-206.
Aljefri S, Al Adel F (2020) The Validity of Diabetic
Retinopathy Screening Using Nonmyd-riatic Fundus Camera
and Optical Coherence Tomography in Comparison to
ClinicalExami-nation. Saudi J Ophthalmol 34: 266-272.
Ixcamey M, Palma C (2021) Diabetic Macular Edema.
Disease-a-Month 67: 101138.

Schmitz-Valckenberg S, Pfau M, Fleckenstein M, Staurenghi
G, Sparrow JR, et al. (2021) Fundus Autofluorescence
Imaging. Progress in Retinal and Eye Research 81: 100893.
Acon D, Wu L (2019) Multimodal Imaging in Diabetic
Macular Edema. Asia Pac J Ophthal-mol (Phila) 7: 22-27.
Waldstein SM, Hickey D, Mahmud I, Kiire CA, Charbel Issa
P, et al. (2012) Two- Wave-length Fundus Autofluorescence
and Macular Pigment Optical Density Imaging inDiabetic
Macular Oedema. Eye 26: 1078-1085.

Tsang SH, Sharma T (2018) Fluorescein Angiography. In
Atlas of Inherited Retinal Diseases, Tsang, S.H., Sharma,
T., Eds., Advances in Experimental Medicine and Biology,
Springer In-ternational Publishing: Cham 1085: 7-10.
Kornblau IS, El-Annan JF (2019) Adverse Reactions to
Fluorescein Angiography: A Com-prehensive Review of the
Literature. Survey of Ophthalmology 64: 679-693.
Zeppieri M, Marsili S, Enaholo ES, Shuaibu AO, Uwagboe
N, et al. (2023) Optical Coher-ence Tomography (OCT): A
Brief Look at the Uses and Technological Evolution of Oph-
thalmology. Medicina 59: 2114.

Testoni PA (2007) Optical Coherence Tomography. The
Scientific World JOURNAL 7: 87-108.

Sharma S, Karki P, Joshi SN, Parajuli S (2022) Optical
Coherence Tomography Patterns of Diabetic Macular Edema
and Treatment Response to Bevacizumab: A Short-Term
Study. Ophthalmol Eye Dis 14: 251584142210745.
Panozzo G, Cicinelli MV, Augustin AJ, Battaglia Parodi M,
Cunha-Vaz, J, etal. (2020) An Optical Coherence Tomography-
Based Grading of Diabetic Maculopathy Proposed by an In-
ternational Expert Panel: The European School for Advanced
Studies in Ophthalmology Classification. European Journal
of Ophthalmology 30: 8-18.

Agarwal D, Gelman R, Prospero Ponce C, Stevenson W,
Christoforidis JB (2015) The Vitre-omacular Interface in
Diabetic Retinopathy. Journal of Ophthalmology 2015: 1-10.
Hagag A, Gao S, Jia Y, Huang D (2017) Optical Coherence
Tomography Angiography: Technical Principles and Clinical
Applications in Ophthalmology. Taiwan J Ophthalmol 7: 115.
Balta F, Elena Cristescu I, Teodora Tofolean I (2022) Adaptive
Optics Imaging Technique in Diabetic Retinopathy. In
Diabetic Eye Disease - From Therapeutic Pipeline to the
Real World; Lo Giudice, G., Ed.; IntechOpen, 2022 ISBN
978-1-83969-764-7.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Bikbov MM, Zainullin RM, Faizrakhmanov RR (2015)
Macular Pigment Optical Density Al-teration as an Indicator
of Diabetic Macular Edema Development. Sovrem Tehnol
Med 7: 73-76.

Kozak I, Payne JF, Schatz P, Al-Kahtani E, Winkler M (2017)
Teleophthalmology Image-Based Navigated Retinal Laser
Therapy for Diabetic Macular Edema: A Concept of Retinal
Telephoto coagulation. Graefes Arch Clin Exp Ophthalmol
255:1509-1513.

Nicoara SD (2018) Spectral Domain Optical Coherence
Tomography in the Diagnosis and Monitoring of Diabetic
Macular Edema. In OCT - Applications in Ophthalmology;
Lanza, M., Ed.; InTech, 2018 ISBN 978-1-78923-754-2.
Giridhar S, Verma L, Rajendran A, Bhend M, Goyal M, et
al. (2021) Diabetic Macular Ede-ma Treatment Guidelines
in India: All India Ophthalmological Society Diabetic
Retinopathy Task Force and Vitreoretinal Society of India
Consensus Statement. Indian J Ophthalmol 69: 3076.
Romero-Aroca P, Reyes-Torres J, Baget-Bernaldiz M, Blasco-
Sune C (2014) Laser Treatment for Diabetic Macular Edema
in the 21st Century. CDR 10: 100-112.

Stefanini FR, Arevalo JF, Maia M (2013) Bevacizumab for the
Management of Diabetic Macular Edema. World J Diabetes
4: 19-26.

Sydnor S, Chatterjee S, Cooney P, Kaur S, Macmillan T, et
al. (2023) Efficacy and Safety of Brolucizumab, Aflibercept,
and Ranibizumab for the Treatment of Patients with Visual
Im-pairment Due to Diabetic Macular Oedema: A Systematic
Review and Network Meta-Analysis. Diabetes Ther 14: 1193-
1216.

Wykoft CC, Abreu F, Adamis AP, Basu K, Eichenbaum DA,
et al. (2022) Efficacy, Durabil-ity, and Safety of Intravitreal
Faricimab with Extended Dosing up to Every 16 Weeks in
Pa-tients with Diabetic Macular Oedema (YOSEMITE and
RHINE): Two Randomised, Dou-ble-Masked, Phase 3 Trials.
The Lancet 399: 741-755.

Al Qassimi N, Kozak I, Al Karam M, Neri P, Aduriz-Lorenzo,
et al. (2022) Management of Diabetic Macular Edema:
Guidelines from the Emirates Society of Ophthalmology.
Oph-thalmol Ther 11: 1937-1950.

Gurung RL, FitzGerald LM, Liu E, McComish BJ, Kaidonis
G, et al. (2003) Predictive fac-tors for treatment outcomes
with intravitreal anti-vascular endothelial growth factor
injections in diabetic macular edema in clinical practice. Int
J Retina Vitreous 9: 23.

Sharma A, Bellala K, Dongre P, Reddy P (2020) Anti-
VEGEF versus Dexamethasone Implant (Ozurdex) for the
Management of Centre Involved Diabetic Macular Edema
(CiDME): A Randomized Study. Int Ophthalmol 40: 67-72.
Ruiz-Medrano J, Rodriguez-Leor R, Almazan E, Lugo F,
Casado-Lopez E, et al. (2021) Re-sults of Dexamethasone
Intravitreal Implant (Ozurdex) in Diabetic Macular Edema
Patients: Early versus Late Switch. European Journal of
Ophthalmology 31: 1135-1145.

Massa H, Nagar A.M, Vergados A, Dadoukis P, Patra S,
et al. (2019) Intravitreal Fluocino-lone Acetonide Implant
(ILUVIEN®) for Diabetic Macular Oedema: A Literature
Review. J Int Med Res 47: 31-43.

Ndubuisi Okonkwo O, Akanbi T, Thelma Agweye C (2022)
Current Management of Diabet-ic Macular Edema. In Diabetic
Eye Disease - From Therapeutic Pipeline to the Real World;
Lo Giudice, G., Ed.; IntechOpen. ISBN 978-1-83969-764-7.
Angermann R, Hofer M, Huber AL, Rauchegger T,
Nowosielski Y, et al. (2022) The impact of compliance among

J Diabet Res Rev Rep, 2024

Volume 6(3): 7-8



Citation: Adriana Ivanescu, Simona Popescu, Radu Ivanescu, Monica Potra, Romulus Timar (2024) Risk Factors for Diabetic Macular Edema-An Overview. Journal
of Diabetes Research Reviews & Reports. SRC/JDRR-214. DOI: doi.org/10.47363/JDRR/2024(6)187

patients with diabetic macular oedema treated with intravitreal  96. Chan LKY, Lin SS, Chan F, Ng DS. Optimizing treatment

afliber-cept: a 48-month follow-up study. Acta Ophthalmol for diabetic macular edema dur-ing cataract surgery. Front
100: e546-e552. Endocrinol 14: 1106706.

94. Weiss M, Sim DA, Herold T, Schumann RG, Liegl R, et al.  97. Feldman-Billard S, Dupas B.(2021) Eye Disorders Other than
(2018) Compliance and Adher-ence of patients with diabetic Diabetic Retinopathy in Pa-tients with Diabetes. Diabetes &
macular edema to intravitreal anti-vascular endothelial growth Metabolism 47: 101279.

factor therapy in daily practice. Retina 38: 2293-2300.
95. Lingam, G.; Wong, T. Systemic Medical Management of
Diabetic Retinopathy. Middle East Afr J Ophthalmol 20: 301.

Copyright: ©2024 Simona Popescu, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

J Diabet Res Rev Rep, 2024 Volume 6(3): 8-8



