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Abstract
Purpose: To determine the prevalence of diabetic retinopathy (DR) and diabetic macular edema (DME) in
a cohort of Greek diabetic patients and identify possible risk factors.

Methods: Population-based, non-interventional, cross-sectional study of 300 diabetic Greek patients
attending the medical retina clinics of a tertiary hospital. Clinical and imaging data were recorded and
statistical analysis was performed. Con�dence intervals (CI) at 95% and statistically signi�cant p values
≤0.05 were set.

Results: A total of 300 diabetic patients were included. Of these patients, 21 (7%) were diagnosed with
diabetes mellitus (DM) type I and 279 (93%) with DM type II. The average duration of diabetes was 15 ±
9.4 years (95% CI, 13.9-16.1) and the mean level of HbA1c was 7.2 ± 1.3 (95% CI, 7.1-7.4)
overall. Prevalence of DR was 38.7% (116 patients), only 15 patients (5%) had proliferative DR and
diabetic macular edema (DME) was detected in 19 patients (6.3%). In DM type I patients, 52.4% had DR
and 9.5% had DME, while in the DM type II group, 37.6% had DR and 6.1% had DME. Binary logistic
regression analysis identi�ed duration of diabetes, increased HbA1c and hypertriglyceridemia as potential
risk factors.

Conclusions: This study is the �rst one to present the extent and severity of DR and DME in a Greek
cohort of diabetic patients and also identify risk factors associated with these entities. Our �ndings
highlight the signi�cance of a properly organized national screening program for the early detection and
management of the vision threatening complications of DR.

Introduction
Diabetes mellitus (DM) has arisen as a major life- and vision-threatening condition, tightly associated
with modern lifestyle and continuously growing industrialization. Globally, the number of people affected
is increasing and is expected to reach up to 640 million by the year 2040 [1]. The disease complications
can be divided in two categories; the macrovascular effects, including stroke, coronary and peripheral
artery disease, and the microvascular complications, affecting the vascular network in the retina, kidneys
and peripheral neurons. Diabetic retinopathy (DR) is diagnosed in 1 in 3 diabetic patients and can
potentially lead to severe vision impairment or loss. Despite the extensive preventive measures taken, it
still remains one of the main causes of reversible vision loss in working- age adults, therefore being
characterized as a global epidemic [2]. The classi�cation of DR is an essential tool for the proper
identi�cation and management of vision-threatening cases. One of the earliest attempts for the staging
of DR was the establishment of the Airlie Classi�cation system, whose modi�cations were applied in the
Early Treatment Retinopathy Study (ETDRS) [3]. Regardless its’ signi�cance and accuracy, the application
of this staging scheme is restricted due to its complexity. In an attempt to simplify the staging process
and achieve the adequate communication and understanding among medical retina practitioners, new
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models were developed over the years. The International Clinical Disease Severity Scale for DR was
introduced and recently modi�ed according to ETDRS rules and clinical �ndings [4, 5]. 

According to this staging scale, DR is categorized as non-proliferative diabetic retinopathy (NPDR), which
can be mild, moderate or severe, proliferative diabetic retinopathy (PDR), which can be non-high-risk and
high-risk, and additionally the presence or absence of diabetic macular edema (DME) is noted. Vision-
threatening forms of DR are attributed to either diabetic maculopathy or PDR and are estimated to occur
in nearly one third of the diabetic patients globally [6].

Ethnic variation was previously studied as an independent risk factor for the prevalence of DR in several
populations. Accordingly, among Asian countries, India and China have recorded the highest rate of DR
[7], whilst in Western populations the disease prevalence was signi�cantly higher in Hispanics and ethnic
blacks [8, 9]. On the opposite direction, Mediterranean populations present a healthier outcome, as far as
cardiovascular risk is concerned [10, 11]. Numerous studies link Greek ethnicity to a cardioprotective
effect and they set the base for further investigation of this effect in microvascular entities, including DR
[12] . Ethnic variations in the prevalence of DR are mainly attributed to different socioeconomic status
and accessibility to health care as well as lifestyle and dietary in�uence [13], with Mediterranean diet
presenting a thoroughly-studied vasoprotective effect [14, 15]. Genetic studies previously conducted have
proposed a heritable predisposition with the discovery of genetic loci implicated in the increased risk of
DR [16].

At present, there is a paucity of literature concerning the epidemiology of DR in the Greek population. To
the best of our knowledge, this is the �rst study to report the prevalence and risk factors of DR in a cohort
of patients examined in a tertiary Greek hospital.

Materials And Methods
This is a population-based, non-interventional, cross-sectional study. Patients were recruited from the
medical retina clinics of the Ophthalmology department of Hippocration General Hospital of Athens
during September 2019 to March 2020.  The study was approved by our institution’s ethics committee
and all data were anonymized. Inclusion criteria included Greek origin and diagnosis of DM which was
de�ned in accordance with the American Diabetes Association criteria. Diagnosis of DM type 2 included
non-fasting plasma glucose >200mg/dl (11.1mmol/l), glycated hemoglobin A1c (HbA1c) >6.5%,
physician-diagnosed diabetes or the use of glucose-lowering drugs and for type 1 DM was de�ned as the
diagnosis of diabetes based on the previous criteria when the patient was <30 years and was subjected
to insulin therapy [17]. Su�cient glycemic control was de�ned as the detection of HbA1c ≤7 %, while
HbA1c ≥7% was categorized as poor diabetic control. Exclusion criteria included presence of other retinal
abnormalities, either hereditary or acquired and any corneal or lens pathology that interfered with
fundoscopy or optical coherence tomography (OCT). A consent form was signed prior participation in the
study. The following clinical data were collected: age, sex, duration and type of diabetes, HbA1c, current
medication, detailed medical and ophthalmic history. The de�nition of hypertension was based on the
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presence of systolic blood pressure (SBP)>140mmHg and diastolic blood pressure (DBP)>90 mmHg or
on the use of antihypertensive treatment. Lipid metabolism disorders (hypercholesterolemia and
hypertriglyceridemia) were taken to be present when the patient was under lipid-lowering medication.   

Best corrected visual acuity (BCVA) was measured according to Snellen vision chart and intraocular
pressure (IOP) was assessed with Goldmann applanation tonometry taking into account central corneal
thickness (CCT). Dilated retinal examination was performed by two medical retina specialists that were
masked to all clinical information. DR grading was based according to the newest modi�cation of the
International Clinical Disease Severity Scale for DR [4, 5]. The presence of DME was assessed with OCT
and PDR was diagnosed clinically and/or through �uorescein angiography (FA).

All data were collected and entered onto an Excel Microsoft database. For the analysis, only the eye with
the worst outcome was included from each patient. Statistical analysis was performed using Statistical
Package for the Social Sciences, version 2019 (SPSS Inc, Chicago, IL). Categorical data was described as
absolute numbers and percentages while numerical variables as mean and ± standard deviation.
Normality was tested with Q-Q plots. Data were signi�cantly skewed and therefore non-parametric tests
were used. Differences in the proportions of categorical and numerical data were evaluated by Chi- and
Mann-Whitney U test, respectively. Binary logistic regression analysis was assessed to determine factors
associated with the presence and stages of DR. Con�dence intervals (CI) at 95% and statistically
signi�cant p values ≤0.05 were set.

Results
Total cohort analysis

A total of 300 patients were included. The average age was 69.6 ± 11.8 years (95% CI, 68.2-70.9%)
ranging from 17 to 90 years old, while 153 were males (51%) and 147 were females (49%). Additionally,
21 patients (7%) were diagnosed with DM type I and 279 (93%) with DM type II. The average duration of
diabetes was 15 ± 9.4 years (95% CI, 13.9-16.1%) and the mean level of HbA1c was 7.2 ± 1.3 (95% CI, 7.1-
7.4).

184 patients (61.3%) had no signs of diabetic retinopathy, 60 patients (20%) had mild NPDR, 27 patients
(9%) had moderate NPDR, 14 (4.7%) had severe NPDR while only 15 (5%) patients had PDR. Good
glycemic control was recorded in 157 patients (52.3%). CMO was detected in 19 patients (6.3%), while 16
patients (5.3%) were previously subjected to PRP and 21 (7%) to intravitreal anti-VEGF treatment (Table
1).

Patients diagnosed with any level of DR had statistically signi�cant longer history of diabetes (p=0.000),
poor glycemic control (p=0.009) and hypertriglyceridemia (p=0.000) compared to those with no DR.
(Table 2). Binary logistic regression analysis con�rmed that duration of diabetes and elevated levels of
HbA1c were strongly associated with the presence of DR (p=0.000 and p=0.033, respectively), while
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among the rest of the co-morbidities, only hypertriglyceridemia could be identi�ed as a risk factor for DR
(p=0.001) (Table 2). 

Subgroup analysis

For patients diagnosed with DM type I, the mean duration of diabetes was 23.9±10.4 (95% CI, 19.2-28.7)
while for DM type II patients was 14.3±9 (95% CI, 13.3-15.4). Also, the mean level of HbA1c was 7.1±0.9
(95% CI, 6.7-7.5%) in patients with DM type I and 7.2±1.3 (95% CI, 7-7.4%) for DM type II; 14 patients with
DM type I (66.7%) and 144 (51.6%) with DM type II had good glycemic control (Table 3).

The prevalence of DR in patients with DM type I was 52.4% (11 patients); 10 patients (47.6%) had no
signs of DR, 7 patients (33.3%) had mild NPDR, 1 patient (4.8%) had moderate NPDR and 3 patients
(14.3%) were diagnosed with PDR. From the group of DM type II, 174 patients (62.4%) had no DR, 53
(19%) had mild NPDR, 26 (9.3%) had moderate NPDR, 14 (5%) had severe NPDR and 12 (4.3%) had PDR.
CMO was detected in 2 patients (9.5%) with DM type I and in 17 patients (6.1%) with DM type II.
Statistical analysis for the comparison of clinical data between the two subtypes was not performed due
to the signi�cant difference in group sizes (Table 3).

In the group of DM type I patients, there was no statistically signi�cant difference between patients
diagnosed with no signs of DR and those with DR, as far as the gender (p=0.835), duration of diabetes
(p=0.369), glycemic control (p=0.103) and co-morbidities (hypertension p=0.801, hypercholesterolemia
p=0.525 and hypertriglyceridemia p=0.329) were concerned (Table 4). Statistical analysis revealed that
DM type I patients with signs of DR were older than those with no DR (p=0.031), although this �nding
was not con�rmed in binary logistic regression analysis (Table 4).

In the subgroup of DM type II, patients diagnosed with DR had longer history of diabetes (p=0.002) and
were under per os medication for the control of hypertriglyceridemia (p=0.000), as con�rmed by both
Mann-Whitney U test (Table 5). Additionally, age (p=0.001), longer duration of diabetes (p=0.000),
elevated levels of HbA1c (p=0.035) and hypertriglyceridemia (p=0.002) were identi�ed as risk factors for
the development of DR in patients with DM type II through binary logistic regression analysis (Table 5).

Discussion
Prevalence of DR presents large variations amongst different ethnic groups worldwide [6, 18]. A vast
number of studies estimating the extent and associated risk factors created a strong basis for the design
of screening programs aiming towards the prevention of vision-threatening conditions arising from DR
[19]. The role of ethnic or population differences as a signi�cant co-factor for the variability of DR
globally was previously investigated [20–22]. These epidemiologic data could be attributed to differences
in the socioeconomic status, lifestyle preferences and healthcare accessibility and also to the suspected
role of the genetic background. Over the last decade, a large number of genetic studies has revealed
genetic loci strongly related with the development and/or progression of DR, thus setting the stage for an
ever-growing role in terms of genetic susceptibility research [23–25]. Greek ethnicity has drawn a
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signi�cant amount of interest after the presentation of its cardioprotective effect in the Seven Countries
study [26] and a number of publications followed pointing the favorable combination of Mediterranean
lifestyle and genetic background in cardiovascular diseases [11, 27, 28]. In the context of investigating
the role of Greek ethnicity in microvascular entities, Brazionis et al., 2010 presented a lower prevalence of
DR in Greek-born Australian citizens (23%) compared to the Australian-born sub-cohort (37%) and also
that Greek ethnicity presented 68% lower odds of DR, after the adjustment for demographic and clinical
variables [12]. However, to date there are no published studies available concerning the prevalence of DR
in the Greek population.

The current study is the �rst one to present the extent and severity of DR and DME in a Greek cohort and
also identify associated risk factors. The prevalence of DR was estimated at 38.7%, DME at 6.3% and
PDR at 5% of the participants. As far as the severity is concerned, the majority of patients diagnosed with
signs of DR presented with mild NPDR (20%), 9% had moderate and 4.7% had severe NPDR and 5%
presented with PDR. Additionally, the proportion of patients subjected to PRP and/or intravitreal
administration of anti-VEGF was as low as 5.3% and 7%, respectively (Table 1).

A recent meta-analysis by J. Q. Li et al., 2019 presented the overall prevalence of DR and DME in Europe,
extrapolating data from 35 studies that involved 205,743 patients in total [29]. The prevalence of any DR
was 25.7% in both DM type I and type II, while therapeutic interventions due to PDR or DME were required
in 2.2% and 3.7% of the patients, respectively. The majority of studies involved northern and southern
European registries, followed by western and �nally eastern Europe that included only one publication
available from Hungary. The reported prevalence of DR was signi�cantly elevated in northern (29.6%) and
southern (25.8%) registries, followed by eastern (20.1%) and western (18.3%) Europe. In the same study,
meta-analysis and meta-regression analysis by country presented that higher rates of DR were recorded
in Italy (34.8%), UK (29.8%) and Spain (26.5%) followed by Germany (21.0%) and France (14.6%).
According to our �ndings, the prevalence of DR and DME in Greek diabetic patients is similar to the ones
recorded in Italy, where DR and DME were 34.8% and 4.6%, respectively. This �nding could be attributed to
the fact that these two countries share similarities in terms of lifestyle, dietary preferences and healthcare
accessibility. The percentages of DR and DME recorded from Italy and from our Greek cohort are
strikingly higher compared to the results presented from the rest of the European countries included in the
meta-analysis from J. Q. et al., 2019 [29]. The validity and accuracy in these studies are strongly
associated with the sources available for data collection in each country. In the UK, the majority of
patients are registered in a national screening program while in Spain community eye clinics are
responsible for the follow-up visits of all diabetic patients thus providing a large amount of data. In the
rest of the European countries, including Greece, there are no o�cial screening programs for DR and the
information required is recorded mostly from patients that were either referred from another healthcare
professional or patients seeking medical advice due to symptoms associated with DR. Therefore, the
interpretation of these data as population-based should be considered with caution. 

Previous studies in different populations around the globe have revealed a number of potential
associations between DR and variables that concern demographic, socioeconomic and clinical aspects
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of each ethnic group [30–33]. Binary logistic regression analysis in this Greek cohort identi�ed longer
duration of diabetes (p=0.000), poor glycemic control (p=0.033) and lipid metabolism disorders (p=0.001)
as signi�cant risk factors for the development of DR (Table 2). Also, distinct binary logistic regression
analysis for DM type II patients revealed that duration of diabetes (p=0.000), elevated levels of HbA1c
(p=0.035) and hypertriglyceridemia (p=0.002) along with age (p=0.001) are potential risk factors for the
development of any stage of DR in these patients (Table 5). In the group of patients with DM type I, there
was a statistically signi�cant difference in the prevalence of DR in older patients (p=0.031), although this
was not con�rmed in binary logistic regression analysis (p=0.746) (Table 4). No further statistically
signi�cant differences were identi�ed in this group, possibly due to the restricted number of patients
included (n=21). Hypertension and hypercholesterolemia were previously identi�ed as the most common
modi�able risk factors for DR [34–36]. However, in the current analysis these variables did not present a
statistically signi�cant association with the development of DR in the total cohort (Table 2) as well as in
the subgroup analyses conducted for DM type I (Table 4) and DM type II patients (Table 5).

There are several limitations in our study. Grading of DR was assessed only through detailed clinical
fundus examination due to limitations concerning the availability of imaging equipment. Also, the
number of patients with DM type I was low, thus restricting the statistical analysis for the investigation of
potential risk factors in this group. Finally, patients included in this cohort were referred to the medical
retina clinic by other healthcare professionals or were self-referred due to the lack of a national screening
program. Therefore, any extrapolation of our results to the Greek population should be done with great
caution.

In conclusion, this is the �rst attempt to assess the prevalence of DR and DME and study associated risk
factors in a cohort of Greek diabetic patients. Our �ndings are in consistency with previous results from
studies of various ethnic populations presenting risk factors for the development of DR globally [6, 20, 33,
37–39]. Our study demonstrated that duration of DM is a signi�cant factor that should be taken under
consideration in the design of a national screening program for DR. Additionally, we found that both
HbA1c and hypertriglyceridemia were signi�cantly associated with DR and being modi�able risk factors,
they could serve as important educational points for both healthcare professionals and patients. Taking
under consideration the continuously increasing prevalence of DM and the signi�cant �nancial burden in
global healthcare, the current study aims to enrich the current statistics on DR and DME in Europe and
create a base for further studies in the Greek population.
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