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Diabetes is a major cause of morbidity and mortality worldwide. It can affect many organs and, over time,
leads to serious complications. Diabetic retinopathy (DR), a specific ocular complication of diabetes,
remains the leading cause of vision loss and vision impairment in adults. This work is the first in
Eastern Morocco aimed at identifying the different stages of DR and to determine their frequencies
and associated risk factors. It is a case-control study conducted from December 2018 to July 2019 at
the ophthalmology department of Al-Irfane Clinic (Oujda). Data were obtained from a specific question-
naire involving 244 diabetic patients (122 cases with retinopathy vs 122 controls without retinopathy).
All results were analyzed by the EPI-Info software. This study shows a predominance of proliferative dia-
betic retinopathy (PDR) with 57.4% of cases (uncomplicated proliferative diabetic retinopathy (UPDR):
23.8%; complicated proliferative diabetic retinopathy (CPDR): 33.6%). The non-proliferative diabetic
retinopathy (NPDR) represents 42.6% (minimal NPDR: 8.2%; moderate NPDR: 26.2%; severe NPDR:
8.2%). The determinants of DR were insulin therapy, high blood pressure, poor glycemic control and dura-
tion of diabetes. Regarding the chronological evolution, retinopathy precedes nephropathy. Diabetic
nephropathy (DN) was present in 10.6% of cases especially in patients with PDR. In summary, the fre-
quency of PDR was higher than that of NPDR. DR appears before DN with a high frequency of DN in
patients with PDR. Good glycemic control and blood pressure control, as well as early diagnosis are
the major preventive measures against DR.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In 2019, approximately 463 million people worldwide were liv-
ing with diabetes; this number will rise to 578 million by 2030 and
700 million by 2045 (Saeedi et al., 2019). In Morocco, the national
prevalence of diabetes among adults aged 20 years and over ran-
ged from 6.6% in 2000 (Tazi et al., 2003) to 12.4% in 2016 (WHO,
2016). Other research and regional studies conducted in different
areas of the country have identified high rates. Rguibi and
Belahsen (2004) found a prevalence of 11.9% in 2001–2002 among
a sample of 249 no pregnant women aged 15 years and older living
in urban areas of Laayoune city in southern Morocco. A survey real-
ized by our team showed that the frequency of type 2 diabetes in
eastern Morocco was 10.2% (Ramdani et al., 2012). A study carried
out in two towns in central Morocco (Khemisset and El Jadida)
which aims the estimation of the prevalence of chronic kidney dis-
ease, hypertension, diabetes and obesity among the adult popula-
tion of Morocco reported that diabetes was at 13.4% of the
population surveyed (Gharbi et al., 2016). With the increasing dia-
betes rates worldwide, the prevalence of diabetes-related compli-
cations is growing, especially that of diabetic retinopathy (DR)
(the global prevalence of DR during the period 2015–2019 was
27.0%) (Sabanayagam et al., 2019; Thomas et al., 2019). DR is the
main microvascular retinal complication of diabetes, and is cur-
rently the leading cause of visual impairment and blindness in
working population (Cheung et al., 2010; Yau et al., 2012). In the
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initial stages of disease, DR is often asymptomatic, but if untreated,
it can impair vision and progress to blindness (Frank, 2004; Cheung
et al., 2010). The DR has two major types: the Non Proliferative
Diabetic Retinopathy (NPDR) and Proliferative Diabetic Retinopa-
thy (PDR) (Memon et al., 2017). Non-proliferative retinopathy is
the earliest stage of DR which advances from minimal to moderate
and severe non proliferative diabetic retinopathy (Kaur and Mittal,
2018). Minimal non-proliferative diabetic retinopathy is identified
by the presence of at least one micro aneurysms. Moderate non-
proliferative diabetic retinopathy is characterized by the presence
of few hemorrhages, hard exudates and cotton wool spots, while
these lesions are present in greater quantity in severe NPDR. Hem-
orrhages are of various forms including ‘‘dot’’, ‘‘blot’’ and ‘‘flame’’
hemorrhages (Kaur and Mittal, 2018). PDR is the advanced stage
of DR that ultimately causes neovascularization, a natural forma-
tion of new blood vessels in the form of functional microvascular
networks that develop on the inside surface of the retina
(Qummar et al., 2019). The pathological mechanisms that lead to
the occurrence of DR are complicated and multifactorial (Wang
and Lo, 2018; Whitehead et al., 2018). Several genes are associated
with the development of DR such as growth factor gene polymor-
phisms, oxidative stress genes, cytokines. . . (Petrovič, 2013). In
addition, various risk factors are involved in the progression of
DR such as: uncontrolled hyperglycemia (glycosylated hemoglobin
HbA1c > 7.0%), duration of diabetes, hypertension, hyperlipidemia,
and treatment with insulin (Elwali et al., 2017; Zhang et al., 2017;
Song et al., 2018).

The analysis of such factors will facilitate the identification of
people at risk of DR by knowledge of its biomarkers, and will help
to explore its pathogenesis and to provide recommendations for its
prevention. Furthermore, early detection and treatment of DR is
very important as it is a progressive disease and its severity is
dependent on the number and the characteristics of lesions present
in the fundus image. The early detection of the DR giving opportu-
nity for medical practitioners to treat and cure this medical prob-
lem at an early stage with higher accuracy. The more time the
disease remains unrecognized, the consequences could be more
serious. The DR treatment plays a major role in the prevention of
complications of PDR, stabilization and improvement of visual
acuity.

Diabetic nephropathy (DN) is a complication of diabetes charac-
terized by structural and functional pathological changes in the
kidneys of diabetic patients (type 1 and type 2). These changes
are characterized by the presence of proteinuria, hypertension
and progressive reductions in kidney function (Umanath and
Lewis, 2018). Nearly, 30% to 40% of diabetic patients will progress
to nephropathy (Umanath and Lewis, 2018). Among patients with
type 1 diabetes (T1D), the prevalence of DN is around 40%
(Andersen et al., 1983). Hence, ten years after the diagnosis of type
2 diabetes (T2D), approximately 25% of patients will develop DN
(Adler et al., 2003). Several studies have shown a close association
between DR and DN in the majority of diabetic patients (the pres-
ence of DR may expose patients at risk for DN) (Villar et al., 1999;
El-asrar et al., 2001; Rossing et al., 2002; Chandy et al., 2008). Pre-
vious work has indicated that DR is significantly associated with
deterioration of kidney function and patients with DN have known
a higher incidence of DR than patients without DN (Wong et al.,
2004; Edwards et al., 2005; Pedro et al., 2010; Park et al., 2015;
Jeng et al., 2016).

In Eastern Morocco, the only study that describes the epidemi-
ological aspects of diabetic complications was published by our
team in 2018 (Hammoudi et al., 2018). This study which included
2401 diabetic patients showed that DR was the most common
complication with a frequency of 16.8% followed by DN (12.4%).
These results have encouraged us to deepen our work on this
pathology to look for the description of its clinical features, the
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estimation of the frequency of its stages and the identification of
its associated risk factors for the first time in Eastern Morocco.
2. Material and methods

2.1. Study population

Our case–control study was conducted at the ophthalmology
department of a private structure, Al-Irfane clinic in Oujda (capital
of Eastern Morocco) from December 2018 to July 2019. Cases were
diabetic patients with DR and controls were diabetic patients with-
out DR. The sample size for this study is calculated using the fol-
lowing formula: n = Z2 * p (1 – p) / i2 where n = sample size;
Z = confidence level according to the reduced normal centered
law (for a confidence level of 95%, Z = 1,96); p = estimated propor-
tion of the population with complication (p = 16,8%); i = tolerated
margin of error (5%).

The calculated sample size was estimated at 215 patients and
the study sample included 244 patients. All recruited patients were
diabetic and came from different parts of Eastern Morocco, for an
eye exam. Inclusion criteria were: patients with T1D and T2D pre-
senting for a medical examination for whatever reason, all diabet-
ics aged 18 and over regardless of sex with DR (cases), without DR
(controls) and with regular medical follow-up (at least one consul-
tation per year). Exclusion criteria were: all patients with other
types of diabetes (gestational diabetes, drug-induced diabetes. . .),
with retinopathy due to other causes than diabetes, or with irreg-
ular medical follow-up.
2.2. Data collection procedure

All 244 diabetic patients participated in this study had a full eye
exam including the measurement of visual acuity performed by an
optician and an examination of the fundus using a slit lamp (to
detect the presence or the absence of DR) performed by an oph-
thalmologist. The examination using a slit lamp included analysis
of the macular region, the papilla, and the retina. Complementary
examinations (optical coherence tomography and fluorescein
angiography) were performed in patients with manifest RD lesions.
The fluorescein angiography examination confirms the diagnosis of
area of the retina affected, the area to be treated and the choice of
therapeutic management. The examination of optical coherence
tomography helps to determine the character of the macular
edema. A questionnaire was used for data collection from individ-
ual interviews with patients. The questionnaire consisted of sev-
eral items: socio-demographic data (age, education level,
profession and residence), data related to diabetes (type of dia-
betes, diabetes duration, treatment), anthropometric and bioclini-
cal data: 1- Weight in (kg), height in (m) and body mass index
(BMI = weight / (height) 2) in kg / m2. The WHO BMI classification
has been adopted (WHO, 1998). 2- The waist size and hip circum-
ference were measured for each patient. Abdominal obesity is
defined by a value for waist circumference ⁄ hip circumference
(waist-hip ratio (WHR)) greater than 0.85 for women and 1 for
men (OMS, 2003). 3-Hypertension was defined according to the
criteria of the WHO classification of 1999 (Chalmers et al., 1999),
by a value of systolic blood pressure �140 mmHg and / or a dias-
tolic blood pressure �90 mmHg. 4- Glycated hemoglobin (HbA1c)
(HbA1c � 7.0% was considered as a good glycemic control (ADA,
2019)). Our questionnaire also included data associated with the
lifestyle of patients, especially sleeping. Regarding the information
associated with complications, we have detailed the data related to
DN. Thus, the presence and or the absence of DN has been deter-
mined based on the patient’s statement. All DR data have been
reported by the ophthalmologist and the stages were divided as
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follows: 1- non-proliferative diabetic retinopathy (NPDR): minimal
non-proliferative diabetic retinopathy (minimal NPDR), moderate
non-proliferative diabetic retinopathy (moderate NPDR), severe
non-proliferative diabetic retinopathy (severe NPDR); and 2-
proliferative diabetic retinopathy (PDR): uncomplicated prolifera-
tive diabetic retinopathy (UPDR) and complicated proliferative dia-
betic retinopathy (CPDR).

2.3. Ethical considerations

The study’s protocol was approved by the Ethics Committee for
Biomedical Research of Oujda (CERBO) of the Faculty of Medicine
and Pharmacy, Mohammed First Oujda University, under the order
number 03/2018. The recruited patients received a letter of infor-
mation about the research project, written in Arabic or French
depending on the participant’s choice and explained in Arabic or
Berber for illiterate patients. The informed consent form was
attached to the letter of information. In addition, the collected data
in questionnaires were coded and stored in a protected Excel file.

2.4. Statistical analysis

All statistical analysis were performed using EPI-INFO software
version 3.5.4; July 30, 2012. Quantitative variables were expressed
as means ± standard deviation, and qualitative variables as per-
centages. Student t-test was used for the comparison of means,
and chi-2 test for the comparison of qualitative variables. We per-
formed a step-down multivariate logistic regression for variables
that were statistically significant in the univariate logistic analysis
to identify risk factors for DR. A p-value < 0.05 was considered
significant.

3. Results

During the period of our study (from December 2018 to July
2019), we collected a total of 244 diabetic patients. This population
is characterized by a slight female predominance (56.1% of women
against 43.9% of men) with a sex ratio (W/M) of 1.3. The average
age was not significantly different (P > 0.05) between cases (63.5
± 11.7 years) and controls (65.0 ± 12.2 years). The results describ-
ing the comparison of the 122 diabetic cases (presenting with DR)
with the data of the 122 diabetic controls characterized by the
absence of DR are presented in Table 1. The characteristics of con-
trols and cases were similar for sex and age (Table 1). The fre-
quency of T1D was significantly higher in cases compared to
controls (12.3% versus 3.3%; P < 0.01). The same finding was
observed regarding insulin therapy (38.5% versus 7.4%;
P < 0.001), hypertension (86.9% versus 64.8%; P < 0.0001), and gly-
cemic control (HbA1c > 7.0%) (77.9% against 54.9%; P < 0.0001)
(Table 1). We have also observed an increase in the rate of DR with
an increasing of diabetes duration (Fig. 1). Indeed, the percentage
of DR increased from 22.1% for a diabetes duration of less than
10 years to 53.3% for a diabetes duration more than 15 years
(Fig. 1). The frequency of patients with sleep duration less than
6 h (38.5%) was higher in cases compared to controls (26.2%;
P < 0.05) (Table 1).

The clinical features of DR are shown in Fig. 2. DR is divided into
two major forms: non-proliferative diabetic retinopathy (NPDR)
(Fig. 2: images 2, 3 and 4) and proliferative diabetic retinopathy
(PDR) (Fig. 2: images 5 and 6). NPDR is manifested in the retina
by the presence of microaneurysms (Fig. 2: image 2), dot and blot
hemorrhages and exudates (Fig. 2: images 3 and 4). PDR is the
more advanced stage of DR, characterized by abnormal retinal neo-
vascularization (formation of new blood vessels) and vitreous/pre-
retinal hemorrhages (Fig. 2: images 5 and 6). The frequencies of
non-proliferative diabetic retinopathy (NPDR) and proliferative
777
diabetic retinopathy (PDR) were 42.6% and 57.4% respectively
(Fig. 3). Complicated proliferative diabetic retinopathy (CPDR) is
the most common DR class (33.6%), followed by uncomplicated
proliferative diabetic retinopathy (UPDR) (23.8%), moderate non-
proliferative diabetic retinopathy (moderate NPDR) (26.2%), mini-
mal non-proliferative diabetic retinopathy (minimal NPDR) (8.2%)
and severe non-proliferative diabetic retinopathy (severe NPDR)
(8.2%) (Fig. 3). Table 2 shows the associations of the independent
variables with DR. In univariate analysis, the strong association
of DR was insulin therapy (OR = 7.87; 95% CI = [3.64–17.00];
P < 0.0001), followed by hypertension, HbA1c (>7.0% /�7.0%), com-
bined treatment, diabetes duration, hours of sleep (�6 h), types of
diabetes and use of OADs. After multivariate logistic regression
analysis, the risk factors for DR were insulin therapy (OR = 3.82;
95% CI = [1.53–9.54]; P < 0.001), hypertension (OR = 2.67; 95%
CI = [1.26–5.62]; P < 0.01), HbA1c > 7% (OR = 2.50; 95% CI = [1.3
0–4.84]; P < 0,01) and diabetes duration (OR = 1.13; 95% CI = [1.0
7–1.18]; P < 0.0001) (Table 2).

Different types of self-reported complications (diabetic
nephropathy, diabetic neuropathy, diabetic foot, cardiovascular
complications) have been identified in both groups (cases and con-
trols). However, diabetic nephropathy (DN) was the complication
that was present only in cases with a frequency of (10.6%) and
absent in controls (0%) (Table 1). The highest percentages of DN
were in subjects with CPDR with a value of 61.5%, followed by
patients with UPDR (23.1%) and diabetics with severe NPDR
(15.4%). However, no cases of DN have been recorded in patients
with minimal and moderate NPDR (Fig. 4). In order to verify the
chronological order of the appearance of DN and DR, we deter-
mined the duration of DN based on the duration of DR; for the
13 cases with both complications (DR and DN), DR precedes the
onset of DN by about 5–6 years on average.
4. Discussion

DR is one of the main microvascular complications of diabetes,
which poses a threat to progressive vision loss (Magliah et al.,
2018). Our study is a case-control epidemiological survey of 244
diabetics (122 diabetics with DR ‘‘cases” and 122 diabetics without
DR ‘‘controls”). In a descriptive analysis, although the frequency of
DR was high among women (54.9% versus 45.1% among men) and
among age groups (60–70 and >70 years), gender and age variables
were not statistically associated with DR (Table 1). Similarly, in
several studies, no association was found between DR and sex,
age or age group (Jost et al., 2010; Ahmed et al., 2011; Yang
et al., 2013; Abougalambou and Abougalambou, 2015; Abdellaoui
et al., 2016; Boulbaroud et al., 2018). However, some research
teams have found an independent association in men (Zhang
et al., 2010; Semeraro et al., 2011; Hussain et al., 2013; Cherchi
et al., 2020), and others in women with DR (Memon et al., 2014).

The overall stage frequencies of DR in our study were 42.6% for
NPDR, which was classified as minimal in 8.2%, moderate in 26.2%
and severe in 8.2% of patients. PDR was found in 57.4% of cases,
23.8% with UPDR and 33.6% with CPDR. These results were similar
to those found by Sayad and colleagues in 2008 in Marrakech
(Morocco) (NPDR = 47.0%; PDR = 53.0%) (Sayad et al., 2010) but dif-
ferent from other studies [(NPDR: 63.4%; PDR: 36.6%) (Jingi et al.,
2014); (NPDR: 18.8%; PDR: 2.7%) (Shani et al., 2018); (NPDR (min-
imal NPDR: 28.4%; moderate NPDR: 27.1%; severe NPDR: 4.6%);
PDR: 0.6%) (Hatz et al., 2019); (NPDR: 83.0%; PDR: 17.0%) (Yang
et al., 2019). This difference in the frequency of DR stages can be
largely explained by the methodology of each study (sample size,
inclusion and exclusion criteria. . .), the different classification of
DR stages and the specific characteristics of the population studied
(elderly population).



Table 1
Comparison of characteristics of cases and controls.

Variables Cases (n = 122) Controls (n = 122) P-value

N % N %

Gender
Women 67 54.9 70 57.4
Men 55 45.1 52 42.6 NS
Age (Years)
<40 5 4.1 5 4.1
40–50 9 7.4 8 6.6
50–60 32 26.2 29 23.8
60–70 41 33.6 40 32.8
>70 35 28.7 40 32.7 NS
Types of diabetes
T1D 15 12.3 4 3.3
T2D 107 87.7 118 96.7 <0.01
Use of OADs
Yes 37 30.3 87 71.3
No 85 69.7 35 28.7 <0.001
Insulin therapy
Yes 47 38.5 9 7.4
No 75 61.5 113 92.6 <0.001
Combined treatment (OADs + Insulin)
Yes 38 31.1 18 14.8
No 84 68.9 104 85.2 <0.01
Overweight and/ or Obesity
Yes 89 73 99 81.1
No 33 27 23 18.9 NS
Abdominal obesity
Yes 113 92.6 112 91.8
No 9 7.4 10 8.2 NS
Hypertension
Yes 106 86.9 79 64.8
No 16 13.1 43 35.2 <0.0001
HbA1c (%)
Poor glycemic control (HbA1c > 7%) 95 77.9 67 54.9
Good glycemic control (HbA1c � 7%) 27 22.1 55 45.1 <0.0001
Number of hours of sleep
<6H 47 38.5 32 26.2
�6H 75 61.5 90 73.8 <0.05
Diabetic Nephropathy
Yes 13 10.6 0 0
No 109 89.4 122 100 <0.001

N: number of patients; OADs: oral antidiabetic drugs; HbA1c: glycated haemoglobin; NS: not significant. P-value: Comparison of cases to controls.

Fig. 1. Distribution of cases and controls according to diabetes duration. *P < 0.0001 cases compared to controls for diabetes duration >15 years.
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In this work, T1D was more common in patients with DR
(12.3%) compared to controls (3.3%) (Table 1). This finding is sim-
ilar to those of other studies (Wong et al., 2006; Yau et al., 2012;
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Konstantinidis et al., 2017). The high frequency of DR in T1D
patients can be explained by other factors such as diabetes dura-
tion, insulin use, hypertension and HbA1c.



Fig. 2. Fluorescein angiography showing clinical features of non-proliferative (minimal, moderate and severe stages) and proliferative diabetic retinopathy (red images before
fluorescein injection; black and white images after fluorescein injection).

Fig. 3. Frequency of DR stages. NPDR: non-proliferative diabetic retinopathy; Minimal NPDR: minimal non-proliferative diabetic retinopathy; Moderate NPDR: moderate
non-proliferative diabetic retinopathy; Severe NPDR: severe non-proliferative diabetic retinopathy; PDR: proliferative diabetic retinopathy; UPDR: uncomplicated
proliferative diabetic retinopathy; CPDR: complicated proliferative diabetic retinopathy.
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Fig. 4. Frequency of diabetic nephropathy according to DR stages. It should be noted that the DN was based only on patient’s statement. Minimal NPDR: minimal non-
proliferative diabetic retinopathy; Moderate NPDR: moderate non-proliferative diabetic retinopathy; Severe NPDR: severe non-proliferative diabetic retinopathy; UPDR:
uncomplicated proliferative diabetic retinopathy; CPDR: complicated proliferative diabetic retinopathy.

Table 2
Univariate and multivariate logistic regression analyses showing associations of DR with independent variables.

Dependent variable Diabetic retinopathy

Independent variables Crude OR [95% CICI] P-value Adjusted OR [95% CI] P-value

Insulin therapy (Yes/No) 7.87 [3.64–17.00] <0.0001 3.82 [1.53–9.54] <0.001
Hypertension (Yes/No) 3.60 [1.90–6.86] <0.0001 2.67 [1.26–5.62] <0.01
HbA1c (%) (>7%/�7%) 2.88 [1.65–5.04] <0.0001 2.50 [1.30–4.84] <0.01
Combined treatment (OADs + Insulin) (Yes/No) 2.61 [1.40–4.90] <0.01 –
Diabetes duration (Years) 1.17 [1.11–1.22] <0.0001 1.13 [1.07–1.18] <0.0001
Number of hours of sleep (�6h/<6h) 0.56 [0.32–0.97] <0.05 –
Types of diabetes (T2D/T1D) 0.24 [0.07–0.75] <0.05 –
Use of OADs (Yes/No) 0.17 [0.10–0.30] <0.05 –

CI: confidence interval; OADs: oral antidiabetic drugs; HbA1c: glycated haemoglobin; T1D: type 1 diabetes; T2D: type 2 diabetes; OR: Odds ratio.
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Several studies showed that diabetes duration is an important
risk factor for DR (Yau et al., 2012; Jingi et al., 2014; Rajaona et al.,
2016; Liu et al., 2017; Magliah et al., 2018; Bandello et al., 2019).
Nearly all patients with T1D and more than three-quarters of
patientswithT2Dwill have some formofDRafter 20years of disease
(Bandello et al., 2019). TheWESDR study showed that in young dia-
betics, the prevalence of retinopathyprogressively increases by 8.0%
at 3 years, 25.0% at 5 years, 60.0% at 10 years and 80.0% at 15 years of
diabetes duration (Klein et al., 1984). T1Dwithmore than20years of
diabetes are 8.7 times more likely to develop DR than T2D patients
with less than10 years of disease (Yau et al., 2012). Our data are con-
sistentwith these reports. In fact, the frequency of DR increaseswith
the diabetes duration, rising from 22.1% for less than 10 years, to
24.6% between 10 and 15 years and 53.3% for ˃ at 15 years (Fig. 1).
Thus, statistical analysis showed that the risk of developing DR
increases by 0.13 times each year (OR = 1.13; 95% CI = [1.07–1.18];
P < 0.0001) in the diabetics of our sample.

The rate of people with diabetes on insulin therapy and/or com-
bined therapy (Insulin + OADs) was higher compared to those trea-
ted with OADs in cases than controls; these results are similar to
those of other researchers (Donnio-Cordoba et al., 2001; West
et al., 2002). Our findings are identical to those in the literature
regarding the association between insulin therapy and progression
of DR (Wong et al., 2006; Silpa-Archa and Sukhawarn, 2012; Zhao
et al., 2014; Magliah et al., 2018). Indeed, patients on insulin have a
higher risk of DR compared to those treated with OADs (OR = 3.82;
780
95% CI = [1.53–9.54]; P < 0.001) in our study. The mechanisms by
which insulin increases the risk of DR need more research, espe-
cially because insulin use is considered a risk factor for certain dis-
eases such as colorectal cancer (Wang et al., 2013; Yin et al., 2014).
In this work, the high frequency of DR in insulin-dependent
patients can be explained firstly by the poor management of insu-
lin use by the diabetic. This means that the patient does not know
how to adjust insulin doses according to his diet and physical
activity, which always leads to hypoglycaemia, hyperglycaemia
and therefore micro and/or macrovascular complications. Sec-
ondly, patients who take insulin have a long duration of diabetes,
mainly because they are affected by diabetes at a very young
age. Thus, This diabetes duration may have an impact on the devel-
opment of diabetes related complications as known in the scien-
tific literature (Maghbooli et al., 2014; Zoungas et al., 2014;
Nanayakkara et al., 2018).

In this research, Crude multivariate regression analysis indi-
cated that patients taking OADs were less exposed (OR = 0.17;
95% CI = [0.10–0.30]; P < 0.05) to the development of DR compared
to those treated with insulin or a combination of insulin and hypo-
glycemic agents. This may suggest that it is easier to reduce blood
glucose to near-normal levels and to achieve good glycemic control
with OADs than with insulin therapy (UKPDS, 1995; Adham et al.,
2010; Huri et al., 2015).

The statistical analysis of our database has also demonstrated
that the progression of DR was closely related to high blood pres-
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sure (OR = 2.67; 95% CI = [1.26–5.62]; P < 0.01). Poor blood pres-
sure control exacerbates the risk of DR (Ting et al., 2016). There-
fore, it was shown that the prevalence of DR increases from
30.8% in diabetics with blood pressure �140 / 90 mmHg to 39.6%
in diabetics with hypertension (BP > 140 / 90 mmHg) (Yau et al.,
2012). The relative risk of having a DR is 1.5 times higher with a
systolic pressure between 125 and 139 mmHg and 2.8 times
greater with a systolic pressure >140 mmHg (Bandello et al., 2019).

The pathway by which hypertension increases DR is still
unknown. Both diabetes and hypertension are risk factors for
endothelial dysfunction (Mohamed et al., 2012). Hypertension
can lead to impaired retinal vascular self-regulation, especially in
the presence of high blood glucose (Rassam et al., 1995), and
may promote oxidative stress and inflammation related to the
damage caused by diabetes (Mohamed et al., 2012). The renin-
angiotensin-aldosterone system (with angiotensin II) that controls
blood pressure is implicated in the development of the microvas-
cular alterations of DR. In addition to being a potent vasoconstric-
tor of arterioles, angiotensin II stimulates VEGF secretion which is
known as a primary initiator of PDR, and as a potential mediator of
NPDR (Bandello et al., 2019).

The American Diabetes Association has recommended that
HbA1c levels should be maintained at or below 7.0% in all patients
with diabetes (T1D and T2D) in order to prevent and to reduce the
long-term complications of diabetes, including DR (ADA, 2015). In
the same context, the results of this study demonstrated that
HbA1c > 7.0% was an independent risk factor for DR (OR = 2.50;
95% CI = [1.30–4.84]; P < 0,01). Indeed, it has been reported that
the prevalence of DR increased from 18.0 to 51.2% when HbA1c
increased by �7.0% to a value �9.0% (Yau et al., 2012). The WESDR
study showed that in T1D, for every 1% increase in HbA1c, the risk
of progression to DR increased by 1.21 times (Klein et al., 1984).

The results of this study showed that there was no significant
association between DR and some parameters known as risk fac-
tors for this disease, especially overweight and abdominal obesity.
These results are consistent with some studies (Manaviat et al.,
2008; Lima et al., 2016; Magliah et al., 2018) but differ from others
(Chaturvedi et al., 2001; Bastawrous et al., 2017) that found a pos-
itive correlation between increased BMI and WHR with increased
risk of DR. The lack of correlation with anthropometric parameters
in our study is probably related to the characteristics of our sam-
ple: elderly population (mean age: 64.2 ± 12.0 years) and 77.0%
of patients have a high BMI. Some other variables such as tobacco,
alcohol consumption and nutrition (dietary compliance) did not
show any significant association with the development of DR.

Sleep disorders have been linked to impaired glucose metabo-
lism and an increased risk of diabetes (Grandner et al., 2016). Var-
ious epidemiological studies have indicated that sleep duration is a
risk factor for insulin resistance and T2D (Donga and Romijn, 2014;
Shan et al., 2015; Rudnicka et al., 2017). Statistical treatment of our
variables revealed an association between sleep duration and DR.
Patients who have a sleep duration �6 h are at lower risk of devel-
oping DR (OR = 0.56; 95% CI = [0.32–0.97]; P < 0.05), which is con-
sistent with other research findings (Tan et al., 2018; Chew et al.,
2020).

The retinal and renal complications of diabetes result from
damage to the small vessels in these organs. These diabetic
microvascular complications can have devastating effects, includ-
ing blindness and end-stage renal failure. Some authors have noted
associations between the two complications (DR and DN) and one
complication may be a risk factor for the other (Lee et al., 2014). In
our sample, DN was only present in cases with a frequency of
10.6%. This frequency was comparable to that observed (12.4%)
in our previous study at the reference center of diabetology and
chronic diseases in Eastern Morocco (Hammoudi et al., 2018). In
addition, the most important percentages of nephropathy were in
781
patients with PDR (0.0% for minimal and moderate NPDR, 15.4%
for severe NPDR, 23.1% for UPDR and finally 61.5% for CPDR). These
findings are consistent with the results of Al-Rubeaan et al. (2015).

Kofoed-enevoldsen et al. (1987) and Klein et al. (2005) reported
that similar molecular pathways appear to govern the develop-
ment of diabetic renal and retinal microvascular lesions. Yang
et al. noted that urinary haptoglobin, which is specific to ocular
lesions, is a clinical biomarker for predicting diabetes-related kid-
ney damage (Yang et al., 2017). Different studies have shown that
DR as well as DN are multifactorial diseases involving multiple
pathways (polyol pathway, advanced glycation products, oxidative
stress. . .) (Sheetz et al., 2002; Caldwell et al., 2005; Fearn and
Sheerin, 2015; Keir et al., 2017). Hence, the recent study by
Martinez and Peplow (2019) discussed the importance of specific
molecules such as micro-RNAs that may be a good biomarker for
screening for DR (Martinez and Peplow, 2019). Our study has iden-
tified the chronological relationship between DR and DN; the
development of retinopathy precedes the appearance of DN by a
few years (an average of 5–6 years), which is in accordance with
the results of other studies (Kofoed-enevoldsen et al., 1987; Ha
et al., 2019). In the present series, the occurrence of DR before
DN could be linked to the early diagnosis of DR, which is easier
and faster: the signs of retinal damage can be recognized and
detected at the time of diagnosis by a simple examination of the
eye fundus. On the contrary, the diagnosis of DN, requiers clinical
and biological tests (albuminuria, creatinine, albumin/creatinine
ratio, and GFR) (Persson and Rossing, 2018; Thomas and
Karalliedde, 2019) which do not provide insight into the stage of
renal damage. Therefore, only a histological analysis of renal
biopsy can provide a definitive diagnosis of DN. If renal biopsies
could be performed in all patients, many patients would likely be
diagnosed with early stages of DN (Dhaun et al., 2014; Persson
and Rossing, 2018). Several new biomarkers (fetuin A, endostatin,
cystatin C, haptoglobin, CKD273, VEGF. . .) have been studied to
improve the prognostic and the diagnostic accuracy of DN, but
none have yet been implemented in routine clinical care (Inoue
et al., 2013; Papadopoulou-Marketou et al., 2017; Colhoun et al.,
2018; Persson and Rossing, 2018).
5. Study limitations

This study had certain limitations that are worthy of comment:
First, the presence or absence of DN was based on patient’s

statement and therefore the stage of DN could not be determined.
Second, some important parameters such as blood lipids, crea-
tinine, albuminuria and GFR were not available.
6. Conclusion

This study is the first of its kind to focus on the pathology of DR
in Eastern Morocco. It is a case-control epidemiological study car-
ried out in the ophthalmology department of the Al-Irfane clinic
(Oujda) on a total of 244 diabetics (122 cases and 122 controls).
Among diabetics with retinopathy, we detected a predominance
of PDR with 57.4% of cases distributed as follows: 23.8% UPDR
and 33.6% CPDR. NPDR was present in 42.6% of cases (8.2% minimal
NPDR; 26.2%moderate NPDR; 8.2% severe NPDR). Themain risk fac-
tors for the appearance and progression of DR were insulin therapy,
hypertension, poor glycemic control and diabetes duration. Our
results also showed that DR precedes DN and that the latter was
present in 10.6% of diabetic cases with DR (especially in patients
with PDR). Finally, this work may constitute the starting point of
future studies targeting the exploration of new indicators and
biomarkers responsible for the occurrence of these two pathologies
in order to improve the diagnosis and management of DR and DN.
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