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Background
Several reports have shown that cognitive impairment risk is increased in diabetes
mellitus by about 40%. Abnormalities in the retinal vascular cytoarchitecture
resulting from diabetes might be responsible for cognitive impairment as the
blood-brain and blood-retinal barriers are similar Such potential relationship
between abnormalities in the retinal vascular structure and cognitive impairment
is highly valuable in predicting the risk for cognitive impairment in diabetes.
Aim of the work
This study aims to examine the association between diabetic retinopathy and
cognitive impairment in diabetic patients both type 1 and type 2.
Patients and methods
A total of 200 patients with diabetes were selected (120 diabetic patients with
retinopathy, 46 diabetic nonretinopathy patients, and 34 newly diagnosed diabetic
patients). All patients were assessed using retinal photography, Hamilton
depression rating scale, mini-mental state examination, and trail making test.
Results
Cognitive impairment was significantly higher in individuals with diabetic retinopathy
when compared with individuals without retinopathy and newly diagnosed diabetes
mellitus. Patients with diabetic retinopathy were significantly more severely
depressed relative to other groups of patients.
Conclusion
Our results revealed that diabetic retinopathy was associated with cognitive
impairment. However, the degree of retinopathy did not appear to have
significant correlation with the degree of cognitive impairment.
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Introduction
Diabetes mellitus is a main health problem all over the
world. In 2010, it has been estimated that more than
200 million people suffer from it. The worldwide
population is expected to increase by 62%, and the
prevalence of diabetes mellitus is expected to increase
by over 120% (Romero-Aroca et al., 2012).

In Egypt, it has been detected that prevalence of
diabetes mellitus in the urban population is higher
in comparison to the rural population, regardless of
higher (20%) or lower socioeconomic standard (13.5%)
(Sherif and Sumpio, 2015).

One of the studies conducted in Egypt demonstrated
that over a period of eighteen years, prevalence and
incidence of diabetes mellitus type 1 had increased
among children younger than 18 years living in the
Nile Delta region. Higher occurrence of type 1 diabetes
mellitus was observed in rural areas and female
predominance was established. Seasonality in type 1
diabetes mellitus diagnosis was reported with a peak
occurrence in winter (El-Ziny et al., 2014).
olters Kluwer - Medknow
There is a complex relationship between diabetes
mellitus and psychiatric disorders (Alagiakrishnan
and Sclater, 2012). It has been found that patients
suffering from depression comorbid with type 2
diabetes mellitus often have poorer glycemic control
in comparison to the non-depressed patients, which
may progress to further health complications and
increase in mortality rates. So, it is vital to note that
one of the important risk factors for poorer quality of
life is depression (Carper et al., 2014).

The available evidence points to the way that risk of
cognitive dysfunction is raised in diabetes, by about
40%. The association is more prominent in relation to
more specific diseases of cognition with 2 folds increase
risk for Alzheimer’s disease and 3 folds increase risk for
vascular dementia (Serlin et al., 2011).
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There are embryological, anatomical and physiological
properties shared by both the brain and the retina.
Therefore, similar features were found between the
blood brain barrier (BBB) and the blood retinal barrier
(BRB) (Steuer et al., 2005), and clinical evidence
reveals correlated breakdown of the BRB and BBB
under some clinical conditions (Ozkan et al., 2014;
Greiner et al., 2015).

Prevention plans should be done to predict the risk
for cognitive impairment. Screening for diabetic
retinopathy would be an effective way to predict
the risk for cognitive impairment (Patton et al.,
2005).
Aim of the study
This study aims to examine the association between
diabetic retinopathy and cognitive impairment in
diabetic patients, both type 1 and type 2.
Patients and methods
Selection of the patients
This cross-sectional study was carried out in inpatient
and outpatient clinics of specialized medical hospital
and ophthalmic center, Mansoura University, during
the period from May 2015 to May 2016.
Ethical consideration
The study proposal was approved by IRB, Faculty of
Medicine, Mansoura University. All participants gave
an informed consent to participate in the study.
Informed consent was taken from each patient, the
consent contained appropriate details about nature of
the study, method, aim of the work, and its futuristic
importance. Confidentiality of data was assured.
Patients
The study was conducted on 200 diabetic patients.

The patients were divided into three groups: (a) 120
diabetic patients with retinopathy, (b) 46 diabetic
nonretinopathy patients, and (c) 34 newly diagnosed
diabetic patients.
Inclusion criteria
(a) Type 1 and type 2 DM and (b) age 15–50 years old
were the inclusion criteria.
Exclusion criteria
(a) History of cerebrovascular stroke, (b) history of
malignancy elsewhere in the body, (c) history of
previous primary psychiatric disorders, and (d)
presence of chronic medical diseases or medication
that interfere with cognitive function were the
exclusion criteria.
Assessment
(1)
 Initial assessment included the following: detailed
history taking with stress on age; education;
duration of diabetes; treatment modality whether
insulin or oral drugs or both; controlled or not;
presence of other diabetic complications, especially
diabetic nephropathy; smoking history; and history
of any other eye diseases, such as cataract,
glaucoma, or errors of refraction that may affect
cognitive function of the patients.
(2)
 Retinal photography and grading was done by an
ophthalmologist using high-resolution digital
retinal camera.
(3)
 Assessment of depression and cognitive functions:
(a) Hamilton depression rating scale (Bagbyet al.,

2004): scoring was as follows: scores of 0–7 are
considerednormal, scoresof8–13areconsidered
mild, from 14 to 18, are considered moderate,
from 19 to 22 are considered severe, and
more than or equal to 23 are considered very
severe. Questions 18–20 may be recorded to
give further information about the depression
(such as whether diurnal variation or paranoid
symptoms are present), but are not part of the
scale (Williams, 1988).

(b) Mini-mental state examination: it is a brief
30-point neuropsychometric test, for cognitive
functions; a score higher than 26 (maximum
score=30) indicates no cognitive impairment
(Folsteinet al., 1975).

(c) Trail making test (part a and part b).

l making test has an important spatial component
Trai

that is connected to the right hemisphere and also
evaluates visual-motor ability and perceptive quickness.
In addition to the spatial component, test execution
needs logical and sequential thought, which is why
it is more connected to the left hemisphere. It also
measures working memory, inhibition capacity, mental
flexibility, alternating attention, and anticipation
capacity (Coullaut-Valera et al., 2011).The test
requires the participant to connect a sequence of
25 consecutive targets on a sheet. There are two
parts to the test: in part a, the targets are all
numbers (1, 2, 3, etc.) and the participant needs to
connect them in a sequential order, and in part b, the
participant alternates between numbers and letters
(1, A, 2, B, etc.) (Berberian et al., 2019).

Scoring results for both trail making tests (trail making
test A and B) are reported as the number of seconds



Table 1 Demographic variables among the three groups

Diabetic retinopathy/
diabetic nonretinopathy

P1 Diabetic retinopathy/
newly diagnosed DM

P2 Diabetic nonretinopathy/
newly diagnosed DM

P3

Age (mean
±SD) (years)

31.4±9.4/32.9±10.2 0.860 (NS) 31.4±9.4/30.4±10.1 0.005 (S) 32.9±10.2/30.4±10.1 <0.001 (HS)

Sex [n (%)]

Male 40 (33.3)/16 (34.8) 0.860 (NS) 40 (33.3)/11 (32.4) 0.915 (NS) 16 (34.8)/11 (32.4) 0.820 (NS)

Female 80 (66.7)/30 (65.2) 0.860 (NS) 80 (66.7)/23 (67.6) 0.915 (NS) 30 (65.2)/23 (67.6)
(32.4)

0.820 (NS)

Residence [n (%)]

Urban 52 (43.3)/33 (71.7) 0.001 (HS) 52 (43.3)/21 (61.7) 0.057 (S) 13 (28.3)/21 (61.7) 0.346 (NS)

Rural 68 (56.7)/13 (28.3) 0.001 (HS) 68 (56.7)/13 (28.3)? 0.057 (S) 33 (71.7)/13 (28.3) 0.346 (NS)

Occupation [n (%)]

Yes 46 (38.3)/18 (39.1) 0.925 (NS) 46 (38.3)/27 (79.4) <0.001 (HS) 18 (39.1)/27 (79.4) <0.001 (HS)

No 74 (61.7)/28 (60.9) 74 (61.7)/7 (20.6) 28 (60.9)/7 (20.6)

DM, diabetes mellitus; HS, highly significant; NS, nonsignificant; S, significant. P1 means the significance between diabetic retinopathy
and diabetic nonretinopathy group. P2 means the significance between diabetic retinopathy and newly diagnosed DM group. P3 means
the significance between diabetic nonretinopathy group and newly diagnosed DM group.

Table 2 Comparison between different groups regarding
duration of diabetes
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required for completion of the task; therefore, higher
scores reveal greater impairment.
Diabetic
retinopathy

Diabetic
nonretinopathy

P

Duration of
diabetes

12 (8–15.75) 6 (3–10) <0.001
(HS)

HS, highly significant.
Statistical analysis
All statistical analyses were done using SPSS, version
20 forWindows (IBMCorp.Released 2011. IBMSPSS
Statistics for Windows, Version 20.0. Armonk, NY:
IBM Corp.). A two-tailed P value less than 0.05 was
considered. Continuous data were expressed as mean
±SD and median interquartile range for parametric
and nonparametric data, respectively. Comparative
analysis of continuous parametric data between all
study groups was done using one-way analysis of
variance followed by planned contrast for comparison
between individual groups. Comparative analysis of
individuals with diabetic retinopathy and those
without retinopathy regarding duration of DM was
done using Mann–Whitney test. A comparative
analysis of depression score between different studied
groupswas done usingKruskal–Wallis tests, followedby
Mann–Whitney tests for comparison between
individual groups.
Results
Table1showstherewasnosignificantdifferencebetween
individuals with diabetic retinopathy and those without
retinopathy regarding age and sex.Meanwhile, thenewly
diagnosed were significantly younger than the other two
groups. Prevalence of individuals from urban areas was
found to be significantly higher in diabetic retinopathy
group when compared with diabetic nonretinopathy
group (P<0.05).

There were significantly more working individuals
among the newly diagnosed group than each of the
other groups (P>0.05).
In Table 2, there was significantly shorter duration in
nonretinopathy group (P<0.001).

Table 3 shows that depression was more in DM
patients with diabetic retinopathy when compared
with other groups (P<0.001).

Patients with diabetic retinopathy were significantly
more severely depressed relative to other groups of
patients (P<0.05).

Table 4 shows that cognitive impairment was
significantly higher in individuals with diabetic
retinopathy when compared with individuals without
retinopathy and newly diagnosed DM (P<0.05).

In Table 5, depression severity was significantly
negatively correlated with mini-mental state
examination (P<0.05), whereas there was no
significant correlation with trail making test (P>0.05).

Table 6 shows that there was no significant correlation
between severity of retinopathy and cognitive
impairment (P>0.05).
Discussion
In the current study, no significant difference was
found between individuals with diabetic retinopathy



Table 3 Comparison between different groups regarding severity of depression

Depression [n (%)] Diabetic retinopathy/
diabetic nonretinopathy

P1 Diabetic retinopathy/
newly diagnosed DM

P2 Diabetic nonretinopathy/
newly diagnosed DM

P3 χ2

Depression total
score

21 (16–23)/ 10 (7–17) <0.001
(HS)

21 (16–23)/ 10 (7–18) <0.001
(HS)

10 (7–17)/10 (7–18) 0.522
(NS)

43.6

Normal mood 12 (10)/14 (30.4) <0.001 12 (10)/12 (35.3) 0.021 14 (30.4)/12 (35.3) 0.195 72.5

Mild depression 6 (5)/20 (43.5) 0.005 6 (5)/9 (26.5) 0.002 20 (43.5)/9 (26.5) 0.213 75.3

Moderate 20 (16.7)/6 (13) 0.021 20 (16.7)/6 (17.6) 0.031 6 (13)/6 (17.6) 0.445 50.2

Severe 36 (30)/0 (0) 0.003 36 (30)/3 (8.8) <0.001 0 (0)/3 (8.8) 0.235 13.8

Very severe 46 (38.3)/6 (13) 0.032 46 (38.3)/4 (11.8) <0.001 6 (13)/4 (11.8) 0.195 23.5

DM, diabetes mellitus; HS, highly significant; NS, nonsignificant.

Table 4 Cognitive impairment among the three groups

Diabetic retinopathy/
diabetic

nonretinopathy

P1 Diabetic retinopathy/
newly diagnosed

DM

P2 Diabetic
nonretinopathy/newly

diagnosed DM

P3 χ2

MMSE [n (%)]

Normal 102 (85)/46 (100) 0.010 (S) 102 (85)/34 (100) 0.029 (S) 46 (100)/34 (100) – 13.2

Impaired 18 (15)/0 (0) – 18 (15)/0 (0) – 0 (0)/0 (0) –

Trail making test [n (%)]

Average 42 (35)/30 (65.2) <0.001 (HS) 42 (35)/26 (76.5) <0.001 (HS) 30 (65.2)/26 (76.5) <0.001 (HS) 24.5

Deficient 78 (65)/16 (34.8) <0.001 (HS) 78 (65)/26(76.5) <0.001 (HS) 16 (34.8)/26 (76.5) <0.001 (HS) 24.5

DM, diabetes mellitus; HS, highly significant; MMSE, mini-mental state examination.

Table 5 Correlation between severity of depression and
cognitive impairment

Outcome Depression P

MMSE −0.444 <0.001 (HS)

Trail making test 0.125 0.078 (NS)

HS, highly significant; MMSE, mini-mental state examination; NS,
nonsignificant.

Table 6 Correlation between severity of retinopathy and
cognitive impairment

Outcome Retinopathy P

Mini-mental state examination 0.049 0.582 (NS)

Trail making test 0.003 0.974 (NS)

NS, nonsignificant.
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and those without retinopathy as regard age and
gender. However, prevalence of individuals from
urban areas was found to be significantly higher in
diabetic retinopathy group when compared to diabetic
non-retinopathy group. Such differences between
the rural and urban groups might be due to life
style disparities. Although diet was found similar
in both groups, there are still major variances in
physical exercise. Aerobic activity is associated with
improvement in endothelial function in type 1 diabetes
mellitus patients through glucose-independent
mechanisms (Alemu et al., 2015).

The rural group of type 1 diabetes mellitus in the
sample of this study, was formed mainly of
subsistence farmers. They had an extremely
demanding life style in contrast to the urban
group. Karoline de Morais (2015) found that
physical activity, when continued by farmers, is
related to reduction in endothelial dysfunction, the
early step in start of retinopathy. Also, it may also be
a contributing factor for the lower levels of
hypertension in the rural group (Karoline de
Morais et al., 2015).
The finding in this study regarding, the absence of
current occupation in diabetic patients with
retinopathy and depression in contrast to other two
groups, was similar to the results of Egede (2004). This
may be explained by that the occurrence of retinopathy
in diabetic patients would have a great effect on vision,
and subsequently, poorer quality of life. It was
suggested that the co-occurrence of diabetes and
depression has a synergistic consequence on
disability resulting in decline in productivity and
quality of life (Grandy et al., 2008).

Two important findings were found in this study. First,
depression was more common in diabetic patients with
retinopathy when compared to other groups. Second,
diabetic retinopathy patients had more severe
depression. These two finding are in accord with a
meta-analytic report reporting a consistent, statistically
significant relationship between depression and
diabetic retinopathy (Fiore et al., 2015). Diagnosis
of diabetes can be a shock, resulting in emotions and
feelings guilt, anger or denial. Although anxiety and
even sadness are considered as a normal part of
adjusting or coping to changes in the patient
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lifestyle, these feelings by some people did not
disappear and could progress to persistent depression
and/or anxiety disorder (Clarke and Currie, 2009).

A valuable study by (Poongothai et al. 2011) found that
prevalence of depression was higher in patients with
retinopathy. Also, it was found that patients with
depression are more susceptible to have an comorbid
diabetes mellitus (Poongothai et al. 2017). Depression is
associated with inflammatory and neuroendocrine
responses which contribute to the progression of
micro-vascular and macro-vascular complications in
patients with type 2 diabetes (Poongothai et al. 2015).
Depression was found to affect glycemic state in two
ways; untreated depression could worsen control of
glycemic state in diabetes, with increased possibility of
complications and poor prognosis, while improvement
in depression symptoms is linked to better control of
glycemic state Poongothai et al. (2011). It was proposed
that many patients with diabetes are not suffering
from clinical depression but instead they showed high
levels of diabetes distress resulting from the emotional
and interpersonal stress of diabetes, physician
communication and treatment planCarper et al. (2014).

The present study found that there was highly
significant difference between individuals with
diabetic retinopathy group and individuals without
retinopathy as regard duration of diabetes as it was
significantly longer in the diabetic retinopathy group.

Duration of diabetes mellitus revealed positive
correlation with clinical and subclinical cerebral
vascular diseases and cerebral infarctions resulting in
cognitive impairment. This finding is in agreement
with other findings in which cerebral vascular diseases
in middle-age predict cognitive decline in old age
(Roberts et al., 2008).

Ravona-Springer et al. (2014) showed that poor control
of glycemic state foretold a decline in cognitive
performance in old age. (Winkler et al., 2014).
Feinkohl and his Colleagues suggested that
aggressive treatment by hypoglycemic drugs may
induce permanent harm that predispose diabetic
patients to cognitive impairment by the time these
drugs were initiated (Feinkohl et al. 2015).

Overall, diabetic retinopathy can be viewed as a robust
substitute marker for cognitive impairment in patients
with diabetes, in which cerebral vascular disease may
have a significant pathogenic role. This could be
attributed to the fact that diabetes is associated with
cerebrovascular dysfunction through ischemia of the
micro-vascular system and endothelial dysfunction
leading to a state of chronic cerebral hypo-perfusion
and these changes may disturb regional cerebral blood
flow leading to impairment in cerebral protein
synthesis, a key factor for learning and memory
(Hugenschmidt et al., 2014).
Conclusions and recommendations
Our results revealed that diabetic retinopathy was
associated with cognitive impairment. However, the
degree of retinopathy did not appear to have significant
correlation with the degree of cognitive impairment.
Regarding depression, there was significant positive
relationship between depression and duration of
diabetes mellitus.

Thus, diabetic retinopathywas independently associated
with cognitive impairment in diabetic patients. The
cognitive impairment associated with diabetes may be
vulnerable to preventive and therapeutic strategies
through protecting the cerebral microvasculature and
diminishing the harm and danger of the occurrence of
mild vascular disease in old age diabetic patients.
Recommendations
Screening all diabetic patients for the presence of
retinopathy regularly:

Screening and assessment of depression and cognitive
function in patients with diabetic retinopathy.

Prospective studies for more follow up of patients.

Use of Neuropsychiatric battery for more detailed
assessment of cognitive function.
Limitations of the study
Effect of treatment of diabetic retinopathy was not
studied and its relationship to improvement of
cognitive decline.

Compliance of the patients to treatment of diabetes
and whether this may affect cognitive impairment or
not was not studied.

Lack of follow up assessment for patients without
significant retinopathy to show if there is a growing
relationship between diabetic retinopathy progression
and cognitive impairment.Visual acuity of patients was
not assessed and its effect on cognitive function.
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