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Background: Mini-mental state exam (MMSE) was used several times but no study has examined cognition on the
Montreal Cognitive Assessment (MoCA) in diabetes and diabetic retinopathy (DR). In this study, we compared MMSE
with MoCAin patients with DR and searched for an association between the severity of DR and cognitive impairment (Cl).
Methods: This cross-sectional study comprised 120 consecutive patients with diabetes. Patients were divided into four
groups as no DR, mild DR, severe nonproliferative DR (PDR) and PDR. Each group consisted 30 inviduals. Cl was

assessed using the MMSE and MoCA.

Results: The number of subjects with a score >21 were significantly lower on the MoCA than on the MMSE between
groups (all P < 0.05). The mean MoCA score was significantly lower than the MMSE score (P < 0.001) There was a
linear association between the grade of DR and a score <21 on both tests,
Conclusion: MoCA provides more insight into the cognitive function in DR.
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Introduction

Diabetes mellitus (DM) is a chronic disease characterized
with hyperglycemia due to absence or insufficient action
of insulin associated with various metabolic changes. The
long-term persistence of metabolic changes can cause
serious complications in various systems of the body. One
of the most important of these complications is diabetic
retinopathy (DR).

Diabetic retinopathy is one of the preventable causes
of visual impairment in the world and it is an ocular
manifestation of the disease. It is a microangiopathy
including retinal capillary, venules and arterioles and initial
findings are microaneurysms, intraretinal hemorrhages,
exudates, intraretinal microvascular abnormalities and
venous beading that occurs in nonproliferative DR (NPDR).
The next stage of the progresion of the retinopathy is
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proliferative DR (PDR) including preretinal and vitreous
hemorrhage due to growth of abnormal new blood vessels.

Microangiopathy occurs in the brain!!! as well as in other
organs that leads to atherosclerotic cerebrovascular
disease and/or neurodegeneration which may be related
with cognitive decline in patients with DM.!?3! The risk
of cognitive impairment (CI), Alzheimer’s disease and
vascular dementia are increased in DM, especially in type 2
DM.#5! Both hyperglycemia and hypoglycemia have been
implicated as the cause of cognitive dysfunction in patients
with DM, and recurrent hypoglycemia could impair memory
of patients with diabetes over time.[®”

In recent studies, the relationship between DR and CI were
investigated by different cognitive tests such as mini-mental
state examination (MMSE), Addenbrooke’s Cognitive
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Examination-Revised and Digit Symbol Substitution
Test which showed increased risk of CI in patients with
DR.®T However, to our knowledge, no study has examined
cognition on the Montreal Cognitive Assessment (MoCA)
in patients with DR. The aim of the present study was to
compare the ability of the MMSE and MoCA to identify
cognitive dysfunction in patients with DR.

Materials and Methods

This cross-sectional study was carried out between July 2014
and November 2014 and comprised 120 consecutive patients
with diabetes. The research was confirmed by Institutional
Review Board and was conducted in accordance with the
Declaration of Helsinki. All patients gave written informed
constent before their participation.

Exclusion criteria were past ocular trauma and previous
ocular surgery within 6 months, best corrected visual acuity
worse than 1/10, history of cerebrovascular events, the
presence of life threatening illness and dementia.

Patients with diabetes were divided into four groups
according to the criteria of the Early Treatment Diabetic
Retinopathy Study.!"” Non-DR group consisted patients
without retinopathy, mild DR group comprised patients
with mild-moderate NPDR, patients with NPDR with
common ischemia comprised the severe NPDR group, and
patients in the PDR group had PDR. Each group consisted
30inviduals. All the patients were studied and staged for DR

according to the Early Treatment of Diabetic Retinopathy
Study classification.!!!

Individuals were tested for CI using the MMSE and MoCA
by the same specially trained research assistants in a quiet
and well-lit room. There was a 10 min break between
administration for two tests. The scores were recorded for
all 120 participants. The cut off score <21 on the MoCA
was used for CL.I"2

The statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) program (SPSS Inc.,
Chicago, IL, USA). All variables were compared using
ANOVA test for continuous data and Pearson’s Chi-squared
analyses for categorical data. P < 0.05 were considered as
statistically significant.

Results

One hundred twenty participants (56 female, 64 male)
were recruited into four study groups: No DR, mild NPDR,
severe NPDR and PDR. Each group had 30 patients.
The mean age of the patients in each subgroup was
measured as 62.83 = 7.81, 60.83 + 5.83, 65.00 = 8.00,
66.63 + 7.65 years. The mean duration of diabetes and
education level is shown in Table 1.

The score >21 on MMSE for each group was 22 (73.3%),
21 (70%), 17 (56.7%), 10 (33.3%) and on MoCA,
it was 15 (50%), 10 (33.3%), 6 (20%), 4 (13.3%)

Table 1: Demographic data and social characteristics of the participants for each group

DR PDR
No Mild Moderate

Age (years) 62.83+7.81 60.83+5.23 65.00%+8.00 66.63+7.65
Sex (%)

Male 17 (56.7) 17 (56.7) 14 (46.7) 16 (53.3)

Female 13 (43.3) 13 (43.3) 16 (53.3) 14 (46.7)
Education level (%)

Elementary school 20 (66.7) 24 (80) 27 (90) 28 (93.4)

High school 7(23.3) 4(13.3) 3(10) 1(3.3)

University 3(10) 2(6.7) 0 1(3.3)
Diabetes duration (years) 12.07£5.24 15.07£5.42 15.27£5.42 20.77%+8.11

Table 2: Number of participants with scores greater and lower than 21-point cut-off and mean scores on each test

for each group

DR PDR
No Mild Moderate
MMSE =21 (%) 22 (73.3) 21 (70) 17 (56.7) 10 (33.3)
MMSE <21 (%) 8 (26.7) 9 (30) 13 (43.3) 20 (66.7)
MoCA =21 (%) 15 (50) 10 (33.3) 6 (20) 4(13.3)
MoCA <21 (%) 15 (50) 20 (66.7) 24 (80) 26 (86.7)
mean MMSE score 23.63%4.10 22.13%3.71 21.10£2.33 20.17£2.16
Mean MoCA score 21.83+3.97 20.83+3.67 18.53+2.33 16.17+3.00

DR=Diabetic retinopathy; MMSE=Mini-mental state exam; MoCA=Montreal Cognitive Assessment; PDR=Proliferative diabetic retinopathy
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Table 3: Comparison of the mean scores of MMSE and
MoCA according to severity of DR

Groups MMSE (P) MoCA (P)
No DR-mild DR 0.287 0.647
No DR-severe NPDR 0.017 0.010
No DR-PDR 0.000 0.000
Mild DR-severe NPDR 0.619 0.040
Mild DR-PDR 0.027 0.000
Severe NPDR-PDR 0.372 0.033

DR=Diabetic retinopathy; PDR=Proliferative diabetic retinopathy;
NPDR=Nonproliferative diabetic retinopathy; MMSE=Mini mental state
exam; MoCA=Montreal Cognitive Assessment

respectively [Table 2]. The number of subjects with a
score >21 was significantly lower on the MoCA than
on the MMSE (P < 0.001) when compared between
subgroups (P = 0.002, P = 0.013, P = 0.024, P = 0.008).

The mean MMSE score was 23.63 = 4.10, 22.13 = 3.71,
21.10 + 2.33,20.17 + 2.16 and the mean MoCA score was
21.83 = 3.97,20.83 = 3.67, 18.53 = 2.33, 16.17 = 3.00
consecutively [Table 2]. The mean MoCA score was
significantly lower than the MMSE score for each subgroup
(P < 0.001). With each scale, mean score significantly
decreased with worsening stage of DR.

No subject with a score >21 on the MoCA scored <21 on
the MMSE. On the MMSE test nine participants, on the
MoCA test two participants had a score of 30.

There was a linear association between the grade of
DR and a score <21 on each test when all subgroups were
compared [Table 3].

Discussion

Diabetes mellitus is characterized by many clinical
complications caused by small and large vessel pathology.!"”
Peripheral microvascular complications such as DR and
retinal microvascular abnormalities seem to be correlated
with corresponding microvascular changes like small focal
lesions and white matter hyperintensities as shown by brain
MRI.U!#B! In recent years, studies have shown that diabetes
declines cognitive functions most likely."*!"" In addition,
dementia patients with DM had more microvascular
infarcts in the brain when compared with patients without
diabetes.["®! Moreover, the risk of Alzheimer’s disease and

dementia were found to be increased in patients with
diabetes.!"”!

Ba-Tin et al.?™ reported that diabetes seems to cause
cognitive dysfunction and cognitive dysfunction was not
associated with peripheral microvascular disease. The
Authors suggested that the cause of cognitive dysfunction
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in patients with diabetes may not be limited to vascular
pathology In another study, Lesage et al.”™ reported that
retinal vascular changes were associated with CI and
emphasized adding evidence for the role of microvascular
changes in cognitive decline.

Diabetic retinopathy is one of the microvascular
complications of DM. Because of the similarities in barries of
the blood—brain and blood-retina barrier, the microvascular
damage may be particularly important.!"™ There was
evidence for association between microvascular changes
of retina and brain. In the light of all this information
some authors investigated association betwen DR and CI.
Crosby-Nwaobi et al.?!! compared CI in patients with no/
mild DR and PDR and found that there was an inverse
relationship betwen severity of DR and CI. Patients with
no/mild DR had lower CI scores than patients with PDR
However Ding et al. showed that the level of CI had positive
correlation with severity of DR and found that the CI
scores was greater in advanced DR when compared with
mild DR.?!

The MMSE is commonly used to screen patients for
CI and to evaluate the effects of drugs on cognitive
function.™! It is a short and simple test to administer.
However, the MMSE gives 24/30 points for individual’s
orientation, mind and language and only 1/30 for
visuoconstructive function and is insensitive to executive
function and mild CI.I?Y The MoCA was developed
as a rapid screening tool for evaluating mild CI. It
assesses memory, visuoconstructional skills, attention
and concentration, language, executive functions and
orientation.”! Compared to MMSE, the MoCA has
a sensitivity of 90% in detecting mild CI. Moreover,
the MoCA includes more tasks to evaluate executive
function, higher level language abilities, memory, and
complex visuospatial processing.

As known, the most common screening tool for mild CI is
the MMSE, which is often criticized for lower sensitivity.
To eliminate this problem, MoCA was introduced,
particularly for screening mild CI. Likewise MMSE, the
MoCA has a maximum of 30 points but the number of its
modules is higher than in MMSE. To our knowledge, this
is the first study assessing the ability of MoCA to detect
cognitive functions in patients with diabetes who had DR
in comparison to MMSE.

In this study, we tested the MMSE and MoCA in a sample
of patients with DR to show which cognitive screening tool
should be used for cognitive decline. We demonstrated
that the MoCA is superior than MMSE to evaluate CI
when compared in patients with various stages of DR.
Additionally, we found that the level of cognitive function
declined as the stage of DR advanced.
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Conclusion

In conclusion MoCA is an adequate screening instrument
for brief assessment of CI and provides greatly more insight

into the cognitive function in patients with DR when
compared with MMSE.
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