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Abstract:

Background: Cognitive dysfunction is common complaints among diabetic patients
their occurrence emanate a great topic during the illness, so our study aimed to examine
the occurrence and the pattern of executive dysfunctions in patients with type 2 DM.
Methods: 40 patients with type 2 diabetes mellitus matched with 40 control subjects
by age, sex, and educational level. They were examined for executive functions by
event-related potentials (P300) and executive functions battery

Results: patients with type 2 DM showed significantly affected P300 regarding both
latency and amplitude. When using the executive functions battery, it showed deficits
in most of the executive function tests with a significant difference between cases and
control groups. There was a significant relationship between poor cognitive scores in
diabetic patients and P300. Also, a significant positive correlation detected between
poor scores of cognitive function tests in diabetic patients and poor glycemic control
detected byHbAc.

Conclusion: Type 2 diabetes is associated with accelerated cognitive decline and an
increased risk of dementia, particularly in older individuals. Our findings suggest that
surface-recorded ERPs and executive functions battery is useful for determining and
follow up the changes in brain function associated with diabetes mellitus, appropriate
management, and treatment of type 2 diabetes mellitus could prevent the onset and
progression of mild cognitive impairment to dementia so executive function battery
could be more beneficial and significant than P300 in the assessment of diabetes
mellitus related cognitive impairment.
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Introduction indirectly damages the brain and/or
In the last decade, the relation of secondary to vascular changes. Also,
diabetes to memory disorders has been insulin receptors are found abundantly
well established, diabetes mellitus is a in certain brain areas as the hippoc-
metabolic disorder affecting multiple ampus and amygdala which play an
organs including the brain®. Type2 diab- important role in memory and learning?.
etes Mellitus is more prevalent in Neuropathological researches and ima-
elderly patients who are also at a higher ging proved the role of diabetes in the
risk for dementia and cognitive dysfun- degeneration of the nervous system,
ction? one of the established risk factors brain atrophic changed are found in
for cognitive impairment is type two magnetic resonance image of diabetic
diabetes mellitus.®* This association patients6 up to three-fold acceleration

may be due to insulin resistance which
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of this atrophy in comparing to nor-
mal’8

Early detection of cognitive impairment
in patients with type two diabetes
mellitus allows effective treatment and
prevents the progression of neuropath-
ological changes®. Unfortunately, early
detection of cognitive impairment is
usually missed because most physicians
pay attention to glycemic control and
the detection of other diabetic compli-
cations as nephropathy and retinopa-
thy.

Diabetic retinopathy is a good predictor
of cognitive dysfunction due to the
similarity between small vessels and
retinal vasculature® The risk of cogni-
tive impairment is threefold in a patient
with diabetic retinopathy however the
severity of impairment with diabetic
retinopathy is not clearly illustrated,
another study found a significant correl-
ation between cognitive impairment
and diabetic retinopathy in severity in
men. The recent memory and verbal
learning were the most defective cogn-
itive domains in these studies®!.

In this study, we aimed to identify the
pattern and the risk factors of cognitive
impairment in patients with type 2
diabetes mellitus using the neurocogn-
itive battery and event-related potential
(P300).

Patients and methods

Our study is a retrospective case-control
study carried out at the neurology depa-
rtment, Sohag University Hospital and
the local ethical committee approved
the study. This study included forty pat-
ients with type 2 diabetes mellitus and
forty control subjects with average edu-
cational level, who attended to Sohag
University Hospital, Department of
neu-rology and psychological
medicine, and outpatient clinic from
June 2017 to June 2018. We excluded
patients with a documented history of
other neurological diseases which
might affect the cognition, patients with
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metabolic disorders which may affect
the cognition as liver cirrhosis, patients
with comorbid psychiatric illness,
patients with a mini-mental state
examination score less than 24, and
patients who can't respond the
neurocognitive battery or the event-
related potential (P300).

The following data has been extracted
from participant records: event-related
potential (P300) parameters and execu-
tive function battery results: the battery
from The Psychology experiment build-
ing language (Version 0.13) [Softw-
are]*>3. From these tests, the following
tests result were chosen :

1-Set shifting by Wisconsin Card Sor-
ting Test!* 2-Working memory by digit
span test'® 3-Planning by a) Tower of
London: *® b) Trail Making Test: is
done .4-Attention by continuous perfor-
mance tests. 1’ 5-Visuospatial by The
Corsi block-tapping test*®

Statistical Analysis

SPSS version 24 was used for data ana-
lysis, Quantitative data were represen-
ted as mean, standard deviation, med-
ian, and range. Data were analyzed usi-
ng the Mann-Whitney test instead of the
standard t-test. Qualitative data were
presented as number and percentage
and compared using either a Chi-square
test in normal distributed data or fisher
exact test if not normally distributed. P-
value was considered significant if it
was less than 0.05.

Results:

The mean age for patients was 55.62 +
4.049. Most of the patients were males
with a mean duration of illness of
4.754.75 + 2.72 years. Differences
between cases and controls in glucose
concentrations and Hb1Ac. Cases were
significantly higher concentrations of
FBG, PBG, and HbAlc in comparison
to controls as follows mean +SD (9.35
+2.55 vs 4.30 £0.71), (12.69 +2.39 vs
537 £ 0.59) and (7.76 £ 0.94 vs
5.058+1.27). respectively, patients also
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had significantly higher BMI than
control with cases mean = SD 30.27+
4.57 in contrast to controls mean 25.05

+ 4.42 P-value was 0.001.

In our study, most of the patients were

eson to controls Patients were signific-
antly higher mean = SD p300 latency
(342.61+£30.98 vs 328.12+23.98) and
amplitude (8.09+ 2.784 vs 7.43£3.97)
with p value < 0.0001. (Table 1)

on oral hypoglycemic 60%. In compar-

Variable | Case (n=40) | Control (n=40) | P value
Patient characteristics
Gender, Male 21 15 0.178
Agelyears Mean + SD 55.62 + 4.049 55.67 + 3.912 0.9550
Duration of illness/year Mean + SD | 4.750 + 2.72
Range 1-10
Blood glucose tests and treatment
HbAlc, Mean +SD 7.760 +£0.943 5.058+1.270 0.001
FBS, Mean +SD 9.35 +2.55 4.30+0.71 0.0001
Postprandial blood glucose;mmol Mean | 12.69 £ 2.39 5.37£0.59 0.0001
+SD
Type of treatment among cases
(oral hypoglycemic) 24 (60%)
(insulin) 16(40%)
BMI, Mean +SD 30.275 £4.5797 25.050 +4.4199 0.001
P300 latency and Amplitude
P300 Latency; msec 279.00-600.0 276.00-363.00 0.0001
342.61+30.98 328.12+23.98
P300 amplitude; mv 1.20-17.80 6.81-19.12 0.0001
8.09+ 2.784 7.43+3.97

Wisconsin Test
Total errors No, Mean +SD 26.684+8.111 26.475+13.301 0.934
Preservative errors %Mean +SD 20.27%= .18% 7.70%+7.50% 0.001
Tower of London test

| Total time, Mean +SD | 748.342+284.273 | 14.473+43.650 | 0.001
Trail Making Test
TMT-A (total time), Mean £SD 47.30+£16.85 40.75+£12.49 0.03
TMT-B (total time), Mean +SD 103.48+54.29 82.78+28.10 0.01
Accuracy 0.631+0.191 0.821+0.108 0.001
Extra moves 49.00£15.52 29.54+18.74 0.001
Continuous performance test
Correct trials, Mean +SD 287.037+60.080 322.725+31.177 0.002
Commission, Mean £SD 16.630+6.301 18.625+6.364 0.211
Omission, Mean £SD 56.370+65.280 12.300+12.089 0.001
Corsi test and Digit span test
Corasi test (memory span) Mean £SD 2.438+ 1.001 3.863 £ 1.891 0.001
Digital span test 0.001
-Forward, Mean £SD 5.175+ 1.217 6.863+ 1.506
-Backward, Mean £SD 3.50+ 1.00 4.67+2.15

Tablel; Demographic data, Boog glucose level and cognitive tests between the two groups .

HbAlc Glycosylated hemoglobulin, FBS, Fasting blood sugar in mmol, TMT; Trail Making

Test, MI; body mass index
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Executive function battery:
1-Wisconsin test comparisons of execu-
tive functions among the two groups
suggest a significant difference between
diabetic 20.27% £7.18% and normal
groups 7.70% + 7.50% in WCST
(perseveration) p-value = 0.001, and a
significant difference between diabetic
and control in WCST (category) p-
value = 0.001. But there was no
significant difference between the two
groups in (Total errors).

2-Tower of London test showed a signi-
ficant difference in total time between
cases with mean 748.342 + 284.27
while in control 167.240 + 14.47. Also
showed a significant difference betw-
een two groups in extra moves p-value
=0.001.

3-Trail Making test statistically signifi-
cant differences were observed between
patients and controls in the total time
TMT part A (0.03), TMT part B (0.01).
Also, a significant difference was seen
between cases and control in accuracy
and extra moves.

4-Continuous performance test cases
made significantly more omission erro-
rs than control (p-value = 0.001) and
correct trials are significantly more at
cases than controls, while commission
errors are non-significantly increased in
cases 16.63+6.301 than in control
subjects18.625+6.364.

5-Corasi test which assesses visuospa-
tial short-term working
memory showed a significant
difference in memory span among cases
with a mean + SD ( 2.438+1.001)and
control(3.863+1.891.) Also, the digit

span test that assesses the ability to hold
and manipulate verbal information
showed significant differe-nces among
diabetic and controls in digit span
backward and forwar-d. (table 1)

Poor cognitive score in diabetic patients
had positive significant correlation with
event-related potentials variables (late-
ncy p value = 0.012 and amplitude p-
value = 0.004), and with poor glycemic
control detected byHbAlc (p value =
0.001) but had no significant correlation
with age of diabetic patients , fasting
lipogram or BMI . (table 2)

Variables P -value
Age 0.026
Duration illness 0.021
HBAIlc 0.001
BMI 0.414
Amplitude P300 0.004
Latency P300 0.012

Table (2) Patient correlation between total
scores of cognitive function tests; ERPs
variables, clinical variables

HbAlc; Glycosylated hemoglobulin,
BMI; body mass index

P300 Latency had a significant correla-
tion with the age of the patient (p value
= 0.01) and control of diabetes (p value
= 0.002) while showed non-significant
correlation with the duration of diabetes
(p value = 0.158).

P300 amplitude showed a non-signifi-
cant correlation with age of the patient
(p value = 0.17), duration of diabetes (p
value = 0.160) and control of diabetes
(p value = 0.303). (table3)

Table3 Patient

ERPs variables(p300). | Age(years) | Duration of | Diabetic control (HbAlc) )
diabetes Good | poor | P value Eorrelatlon
P300Latency; msec | 0.638 0.398 58 |44 | 0002 etween ERPs
(p=0.01) | (p=0.158) va;l(«)’:lgles f
P300 amplitude; mv | 0.382 0.397 37 |21 | 0303 Eﬁe pa)t,i:r?te °
(p=0.17) | (p=0.160)

ERPs event-related potential, HbAlc; Glycosylated hemoglobulin,
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Discussion

Our study determined the impact of
type Il diabetes mellitus on cognition by
using neurophysiological and neurops-
ychological tools (executive function
battery) and this in line with Biessels
and Despa., 2018%

Little studies were done in this aspect
and all were discussing the clinical
assessment of cognitive impairment in
diabetes. Researchers considered one of
the important risk factors for cognitive
impairment in diabetes mellitus'®?’ wh-
ile others disagreed for this®. These two
different results are because of chronic
hyperglycemia with other vascular risk
factors for microvascular and macrov-
ascular disease and atherosclerosis?.
Little is known about the effect of
hyperglycemia in cerebral tissue in the
patient without other vascular risk
factors, in our research, we confirmed
the risk of cognitive dysfunction with
type 2 diabetes mellitus as follows, dia-
betic patients had low results in
cognitive testing and also hardly perfor-
ming different cognitive tasks: as set
shifting, working memory, attention, pl-
anning, visuospatial and associate lear-
ning. Consistent with expectations, cog-
nitive dysfunction was common in this
sample of people with type 2 diabetes.
Performance on every classical exec-
utive test included in the battery was
significantly different between cases
and controls for example the results sh-
ow that there was a significant differ-
rence among normal and diabetic gro-
ups in the executive function of WCST
(perseveration) and information proces-
sing. In other words, the performance of
the diabetic group was lower than the
other control group. This finding was
concordant with the reports??. Trail ma-
king test shows significant differences
were observed between patients and
controls in the total time, accuracy and
extra moves in agreement with also
tower of London test showed significant
difference among diabetic and controls.
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This finding was in line with another
study? Continuous performance test
showed increased omission errors
(failing to respond to targets) and
correct trial among cases than control
while commission errors (responding to
non-targets) showed no significant
difference between diabetic and non-
diabetic. Cognitive test outcomes, inc-
ludeing digit span and corsi block-
tapping, showed a significant difference
between the diabetic and controls these
finding agreed with?*

P300 of diabetic patients had decreased
amplitude in comparing to control
group (p <0.0001) and had increased in
latency (p < 0.0001) representing cogni-
tive dysfunction of diabetic patient?2

Our study found that executive function
battery could be more beneficial and
significant than P300 in assessment dia-
betes mellitus related cognitive impair-
ment, as the battery is not only quanti-
tative but also qualitative as it can
assess the pattern of cognitive abnorm-
ality with type 2 DM and this could not
be detected through P300.

Conclusion

Progressive cognitive impairment and
increases in dementia risk are associ-
ated with elderly diabetic patients. Surf-
ace-recorded ERPs and the executive
functions battery is useful for
determining and follow up the changes
in brain function associated with
diabetes mellitus, also appropriate
management and treatment of type 2
diabetes mellitus could prevent the
onset and progression of mild cognitive
impairment to dementia, executive
function battery could be more
beneficial and significant than P300 in
assessment diabetes mellitus related
cognitive impairment
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