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Abstract

Central nervous system (CNS) abnormalities are known in patients with type 2
diabetes mellitus (T2DM) and attributed mostly to diabetic vasculopathy. We aimed
to determine the direct effect of chronic hyperglycemia on the brain in absence
of numerous potential vascular confounders. we systematically investigated mark-
ers of brain compromise in 57 patients with T2DM. Cognition was tested using a
sensitive battery of psychometric testing [Mini-mental State Examination or MMSE,
Stanford Binet Intelligence Scales 4th edition (SBIS) and Wechsler Memory Scale-
Revised or WMS-R] and by recording P300 component of event related potentials
[ERPs], a neurophysiological analogue for cognitive function. We also measured the
serum levels of neuron specific enolase (NSE), a sensitive marker of neuronal cell
damage. Compared to healthy subjects (n = 40), patients had lower total scores
of cognitive testing (MMSE, SBIS and WMS-R) (p = 0.004), higher Beck Depression
Inventory 2nd edition (BDI-II) scores (p = 0.001), prolonged latencies and reduced
amplitudes of P300 component of ERPs (p = 0.0001 for both) and higher NSE
concentrations (p = 0.001). No differences in clinical, lab and ERPs variables, scores
of cognition testing and depression and NSE concentrations were identified re-
gardless the degree of control on anti-diabetic treatments. Significant correlations
had been identified between total score of cognitive testing and age (r = -0.370,
p = 0.050), duration of illness (r = -0.658, p = 0.001), blood glucose level
(r =-0.543, p= 0.010), ERPs latency (r = -0.560, p = 0.004) and amplitude ( r =
0.340, p = 0.053) and NSE concentrations (r = -0.698, p = 0.001). After adjustment
of confounders, the total scores of cognitive testing was significantly correlated
with NSE concentrations regardless the level of glycemic control. This study indi-
cates that direct brain damage may result from poor glycemic control and chronic
hyperglycemia and this contributes to progressive cognitive deficits with T2DM.
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pressure; DSM—IV Diagnostic and Statistical Manual of Mental Health Disorders, 4t edition; ERPs, event
related potentials; FBG, fasting blood glucose; HbAlc, glycolysated hemoglobin; HDL-c, high density
lipoprotein cholesterol; HOMA-IR, homeostatic model assessment to quantify insulin resistance; HTN,
Hypertension; IR, insulin resistance; LDL-c, low density lipoprotein cholesterol; MMSE, Mini-mental State
examination; NSE, neuron specific enolase; PBG, post-prandial blood glucose; T2DM, type 2 diabetes
mellitus; TC, total cholesterol; TG, triglycerides; SBIS, Stanford Binet Intelligence Scale; SBP, systolic blood
pressure; WMS-R, Wechsler Memory Scale- Revised

Introduction

Type 2 diabetes mellitus (T2DM), formerly known as non-
insulin-dependent diabetes mellitus (NIDDM) or adult onset
diabetes, comprises 90% of diabetes mellitus (DM). T2DM is
characterized by abnormalities in carbohydrate and fat me-
tabolism, chronic hyperglycemia, insulin resistance and a rela-
tive insulin secretion defect (1). T2DM is often associated with
long-term consequences or serious adverse effects affecting
many tissues and organs such as the heart, retina, kidney and
nervous system (central and peripheral nervous systems) (2).
These long-term consequences of chronic hyperglycemia are
an important health care issue in view of the growing obesity,
diabetes, sedentary life and metabolic syndrome (which is
characterized by visceral obesity, elevated fasting blood sugar,
elevated triglycerides, a decrease in high-density lipoprotein
cholesterol levels and high blood pressure) (3).

DM is also associated with an increased risk of poor cogni-
tion, progressive memory dysfunction, dementia and neuro-
degeneration. Decrease in processing speed, verbal memory,
psychomotor efficiency, learning, intelligence and executive
functioning were observed in population-based studies of
T2DM (4-8). DM-induced cognitive decline is likely of mul-
tifactorial etiology through multiple mechanisms which in-
clude: abnormalities of blood glucose (9) blood lipid (10,11),
blood pressure (12-14), insulin resistance (IR) (3,15), hypogly-
cemia (16), chronic complication as micro- and macro- vascu-
lar complications (or diabetic vasculopathy) (17), dysregulation
of limbic-hypothalamic-adrenal pituitary axis (LHPA) (stress re-
sponse) (18-21), advanced glycation end products, inflamma-
tory cytokines, oxidative stress (22,23) and diabetes-related
depression (24-26). However, the possibility of the direct toxic
effect of chronic hyperglcycemia has to be considered as a
cause of T2DM-related cognitive impairment. The increase in
neuronal vulnerability to death and apoptosis may have addi-
tive (which means an augmented net effect through action
on the same pathway) or synergistic effects (which means
an augmented net effect through action on two different
pathways) to the vascular complications of DM.

During the last years, the possibility of evaluating brain dam-
age/activity through quantification of neuronal derived pro-
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teins (such as neuron specific enolase or NSE) in peripheral
samples has gained appropriate attention in clinical and ex-
perimental settings. NSE is a cytoplasmatic glycolytic pathway
enzyme and the yy isoform is mainly neuronal. NSE is found in
neurons and neuro-endocrine tissue and it is elevated in the
blood circulation after death rate of these cells (27,28). Sev-
eral studies have shown higher serum and cerebrospinal fluid
(CSF) levels of NSE and also their over-expression increases
the vulnerability to neurodegeneration, cerebral hypoxic-isch-
emic injury and traumatic brain injury (27,29). Accordingly, in
T2DM, the presence of metabolic abnormalities, disturbance
of vascular reactivity, hypoxia, disturbance of blood-brain
barrier (BBB) permeability and excitotoxic process make the
quantification of neuronal derived proteins (or NSE proteins),
a sensitive and direct biomarker of brain damage as well as
its related neurological and neuropsychological outcome.

Aim of work

In this study, we aimed to investigate the direct brain involve-
ment of chronic hyperglycemia. We included a homogeneous
group of T2DM patients to adjust for numerous confounders
which may affect cognition. The following markers of brain
involvement were investigated: 1) cognitive functions: were
assessed using a battery of sensitive psychometric testing, 2)
event related potentials (ERPs), a neurophysiological analogue
of cognitive function, and 3) serum concentrations of NSE, a
sensitive marker of neuronal damage. Correlations were done
between scores of cognitive testing, ERPs variables and NSE
protein levels.

Patients and methods

Patients

This cross-sectional study included 57 patients with T2DM.
Patients were randomly recruited from the Internal Medicine
and Neurology departments of Assiut University Hospital, As-
siut, Egypt. The diagnosis of DM was made according to the
World Health Organization Expert Committee on DM, Ge-
neva: WHO (30). For the diagnosis of DM, one or more of the
following criteria has to be fulfilled: 1) a fasting blood glucose
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(FBG) value >125 mg/dl on two separate occasions; 2) a two
hours glucose (or post-prandial blood glucose or PBG) value
>200 mg/dl during a 75 gram oral glucose tolerance test; or
3) a prior diagnosis of T2DM, and being treated with hypo-
glycemic agents and/or diet and exercise. Forty age-, sex-,
socioeconomic status- and educationally- matched subjects
were included in this study as healthy controls for compari-
son. Control subjects were recruited from the general popu-
lation. The protocol of this study was in conformity with the
local ethical guidelines of Assiut University hospital and in-
formed written consent was obtained from each participant.
All study participants underwent a standardized interview
guestionnaire regarding vascular risk factors. Excluded were
subjects with: 1) known medical illness other than T2DM and
its associated dyslipidemia, hypertension, IR and obesity), or
primary neurological or psychiatric disease (other than dia-
betes-related depression); 2) history of hypoglycemic coma
or diabetic complications (other than peripheral neuropathy)
as nephropathy, retinopathy, etc; 3) history of transient isch-
emic attacks, cerebrovascular stroke or epilepsy; 4) previous
serious head injury; 5) any sensory or motor disorder that
would preclude psychological testing (as blindness or deaf-
ness); 6) regular treatment with any medications other than
insulin and/or hypoglycemic drugs, or medication known to
have psychoactive effects such as benzodiazepines, beta-
adrenoceptor antagonists, steroids, major tranquillizers and
antidepressants; 7) drug or alcohol abuse; and 8) smokers.

Data collection

Demographic and clinical data were collected as follow: age,
gender, systolic blood pressure (SBP), diastolic blood pressure
(DBP), weight, height, body mass index (BMI). Weight was
measured to the nearest 0.1 kg on a calibrated balance beam
scale. Height was measured to the nearest 0.5 cm by a tape
measure. BMI was calculated using this formula (31): weight
(kg)/height (m)2. According a subject defined as normal if BMI
>20 - <25 kg/m?, overweight if BMI >25 - <30 kg/m?, obese
if BMI >30 - <35 kg/m2 and morbidly obese if BMI >35 kg/
mZ2. Hypertension (HTN) was defined according to the Na-
tional Cholesterol Education Program (NCEP) guidelines (32)
in presence of: 1) SBP: >130 mmHg, 2) DBP: >85 mmHg, or
3) use of anti-hypertensive medication. Dyslipidemia was also
defined according to NCEP in presence of: 1) statin treatment,
2) triglycerides (TG): =150 mg/dl, or 3) high density lipoprotein
(HDL): <40 mg/dl for men and <50 mg/dl for women. Infor-
mation on smoking habit was obtained by questionnaire and
patients were divided into smokers (present or former) and
non-smokers (when they never smoked regularly).
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Specimen collection and analysis

Venous blood samples were drawn from patients at 8.00 am.
Routine hematology tests were done and included: complete
blood count (CBC), renal function, lipogram [serum total cho-
lesterol (TC), TG, low density lipoprotein cholesterol (LDL-c),
high density lipoprotein cholesterol (HDL-c)] and uric acid.
Serum levels of TC, TG, LDL-c and HDL-c were measured by
enzymatic colourimetric method using the autoanalyzer Hi-
tachi 911 (Boehinger, Mannheim, USA). Serum uric acid was
determined by colorimetric US plus kit, supplied by Roche di-
agnostics, (GmbH, D-68298 Mannheim, USA). Plasma levels
of FBG insulin, and glycolysated hemoglobin (HbA1c) were
assessed after an overnight fast. The patients received a stan-
dard lunch (light balanced diet: 600 kcal, 35% protein, 30%
fat, 35% carbohydrates). Two hours after meal, 3 ml blood
samples were withdrawn from all participants for estimated
of PBG level. Insulin was determined in duplicate using an
enzyme-linked immunosorbent assay (ELISA) (Diagnostic Sys-
tems Laboratory, Webster, TX. USA). IR was calculated using
the homeostasis model assessment (HOMA-IR) equation for-
mula as follow: HOMA-IR = Fasting insulin (uU/mL) multiplied
by fasting glucose (mmol/L) divided by 22.5. Patients were
consider to have insulin resistance if HOMA-IR >2.6 (33). NSE
level was evaluated in serum samples by UBI MAGIWEL NSE
enzyme linked immunosorbant assay kits (ELISA) (UBI United
Biotech inc, Cat. No.: CM-901, Mountain view, CA 94041,
www.unitedbiotech.com). This is a solid phase quantitative
ELISA that uses a monoclonal antibody specific for NSE (34).
Reactions and quantification were performed in duplicate as
described by the manufacturer. Internal software and controls
provided by the manufacturer allow controlling the quality
of assay.

Cognitive assessment

Cognitive functions were assessed independently for each
participant by two experienced psychologists and under su-
pervision of the psychiatrist, using a set of standardized Ara-
bic translated neuropsychological tests which are sensitive for
mild cognitive impairment and covering different cognitive
domains. They included: MMSE (35,36), SBIS (4th edition)
(37,38) and WMS-R (39). From SBIS, we selected vocabulary
and comprehension for assessment of verbal reasoning, pat-
tern analysis for assessment of visual reasoning, quantitation
for quantitative reasoning, and bead memory and memory
for sentences for short-term memory. From WMS-R, we test-
ed digit forward, digit backward, mental control, associate
learning, logical memory and visual reproduction.
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Event-Related Potentials (ERPs) testing

Before examining ERPs, all participants underwent basic au-
diological testing (Amplaid Model 720, Milan, Italy). Testing
for ERPs was done on a separate day after completion of
neuropsychological testing (Neuropack S1 EMG/EP measur-
ing system, MEB-9400 (Nihon Kohden, Japan). ERPs are se-
ries of scalp waves that are extracted from the electroen-
cephalogram (EEG) by time domain analysis and averaging
of EEG activity following multiple stimulus repetitions. They
were elicited with an auditory discrimination task paradigm
by presenting a series of biaural 1000 Hz (standard) versus
2000 Hz (target) tones at 70 dB with a 10 millisecond rise/fall
and 40 millisecond plateau time. P300, the late component of
ERPs was obtained. Latencies and amplitudes (peak to peak)
of P300 component of ERPs were measured. P300 is believed
to index stimulus significance and the amount of attention
allocated to the eliciting stimulus event, being maximal to
task-relevant or attended stimuli and being absent or small
to task-irrelevant or unattended stimuli (40).

Psychological evaluation

Standardized psychiatric interview was done by applying the
Diagnostic and Statistical Manual of Mental Health Disorders,
4th edition (DSM-IV) criteria for the diagnosis of depression
(41). A differentiation between clinical depression and de-
pressive symptoms was made throughout this work. The Ara-
bic version (42) of the Beck Depression Inventory, 2nd edition
(BDI-II) (43) was used for assessment of the severity of depres-
sive symptoms. BDI-II items are in alignment with DSM-IV
criteria. BDI-II consists of 21 items, each corresponds to a
symptom of depression is summed to give a single score for
the BDI-II. According to that scale, the patient may have, not
having or has minimal depressive symptoms if scoring: 0-13,
has mild symptoms if scoring: 14-19, has moderate symptoms
if scoring: 20-28 and has severe symptoms if scoring: 29-63.

Statistical analysis

Calculations were done with the statistical package SPSS,
version 12.0. Data were presented as mean=SD (standard
deviation) as they were normally distributed. Unpaired
two-sided Student’s t test was used for comparison of
means. Correlations between score of cognitive testing and
demographic, clinical, diabetes-related risk factors, level of
glycemic control; depression scores and NSE levels were
assessed using Pearson’s test. To determine the relationship
between NSE levels and cognitive function in patients with
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T2DM, linear regressions analyses were done using total score
of cognition testing as the dependent variable as follow: as
a first step, we carried out bivariate correlations between
the dependent variable (scores of cognitive performance) and
each of the independent variables (i.e. demographic, clinical,
other risk factors, level of glycemic control; depression scores
and NSE) (r and p values). Independent variables that had
no significant correlations with the total score of cognitive
functions testing were then excluded. The model was ad-
justed for confounder (as age, HbAlc and HOMA-IR). Age
was controlled as convariants (entered as the first step). NSE
was entered as the second step. HbA1c (Indicative of level of
glycemic control) or HOMA-IR were added as the third step
to ascertain whether long-term glycemic control and insulin
resistance would add to the variance explained by the NSE
and we then inverted steps two and three to determine the
amount of variance explained by NSE after taking HbA1c or
HOMA-IR into account. For all tests, values of p<0.05 were
considered statistically significant.

Results

This study included 57 patients with T2DM (male = 20; fe-
males = 37), with mean age of 39.57+13.89 years and dura-
tion of illness of 7.37£5.15 years. Nearly half of the patients
were uncontrolled on anti-diabetic treatment. Demographic
and clinical characteristics of the studied group were shown in
Table 1. Table 2 showed comparisons between patients and
controls in scores of cognitive function and BDI-II. Patients
had significantly lower scores of MMSE, different subsets of
SBIS, WMS-R and total scores of cognitive testing (MMSE,
SBIS and WMS-R) (p = 0.004) and higher scores of BDI-II
(p = 0.001). In this study, nearly 75.43% (n = 43) of patients
had depressive symptoms, mostly of mild/moderate type
(52.63%; n = 30). Table 3 showed comparisons between
patients and controls in ERPs variables. Patients had signifi-
cantly prolonged latencies (p = 0.0001) and reduced am-
plitudes (p = 0.0001) of P300 component of ERPs. Table
4 showed comparisons between patients and controls in
concentrations of glucose, HblAc (an indicative of glycemic
control), insulin and NSE. Patients had significantly higher
concentrations of FBG, PBG, HbA1c, insulin and NSE. Nearly
73.68% (n = 42) of patients had higher NSE concentrations.
Table 5 showed significant correlations between total scores
of cognitive testing and P300 latency (r = -0.560, p = 0.010),
P300 amplitude (r = 0.340, p = 0.004), age (r = -0.370, p =
0.050), duration of illness (r = -0.658, p = 0.001) and con-
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centrations of FBG (r = -0.543, p = 0.010), insulin (r = -0.365,
p =0.004) and NSE (r=-0.698, p = 0.001). BMI was positively
correlated with HbAlc (r = 0.372, p = 0.021). HOMA-IR was
positively correlated with insulin (r = 0.914, p = 0.001). Table
6 showed the associations between total scores of cognition,
levels of NSE and HblAc and HOMA-IR derived from linear re-

Table 1. Demographic, clinical and laboratory characteristics of the studied groups.

Demographic and Clinical characteristics

Male/female
Age; years

Duration of illness; years

History of hypoglycemic coma and diabetic
complications

Type of treatment
Oral hypoglycemic
Insulin and oral hypoglycemic

Duration of treatment; years

Degree of control on treatment
Controlled
Uncontrolled

Degree of obesity; # (%)
normal: 20 < BMI >25 kg/m?
Overweight: 25 < BMI =30 kg/m?
Obese: 30 < BMI =35 kg/m?
Morbidly obese: BMI > 35 kg/m?
BMI; kg/m?

Number of patients with insulin resistance

Blood Pressure; mmHg
SBP

DBP

Number of patients with hypertension

Lipid profile
TC; mg/dl

LDL-c; mg/dl
TG; mg/dl
HDL-c; mg/d|
Number of patients with dyslipidemia

Kidney function tests
Urea; mmol/I

Creatinine; umol/I

Uric acid; mg/d|

Patients
(n = 57)

20/37

20-55
(39.57+13.89)

1-25
(7.37£5.15)

0

35 (61.4%)
32 (38.6%)

1-25
(7.37£5.15)

30 (52.6%)
27 (47.4%)

0
2 (3.51%)
21 (36.84%)
34 (56.96%)
29.07-55.55 3
9.01+6.05

43 (75.44%)

70-140
122.13+£13.18
65-110
77.34+£5.309.08
32 (56.14%)

135.00-295.00
188.06+41.73
41.00-196.00
100.52+32.16
42.00-450.00
187.60+109.34
23.00-79.00
44.68+13.11
37 (64.91%)

0.90-8.00
4.14+1.09
37.80-130.090
65.93+21.45

3.20-6.52
3.99+1.71
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Control subjects

(n = 40)
12/28

20-50
(30.25+7.40)

6 (15%)
12 (30%)
14 (35%)
8 (20%)
26.20-53.50
36.52+4.59

0

100.00-130.00
120.0+0.00
60.00-85.00
80.0+0.00
0

124.00-195.00
168.10+7.10
170.00-270.00
115.30+25.40
49.00-128.00
92.10+8.20
35.00-48.00
43.90+1.20
0

3.00-7.00
4.40+0.30
45.00-110.00
74.70+5.00

3.55-6.02
4.61+0.99

Vol. 3 No. 1:2
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gression analyses. We observed an association between total
scores of cognitive testing and higher NSE concentrations in
association with poor glycemic control and presence of IR.
This relationship disappeared when we controlled for IR but
persisted when we controlled for glycemic control (HbIAC).

P-value

0.380

Data are expressed as mean + SD, number (%); BMI body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
TC, total cholesterol; TG, triglycerides; LDL-c, low density lipoprotein cholesterol; HDL-c, high density lipoprotein cholesterol
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Table 2. Comparison between patients and controls in scores of cognitive functions and depression.

Variable

Duration of illness; years

MMSE

Vocabulary

Comprehension
Total verbal reasoning score

Visual reasoning
Total visual reasoning score

Quantitative test
Total quantitative reasoning

score
Bead memory
Memory for sentences
Total score for short-term
memory
Total score of SFST
1Q

Digit forward
Digit Backward
Mental Control
Logical memory

Associate learning

Total scores of cognitive testing
(MMSE, SBS and WMS-R)

Depression scores

Data are expressed as range, mean+SD.

Table 3. Comparison between patients and controls in event-related potentials (ERPs) variables.

Variable

P300 latency; msec
Right sided

Left sided

P30 @amplitude; mv
Right sided

Left sided

Data are expressed as mean+SD

JOURNAL OF NEUROLOGY AND NEUROSCIENCE

Patients
(n =57)

1-25
7.37+5.15

22.15+2.85

Controls
(n = 40)

25.04+1.9

Stanford Binet subtests testing (SBST)

38.94+7.61
33.52+13.98
72.21+18.81
34.63+6.54
66.25+13.85
38.77+5.78

77.40£11.67
43.40+9.18
42.02+8.24
81.65+19.76

294.06+£57.68
74.13+14.74

48.20+6.90
46.30+19.20
94.52+26.20
44.56+7.55
86.23+20.54
40.55+7.53

95.75+15.45
58.80+19.78
63.36+17.78
122.17+27.56

312.44+69.21
92.25+16.83

Wechsler Memory Scale-Revised (WMS-R)

4.43+1.21
2.60+0.35
3.68+1.57
10.50+1.70
7.42+2.24

66.62+9.05

20.55+£8.50

Patients
(n =57)

279.00-450.00
342.61+30.98

273.00-441.00
344.64+30.94

1.20-19.12
8.09+3.97
2.68-18.68
8.50+4.06

6.54+0.98
4.68+0.99
5.09+1.56
14.43+2.41
10.00+2.11

97.44+8.08

8.59+3.10

Controls
(n = 40)

276.00-363.00
328.12+23.98

249.00-351.00
314.59+27.59

6.81-17.80
7.43+2.784
6.70-15.80
10.63+2.28

Vol. 3 No. 1:2
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P-value

0.042

0.033
0.006
0.0001
0.0001
0.0001
0.0001

0.0001
0.0001
0.0001
0.0001

0.0001
0.0001

0.030
0.045
0.050
0.007
0.010

0.004

0.001

P-value

0.0001
0.0001

0.0001

0.0001
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Table 4. Comparison between patients and controls in concentrations of glucose, HblAc, insulin and neuron specific enolase

(NSE).

Variable
Fasting blood sugar; mmol/I

Post-prandial glucose; mmol

Glycolysated hemoglobin
(HbA1c)

Insulin; plU/ml
Insulin resistance
NSE protein, pug/L

Number of patients with higher
levels

JOURNAL OF NEUROLOGY AND NEUROSCIENCE

Patients
(n=57)

4.50-15.20
9.35+2.55

7.00-16.00
12.69+2.39

5.90-10.90
8.11£1.22

2.00-35.10
14.17+10.83

43 (75.44%)
16.00-36.00

26.08+4.93
42 (73.68%)

Data are expressed as mean+SD; number (%).

Table 5. Pearson’s correlation (r and p-value) between total scores of cognitive testing; ERPs variables, clinical variables, lab

variables, depression scores and NSE concentrations.

Variables

P300 latency
P300 Amplitude
Age
Duration of illness
HbATc
SBP

Depression scores
NSE

ERPs, event related potentials; MMSE, Mini-mental State examination, SBST, Stanford Binet subtests testing; WMS-R, Wechsler Memory
Scale- Revised; HbA1c, glycolysated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG,
triglycerides; LDL-c, low density lipoprotein cholesterol; HDL-c, high density lipoprotein cholesterol; BMI, body mass index; HOMA-IR,
homeostatic model assessment to quantify insulin resistance; NSE: serum neuron specific enolase.

© Copyright iMedPub

r

-0.560
0.340

-0.370
-0.658
-0.543
-0.168
-0.234
-0.267
-0.112

-0.125
0.225

-0.109
-0.365
0.254

-0.698

Controls
(n =40)

3.10-5.40
4.30+0.71

4.50-6.30
5.37+0.59

4.00-5.70
4.86+0.48

2.00-7.20
5.56+1.93

4.00-40.00

11.84+5.73
0

P-value

0.0001
0.0001
0.0001

0.0001

0.0001

Total scores of cognitive testing (MMSE, SBST and WMS-R)

p

0.010
0.004
0.050
0.001
0.010
0.199
0.455
0.570
0.098
0.078
0.325
0.435
0.003
0.754
0.001
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Table 6. Associations between cognition, NSE, HbA1, HOMA-IR derived from linear regression analyses

Step 3
Step 1 Step 2 (Hb£1c)
(age) (NSE) (HOMA-IR)
B P-value P-value B P-value
-0.305 0.023
-0.240 0.005 -0.295 0.003 .0.284 0.005
Total scores of Step 1 Step 2 Step 3
cognitive testing (age) (HbA1c) (NSE)
(MMSE, SBST and (HOMA-IR)
WMS-R) B P-value P-value B P-value
-0.305 0.001 -0.260 0.002
G20 0-005 -0.284 0.005 -0.192 0.143

MMSE, Mini-mental State examination; SBST, Stanford Binet subtests testing; WMS-R, Wechsler Memory Scale- Revised; NSE, serum
neuron specific enolase; HbA1c, glycolysated hemoglobin; HOMA-IR, homeostatic model assessment to quantify insulin resistance

Discussion

Many investigators consider DM as a risk for cognitive impair-
ment (4-8), while others reported subtle or no central nervous
system (CNS) structural or functional deficits with DM (9).
These controversial results are due to the fact that chronic hy-
perglycemia commonly develops in the context of other vas-
cular risk factors for microvascular and macrovascular disease
and atherosclerosis (3,9-16,23). However, the direct effect of
chronic hyperglycemia on the brain in absence of numerous
potential vascular confounders has not been fully elucidated.
Thus in this study, we tried to control for numerous known
potential confounders which may compromise cognition.

Evidences from this study further confirm the risk of cogni-
tive dysfunction with T2DM (5-9,17) as follow: First: Patients
with T2DM had low scores of cognitive testing and poor
performance in different cognitive tasks: as verbal relations,
comprehension, visual reasoning, pattern analysis, quantita-
tion, bead memory, short-term memory and memory for
sentences, digit forward, digit backward, mental control,
logical memory and associate learning (44,45). Abnormali-
ties in P300 component of ERPs, a physiological analogue of
cognitive testing (9,46) also confirmed the presence of cogni-
tive dysfunction with T2DM. Second: Despite the presence
of high frequencies of patients with IR (75.44%) (3,15), HTN
(56%) (12-14) and dyslipidemia (65%) (10,11), however, none
of these vascular risk factors were associated with poor cog-
nitive scores. Depression was also frequently reported (75%),
but also was not associated with poor cognitive scores. In
general, epidemiological studies suggested that diabetics are
two to three-folds more likely to develop depression when
compared to non-diabetics. In general, the prevalence of
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depression with DM was estimated to be 31.1% worldwide
(24-26) and 32.1% in Egyptian population (47). However, the
total scores of cognitive testing was found to be negatively
associated with age (14,15,48-50), presence of IR as indicated
by HOMA-IR (3,15), duration of T2DM and overall level of gly-
cemic control as indicated by HbAlc. (8,50-52) In accordance,
it has been observed that maintenance of good glycemic con-
trol has a small impact on cognitive function before the age
of 70. Because in older adults (>70 years), diabetes likely inter-
acts with other dementing processes which hasten cognitive
decline (as vascular and Alzheimer’s diseases) (14,15,48-50).
Cox et al. (52) observed that the increase of blood glucose
>15mmol/l was associated with marked decline in cognition
and poor performance in arithmetic tasks. Wu et al. (50)
observed that compared to treated patients, the untreated
patients with DM had a 2 point decline over 2 years on MMSE
with a duration of illness <5 years and a 6 point decrease on
MMSE with a duration of illness >5 years. In addition, many
authors also observed improvement in performance of cogni-
tive testing with improvement in glucose tolerance (45,48,51).

The results of experimental, this and other studies indicate
that long-standing or chronic hyperglycemia may result in
brain injury with specific vulnerability to memory and learn-
ing (in which the hippocampus and related structures are
their main brain-related areas). The neuroanatomical changes
observed in experimental models of diabetes may accurately
reflect what is occurring in the clinical setting. It is known that
T2DM is characterized by hyperglycemia, IR and a relative in-
sulin secretion defect (53). The insulin receptors are expressed
in discrete neuronal populations in the CNS, including the
hippocampus. Chronic hyperglycemia may impair hippocam-
pal and amygdala structures and functions, two important
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structures for learning and memory processing, regardless of
vascular pathology (54,55). Decreases in hippocampal insulin
receptors’ activities in T2DM may contribute to behavioral
deficits in type 2 rodents and cognitive deficits in humans
with T2DM (56). At the experimental level, detrimental ef-
fects on learning and memory were observed in streptozoto-
cin (STZ) rodent model of type 1 diabetes (T1DM) and genetic
models of T2DM as the GKrat (57), the db/db mouse and the
Zucker rat (58) as observed with Morris water maze spatial
test (58,59) and inhibitory (60) or active avoidance tasks (61)
and an object-discrimination task tests (7), all are indicative
of impairment in hippocampus and its related structures.
Experimental studies found that hippocampal long-term
potentiation (LTP) was impaired, which were manifested by
impairment of spatial memory and decreased expression of
LTP. Third: higher concentrations of NSE protein, a marker of
neuronal cell damage (28). This indicates that long-standing
T2DM may result in permanent brain damage and its clinical
consequences. In accordance, adults and middle aged T2DM
included in this study had direct brain injury as evidenced
by higher concentrations of NSE. NSE is a sensitive marker
of neuronal cell damage in absence of comorbid vascular
confounders and depression; and also by the significant cor-
relation between levels of NSE and the poor performance of
cognitive functions. Previous studies found that higher levels
of NSE (micromolar) were associated with exacerbation of oxi-
dative stress and neuronal apoptosis (28). Neuronal apoptosis
and suppression of cell proliferation/neurogenesis were ob-
served in the hippocampus of diabetic rodents under condi-
tions of uncontrolled hyperglycemia (58,62-64). Furthermore,
in experimental rat models, the spontaneous onset of T2DM
is associated with B-amyloid and phospho-tau accumulation
as well as neurite degeneration and neuronal loss [hallmarks
of early Alzheimer’s disease (AD)] (65). At the clinical level,
studies reported neuropsychological and memory deficits,
structural brain atrophy seen in MRI brain (particularly in
the limbic structures such the hippocampus and amygdala)
(55,66) and deficits in hippocampal synaptic plasticity (59) in
patients with T2DM (54,66) and also in patients with early
manifestation of impaired glucose tolerance, however, such
changes did not relate to either diabetes duration or HbA1c
(66). These changes were found to be reversed with insulin
replacement (59).

© Copyright iMedPub

JOURNAL OF NEUROLOGY AND NEUROSCIENCE

Vol. 3 No. 1:2
doi: 10.3823/326

Insulin is a competitive inhibitor for insulin degrading enzyme
(67) and thus it has been suggested that persistent elevations
in insulin may interfere with peripheral Ap clearance, and
this could lead to higher Ap concentrations in the brain (68).
Another possibility is that chronic elevation of insulin concen-
trations in the periphery may paradoxically causes a relative
hypoinsulinized state in the brain (15) and thus resultant hy-
perinsulinemia could actually impair cognition by disturbing
insulin-mediated utilization of glucose by cells in the brain
particularly the hippocampus, which is enriched with insulin
receptors (69).

The knowledge that cognitive deficits are frequently associ-
ated with T2DM will has important implications for treatment
of T2DM and for research purposes. However, and despite
the strength of our findings, this study had some limitations
which include a relatively small sample size. Future researches
have to include, the following: a) longitudinal studies that
prospectively assess the relation of the disease process to
cognition over time, b) comprehensive longitudinal evaluation
of lab markers of brain damage, cognition, and brain imag-
ing, and ¢) randomized clinical trials that compare cognitive
function in DM patients receiving memory enhancers, antide-
pressants, versus a control group of DM patients.

Conclusions

Cognitive dysfunction in T2DM appears to be due to perma-
nent brain damage and correlated with the level of glycemic
control. Large-scale epidemiological and intervention stud-
ies might enhance our understanding and management of
diabetes-related cognitive and behavioral abnormalities.
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