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Abstract

Objective: This study compares biomarkers of oxidative
stress and neurological in patients of Alzheimer's disease
(AD) and Diabetes Mellitus (DM) to evaluate mechanisms
of oxidative stress and inflammation in the pathogenesis
of AD.

Methods: Serum concentrations of 3-nitrotyrosine,
Isoprostane, Protein Carbonyl, Malondialdehyde, Nitric
Oxide, Asymmetrical Dimethyl-L-Arginine, Glutathione,
and Homocysteine (as oxidative stress markers);
adiponectin, fetuin A, insulin, soluble receptor of
advanced glycation end products (sRAGE), IGF-I and
Amylin (Insulin Resistance (IR) markers), serum amyloidβ
(Aβ) and S100B protein (as neurological markers) were
measured in controls, Type 2DM with or without AD,
patients with AD with or without DM.

Results: Even though levels of Aβ-40 was significantly
higher in DM -OAD+ AD patients than DM-OAD patients
(p<0.001) in AD-CEI and AD-CEI+DM groups no significant
difference was observed; suggesting that higher Aβ-40
levels can be used in diagnosing the diabetes-related
Alzhimer’s disease. S100B, on the other hand, was higher
significantly in all AD groups (AD, AD-CEI, AD+DM-OAD)
compared to Control and to solely DM group without AD
(p<0.001 for control and DM respectively) which suggest
that S100B can be used as a neurological biomarker
independent from DM and can be used in monitoring the
progression of AD. Also fetuin-A can be used in
monitoring the progression and adiponectin for
determining the onset of AD. Conclusions: By regulating
the glycemia and IR, oxidative stress can be controlled
and development of Alzheimer's disease in diabetic
patients can be slowed down.  

Keywords: Alzheimer's disease; Neurodegenerative
disorder; Dementia; Amyloid-β (Aβ) plaque

Introduction
Alzheimer's disease (AD), which is mainly an aging disease,

is the most common neurodegenerative disorder associated
with dementia [1]. The multifactorial pathophysiology of AD
includes genetics, toxic reactions, viral diseases and impaired
cerebral blood flow [2]. As Alzheimer's disease can only be
diagnosed with brain biopsy or postmortem autopsy, finding
specific markers for early diagnosis of AD is crucial. An ideal AD
biomarker not only requires a diagnostic feature indicating the
neuropathological changes such as amyloid-β (Aβ) plaque
formation or neurofibrillary tangle in the brains of AD patients
[3] but also is required to evaluate either the prognosis of
disease or the effectiveness of treatment. The several clinical
studies have showed that oxygen and nitrogen free radicals
induced protein; lipid and DNA oxidation were leading to the
cytotoxic effect [4].

Two models, one suggesting that AD patients are exposed to
oxidative damage not only in the brain but systemically, the
other suggests that oxidative damage is only limited in the
brain were asserted for the explanation of the free radical
mediated oxidative damage in AD. However, in studies
impaired permeability of the blood-brain barrier and
endothelial damage in small vessels in AD patients were
reported implying that the presence of oxidative radicals or
free radical increase in systemic circulation might affect the
brain in AD [5,6].

In recent years, studies have also focused on the
relationships between Type 2 Diabetes Mellitus, insulin
resistance and AD. Aging, oxidative stress and inflammatory
mechanisms all play roles in the development of diabetic
complications and these processes were found similar to AD
[7,8]. Although the exact mechanism that is common in both
AD and DM is unknown, it is thought that central insulin
resistance impairs glucose metabolism and insulin’s neuro-
regulatory role in brain [9]. Another explanation is that the
insulin dysregulation mediates the formation of advanced
glycosylation products and increases the inflammation that
leads to oxidative stress [10]. The epidemiological studies
showed that diabetes is a significant risk factor for developing
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AD and patients using antidiabetics to reduce insulin
resistance show lower incidence of AD [11].

Amyloid gene synthesizes amyloid precursor protein (AβPP)
from a fragment of 40 to 42 amino acids. At least three
different forms of amyloid, depending on the site of RNA
splicing have been detected [12,13] and among the proteins
amyloid precursor protein (AβPP) was chosen as neurologic
marker. The other marker was S100B which is a member of
S100 protein family. S100B is a 21-kD, calcium-binding protein
that is mainly expressed in astroglial cells in the central
nervous system [14].

For detecting insulin resistance amylin, a polypeptide
hormone produced in pancreatic beta-cells that belong to the
family of calcitonin gene-related peptides was used; as the
overproduction and accumulation of amylin in islets was
suggested to contribute insulin resistance [15].

Adiponectin is a 244-amino acid collagen-like protein that is
solely secreted by adipocytes and acts as a hormone with anti-
inflammatory and insulin-sensitizing properties [16,17]. The
high serum adiponectin level is considered as an anti-diabetic
and anti-atherogenic factor [18].

Growth hormone stimulates production and secretion of
IGF-I from the liver. The most of the circulating IGF-I is
produced the liver, to be carried to other tissues and acts as a
hormone. As similar to insulin, IGF-1 has mitogenic and
metabolic effects. IGF-1 also has various effects on neuronal
development and functions [19,20]. IGF-I in the circulation acts
as a neuroprotective hormone, entering the brain through a
transport system at the blood-brain barriers. Aging reduces
hippocampal neurogenesis and also circulating IGF-I levels. On
the other hand, it was shown that brain injury induces
neurogenesis and up-regulates brain IGF-1 levels [21]. On the
basis of these data, we planned a prospective study in patients
with AD and DM, with and without treatment, to investigate
the relationship between AD and DM and to evaluate this
relationship by explaining possible biochemical mechanism via
oxidative and insulin resistance markers.

Materials and Methods
Total number of 225 patients, who were admitted to the

Outpatient Clinics of Neurology Department and to the Central
Biochemistry Laboratory of Cerrahpasa Medical Faculty of
Istanbul University and also to Taksim Education Hospital, were
included in this study. The study was approved by Ethical
Committee of Cerrahpasa Medical Faculty (Number:
9292,04 /18 /2007).

Six groups of patients and also sex- and age-matched control
group were designed, as follows:

Group 1: (n=25, Control group): Subjects in the control
group were healthy subjects, who had no neurological disorder
with normal cognitive and laboratory test results (13 Male, 12
Female; mean age: 73.1 ± 10.6 years).

Group 2: (n=30, AD group): Patients with probable AD
without any treatment. None of these patients in AD group
had DM (15 Male, 15 Female; mean ages: 73.2 ± 10.2 years).

Group 3: (n=55, AD-CEI group): Patients with probable AD
under treatment with cholinesterase inhibitors (CEI). None of
these patients in AD-CEI group had DM (23 Male, 32 Female,
mean ages: 72.4 ± 9.6 years).

Group 4: (n=25, DM group): Twenty-five patients with type
2 DM. None of these patients in DM group had probable AD or
any deterioration in cognitive tests (12 Male, 13 Female, mean
ages: 70.5 ± 15.5 years).

Group 5: (n=30, DM-OAD group): Thirty patients with type 2
DM under treatment with oral anti-diabetic agents (OAD –
sulphonyl urea). None of these patients in the DM-OAD group
had probable AD or any deterioration in cognitive tests (14
Male, 16 Female, mean ages: 72.5 ± 14.2 years).

Group 6: (n=25, AD-CEI + DM group): Patients with probable
AD under treatment, who had been recently diagnosed with
DM (12 Male, 13 Female, mean ages: 70.9 ± 10.3 years).

Group 7: (n=35, DM-OAD + AD group): Patients with type 2
DM under treatment, who had been recently diagnosed with
probable AD (17 M, 18 Female, mean ages: 75.3 ± 10.1 years).

Only the subjects that gave their informed consent before
participating were included in the study. Exclusion criteria for
this study were heart diseases such as coronary artery disease,
autoimmune disorders, psychiatric disorders, history of
smoking habits or alcohol intake, cancer or those with acute
infectious or inflammatory diseases. A detailed medical history
was questioned, systemic and neurological examinations
including electrocardiography were performed in all
participants. Biochemical and hormonal tests were performed
before enrolling each patient into the study.

Criteria of NINDS-ADRDA (National Institute of Neurological
and Communicative Disorders and Stroke and the Alzheimer
Disease and Related Disorder Association) was used for
diagnose of dementia. Mini-Mental State Examination (MMSE)
was performed for cognitive functions. All patients with a
clinical suspicion of probable AD had cranial neuroimaging
tests for exclusion of mimicking conditions. The diagnosis of
type 2 DM was based on ADA criteria’s. Fasting venous blood
samples were drawn in the morning after an overnight fasting
(10-12 h) between 8 and 10 am. Blood samples were drawn via
brachial veins in brachial fossa into tubes without
anticoagulants and into tubes containing anticoagulants
(EDTA). The blood samples in tubes without anticoagulants
were centrifuged for 10 minutes at 4000 rpm at 4⁰C.
Biochemical and hormonal tests were performed immediately.
For the determination of other parameters serum and plasma
aliquots were frozen and stored at -80⁰C immediately until
further analysis.

Biochemical Analysis
Serum Aβ1-40 levels were measured by a solid phase

sandwich ELISA (Invitrogen Corporation, CA, and Catalog No:
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KHB3482). The results were expressed as pg/ml. A coefficient
of variation of 9.2% was obtained.

Serum Protein S100-B levels were measured by a solid
phase sandwich ELISA (BioVendor Research and Diagnostic
Products, GmBH, Catalog No; RD192090100R RUO). The
results were expressed as ng/ml. A coefficient of variation of
7.2% was obtained.

Serum ADMA levels were measured by competitive enzyme-
linked immunoassay method (Immunodiagnostic AG,
Stubenwald-Allee, Germany, and Catalog No: K7814). The
results were expressed as µmol/L. A coefficient of variation of
5.2% was obtained.

NOx concentration was determined by an enzyme-linked
immunoassay kit (Cayman Chemical Co. Catalog No: 780001).
In the presence of nitrate reductase; nitrate was enzymatically
converted to nitrite. The results were expressed as µmol/L. A
coefficient of variation of 7.5% was obtained.

Serum PCO levels were measured by a solid phase ELISA
(Northwest Life Science Specialties, LLC, and Catalog No: NWK-
PCK01). Samples containing protein were reacted with
Dinitrophenylhydrazine (DNP); then the protein was
nonspecifically adsorbed to an ELISA plate. The results were
expressed as nmol/L. A coefficient of variation of 7.8% was
obtained.

Serum GSH levels were measured by a modified method
described by Tietze by using a commercial kit (Northwest Life
Science Specialties, LLC, and Catalog No: NWK-GSH01). First
serum samples were deproteinized with 5% Metaphosphoric
acid. After centrifugation, samples were diluted 1:20. After
multiplying the values obtained for samples by the appropriate
factor to correct for the sample dilution, the results were
expressed as µmol/L. A coefficient of variation of 4.2% was
obtained.

Serum Hcy levels were measured by ELISA (Axis-Shield
Diagnostic Ltd. Dundee, UK. Catalog No: FHCY100). Protein-
bound Hcy was reduced to free Hcy and enzymatically
converted to S-adenosyl-L-homocysteine (SAH). The results
were expressed as µmol/L. A co-efficient of variation of 4.5%
was obtained.

Serum 3-NT levels measured by ELISA method using a
commercial kit (Northwest Life Science Specialties, LLC, and
Catalog No: NWK-NTR01). The results were expressed as
nmol/L. A coefficient of variation of 5.2% was obtained.

Serum F2-isoprostane levels were measured by competitive
ELISA (CAYMAN Chemical Co, USA, and Catalog No: 516351).
The results were expressed as pg/ml. A coefficient of variation
of 11.0% was obtained.

Serum MDA levels were measured by high-pressure liquid
chromatography (HPLC) by using commercial kits
(Chromsystems Instruments and Chemicals GmbH, Munich,
Germany, Cat. No: 67000). The results were expressed as
µmol/L. A coefficient of variation of 3.7% was obtained.

Serum Amylin levels were determined by a monoclonal
antibody-based sandwich immunoassay method (Millipore

Corporation, USA, Catalog No: EZHA-52K). The results were
expressed as picomol/L. A coefficient of variation of 7.4% was
obtained.

Serum Adiponectin levels were determined by quantitative
sandwich ELISA (AssayPro LCC, USA, Catalog No: EA2500-1).
The results were expressed as µg/ml. A coefficient of variation
of 5.5% was obtained.

Serum IGF-I levels were determined by ELISA (AssayPro LCC,
USA, Catalog No: EI1001-1). All samples were diluted 1:80 with
sample diluent. After multiplying the values obtained for
samples by the appropriate factor to correct for the sample
dilution, the results were expressed as ng/ml. A coefficient of
variation of 4.2% was obtained.

Serum sRAGE was measured by the quantitative sandwich
enzyme immunoassay technique (Quantikine; R&D Systems,
Minneapolis, MN, and Catalog No: DRG00). The results were
expressed as ng/ml. A coefficient of variation of 4.8% was
obtained.

Serum Fetuin-A levels were determined by quantitative
sandwich ELISA (AssayPro LCC, USA, Catalog No: EI1001-1). All
samples were diluted 1:80 with sample diluent. After
multiplying the values obtained for samples by the appropriate
factor to correct for the sample dilution, the results were
expressed as ng/ml. A coefficient of variation of 6.8% was
obtained.

Plasma glucose, total cholesterol, urea, creatinine, total
protein, and albumin levels were determined by colorimetric
and enzymatic methods using commercial kits (Abbott
Diagnostics, USA). Serum thyroid hormone status, vitamin B12
and Folate levels were measured by chemiluminescent
immunoassay (Abbott Diagnostics, USA). HbA1c levels were
then determined by ion-exchange high-performance liquid
chromatography (HPLC) method (Variant II Turbo, Bio-Rad
Laboratories, Inc. USA).

Statistical Analysis
Statistical analyses were performed using SPSS 11.0 version

for Windows Statistical Program (SPSS, Chicago, IL, USA). All
data were expressed as means ± standard deviation (SD).
Descriptive statistics were obtained, and data were tested for
normality using the Kolmogorov-Smirnov test for Gaussian
distribution. For comparison of parameters with normal
distribution parametric tests and comparison of parameters
with abnormal distribution non- parametric tests were used.
For this purpose, one-way ANOVA, student-t, Mann-Whitney U
and Wilcoxon Signed Ranks tests were used. Relationships
between variables were assessed with Pearson’s correlation
coefficient. A p-value equal to or lower than 0.05 was
considered statistically significant.
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Results

General characteristics and biochemical
parameters

General characteristics and biochemical parameters are
given in Tables 1 and 2. DM, DM-OAD and DM-OAD + AD

groups showed both significantly higher blood glucose and
HbA1c levels whereas AD-CEI + DM only significantly higher
blood glucose levels when compared to the control group (for
each p<0.001).

Table 1 Clinical and biochemical characteristics of controls and patients with Alzheimer disease (AD) with or without therapy
(CEI; Choline esterase inhibitor).

Control AD AD-CEI AD-CEI+DM

n 25 30 55 35

Age 73.1 ± 10.6 73.2 ± 10.2 72.4 ± 9.6 75.3 ± 10.1

Sex (M/F) 13/12 15/15 23/32 17/18

BMI (kg/m2) 23.5 ± 3.2 24.5 ± 2.8 22.6 ± 2.2 22.4 ± 3.7

Glucose (mg/dL) 92.6 ± 9.7 96.9 ± 9.1 95.9 ± 9.4 149.5 ± 25.3c

Total cholesterol (mg/dL) 213 ± 40 199 ± 28 207 ± 38 211 ± 60

HDL-cholesterol (mg/dL) 52.6 ± 14.3 47.3 ± 14.2 49.8 ± 9.3 46.6 ± 14.5

Triglyceride (mg/dL) 138 ± 121 141 ± 62 116 ± 44 143 ± 70

AST (U/L) 19.4 ± 5.5 19.2 ± 4.9 21.1 ± 4.9 24.6 ± 4.1

ALT (U/L) 14.4 ± 5.9 14.5 ± 7.2 17.7 ± 7.2 23.6 ± 6.9

Urea (mg/dL) 35.1 ± 11.6 35.5 ± 9.3 38.59 ± 12.81 35.5 ± 11.6

Creatinine (mg/dL) 0.95 ± 0.28 0.97 ± 0.13 1.15 ± 0.36 0.84 ± 0.24

Folic acid (ng/mL) 9.93 ± 3.64 8.15 ± 3.07 10.65 ± 4.08 9.14 ± 6.31

Vitamin B–12 (pg/mL) 367 ± 116 311 ± 166 403 ± 208 354 ± 125

TSH (uIU/mL) 1.18 ± 0.83 1.91 ± 1.11 1.71 ± 1.36 2.58 ± 2.45

HbA1c (%) 5.75 ± 0.35 5.99 ± 1.01 5.44 ± 0.46 5.91 ± 0.95

Diabetes duration (years) - - - -

Alzheimer dementia duration (years) - - 4.3 ± 3.1 3.1 ± 2.5

MMSE scores 27.5 ± 1.7 16.3 ± 3.5a 14.4 ± 4.7a 17.5 ± 2.8a

a; p<0.001 vs control group,

b; p<0.001 vs AD group,

c; p<0.001 vs AD-CEI group, p<0.05 statistical significance by ANOVA

Group AD; AD-CEI, AD-CEI + DM and DM-OAD + AD all have
significantly lower MMSE scores than the control group (for

each p<0.001) but no differences in MMSE scores were
between DM group, DM-OAD group and control group.

Table 2 Clinical and biochemical characteristics of controls and patients with diabetes mellitus (DM) with or without therapy
(OAD; Oral anti-diabetic).

Control DM DM-OAD DM-OAD + AD

n 25 25 30 25

Age 73.1 ± 10.6 70.5 ± 15.5 72.5 ± 14.2 70.9 ± 10.3

Sex (M/F) 13/12 12/13 14/16 12/13

BMI (kg/m2) 23.5 ± 3.2 24.2 ± 3.8 23.1 ± 4.3 23.6 ± 3.9
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Glucose (mg/dL) 92.6 ± 9.7 169.6 ± 24.9a,b 138.1 ± 34.3 131.8 ± 34.9

Total cholesterol (mg/dL) 213 ± 40 236 ± 44 210 ± 45 188 ± 54

HDL-cholesterol (mg/dL) 52.6 ± 14.3 43.3 ± 13.9 44.3 ± 9.9 43.3 ± 7.7

Triglyceride (mg/dL) 138 ± 121 230 ± 129 204 ± 75 204 ± 111

AST (U/L) 19.4 ± 5.5 25.5 ± 8.8 20.5 ± 7.7 21.8 ± 6.6

ALT (U/L) 14.4 ± 5.9 21.2 ± 8.9 15.5 ± 8.5 21.8 ± 8.7

Urea (mg/dL) 35.1 ± 11.6 38.28 ± 19.49 35.7 ± 16.6 38.7 ± 14.8

Creatinine (mg/dL) 0.95 ± 0.28 1.07 ± 0.65 1.06 ± 0.25 1.05 ± 0.25

Folic acid (ng/mL) 9.93 ± 3.64 10.1 ± 4.5 10.9 ± 5.3 8.36 ± 5.55

Vitamin B–12 (pg/mL) 367 ± 116 457 ± 201 338 ± 151 411 ± 196

TSH (uIU/mL) 1.18 ± 0.83 1.68 ± 0.78 1.94 ± 1.56 1.72 ± 0.70

HbA1c (%) 5.75 ± 0.35 7.39 ± 1.12 7.22 ± 1.21 8.75 ± 1.20

Diabetes duration (years) - - 7.3 ± 4.4 3.4 ± 2.6

Alzheimer dementia duration (years) - - - -

MMSE scores 27.5 ± 1.7 26.9 ± 2.4b 27.7 ± 1.2 18.4 ± 1.9a

a; p<0.001 vs control group,

b; p<0.001 vs AD group,

c; p<0.001 vs AD-CEI group, p<0.05 statistical significance by ANOVA

Neurologic biomarkers
The results of serum Aβ1-40 and S100B protein levels are

shown in Table 3. Serum Aβ1-40 levels were significantly
higher in both DM-OAD+AD and in AD group when compared
to AD-CEI, DM and control groups (for each p<0.001) which
show no statistically significant differences between. And
levels of Aβ1-40 in DM-OAD+AD were significantly higher
when compared to DM-OAD levels.

The serum S100B protein levels were significantly higher in
AD group than control, AD-CEI+DM, DM and AD+CEI groups
(for control and AD+CEI groups p<0.05, for others p<0.001).
The serum S100B protein levels of DM group were significantly
lower than AD group (p<0.01) but were not different from
control group. Comparison of DM-OAD + AD group with DM-
OAD group revealed significantly higher S100B protein levels in
DM-OAD + AD group (p<0.001).

Table 3 The results of serum amyloid β1-40 and S100B protein (as neurological markers) of controls and patients with Alzheimer
disease (AD) and/or diabetes mellitus (DM with or without therapy (CEI; cholinesterase inhibitors, OAD; Oral antidiabetic).

Groups Amyloid β1-40 (pg/mL) Protein S100B (ng/mL)

Control (n:25) 6.9 ± 3.4 2.81 ± 1.83

AD (n:30) 21.7 ± 8.5a*,d 4.29 ± 1.7 3a,c

AD-CEI (n:55) 7.8 ± 4.8b* 2.46 ± 1.62

DM (n:25) 4.5 ± 2.8 2.57 ± 1.54b

DM-OAD (n:30) 8.8 ± 3.4 2.09 ± 1.02

AD-CEI +DM (n:35) 8.9 ± 4.9 2.73 ± 1.04

DM-OAD + AD (n:25) 23.4 ± 12.2 3.97 ± 0.58e

a; p<0.05, *p<0.001 vs control group,

b; p<0.01, *p<0.001 vs AD group,

c; p<0.05, vs AD-CEI group,

d; p<0.001, vs DM group,

e; p<0.001, vs DM-OAD group,

p<0.05 statistical significance by T test
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Oxidative stress markers
Results of oxidative stress markers are shown in Table 4.

ADMA levels were similar among groups. Serum NOx levels in
AD and DM groups were significantly higher than control
group (p<0.005). For comparison of NOx levels, there were no
differences between AD and AD-CEI groups. Significantly lower
serum NOx levels were observed in DM-OAD group with
respect to the DM group (p<0.05). Serum PCO levels were
significantly higher in DM group compared to control and DM-
OAD groups (p<0.01 and p<0.001). The PCO serum levels of
AD-CEI +DM group were significantly higher compared to AD-
CEI group’s levels (p<0.05). Serum GSH levels were significantly
lower in AD and DM groups compared to control group (for
each p<0.001). Significantly higher GSH levels were observed
in DM-OAD group compared to DM-OAD+AD and DM groups
(for each p<0.01). And no difference was observed in the
comparison of GSH levels of AD-CEI and AD-CEI+ DM groups
(p<0.01). Serum Hcy levels were significantly lower in control

group compared to the AD and DM groups (for each p<0.01)
whereas DM group were significantly higher than in DM-OAD
(p<0.05). Serum 3-NT levels of DM-OAD group were
significantly higher than control group, but were significantly
lower than DM-OAD+ AD group (for each p<0.01). Serum F2-
isoprostane levels were significantly higher in AD and DM
groups when compared to the control group (for each p<0.05).
Comparison of AD and DM groups with their respective
treatment groups revealed that AD and DM groups had
significantly lower F2-isoprostane levels with respect to their
treatment groups (for each p<0.05). Serum MDA levels were
significantly higher in AD and DM groups when compared to
the control group (for each p<0.01). The difference in MDA
levels between AD and AD-CEI groups were not significant but
AD-CEI group showed lower MDA levels than AD-CEI+DM
group (p<0.01). Significantly lower serum MDA levels were
observed in DM-OAD group with respect to the DM group
(p<0.05).

Table 4 The results of serum oxidative stress markers of controls and patients with Alzheimer disease (AD) and/or diabetes
mellitus (DM) with or without therapy (CEI; cholinesterase inhibitors, OAD; Oral antidiabetic).

Groups ADMA

(µmol/L)

NOx

(µmol/L)

PCO

(nmol/L)

GSH

(µmol/L)

Homocysteine
(µmol/L)

Nitrotyrosi
ne
(nmoL/L)

F2a
Isoprostane

(pg/mL)

MDA

(µM/L)

Control 1.89 ± 0. 75 17.1 ± 6.6 1.296 ± 0.129 18.9 ± 4.1 5.8 ± 3.6 18.2 ± 5.8 298 ± 124 0.69 ± 0.35

AD 2.06 ± 1.23 40.1 ± 13.8a** 1.305 ± 0.082 8.2 ± 5.3a*** 11.01 ± 2.87a* 20.4 ± 7.9 438 ± 117a** 0.96 ± 0.15a*

AD-CEI 1.84 ± 0.81 34.9 ± 10.6 1.306 ± 0.091 21.8 ± 10.7b* 9.5 ± 3.8 22.3 ± 10.9 297 ± 114b 1.08 ± 0.18

DM 2.96 ± 1.58 35.9 ± 15.1a** 1.901 ±
0.166a*,e*

4.6 ± 1.9a*** 13.9 ± 3.4a* 28.1 ± 10.1 450 ± 189a** 1.14 ± 0.35a*

DM-OAD 1.77 ± 0.95 26.3 ± 8.9d 1.196 ± 0.132 16. 2 ± 6.1d* 7.1 ± 2.3d 36.9 ± 11.
3a*

300 ± 154d 0.72 ± 0.22d

AD-CEI
+DM

2.21 ± 0.73 29.7 ± 12.3 1.501 ± 0.086c 22.3 ± 12.3 6.8 ± 4.1 25.4 ± 11.9 295 ± 136 1.19 ± 0.47c*

DM-OAD
+AD

1.67 ± 0.78 30.6 ± 11.5 1.211 ± 0.111 9.7 ± 7.1e 6.6 ± 3.2 19.3 ± 8.6e 328 ± 137 0.79 ± 0.18

a; p<0.05, *p<0.01, **p<0.005, ***p<0.001 vs control group,

b; p<0.05, *p<0.01 vs AD group,

c; p<0.05, *p<0.01 vs AD-CEI group,

d; p<0.05, *p<0.01 vs DM group,

e; p<0.01, *p<0.001, vs DM-OAD group,

p<0.05 statistical significance by ANOVA

Markers of insulin resistance
Table 5 presents markers of IR. Serum amylin levels were

significantly lower in AD group compared to AD-CEI group and
control group (for each p<0.05). Serum RAGE levels were
observed significantly lower in AD and DM groups compared
to control group (for each p<0.05). Serum fetuin-A levels were
significantly higher in AD group compared to DM and control
groups (for each p<0.05), while the differences between other
groups were not significant. Significantly lower serum
adiponectin levels were observed in DM and DM-OAD groups
compared to control group (for each p<0.001). While there
was no difference for adiponectin levels between DM and DM-

OAD groups, significantly lower adiponectin levels were
observed in DM group compared to AD group (p<0.05). DM-
OAD+AD group had significantly higher adiponectin levels than
DM-OAD group (p<0.01). AD, AD-CEI and AD-CEI+DM groups
showed no differences in between. Serum IGF-1 levels were
significantly lower in AD-CEI group compared to AD group
(p<0.05). Our study revealed that serum IGF-1 levels did not
show statistically significant difference among groups and
were not changed with Alzheimer dementia. Serum insulin
levels were significantly higher in DM group compared to both
AD (p<0.005) and control group (p<0.001). There was no
difference between AD and control groups. AD-CEI+DM group
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had significantly higher insulin levels than AD-CEI group
(p<0.001).

The significant correlations of all the parameters are given in
Table 6.

Table 5 The results of serum insulin resistance markers of controls and patients with Alzheimer disease (AD) and/or diabetes
mellitus (DM) with or without therapy (CEI; cholinesterase inhibitors, OAD; Oral antidiabetic).

Groups Amylin

(µM)

Adiponectin

(µg/mL)

IGF-I

(nmol/L)

Insulin

(µM/L)

HOMA-IR sRAGE

(ng/mL)

Fetuin A (mg/L)

Control 1.575 ± 0.754 15.33 ± 5.06 14.25 ± 8.74 8.48 ± 5.63 1.93 ± 0.13 1.17 ± 0.35 494 ± 116

AD 1.008 ± 0.307a,c 13.58 ± 3.06 13.15 ± 6.85 7.21 ± 2.54 1.72 ± 0.06 0.72 ± 0.40a 644 ± 131a,d*

AD-CEI 1.336 ± 0.322 12.58 ± 3.60 9.83 ± 3.47b 8.93 ± 6.04 2.11 ± 0.14 0.98 ± 0.31 530 ± 159

DM 1.218 ± 0.365 9.13 ± 2.78a*,b 15.25 ± 8.91 18.53 ± 9.75a*,b* 7.75 ± 0.59 0.74 ± 0.21a 504 ± 110

DM-OAD 1.272 ± 0.324 10.47 ± 2.49a* 12.78 ± 6.70 10.02 ± 6.46d 3.41 ± 0.54 0.96 ± 0.37 523 ± 180

AD-CEI +DM 1.345 ± 0.666 14.25 ± 4.55 11.20 ± 4.37 15.81 ± 5.48c* 5.83 ± 0.34 0.97 ± 0.63 516 ± 98

DM-OAD+AD 1.021 ± 0.329 14.11 ± 6.69e 11.32 ± 5.90 9.10 ± 4.45 2.96 ± 0.38 0.81 ± 0.22 551 ± 190

a; p<0.05, * p<0.001 vs control group,

b; p<0.05, *p<0.005 vs AD group,

c; p<0.05, *p<0.001 vs AD-CEI group,

d; p<0.05, *p<0.001 vs DM group,

e; p<0.01, vs DM-OAD group,

p<0.05 statistical significance by ANOVA

Table 6 Table of correlations.

MMSE Aβ1-40(pg/mL) Insulin(µM/L) HbA1C% Glucose(mg/dL)

Serum S100B (ng/mL) -0.438* 0.345* - - -

Fetuin-A(mg/L) - - 0.467¹ 0.434¹ -

Amylin (µM) -0.267 -0.2 - - -

Serum GSH(µmol/L) - - - -0.469 -0.324

Serum protein carbonyl levels -0.289 - - - -

¹p<0.01 *p<0.05 statistical significance

Discussion

Neurologic biomarkers in Alzheimer’s disease
and diabetes

Alzheimer’s disease is the most common neurodegenerative
disease in elderly. AD is manifested by progressive memory
loss, slurring speech and deterioration of cognitive functions.
The formation of senile plaques which is characterized by
Aβprotein accumulation in the central areas and the formation
of neurofibrillary tangles as a result of the microtubule-
associated tau protein phosphorylation are responsible for the
death of nerve cells in AD. Although the exact mechanism for
the nerve cell loss in AD is not known; genetic factors,
abnormal protein formation, autoimmune reactions, toxic
reactions, head injuries and viruses are thought to be the main
contributing factors for the development of AD [22,23].

One of the important theories for the pathophysiology of
AD is the relationship between oxidative stress and

neurodegeneration. With high lipid content, low antioxidant
capacity, increased metabolic rate and transient metal content,
brain becomes more susceptible to oxidative stress [24]. It was
shown that Aβprotein was oxidative stress source in
cerebrospinal fluid in neural and endothelial cultures [25]. In
our previous study we suggested that serum NOx-induced lipid
oxidation levels increased in AD [26].

It has been suggested that there could be a connection
between DM and dementia in AD in the terms of insulin
resistance [27,28]. DM and AD are two of the most prevalent
problems in the elderly. The studies in rat models and diabetic
patients showed that as the free oxygen radicals and lipid
peroxidation increase, oxidative stress takes an active role in
the etio-pathogenesis and progression of DM [29]. It has also
been suggested that diabetes could be associated with
vascular dementia in the presence of cardiovascular risk
factors [30]. A recent study of us indicated that the changes in
the serum neurotrophic factor levels, such as brain-derived
neurotrophic factor, nerve growth factor, and neurotrophin-3
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were associated with metabolic syndrome components in DM
[31].

This study aims to investigate the relationship between AD
and DM and to evaluate the relationship by explaining possible
biochemical mechanism with oxidative and insulin resistance
markers in our study.

For this reason, we measured serum Aβ1-40 and S100B
proteins as neurological markers. In the study serum Aβ1-40
levels were found significantly higher in AD patients with and
without diabetes compared to control group. Serum Aβ1-40
levels did not show any correlation with serum insulin,
glucose, HbA1c levels or MMSE scores; leading to a conclusion
that levels of serum Aβ1-40 might be used as an independent
diabetes marker for both detecting the early stages and
tracking the with/without treatment periods of AD.

S100B protein is an important factor for neuronal
development and healing process after brain injuries
suggesting that the additional cell damage due to an
extracellular increase of S100B concentrations may play a role
in the neurodegenerative process [32,33]. In our study; we
found that the serum S100B protein levels were significantly
higher in AD group compared AD-CEI group and control group.
While S100B levels showed no significant difference among
DM-OAD + AD, AD-CEI+DM, and control groups, DM-OAD + AD
group was significantly higher when compared to its Alzheimer
free pair DM-OAD group. Negative correlation between serum
S100B protein and MMSE scores and positive correlation
between S100B protein and Aβ1-40 support that S100B
protein can be an independent factor for tracking the
development of AD. The increased peripheral S100B levels
might be related to dysfunction of the blood-brain barrier.

Oxidative markers in Alzheimer’s disease and
diabetes

Resulting from the imbalance between free radical
production of oxidative stress and antioxidant defense system
leads to protein and DNA oxidation and plays a role in the
development of a variety of neurological diseases [4,34]. As
consist of high lipid content and oxygen capacity, brain is more
prone to oxidative stress [25,35,36]. For markers of lipid
peroxidation; F2-isoprostane and MDA levels are long being
studied in both DM and AD. Our results reveal that the protein
oxidation increased in DM. Serum Hcy and NOx levels were
also observed to be increased in AD and DM. With treatment,
both molecule levels decreased in both groups. Decreased
GSH levels for both diseases support the role of oxidative
stress in their development. On the other hand, the negative
correlation between protein carbonyl levels and MMSE scores
shows that protein oxidation is closely related to cognitive
functions, especially for diabetic patients.

Resistance of insulin in Alzheimer’s disease and
diabetes

We measured amylin, insulin, insulin-like growth factor-I
(IGF-1), adiponectin, advanced glycation end products

receptor (RAGE) and fetuin-A as insulin resistance markers in
our study. In addition to its local effects and contribution to
the insulin resistance, there is evidence that amylin has
neuroendocrine effect influencing glycemic control, satiety
and long-term energy homeostasis [15,37]. It was also
suggested that the increase in the serum amylin levels in the
early stages of diabetes can be related to insulin resistance for
obese people [38]. In our study we found that serum amylin
levels were significantly lower in AD patients with and without
DM compared to control group. The presence of Diabetes
Mellitus did not affect serum amylin levels. Therefore, it is
concluded that the decrease in the serum amylin levels might
be related to Alzheimer disease pathogenesis.

The high serum adiponectin level is considered as an anti-
diabetic and anti-atherogenic factor. Our study revealed that
diabetic patients with/without treatment had decreased
adiponectin levels. On the contrary, there was no difference
between DM-OAD+AD and control groups. As the result of
these findings, it is suggested that adiponectin might have
critical role in the beginning of AD. Although adiponectin is
suggested as an important marker for people with high
diabetes risk, we could not find any difference in terms of
adiponectin levels between AD-CEI and DM and control
groups.

IGF-1, a growth hormone stimulates production, has various
effects on neuronal development and functions [19,20]. Aging
reduces hippocampal neurogenesis and also circulating IGF-I
levels. On the other hand, it was shown that brain injury
induces neurogenesis and up-regulates brain IGF-1 levels [21].
Our study revealed that serum IGF-1 levels weren’t changed
with Alzheimer dementia and no difference between AD and
DM groups for IGF-1 levels was found. Interestingly, AD-CEI
group had significantly lower serum IGF-1 levels.

Like DM, the accumulation of advanced glycation end-
products (AGEs) and their interactions with their receptors are
considered as important factors for cell and tissue damage in
aging through which many metabolic changes can be seen
[39]. AGE formation proceeds slowly under normal conditions.
However, as in the hyperglycemic environment of diabetes, the
formation and deposition of AGE are accelerated, causing
atherosclerosis, hyperlipidemia, inflammation,
neurodegenerative diseases such as Alzheimer disease [40,41].
AGE’s lead to excessive intracellular free radical formation, the
disruption of intracellular signaling, gene expression and
inflammatory response development by binding AGE’s
Receptors (RAGE). By decreasing endothelial nitric oxide (NO)
bioavailability, AGE’s play role in the formation and
development of atherosclerosis. AGE’s Receptors (RAGE) are
located on various types of cell membranes [42]. Our study
revealed that RAGE serum levels of AD and DM groups were
significantly lower in respect to control group.

As a plasma protein, fetuin-A is a cysteine protease inhibitor
[43]. Fetuin -A levels decrease during inflammation. It is
inversely correlated with CRP and inhibits calcification
formation. Depending on these facts, it is suggested that
fetuin-A is considered as a negative acute phase reactant, but
still remains controversial [44]. Among its biological effects,
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fetuin-A suppresses insulin sensitivity by inhibiting tyrosine
kinase activity and autophosphorylation of insulin receptors
[45,46]. Our study revealed that AD group had significantly
higher fetuin-A levels than control group but there were no
differences between other groups. These findings suggest that
fetuin-A might play a role in the development of AD. Although
there was no difference in terms of fetuin-A levels between
DM and control groups, serum fetuin-A was positively
correlated with HbA1c and insulin levels.

Conclusion
Our findings indicate that serum Aβ1-40 levels independent

from diabetes markers might be used as a marker for the
beginning and with/without treatment periods of AD. Serum
S100B protein is considered as a marker for the development
of AD. Increased oxidative stress is crucial for the development
of both diseases. Protein oxidation is closely related to
cognitive functions, especially for diabetic patients. Our results
also suggest that adiponectin might have a critical role in the
beginning of AD and fetuin-A might play a role in the
development of AD.

In conclusion, both DM and AD show similarities in terms of
changes in the levels of oxidative molecules. Complex and
highly complicated mechanisms are involved in the
development of both diseases. By controlling oxidative
mechanisms, glycemia and insulin resistance, the development
of Alzheimer ‘dementia can be slowed down in diabetic
patients but more extensive and follow-up studies should be
planned.
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