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ABSTRACT
OBJECTIVE: Recent evidence suggests that insulin resistance may play an important role in the
pathogenesis of Alzheimer’s disease (AD). In this study, the probable role of insulin resistance in the
pathogenesis of AD was investigated in patients with Type 2 Diabetes Mellitus (T2DM).
METHODS: Serum amyloid beta (Aβ) (1-42), insulin like growth factor-1 (IGF-1), sirtuin1 (SIRT1) and leptin
protein levels were measured in serum samples of control (n = 26), probable AD (n = 26), and probable
AD+T2DM patients (n = 12) using ELISA method. Mini mental state examination (MMSE) was performed to
the patient and control groups.
RESULT: Serum IGF-1 significantly increased in the probable AD+T2DM group as compared to the control
and probable AD groups (p ˂ 0.05). The levels of serum leptin significantly decreased in the probable AD and
AD+T2DM groups as compared to the control (p ˂ 0.05). There were no statistically significant differences in
serum Aβ (1-42) and SIRT1 levels among groups (p > 0.05).
CONCLUSION: The significant decrease in serum leptin levels in AD patients may indicate that it may be
a therapeutic marker in AD. The level of serum Aβ peptide and SIRT1 proteins can vary depending on the
stage of the disease. Therefore, this study should be supported by more comprehensive studies in terms of
the number of patients in advanced stage (Tab. 1, Fig. 4, Ref. 29). Text in PDF www.elis.sk
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Introduction
Alzheimer’s disease (AD) is a neurodegenerative disease characterized by decreased cognitive function and memory. Amyloid
plaques, histopathologic features of AD, are composed of extracellular aggregates of amyloid beta (Aβ) peptides (1). Aβ (1-42) is
the accumulating substance in the brain at early stages in all patients with Alzheimer’s disease. Therefore, it is believed to be one
of the key molecules in the pathology of Alzheimer’s disease (2).
Diabetes mellitus (DM) is a systemic chronic metabolic disease
associated with hyperglycemia, glycosuria, dyslipidemia, along
with many other biochemical and clinical symptoms (3). Insulin resistance is known to play a crucial role in the pathogenesis
of T2DM patients. T2DM and AD are becoming more common
with age (4). Interestingly, recent evidence suggests that insulin
resistance might also play an important role in the pathogenesis of
AD (5). In T2DM induced animal models, insulin transport to the
brain and neuronal insulin levels have decreased (4). These results
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are consistent with reports of decreased insulin levels, decreased
insulin receptor expression, and increased insulin resistance in the
brains of AD patients (4). In recent data which indicate that insulin
resistance plays a role in the pathogenesis of patients with T2DM, it
has been suggested that there is a relationship between T2DM and
cognitive decline in terms of verbal memory (6). Long-term studies have shown that patients with T2DM have a 1.5-fold decrease
in cognitive function as compared to those without diabetes (7).
IGF-1 regulates metabolic functions and growth in the brain,
shows neurotrophic activity in the hippocampus in which learning
and memory are involved and contributes to the survival of neurons. At the cellular level, impairment of IGF-1 uptake decreases
neuronal resistance to Aβ peptide toxicity, increases cellular sensitivity to cell death signals, increases tau phosphorylation and
ultimately leads to Aβ accumulation in the brain (8). In addition
to IGF-1, recent studies suggested that sirtuin proteins have diagnostic and therapeutic values for AD. SIRT1 is thought to have a
neuroprotective effect against stress in cell cultures (9). Calorie
restriction has been shown to mediate SIRT1 activity in protecting
some animal models from neurodegenerative diseases, including
AD (10, 11). Therapeutic potential of SIRT1 against AD has been
shown in transgenic mice overexpressing SIRT1 (12). Although
the role of SIRT1 in the prevention of AD is not precisely known,
it has been proposed that the overexpression of ADAM10 gene
encoding α secretase is associated with SIRT1 mediated protection against the accumulation of pathogenic Aβ peptide (9). It has
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been previously shown that autopsy samples of AD patients have a
significant reduction in the concentration of parietal cortex SIRT1,
and there is a strong correlation among tau accumulation, duration
of symptoms and tissue SIRT1 concentration. However, their full
relevance and role in the sequence leading to the development of
AD are uncertain (13).
Recent studies have reported that leptin regulates Aβ production and elimination in cell cultures and rodents (14). Improvement in cognitive performance was observed in mice treated with
leptin (15). At the same time, it is also known that AD patients
show weight loss and a decrease in circulating leptin levels (16).
Greco et al (16), based on the known effects of insulin on tau phosphorylation and Aβ homeostasis, investigated whether leptin had
similar activity. After leptin treatment, decreased phosphorylated
tau levels were observed in vitro.
AD is the most common form of dementia and it is necessary
to recognize the biochemical factors affecting the pathophysiology
of this disease and identify new treatment strategies to reduce the
incidence of the disease. In this study, it was aimed to investigate
the probable role of insulin resistance in the pathogenesis of Alzheimer’s disease by detecting Aβ (1-42), IGF-1, SIRT1 and leptin
levels in the serum samples of AD patients.
Material and methods
Patients
This study was approved by local ethics committee of our
faculty of medicine. The study was carried out in patients who
were followed up in the clinics of Gazi University Faculty of
Medicine, Department of Neurology between 2011‒2014. The
study groups included 26 patients diagnosed with probable AD,
12 patients diagnosed with both probable AD and T2DM, 26 patients assigned as control without T2DM and probable AD. The
mean duration of the disease was 4 years in patients with probable
AD and with both probable AD and T2DM. Patients admitted to
the neurology clinic due to forgetfulness and followed with the
preliminary diagnosis of dementia (routine biochemistry, hemogram, radiographic examinations were performed) were included
in the study. Patients who have previously been diagnosed with a
cerebrovascular disease, Parkinson’s disease, vascular dementia,
vitamin B12 deficiency, and patients having dementia not associated with AD were excluded from the study.
Probable Alzheimer’s diagnosis
During the evaluation for dementia associated with AD,
NINCDS-ADRDA (National Institute of Neurological and Communicative Disorders, Stroke, Alzheimer’s Disease, Related Diseases Association) (17) and DSM-IV (Diagnostic and Statistical
Manual of Mental Disorders) (18) criteria were used in our study.
Mini mental state examination (MMSE) was performed in patient and control groups. MMSE is a screening test consisting of
11 items grouped under five main categories, including orientation, registration memory, attention, mathematical operations, and
remembrance and language (19). MMSE score between 24‒30
points is considered normal, between 20‒23 mild stage, between

10‒19 middle stage, and a score between 0‒9 points is considered
advanced stage dementia (19,20). MMSE scores below 24 points
were evaluated as cognitive impairment and have been further
investigated.
Biochemical analysis
Routine tests were performed in central laboratory of Gazi
University Hospital. In this study, 5 ml of blood were taken into
biochemistry tubes from all patient groups and serum samples
were obtained and stored at -80 °C until analyses. TSH (uIU/ml),
T3 (pg/ml), T4 (ng/dl), total cholesterol (mg/dl), HDL (mg/dl),
LDL (mg/dl), VLDL (mg/dl), vitamin B12 (pg/ml), fasting blood
glucose (mg/dl), insulin (mU/L), Hba1c (%) levels were measured
using equipment in Central Laboratory of Gazi University Hospital (Roche HITACHI, COBAS e 601 (for TSH, T3, T4, vitamin
B12 and insulin measurements); BECKMAN AU 2700 Plus (for
total cholesterol, HDL, LDL, VLDL, fasting blood glucose measurements); Arkray ADAMS HA-8180V A1C Autoanalyser (for
HbA1c measurement)).
Levels of Serum Aβ (1-42) (Human amyloid beta peptide 1-42
(Aβ 1-42) (EASTBIOPHARM, China)), IGF-1 (Human IGF-1
(AssayPro, St. Charles, USA)), SIRT1 (Human Sirtuin1(SIRT1)
(EASTBIOPHARM)), and leptin (AssayPro AssayMax Human
Leptin (AssayPro)) were determined by ELISA (Enzyme-Linked
Immuno Sorbent Assay) method according to the instructions
for use.
BioTek ELISA washer were used for the analysis of Aβ (142) (ng/L), IGF-1 (ng/ml), SIRT1 (ng/ml) and Leptin (ng/ml)
(VT, U.S.A.). For spectroscopic measurements, BioTek ELISA
reader was utilized.
Statistical analyses
For the analysis of the obtained data, SPSS (Statistical Package for Social Sciences) version 15 was used. ANOVA (Tukey)
test was performed for leptin, T3, total cholesterol, LDL, VLDL,
vitamin B12, fasting blood glucose, insulin, HbA1c parameters;
Kruskal‒Wallis and then Mann‒Whitney U tests were used for
SIRT1, IGF-1, Aβ (1-42), TSH, T4, HDL-cholesterol, MMSE nonparametric parameters. Values were presented as ‘mean ± standard
deviation’. p < 0.05 was considered statistically significant.
Results
The average age and gender distribution of the patients in our
study was found similar among study groups. The demographic
values and blood biochemical values and statistical analyses are
presented in Table 1. Total cholesterol levels were significantly decreased in the probable AD+T2DM group compared to the control
and probable AD groups (p < 0.05); LDL levels were significantly
reduced in the probable AD and AD+T2DM groups compared to
the control group ; vitamin B12 levels were significantly increased
in the probable AD group compared to the control group; fasting
blood glucose, insulin, HbA1c levels were increased significantly
in the probable AD+T2DM group compared to the control and
probable AD groups; MMSE levels were significantly decreased
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Tab. 1. The levels of thyroid hormones, serum lipids, vitamin B12, and fasting blood glucose,
insulin, HbA1c, MMSE, age and sex among the groups.
TSH (uIU/ml)
T3 (pg/ml)
T4 (ng/dl)
Total Cholesterol (mg/dl)
HDL (mg/dl)
LDL (mg/dl)
VLDL (mg/dl)
Vitamin B12 (pg/ml)
Fasting blood glucose(mg/dl)
Insulin (mU/L)
Hba1c (%)
MMSE (˂24)
Age
Sex (Female/Male)

Control (n=26)
2.01±1.13
2.96±0.35
1.16±0.17
218.15±28.88
46.92±6.43
145.34±20.07
31.00±12.66
329.38±112.20
93.73±9.60
7.80±2.99
5.69±0.23
25.84±3.30
70.92±7.05
18/8

AD (n=26)
1.72±0.72
2.88±0.37
1.22±0.19
201.84 ±36.32
45.73±8.68
118.99±37.03a
25.21±10.70
426.15±165.85a
99.88±11.07
8.01±3.47
5.62±0.26
19.30±5.54 a
78.26±7.44
18/8

AD+T2DM (n=12)
1.93±0.91
3.00±0.24
1.19 ±0.14
162.58±30.47a,b
41.25±7.91
96.30 ±24.10 a
26.86±8.50
329.51±109.58
137.58±33.21 a,b
29.43±17.32 a,b
7.29±1.57 a,b
16.91±3.84 a
72.83±10
5/7

the probable AD and AD+T2DM groups
compared to the control group (p ˂ 0.05)
(Figs 1 and 2).
From the perspective of serum Aβ (142) and SIRT1 levels, there was no statistically significant difference between groups
(p > 0.05). (Figs 3 and 4).
Discussion

Epidemiological and clinical studies
have indicated that there is an increased
risk for AD in patients with insulin resistance. In these patients, abnormal insulin
signalling and abnormal glucose use in the
AD: Alzheimer‘s disease, T2DM: Type 2 Diabetes Mellitus, MMSE: Mini mental state examination. ap: Comcentral nervous system (CNS) may trigger
b
pared to the control group p ˂ 0.05, p: Compared to the AD group p ˂ 0.05
several metabolic disorders, contributing
to the formation of neurofibrillary tangles
in the probable AD and AD+T2DM groups compared to the conand extracellular accumulation of Aβ (21). It is reported that insutrol group (p ˂ 0.05) (Tab. 1).
lin inhibits tau phosphorylation and Aβ accumulation in neurons
Serum IGF-1 levels were significantly increased in probby inhibiting GSK-3β (22). It is also known that insulin affects
able AD+T2DM group compared to the control and probable
many brain functions, including cognition and memory (23). It is
AD groups. Serum leptin levels were significantly reduced in
believed that in all patients with AD, Aβ (1-42) is the key mole-

Fig. 1. IGF-1(Insulin like growth factor-1) concentrations of groups.
AD: Alzheimer’s disease, T2DM: Type 2 Diabetes Mellitus. ap: Compared to the control group p ˂ 0.05, bp: Compared to the AD (Alzheimer’s disease) group p ˂ 0.05.

Fig. 3. Serum Aβ (Amyloid beta peptides) (1-42) concentrations among
groups. AD: Alzheimer’s disease, T2DM: Type 2 Diabetes Mellitus.
There was no statistically significant difference between groups
(p > 0.05).

Fig. 2. Serum leptin concentrations among groups. AD: Alzheimer’s
disease, T2DM: Type 2 Diabetes Mellitus. ap: Compared to the control group p ˂ 0.05.

Fig. 4. SIRT1 (Sirtuin1) serum concentrations among groups. AD:
Alzheimer’s disease, T2DM: Type 2 Diabetes Mellitus. There was no
statistically significant difference between groups (p > 0.05).
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cule in the pathology of AD because it is the first substance to accumulate in the brain (2).
IGF-I is a known angiogenic promoter (24). IGF-1 increases
neuroprotective effects by increasing neuropil, increasing cognitive
performance and decreasing IGF-1 level and together with aging
leads to a decrease in brain size (24). It has been suggested that
serum IGF-1 plays a role in the elimination of Aβ proteins from
the brain by increasing the entrance of βA carrier proteins such as
albumin, transthyretin and apolipoprotein J into the cerebrospinal
fluid (CSF) (24). Aβ proteins are then cleared from the blood with
anti-Aβ antibodies according to Jianping et al (25). In a study conducted by Yamamoto et al., low albumin-Aβ complex has been
associated with an increase in the prevalence of AD. It has been
suggested that a decrease in albumin-dependent Aβ in blood could
be associated with a decrease in Aβ excretion into the blood from
the brain, and this situation may lead to the accumulation of Aβ
(1-42) in the brain (26). In our study, because of increased insulin
resistance in the probable AD+T2DM group, the accumulation of
Aβ may tend to increase slightly in this group compared to the AD
group. According to our results, the accumulation of Aβ (1-42)
protein levels, which may occur in diabetic patients due to insulin
resistance, may be improved due to increased IGF1 level in these
patients. However, our results may also indicate that Aβ proteins
may have been cleared from blood by Aβ antibodies, consistent
with the results of a study by Jianping et al (25).
It has been shown that leptin increases apoE-mediated Aβ
uptake into the cell and decreases the extracellular concentrations of Aβ in the brain. Leptin and insulin act dose-dependent
and synergistically to reduce hyperphosphorylation of Tau, a key
component of NFYs, which are major histopathologic features
of AD (27). Chronic leptin therapy has been shown to improve
memory performance in transgenic animal models with AD (28).
In the study of Bigalke et al (29), plasma leptin levels were found
significantly lower in the patients with early AD compared to the
control group. A decrease in the circulating leptin in these individuals was associated with cognitive dysfunction. Consistent with
this, in our study, both the probable AD and AD+T2DM groups
were showed to have significantly decreased serum leptin levels
and the MMSE score compared to the control group.
SIRT1 proteins have been reported to play a role in the prevention of brain degeneration in AD. α-secretase is responsible for
the non-amyloidogenic cleavage of the amyloid precursor protein.
SIRT1 increases the expression of the ADAM10 gene which encodes α-secretase. It is thus effective in protecting against pathogenic Aβ peptide accumulation (9). In a study performed by Kumar et al (9), a significant decrease in serum SIRT1 concentration
was observed in individuals with AD compared to healthy elderly
individuals. In addition, serum SIRT1 concentration was found
significantly lower in healthy elderly compared to young healthy
controls. In the study of Julien et al (13), a significant decrease in
SIRT1 was reported in postmortem examination of parietal cortex
of patients with AD. However, when a second cohort analysis was
performed according to the antemortem clinical diagnosis, it was
found that there was a decrease in SIRT1 in the cortex of individuals with AD, but this decrease was not statistically significant and

the individuals with mild cognitive impairment and no cognitive
impairment were very similar to the SIRT1 concentrations. These
results suggest that clinical diagnosis and postmortem evaluations
may differ in patients with AD and SIRT1 measurements are unlikely to be a marker of value for early stages of AD or clinically
diagnosed AD patients. Consistent with this study, in our study,
although there was a decrease in serum SIRT1 levels in patients
with AD, no significant difference was found between the groups.
Conclusion
In our study, serum leptin level was decreased in patients with
probable AD and probable AD + T2DM. It can be considered as
therapeutic marker in patients with AD, but did not make the difference to be a therapeutic marker in diabetic patients with AD. Serum
Aβ peptide and SIRT1 levels were not helpful in diagnosing the
early stage of probable AD + T2DM. The cause of this condition
may be related to the stage of the disease. Therefore, the effects of
serum Aβ peptide and SIRT1 proteins levels in Alzheimer’s disease
should be supported by more comprehensive studies in terms of
the number of patients and with long-term follow-up.
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