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Abstract: Background — type 2 diabetes is associated with obesity and cardiovascular disease; in combination with dysmetabolic and 
proinflammatory pathophysiological mechanisms, it leads to cognitive impairment.  
Objective — analysis of the osteopontin role in formation of cognitive disorders in patients with type 2 diabetes.  
Material and Methods — the study complies with generally accepted ethical rules; it was approved by the Ethics Committee of Siberian 
State Medical University. It involved 50 patients with type 2 diabetes, who were divided into groups depending on the presence of 
cognitive impairment; the control group consisted of 25 subjects. All patients underwent general clinical examination, blood sampling for 
biochemical parameters, and plasma osteopontin content assessment. Magnetic resonance imaging (MRI) was performed on SIGNA 
Creator E magnetic resonance imaging system, GE Healthcare, 1.5 T, China. The employed techniques included dynamic contrast and 
arterial spin labeling, proton spectroscopy, tractography. SPSS Statistics software was used for statistical analysis.  
Results — osteopontin levels were higher in patients with excess weight, hyperglycemia, hyperuricemia, dyslipidemia, and cognitive 
impairment; and in neuroimaging studies with microangiopathy, based on perfusion MRI, with impaired white matter integration, as well 
as with neurometabolism of choline, creatine and phosphocreatine metabolites in the hippocampus, as well as their NAA/Cr, NAA/Cho, 
Cho/Cr ratios (p≤0.05).  
Conclusion — patients with type 2 diabetes, along with cognitive and metabolic disorders, exhibited elevated levels of osteopontin, which 
was also associated with impaired cerebral vascularization in general, and white matter organization, as well as neurometabolism in the 
hippocampus.  
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Introduction  

Diabetes mellitus is a common metabolic disorder, associated 
with chronic complications, including the development of 
cognitive impairments [1]. Despite the fact that cognitive 
impairment is manifested in mild to moderate form, it can 
significantly impede daily activities, negatively affecting the quality 
of life [2]. It is well known that type 2 diabetes is a disease 
associated with obesity, insulin resistance, dyslipidemia and high 
blood pressure, leading to unfavorable cardiovascular outcomes 
[3, 4]. All of such changes are considered factors of inflammation, 
which leads to metabolic disorders, including those in the central 
nervous system [5, 6]. One of promising cytokines regulating 
proinflammatory pathways in patients with type 2 diabetes and 
obesity is osteopontin, the change in which is also independently 
associated with a combined endpoint of adverse cardiovascular 
outcomes, as well as with hospitalization rates for heart failure [6, 
7]. Besides, it was shown that osteopontin can affect both vascular 
and neurodegenerative dementia [8]. 

The study of functioning and metabolic changes in the brain, 
associated with dysmetabolic and proinflammatory mechanisms, is 
possible due to contemporary neuroimaging techniques, which 
allow assessing regional neurochemical profiles (proton magnetic 
resonance spectroscopy), topological integration of the white 
matter in the brain (tractography), along with the features of 
microcirculation in the presence of microangiopathy (perfusion 
magnetic resonance imaging [MRI]) [9-11]. 

The hypothesis: in patients with type 2 diabetes and cognitive 
impairment, a higher level of osteopontin in plasma is observed, 
associated with changes in neurometabolism and 
neurovascularization of the brain. 

 

Material and Methods 

All procedures performed in studies involving human 
participants were in compliance with the ethical standards of the 
institutional research committee and with 1964 Declaration of 
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Helsinki and its later amendments, or comparable ethical 
standards. The study was approved by the ethics committee of the 
Federal State Budgetary Institution of Higher Education Siberian 
State Medical University of the Ministry of Healthcare of Russia 
(hereinafter referred to as SibMed) (Protocol No. 5265 of February 
05, 2017); all subjects have signed informed consent for 
participation in this one-stage continuous study. The exclusion 
criteria were: other types of diabetes (type 1 diabetes or 
gestational diabetes), organic brain diseases, psychiatric diseases, 
contraindications to MRI, glomerular filtration rate less than 60 
mL/min, and severe vision and hearing loss.  

By simple randomization, 45-65 years old patients with type 2 
diabetes of varying duration of the disease were distributed 
among two groups: Group 1 included the patients with type 2 
diabetes without cognitive impairment (n=25), Group 2 
encompassed subjects with type 2 diabetes and cognitive 
impairment (n=25). The control group (Group 3) consisted of 25 
healthy volunteers with matching ages and genders.  

In all patients, anthropometric parameters were measured, 
including height, weight, and BMI. Screening for cognitive 
disorders was performed using the Montreal Cognitive Assessment 
Scale (MoCA test). The degree of cognitive impairment was 
established in strict accordance with conventionally accepted 
criteria sensu the classification by Academician of the Russian 
Academy of Medical Sciences N.N. Yakhno (2005), identifying 
severe, moderate and mild grades of the cognitive impairment.  

All patients underwent blood sampling for glycosylated 
hemoglobin (HbA1c), fasting plasma glucose, alkaline phosphatase, 
total bilirubin, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), urea, creatinine with assessment of the 
glomerular filtration rate (GFR), total uric acid, high-density 
lipoproteins (HDL), low-density lipoproteins (LDL), triglycerides, 

and osteopontin. These indicators were assessed at the central 
research laboratory of SibMed.  

MRI was performed on the SIGNA Creator E magnetic 
resonance imaging system, GE Healthcare, 1.5 T, China. Dynamic 
contrast MRI was used with imaging, weighted by the 
inhomogeneity of the magnetic field (dynamic susceptibility 
contrast MR perfusion), and the technique of arterial spin labeling 
(ASL), which did not require the introduction of a contrast agent 
and allowed quantitative assessment of cerebral blood flow. The 
contrast substance was Gadobutrol, administered intravenously in 
a bolus dose of 5 mL. The following parameters were used for 
tractography: TR=1000 ms, TE=min, FOV=240×240, image matrix 
of 96×96 with subsequent interpolation up to 256×256, slice 
thickness of 2.5 mm, distance between slices of 0 mm, NEX=1. 
Scanning was performed in coronary projection. A single volume 
was obtained with a value of the diffusion factor b=0, 120 volumes 
were taken with different isotropically distributed directions of the 
diffusion gradient at b=3000 s/mm2. Data processing was carried 
out using the FSL software (FMRIB Software Library v. 5.0, Oxford, 
UK, http://fsl.fmrib.ox.ac.uk/fsl/fslwiki); the construction of brain 
tracts was conducted by using the Explore DTI program 
(http://www.exploredti.com). Proton magnetic resonance 
spectroscopy of the brain was performed without changing the 
apparatus and the position of the subject’s body, with a relaxation 
time TE=135 ms, the volume of one voxel of 1.5 cm3, in a multi-
voxel mode.  

The main spectra of N-acetylaspartate (NAA), choline (Cho), 
creatine (Cr), and creatine phosphate (PCr) metabolites and their 
ratios were recorded in the gray matter of the cerebral cortex, 
white matter of the brain, subcortical structures, and in the 
hippocampus on both sides (left and right).  

 

Table 1. Characteristics of patients with type 2 diabetes and in the control group, Me (Q1-Q3) 

Characteristics Group 1 Group 2 Group 3 (control)  

Age, years 62.6 (58.5-67.5) 62.2 (58.0-67.0) 62.6 (59.0-67.0) 

Height, cm 171.0 (164.0-179.0) 169.6 (163.0-175.0) 169.1 (163.0-178.0) 

Weight, kg *, ** 84.0 (76.1-91.3) 98.6 (84.5-109.0) 70.0 (59.0-78.0) 

BMI *, ** 28.5 (25.7-31.7) 35.0 (29.7-39.4) 24.7 (23.0-26.3) 

HbA1c, % *, ** 7,7 (7.3-8.6) 8.6 (7.5-9.0) 4.9 (4.6-5.3) 

Fasting glucose, μmol/L, mmol/L *, ** 7.6 (6.8-8.4) 8.8 (7.5-9.1) 4.8 (4.2-5.3) 

Alkaline phosphatase, units/L ** 84.0 (63.5-98.0) 85.2 (69.0-95.0) 54.4 (45.0-63.0) 

Total bilirubin, μmol/L 11.1 (8.5-14.0) 11.3 (8.0-14.0) 10.3 (8.0-13.0) 

ALT, units/L  43.4 (25.0-52.0) 44.3 (25.5-53.5) 22.5 (19.0-25.0) 

AST, units/L 33.5 (19.0-44.5) 33.4 (19.0-44.0) 24.4 (23.0-28.0) 

Urea, μmol/L 6.5 (5.0-7.7) 6.0 (4.9-7.0) 5.7 (4.2-6.7) 

Creatinine, μmol/L 77.1 (65.0-93.0) 77.8 (64.0-93.0) 81.1 (69.0-92.0) 

Uric acid, μmol/L ** 344.7 (277.0-380.5) 349.7 (279.0-423.0) 225.7 (194.0-264.0) 

GFR, mL/min/1.73 m2 82.3 (71.5-95.5) 87.6 (74.0-106.0) 77.8 (71.0-89.0) 

HDL, μmol/L ** 1,2 (1.0-1.3) 1,2 (1.0-1.3) 1.6 (1.4-1.7) 

LDL, μmol/L ** 3.5 (2.9-4.3) 3.7 (3.0-4.3) 1.6 (1.2-1.8) 

Triglycerides, μmol/L ** 2.7 (1.7-3.3) 2.8 (2.1-3.4) 1.4 (1.1-1.9) 

Total cholesterol, μmol/L *, ** 5.5 (4.7-6.4) 6.5 (6.0-7.3) 4.6 (4.0-5.2) 

Osteopontin, ng/mL *, ** 0.2 (0.1-0.2) 0.3 (0.1-0.4) 0.0 (0.0-0.1) 

MoCA test *, ** 28.5 (28.0-29.5) 22.2 (20.0-24.0) 29.0 (28.0-30.0) 

* Group 1 vs. Group 2, p≤0.05; ** Group 2 vs. Group 3, p≤0.05. BMI, body mass index; HbA1c, glycosylated hemoglobin; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; GFR, glomerular filtration rate; HDL, high-density lipoproteins; LDL, low-density lipoproteins; MoCA, Montreal Cognitive 
Assessment Scale. 
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Table 2. Correlation analysis of osteopontin level and fractional 
anisotropy during brain tractography 

Tracts 
Correlation coefficient 

(Spearman), R 
p 

Right corticospinal tract -0.443 0.00006 

Right corticospinal tract -0.283 0.01 

Uncinate fasciculus (hook-shaped 
bundle of axons) on the left side 

-0.2658 0.02 

Knee of the corpus callosum  -0.249 0.03 

 

Table 3. Correlation analysis of osteopontin level and metabolites of the 
brain proton spectroscopy 

Metabolites  
and their ratios 

Correlation coefficient 
(Spearman), R 

p 

Cho left 0.544 0.0001 
Cr right 0.490 0.000008 
PCr left 0.247 0.03 
PCr on right 0.410 0.0002 
NAA/Cr left 0.472 0.00001 
NAA/Cr right 0.517 0.000002 
NAA/Cho left 0.337 0.003 
Cho/Cr left 0.300 0.008 
Cho/Cr right -0.461 0.00003 

Cho, choline; Cr, creatine; PCr, phosphocreatine; NAA, N-acetylaspartate. 

 

For statistical analysis, the SPSS Statistics software was used 
for frequency analysis, Kendall rank correlation coefficient for 
samples that do not comply with the law of normal distribution, 
Kruskal-Wallis nonparametric analysis of variance for comparing 
the sample medians; p-values less than 0.05 were considered 
indicative of statistically significant dependencies. 

 

Results 

The analysis yielded the differences between the groups of 
patients with type 2 diabetes, with or without cognitive disorders, 
compared with the control group, in the following parameters: 
weight, BMI, HbA1C, fasting glucose, alkaline phosphatase, ALT, 
uric acid, HDL, LDL, triglycerides, total cholesterol, osteopontin, 
and results of the MoCA test (Table 1). 

The study revealed the positive correlation between the 
osteopontin content and excess weight (R=0.459, p=0.00003), BMI 
(R=0.459, p=0.00003), HbA1c (R=0.467, p=0.00002), fasting plasma 
glucose (R=0.459, p=0.00003), uric acid (R=0.397, p=0.00004), LDL 
(R=0.388, p=0.00005), triglycerides (R=0.330, p=0.003), and total 
cholesterol (R=0.447, p=0.00005). The negative correlation was 
established between osteopontin and HDL content (-R=0.386, 
p=0.00007), and with the MoCA score (-R=0.613, p=0.00001). 

Further on, we analyzed the relationship between osteopontin 
and brain neurovascularization, which was changed in the areas of  
frontal, parietal, occipital, and temporal lobes of white and gray 
matter, accumbens nucleus, left head of the caudate nucleus, and 
globus pallidus in terms of the mean transit time of blood flow 
(MTT, sec) sensu contrast perfusion, and of total cerebral blood 
flow sensu non-contrast imaging (p≤0.05). 

When assessing the brain tractography, we discovered a 
decrease in the fractional anisotropy of the tracts in patients with 
type 2 diabetes with cognitive impairment and increased level of 
osteopontin (Table 2). 

The data of the statistical study on metabolites sensu proton 
brain spectroscopy demonstrated a relationship between the 
osteopontin content and several parameters: choline, creatine and 

phosphocreatine in the hippocampus, and also their ratios, 
NAA/Cr, NAA/Cho, Cho/Cr (Table 3). 

 

Discussion 

Data from systematic reviews (of 24 and 27 studies) verified 
the association of type 2 diabetes with cognitive impairment, the 
risk factors for which are decompensation of glycemic control, 
disease duration, and the presence of microvascular complications 
[12, 13]. Indeed, in our study, patients with type 2 diabetes and 
cognitive impairment had hyperglycemia, hypercholesterolemia, 
obesity, and an increased level of osteopontin. Obesity and type 2 
diabetes are associated with endothelial dysfunction and 
dysregulation of vascular homeostasis, which could contribute to 
microangiopathy, including cerebral vessels, with the deposition of 
osteopontin (a cell adhesion protein of the extracellular matrix 
produced by visceral adipose tissue). The latter could affect 
vascular calcification, as well as neuroinflammation [14, 15].  

It should be noted that the level of this marker in blood plasma 
increases in insulin-resistant conditions, such as obesity and type 2 
diabetes, and is also associated with an increased risk of 
cardiovascular events [16]. For example, early studies 
demonstrated a negative relationship between osteopontin level, 
total cholesterol and LDL in serum, which suggested that 
hypercholesterolemia promoted vascular calcification by 
suppressing the osteopontin synthesis [17]. On the other hand, in 
patients with type 2 diabetes in our study, a positive association 
between osteopontin content and total cholesterol may reflect 
some protective mechanism against the dysmetabolic increase of 
vascular calcification. In another study, tissue markers of 
cholesterol synthesis rather than plasma were associated with 
osteopontin level in carbohydrate metabolic disorder [18].  

It was shown that osteopontin can act as an activator of 
microglia in hypoxic brain lesions [20]. That is, probably, why the 
perfusion studies of the central nervous system in patients with 
type 2 diabetes and cognitive impairment revealed an association 
with changes in the neurovascularization of the general cerebral 
blood flow and regions, responsible for impaired motor and 
executive functions, attention and memory (frontal, parietal, 
occipital and temporal lobes of white and gray matter, accumbens 
nucleus, left head of caudate nucleus, and globus pallidus), which 
is typical for this type of diabetes [21].  

Besides, hippocampus region is of particular importance in the 
context of dementia in type 2 diabetes, when changes in 
neurometabolism are noted even before any clinical manifestation 
[22]. This study revealed a change in the level of osteopontin and 
other indicators, such as choline, creatine and phosphocreatine 
(the main participants in the metabolism of cell membranes and 
energy transport), in the hippocampus, as well as their ratios: 
NAA/Cr, NAA/Cho, Cho/Cr in the hippocampus. These changes 
lead to cellular patterns of osteopontin introduction in reactive 
glial cells, suggesting that this marker plays a multifunctional role 
in the pathogenesis of ischemic damage in type 2 diabetes [23]. 
Also, the data of brain tractography, when there was a decrease in 
the fractional anisotropy of white matter with an increased 
osteopontin level, highlighted the vascular genesis of cognitive 
impairment development in type 2 diabetes [24]. At the same 
time, a decrease in anisotropy in the corpus callosum region may 
also be a predictor of cognitive impairment in type 2 diabetes.  
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Conclusion 

In patients with type 2 diabetes, cognitive disorder and 
metabolic impairment (obesity, dyslipidemia, symptoms of non-
alcoholic fatty liver disease), an increased level of osteopontin was 
recorded. The latter is associated with impaired metabolism, 
functioning and vascularization of the entire brain and its areas 
responsible for cognitive functions. 
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