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Abstract
The article addresses the global challenge of nervous system damage and cerebral consequences in metabolic disorders. It introduces the concept 
of impaired cerebral metabolic health as a progredient progression of cerebral dysfunction. Delineating the sequence of changes at all stages  
underscores the importance of targeted timely interventions to ensure preventive measures and treatment of cerebral vascular diseases.
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Аннотация
В статье освещена глобальная проблема поражения нервной системы и церебральных последствий при метаболических расстрой-
ствах. Представлена концепция нарушения цереброметаболического здоровья как прогредиентное прогрессирование мозговой дисфунк-
ции. Выделение последовательности изменений на всех этапах определяет важность и таргетность своевременного вмешательства 
для обеспечения мер профилактики и лечения сосудистых заболеваний головного мозга. 
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escalating significance of cerebrometabolic health concerns. 
According to the Global Burden of Diseases, Injuries, and 
Risk Factors1 Study (GBD), in 2021, stroke ranked as the third 
leading cause of death — 7.3 million cases (95% confidence in-
terval 6.6–7.8; 10.7% (9.8–11.3) of all deaths) — after ischemic 
heart disease and COVID-19, and the fourth leading cause 
of disability-adjusted life-years (DALYs) (160.5 million (147.8–
171.6) DALYs; 5.6% (5.0–6.1) of all DALYs). A substantial rise 
in DALY values was linked to metabolic factors. Among stroke 
risk factors, high body mass index (BMI) exhibited the most 
marked increase — 88.2% (53.4–117.7). Stroke burden cor-
related with elevated fasting plasma glucose levels — 32.1% 
(26.7–38.1), diets rich in sugar-sweetened beverages — 23.4% 
(12.7–35.7), physical inactivity — 11.3% (1.8–34.9), high sys-
tolic blood pressure — 6.7% (2.5–11.6), and environmental 
contributors. Metabolic risk-associated strokes accounted for 
68.8% (57.6–77.5) of all stroke cases [1]. These risk factors are 
modifiable and potentially preventable, highlighting the criti
cal need for their stratification and management to mitigate 
stroke burden.

Cognitive impairment. The domain of national strategic in-
terests has clearly defined objectives for reducing the burden 
of age-associated disorders: preventing and treating CI and 
sensory disorders, advancing preventive medicine, and pro-
moting healthy and active longevity. The primary causes of 
CI in older age include various neurodegenerative diseases, 
CVDs, and dysmetabolic disorders. The number of people 
with dementia is projected to increase globally from 57.4 mil-
lion (50.4–65.1) cases in 2019 to 152.8 million (130.8–175.9) 
by 2050. Compelling evidence has been identified support-
ing the importance of potentially modifiable risk factors for 
dementia. Characterizing the distribution and magnitude of 
the projected growth is critical for planning countermeasures. 
The predicted rise in dementia prevalence (2019–2050) is at-
tributed to three risk factors included in the GBD Study: high 
body mass index, elevated fasting plasma glucose levels, and 
smoking. The growing number of people living with dementia 
underscores the need for public health planning efforts, in-
cluding multifaceted approaches and scaled-up interventions 
to address modifiable risk factors.

Elucidating the pivotal role of metabolic disorders in cerebral 
dysfunction provides a foundation for developing novel 
approaches to combat neurocognitive disorders associated 
with impaired cerebrometabolic health.

Metabolic disorders such as diabetes mellitus (DM), arterial 
hypertension (AH), and obesity represent significant and 
growing challenges for global healthcare systems [6, 7]. The 
pathophysiological foundations of these metabolic diseases are 
interconnected and serve as major risk factors for circulatory 
system diseases — the leading cause of death worldwide [8, 
9]. The global burden of five common metabolic diseases has 
been revealed [6, 10]: type 2 diabetes mellitus (T2DM), AH, hy-
percholesterolemia, obesity, and non-alcoholic fatty liver dis-
ease (NAFLD) [11–13]. These metabolic disorders often coexist 
and exert cumulative health impacts [7,13]. In 2021, among 
the five prevalent metabolic diseases, AH carried the greatest 

Introduction

Preserving the population, strengthening public health, 
and enhancing people’s well-being are strategic national 
priorities. A key objective is to increase the healthy and 
active life expectancy of Russia’s population. To achieve 
these critical goals amid rapidly changing modern conditions, 
it is imperative to promptly implement effective healthcare 
measures. Advances in medical science, emerging next-
generation devices and platforms, and biomedical and 
cognitive technologies are essential for addressing population 
preservation challenges in line with contemporary demands.

Combating the global leading cause of death — cardiovascular 
diseases, among which cerebrovascular disorders (CVD) hold 
significant and distinct prominence — is a priority task for 
preserving public health. CVDs are characterized not only by 
high rates of disability and mortality but also by neurocognitive 
disorders that can lead to loss of independence. Cognitive 
impairments and dementia have emerged as public health 
priorities requiring national-level action.

CVDs represent a group of conditions that constitute not only 
a major medical but also a socioeconomic issue. Preventive 
measures for CVD, implemented at both population and 
individual levels, should target key metabolic risk factors — 
drivers of vascular disease progression, including acute stroke, 
chronic CVDs, cerebral microangiopathy, and associated 
cognitive disorders [1–4].

The link between metabolic and cerebral disorders is well-
established; however, the systemic integration of the broad 
spectrum of brain diseases (primarily vascular) and metabolic 
disturbances remains unresolved. The high incidence and 
mortality rates of CVDs, coupled with the burden of stroke 
and cognitive impairment (CI), raise numerous unresolved 
questions. The developed concept of cerebrometabolic 
health reflects the interplay of metabolic risk factors, 
vascular system integrity, and the structural and functional 
state of the brain. In cases of impaired cerebrometabolic 
health, particularly among individuals with adverse lifestyle 
factors, there is a pressing need to understand developmental 
mechanisms and define preventive and therapeutic strategies 
tailored to the stage of disease progression.

Spectrum of cerebral metabolic disorders

There are a number of factors or underlying causes influenc-
ing chronic diseases. These factors reflect the primary driving 
forces behind social, economic, and cultural changes, primar-
ily globalization, whose effects on human health are medi-
ated through disruptions in homeostasis. Thus, the complex 
interplay of socioeconomic, demographic, and environmental 
changes affecting nations underpins the observed syndemia 
of cerebrometabolic disorders, directly impacting quality and 
longevity of life. 

Global consequences of syndemic cerebral  
and metabolic disorders

Findings from epidemiological studies and trends in abso-
lute stroke rates over the past three decades underscore the 

1Global burden of disease, injuries, and risk factors study. 
 URL: https://www.healthdata.org/research-analysis/about-gbd
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elevated blood pressure and hyperglycemia) are significant risk 
factors for microangiopathy [24], confirming the importance 
of a comprehensive approach to cerebral metabolic health.

It is abdominal obesity, associated with metabolic alterations, 
that increases the CVD risk. Current research findings sug-
gest that BMI is insufficiently effective in assessing the risk of 
comorbid conditions, including CVD. Several alternative ap-
proaches to evaluating body fat mass in patients have been 
proposed [25]. The detrimental effects of abdominal obesity 
are linked to dysfunction of visceral adipose tissue, which 
correlates with vascular disease risk factors such as insulin 
resistance, systemic inflammation, dyslipidemia, and AH [18].

Our own study using bioimpedance analysis revealed that 
patients with CVD differ in body composition from individu-
als without CVD [26]. In those patients, both anthropometric 
measurements and instrumental studies demonstrated an 
increase in markers of visceral fat redistribution. Specifical-
ly, increased abdominal fat area (163.4 ± 63.5 vs. 136.34 ± 
53.4  cm²; p = 0.039), waist circumference (106.7 ± 18.0 vs. 
98.2 ± 13.3 cm; p = 0.017), and waist-to-hip ratio (1.02 ± 0.1 
vs. 0.95 ± 0.08; p < 0.001) were observed, indicating abdomi-
nal obesity despite no significant differences in BMI assess-
ment. Visceral fat redistribution, which contributes to meta
bolic disorders, was associated with a higher prevalence of 
AH, T2DM, and blood lipid profile abnormalities in CVD pa-
tients [26].

The increased prevalence of metabolic disorders elevates the 
likelihood of cerebrovascular events. A meta-analysis of 87 
studies demonstrated an elevated risk of stroke (RR = 2.27 
[1.80–2.85]) [27] and stroke recurrence (RR = 1.46 [1.07–1.97]; 
p = 0.02) [28]. Individuals with ≥ 3 components of metabolic 
syndrome have an increased overall stroke risk (RR = 1.29 
[1.09–1.52]) and ischemic stroke risk (RR = 1.31 [1.05–1.63]) 
[29]. A heightened risk of cognitive impairment progression — 
from mild deficits to dementia — has also been noted [30].

Our multiyear research cycle investigating clinical features 
of both acute and chronic forms of CVD with various met-
abolic syndrome manifestations revealed their more pro-
nounced and accentuated severity. Furthermore, not only 
more profound neurological impairments were observed, but 
also insufficient functional recovery with poorer outcomes in 
sensory and speech disorders, which may affect patients’ re-
habilitation potential [31–38].

Diabetes mellitus (DM) is a major global healthcare challenge 
due to its epidemic growth rates and the associated medical 
and social burden caused by severe diabetic complications, 
risks of disability, and premature mortality in patients [39]. 
According to the International Diabetes Federation2, DM is 
one of the fastest-growing global health emergencies of the 
21st century. By 2024, the global number of patients with DM 
aged 20–79 years reached 588.7 million, exceeding earlier 
projected growth rates, with an anticipated near-doubling 
to 852.5 million (a 45% increase) by 2050. Russian national 
statistics report a 74.5% rise in DM cases between 2009 and 

burden (226 (259–9190) million DALY), while T2DM (75 (63–
90) million DALY) caused substantially greater disability than  
NAFLD (3.67 (2.90–4.61) million). The significance of these met-
abolic diseases has increased over the past three decades, with 
the global consequences of T2DM and obesity predominating, 
while the burden impact of AH and hypercholesterolemia has 
diminished. Despite medical treatment and preventive inter-
ventions, there has been a sharp rise in fatal outcomes and 
mortality associated with metabolic diseases, underscoring the 
need for coordinated measures [5].

Changes in diet and physical activity often result from en-
vironmental and social transformations driven by shifts in 
sectors such as healthcare, agriculture, transportation, urban 
planning, food production and distribution, marketing, and 
industrial technologies. Weight gain and obesity driven by 
these changes lead to global disruptions to public health.

Obesity is a pandemic of the early 21st century. It affects 39–
49% of the global population and is associated with CVD. The 
prevalence of obesity has tripled since 1975, with 30% of the 
world’s population currently having obesity or overweight [1]. 
Russia follows global trends: the population-average BMI is 
27.6 kg/m², obesity is more common in women, its prevalence 
increases with age, and abdominal obesity is becoming more 
prominent [14]. According to a screening of the working-age 
population (40–59 years) conducted by the Russian Center 
of Neurology and Neurosciences, obesity was observed in 
one-third of participants, reaching 67% when combined with 
overweight [15].

Overweight and obesity are associated with higher rates of 
overall acute stroke and ischemic stroke (IS) in particular, in 
both men and women. In our study group of IS patients, 7% 
had normal BMI, 40% were overweight (25.0–29.9 kg/m²), and 
53% had obesity: 34% with grade 1 (BMI 30.0–34.9 kg/m²),  
13% with grade 2 (BMI 35.0–39.9 kg/m²), and 6% with grade 3 
(BMI ≥ 40 kg/m²). The BMI values in IS patients with T2DM 
were 32.7 (29–36) kg/m² versus 29 (27–31) kg/m² in non-
diabetic patients.

Furthermore, overweight and obesity are associated with 
increased risk of hemorrhagic stroke in men [16]. The 
prevalence of obesity in stroke patients ranges from 18% to 
50% [17, 18]. Notably, obese patients who survive their first 
stroke show lower long-term post-stroke mortality rates — the 
obesity paradox [19, 20]. However, the obesity paradox effect 
in stroke outcomes may vary depending on the pathogenetic 
subtype of IS [21]. This paradox was observed when using 
BMI as a criterion but not detected with indices such as 
waist-to-hip ratio and body fat percentage [22], highlighting 
the importance of considering obesity phenotype in stroke 
prognosis.

Excess adipose tissue (both general and visceral) is associated 
with reduced cognitive performance after adjustment for 
cardiovascular risk factors, education level, and cerebral 
vascular lesions [23]. In evaluating the impact of adipose tissue 
on microangiopathy through a cross-sectional study of over 
6,000 volunteers, it was found that elevated BMI itself is not 
associated with a higher burden of cerebral microangiopathy; 
however, markers of metabolic dysregulation (particularly 2 IDF Diabetes Atlas 2025. URL: https://diabetesatlas.org/resources/idf-diabetes-atlas-2025/
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of achieving glycemic control targets. An algorithm for as-
sessing carbohydrate metabolism and predicting outcomes 
in patients during the hyperacute stroke phase has been de-
veloped [32, 50].

Metabolic disorders influence CI. Risk factors for CI in DM 
include the following groups (including genetic ones):
•	 сonventional (advanced age, low education level, 

depression, sedentary lifestyle, smoking, family history);
•	 diabetes-associated (hypo- and hyperglycemia, hyperinsu-

linemia, retinopathy, nephropathy, longer DM duration);

vascular (AH, dyslipidemia, stroke, coronary artery disease, 
atherosclerotic lower extremity artery disease);
•	 genetic (ApoE ε4 allele, haptoglobin genotype 1-1, and Gly/

Ser genotype of the receptor for advanced glycation end 
products) [52]. 

Our study revealed a pattern of changes in CVD and T2DM, 
characterized by concurrent disturbances in carbohydrate 
metabolism and neurocognitive dysfunction accompanied 
by neurophysiological and neuroimaging changes. This 
comorbidity is associated not only with memory and 
attention impairments but also with significant executive 
brain function deficits, while regulatory deficits primarily 
manifest as mental rigidity and emotional disturbances 
and volitional disorders. The quality of glycemic control 
influences cognitive function assessment outcomes. We 
identified not only an interrelationship between clinical, 
neurophysiological, and metabolic characteristics but also 
the potential for diagnosing subclinical manifestations of 
impaired CNS function in patients with both chronic CVD 
and DM. The particular importance of early detection and 
therapy of cognitive impairment in this patient group is 
underscored by the fact that DM, more than any other 
disease, requires active patient participation in disease 
control and treatment [53].

Treatment adherence issues are critical for achieving clini-
cal outcomes, particularly in patients with chronic diseases. 
Patients with cerebroal metabolic disorders demonstrated 
incomplete or low adherence across various aspects of ther-
apeutic interventions. Specifically, low treatment adherence 
was observed in 10.3% of patients without DM and 34.4% of 
those with T2DM (p = 0.001). Obesity parameters, assessed 
not only by BMI but also by waist circumference, showed 
significant inverse associations with adherence to lifestyle 
modifications and overall treatment adherence. According to 
the developed model for identifying low compliance, the con-
current T2DM and AH are expected to reduce adherence to 
medical management in over 20% of patients. A multifacto-
rial relationship was identified between treatment adherence 
aspects, the clinical course of vascular disease, and the pres-
ence of metabolic risk markers, forming a vicious cycle: inad-
equate metabolic control → CVD → CI → low adherence [54].

In the context of age-related brain disorders, it should be em-
phasized that DM represents a model of accelerated cerebral 
aging, further increasing the risk of age-related degenerative 
and vascular diseases of the nervous system. One surrogate 
biomarker of aging may be the white matter age gap, de-
fined as the difference between instrumentally assessed white 

2023 [40]. Clinical and epidemiological monitoring of DM in 
Russia revealed that the target glycated hemoglobin (HbA1c 
< 7%) level is achieved in only 42% patients with T2DM, while 
effective blood pressure control is attained in 60% [41].

Numerous large-scale epidemiological studies have estab-
lished DM as a significant independent risk factor for stroke 
[42]. A multidimensional palette model conceptualizes DM 
as the cumulative effect of multiple factors and identifies 
DM subcategories. Within cluster analyses, the risk of circu-
latory system diseases and stroke is linked to mild, age-re-
lated diabetes [45]. Stratification of heterogeneous DM pa-
tient groups may help identify high-risk cohorts requiring 
enhanced monitoring and pharmacological interventions to 
prevent stroke.

Among patients with IS, those with DM account for up to 
33%. These patients are generally younger and have more 
comorbidities [44, 45]. Even after controlling for all risk 
factors, DM increases stroke risk by 22% in patients under  
55 years; having more risk factors outside target ranges fur-
ther elevates stroke likelihood, peaking at 6.23-fold in indi-
viduals under 55 years. The strongest predictors of stroke 
include elevated glycated hemoglobin (HbA1c), systolic blood 
pressure, longer DM duration, low physical activity, and atrial 
fibrillation. Elevated HbA1c is the most potent predictor of 
stroke [46]. Post-stroke CI rate is 5.8 times higher in T2DM 
patients (OR = 5.83 [2.07–16.41]) [47]. Concurrent DM in-
creases the risk of recurrent stroke (OR = 1.50 [1.36–1.65]) 
[48]. The likelihood of recurrent events is equally high in 
prediabetes and DM, suggesting vascular involvement even 
at early stages of carbohydrate metabolism disorders [49].

DM affects not only the risk but also the course and outcome 
of stroke. Studies conducted at the Russian Center of Neu-
rology and Neurosciences demonstrated significantly worse 
hospital-stage outcomes in stroke patients with DM com-
pared to those without DM: higher NIH Stroke Scale scores  
(6 [4–10] vs. 4 [1–8]; p = 0.03), more frequent lack of improve-
ment or progression of neurological deficits (21.6% vs. 7%;  
p = 0.02), and less frequent minor improvement (13.7% vs. 
4.7%; p = 0.004). Functional independence recovery outcomes 
were also poorer in patients with T2DM, as evidenced by 
higher modified Rankin Scale scores (3 [1–4] vs. 2 [0–3]; p 
= 0.02) and a lower proportion achieving 0–2 points (46% 
vs. 72%), underscoring the social significance of metabolic 
comorbidity in stroke management [34, 50].

Our data indicate that acute stroke in patients with T2DM is 
accompanied by hyperglycemia (9.1 [7.1–12.0] mmol/L) and 
elevated HbA1c levels (7.8% [6.8–9.6]), with 34% of patients 
showing values ≥8%, highlighting the role of poor glycemic 
control in CVD pathogenesis and emphasizing the impor-
tance of its correction for prevention [51].

Both hyper- and hypoglycemia, as well as advanced glyca-
tion end product (AGE) accumulation, have been shown to 
negatively affect prognosis and recovery in stroke patients. 
Parameters such as diabetes duration, HbA1c levels, and gly-
cemia were statistically significant predictors of greater dis-
ability. The likelihood of unfavorable stroke outcomes (mRS 
≤ 3) increased with HbA1c ≥ 7%, confirming the importance 
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novel biomarkers amid the epidemic rise of metabolic dis-
eases aims to stratify high-risk patients and holds clinical 
potential.

Morphological studies of atherosclerotic plaque biopsy spec-
imens obtained during prophylactic carotid endarterectomy 
provided critical evidence of the adverse effects of comor-
bid metabolic factors on cerebral atherosclerosis progression. 
Histopathological analyses frequently reveal critical athero-
sclerotic stenosis, active atherogenesis, predominant large 
atheromatous foci with abundant lipophages in plaque com-
position, and focal fibrosis with calcification in the arterial 
tunica media [57].

Underlying Mechanisms of Cerebral Metabolic 
Disorders

The concurrent epidemic increase in the prevalence of meta-
bolic disorders, obesity, and DM inevitably undermines global 
efforts to combat CVD.

Current evidence suggests that brain is a multifunctional 
endocrine organ that regulates neuroendocrine processes, 
coordinating systemic development and maintaining body 
homeostasis. Obesity represents a continuum of initially 
adaptive changes that transition to pathological alterations 
as the disease progresses, triggered by disrupted signaling 
cascades in the setting of excessive caloric intake. Insulin 
plays a pivotal role in these processes. Cerebral insulin sig-
naling mediates complex interorgan crosstalk, orchestrating 
nutrient distribution through regulation of appetite, lipolysis, 
triglyceride secretion and uptake, amino acid metabolism, 
thermogenesis, and hepatic glucose production. Ultimately, 
this system protects against ectopic lipid deposition, lipotox-
icity, and hyperglycemia [58–60].

Hypoglycemia prevention is key to survival. Brain insulin re-
sistance can be understood as a physiological adaptation to 
maintain euglycemia by enhancing lipolysis and increasing 
hepatic glucose production—a process critical for survival un-
der nutrient-deficient conditions. Overeating rapidly induces 
brain insulin resistance, which acts as a key driver of meta-
bolic diseases and T2DM [60].

Insulin resistance, chronic hyperglycemia, and dyslipid-
emia trigger a cascade of changes, including the formation 
of atherogenic low-density lipoproteins, advanced glyca-
tion end products, and activation of proinflammatory sig-
nals that affect the arterial wall, initiating and promoting 
atherosclerotic lesions. Numerous components character-
izing metabolic dysfunction lead to a wide range of conse-
quences, including blood-brain barrier disruption, neuroin-
flammation, vascular pathology, neurodegeneration, and 
CI [61, 62]. Brain damage is associated with inflammatory 
processes, including meta-inflammation — a chronic sys-
temic disorder caused by obesity. This pathway serves as 
the primary pathophysiological mechanism leading to the 
development, progression, and thrombotic complications 
of atherosclerosis and vascular disorders [63]. In meta-
inflammation, external or endogenous factors may act by 
stimulating membrane or cytoplasmic receptors of mono-
cytes, macrophages, neutrophils, or dendritic cells. These 

matter age (based on diffusion-weighted MRI) and real age. 
Among all risk factors, T2DM showed the strongest associ-
ation with an increased gap (1.39 years; p < 0.001), followed 
by AH and smoking. T2DM may be associated with diffuse 
brain atrophy, altered functional connectivity, and reduced 
cerebral perfusion.

Cerebral artery atherosclerosis represents the leading 
pathological process within the spectrum of CVD subtypes. 
Findings from a series of studies conducted at the Russian 
Center of Neurology and Neurosciences confirmed a 
higher frequency of cerebral atherosclerosis progression 
in patients with T2DM. Ultrasonographic evaluation of the 
brachiocephalic arteries demonstrated that the prevalence of 
multiple vascular territories involvement is significantly higher 
in patients with combined cerebral metabolic disorders [35]. 
Progression of atherosclerosis in the internal carotid artery 
system is further associated with marked changes in vascular 
wall inflammatory biomarkers and neoangiogenesis  — 
including lipoprotein-associated phospholipase A2, tumor 
necrosis factor-α, and vascular endothelial growth factor — 
as well as elevated blood glucose levels. In turn, progression 
of atherosclerotic lesions in the carotid system was accom-
panied by new or worsening pre-existing neurological symp-
toms in 50% of cases [36]. 

Metabolic disorders correlate with an aggressive atherosclerot-
ic process, evidenced by a predominance of atherothrombotic 
stroke subtypes and high-grade cerebral artery stenoses. Com-
bined assessment of carbohydrate and lipid metabolism using 
the triglyceride-glucose index in patients with acute/chronic 
stroke revealed not only reduced insulin sensitivity in this co-
hort but also highlighted the role of glucolipotoxicity in hemo-
dynamically significant stenosis formation, CVD progression, 
and prognosis [35, 37, 50]. A prospective study of CVD patients, 
focusing on cases with > 50% stenosis in one internal carotid 
artery, found metabolic syndrome to be more frequently as-
sociated with high-grade stenoses (70–99%). Among patients 
with T2DM and symptomatic stenoses, 87.5% exhibited high-
grade stenoses. Ultrasound characteristics in T2DM-comorbid 
patients predominantly revealed hyperechoic atherosclerotic 
plaques, including those with calcified areas.

A series of studies on cerebral atherosclerosis has pro-
poseda biomarker-based model for assessing atherogenic 
potential in patients with ischemic cerebrovascular events 
and comorbid T2DM. This model incorporates lipid profile 
markers, endothelial dysfunction indicators, inflammatory 
markers, hemostasis parameters, and adipokines [55, 56]. 
Proatherogenic markers include levels of highly sensitive 
hyperatherogenic small dense low-density lipoprotein (LDL) 
subfractions, total cholesterol, plasminogen activator inhib-
itor-1, NO2-, NO3-, endothelin-1, monocyte chemoattractant 
protein-1, vascular endothelial growth factor A, platelet-de-
rived growth factor BB, tumor necrosis factor-α, interleukin 
(IL)-1β, C-reactive protein, and IL-6. The anti-atherogenic 
category comprises lipoprotein(a), high-density lipoprotein, 
nitric oxide, tissue plasminogen activator, and adiponectin. 
This biomarker-based technology for evaluating cerebral 
atherosclerosis progression is used to optimize diagnostic 
approaches and therapeutic strategies in patients with ce-
rebral metabolic disorders [55, 56]. The ongoing search for 
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ry cytokines (IL-1β and IL-18), microglial activation, and 
dysregulated NLRP3 inflammasome formation [75]. Hypo-
thalamic neuroinflammation causing gliosis and neuronal 
death [75] may stem from leptin and insulin effects, as 
well as factors acting through the pro-opiomelanocortin 
system [76]. In turn, hypothalamic neuroinflammation 
modulates satiety regulation, thereby promoting obesity 
[77], creating a vicious cycle of cerebral and metabolic dis-
turbances. Prolonged neuroinflammation disrupts existing 
protective barriers, leading to neurodegenerative changes. 
Individuals with obesity face increased risks of CI, vascular 
dementia, Alzheimer’s disease, as well as Parkinson’s and 
Huntington’s diseases [78].

The results of studies conducted at the Russian Center of 
Neurology and Neurosciences demonstrate the negative im-
pact of chronic hyperglycemia on the white matter of the ce-
rebral hemispheres, mediated through mechanisms of direct 
damage to brain tissue and microcirculatory vessels [79]. The 
contribution of insulin resistance and glucolipotoxicity to the 
clinical manifestation of structural brain changes in chronic 
CVD has been established, and the concept of an adverse 
cerebral metabolic profile has been developed, encompass-
ing clinical, neuroimaging, and laboratory characteristics of 
patients.

Cerebral metabolic health

A series of studies, collectively involving over 5,500 obser-
vations of CVD patients, has provided a detailed investiga-
tion of its various aspects in the context of metabolic dis-
orders. The study revealed and examined interconnections 
between obesity, T2DM, metabolic syndrome, and cerebral 
macro- and microvascular damage, prothrombotic changes, 
clinical course, and prognosis of acute stroke and chronic 
CVD, identifying a set of biomarkers for vascular and ce-
rebral injury. Analysis of the current state of neuroscience 
and the findings of our own research enabled the synthesis 
of a unified conceptual approach to the issue of cerebral 
metabolic health.

In cerebral metabolic disorders, the development and pro-
gression of brain lesions are associated with the involvement 
of vessels of various calibers, alterations in hemorheology 
and hemostasis systems, meta-inflammation and neuroin-
flammation, and neurodegeneration, which are linked to 
excessive adipogenesis, dyslipidemia, dysglycemia, and im-
paired permeability of the blood-brain and blood-nerve bar-
riers, ultimately resulting in the CVDs, cerebral microangio
pathy, and CI, with potential involvement of the peripheral 
nervous system.

A concept of a bidirectional relationship between cere-
bral and metabolic disorders has been established. Brain 
functioning is inextricably linked to metabolism; signaling 
pathways associated with the supply and accumulation of 
energy substrates influence both the nervous and vascu-
lar systems, whereas mechanisms underlying metabolic and 
neurological disorders are closely intertwined. Therefore, 
instead of viewing CVD and metabolic diseases as separate 
processes, it is essential to assess their mutual influence 
within a unified paradigm. The development of methods for 

factors can induce inflammasome oligomerization and ac-
tivate the NLRP3 [64]. IL-1β and IL-18, generated through 
NLRP3-caspase activation, enter a self-amplifying loop and 
also induce macrophage production of IL-6. IL-6 stimulates 
hepatocytes to produce C-reactive protein, fibrinogen, and 
plasminogen activator inhibitor-1, releasing them system-
ically and mediating thrombotic propensity. IL-6 directly 
potentiates another prothrombotic pathway mediated by 
the JAK1/TYK2 membrane receptor, leading to thrombocy-
tosis and procoagulant changes [65].

The primary functional load of the hemostatic system lies in 
the microvascular bed, including cerebral vessels. The critical 
role of prothrombotic changes in CVD has been demonstrat-
ed in fundamental studies from the Russian Center of Neu-
rology and Neurosciences [66–71]. In patients with acute/
chronic CVD accompanied by metabolic syndrome, signifi-
cant disturbances are observed in platelet and plasma he-
mostasis components, altered blood microrheological param-
eters (both baseline and dynamic), elevated blood viscosity, 
fibrinogen, hematocrit, platelet aggregation activity, and re-
duced erythrocyte deformability [31, 72].

Hyperglycemia significantly contributes to these hemorheo-
logical and hemostatic changes [73, 74]. Increased advanced 
glycation end product formation activates platelet hemosta-
sis, suppresses fibrinolysis, and promotes prothrombogenic 
blood potential. AGE levels correlate positively with ADP-
induced platelet aggregation (r = 0.4176) and negatively with 
fibrinolytic activity (r = –0.426117) and fibrinolytic index  
(r = –0.36) [73].

We confirmed the significance of excessive intra-abdominal 
fat deposition, which is pathogenetically linked to meta-in-
flammation, in shaping hemorheological and hemostatic sys-
tem changes in patients with CVD [26]. Increased visceral 
fat volume not only negatively impacts metabolic parameters 
but is also associated with prothrombogenic blood changes. 
Visceral fat area showed significant correlations with fibrin-
ogen levels (r = 0.83), von Willebrand factor (r = 0.250), fac-
tor VIII (r = 0.321), epinephrine-induced platelet aggregation  
(r = 0.780), and protein S (r = 0.532), while demonstrating 
inverse correlations with tissue plasminogen activator levels 
(r = –0.370) and the tissue plasminogen activator/plasmino-
gen activator inhibitor ratio (r = –0.3). The obtained data on 
hemorheological and hemostatic changes in CVD associated 
with body composition alterations highlight the role of ab-
dominal obesity in prothrombotic and procoagulant changes 
in CVD patients [26]. The identified correlations between he-
mostasis parameters and adipose tissue characteristics re-
veal mechanisms through which risk factors contribute to 
the CVD.

Functional and structural cerebral impairments under 
metabolic load

When damaging stimuli become chronic, as seen in obe-
sity, metabolic syndrome, and T2DM, a persistent repar-
ative process with tissue remodeling occurs. The brain 
undergoes astrogliosis [61]. Metabolic neuroinflammation 
is a chronic aseptic inflammatory process characterized 
by systemic changes involving elevated proinflammato-
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The concept of cerebral metabolic health serves to form a 
comprehensive picture of diverse metabolic processes asso-
ciated with the nervous system dysfunction. Primarily, this 
applies to CVDs due to their higher prevalence and severe 
consequences. At the same time, the methodological advan-
tages of this approach — including integrative strategies, 
multidisciplinarity, diversification of preventive measures, 
stepwise diagnostics, and therapy personalization — inevi
tably extend to other socially significant disorders of the 
nervous system (i.e., neurodegenerative, demyelinating, au-
toimmune, etc.).

Conclusion

The syndemia of obesity and DM underlies the progres-
sive rise in CVD, impacting key mechanisms of CVD patho-
genesis. The lack of significant success in preventing the 
spectrum of CVD amid an aggressive increase in metabolic 
disorders necessitates a revision of approaches to this issue 
at the national level. Both high-risk strategies and popu-
lation-wide preventive medicine strategies should comple-
ment each other [80].

Promising directions for studying cerebral metabolic health 
include:
•	 prevention of CVDs in individuals with disorders of 

hemostasis, and carbohydrate and lipid metabolism;
•	 multisystem interrelationships between cerebral metabolic 

disorders and other endocrine organs: effects of oral 
contraceptives and menopausal hormone therapy on 
stroke development, hypogonadism, thyroid diseases, 
dysregulation of the hypothalamus-pituitary-adrenal axis, 
etc.;

•	 development of measures to preserve cognitive health 
(studies of innovative agents with proposed metabolic and 
neuroprotective mechanisms of action).

Approaches to overcoming the objective complexity of cere-
bral metabolic disorders include:
•	 development of algorithms for multidisciplinary 

collaboration to preserve cerebral metabolic health in the 
Russian population;

preventing and treating CVD requires adopting a new stra-
tegic concept of cerebral metabolic health, within which the 
association between metabolic disorders and CVD is exam-
ined. The significance of cerebral metabolic health impair-
ment consequences for the healthcare system and society 
necessitates comprehensive strategies encompassing both 
population-wide and personalized prevention at different 
stages of human life.

The concept of cerebral metabolic health defines the interac-
tion of a complex of metabolic risk factors, functional and or-
ganic changes in cerebral macro- and microvasculature, and 
brain structures, which influences the incidence of acute and 
chronic cerebrovascular events and cognitive disorders, de-
termines worse outcomes and mortality. The implementation 
of this term reflects the strong interrelationship between the 
mechanisms of metabolic and cerebral disorders and serves 
to adjust both population-level and patient-centered treat-
ment strategies for brain diseases, as well as primary and 
secondary prevention measures.

Disorders of cerebral metabolic health represent a progres-
sive impairment of central nervous system activity, initiated 
by adverse environmental influences under conditions of ge-
netic predisposition, excessive intake of energy substrates, 
and disruption of central energy balance regulation, leading 
to excessive adipose tissue deposition with increased sys-
temic and cerebral insulin resistance, neuroinflammation, 
and oxidative stress. The synergistic damaging effects of 
metabolic risk factors (AH, dyslipidemia, and hyperglyce-
mia) have a unidirectional pathway and manifest through 
combined damage to cerebral arteries of various calibers 
alongside increased thrombogenic potential. Progression 
of the process leads to acute and chronic cerebrovascular 
events, cerebral microangiopathy, neurocognitive disorders, 
and ultimately to disability and/or death. The concept of 
staged disturbances in cerebral metabolic health reflects 
the phasic nature of the pathophysiological process, the 
progressive advancement of disorders leading to cerebral 
dysfunction, and underscores the importance of targeted in-
terventions at all stages for CVD prevention and treatment 
(Fig. 1, Table 1).

Stage 0

No risk 
factors

Metabolically 
impaired 

abdominal 
obesity

Clinical 
manifestations

Acute stroke, 
chronic CVD, CI

Macro- and microvascular
 bed, alteration 

of hemorheology 
and hemostasis system

CVD risk factors: 
• AH;
• insulin resistance;
• hypercholesterolemia;
• hypertriglyceridemia;
• hyperglycemia

Stage 1 Stage 2 Stage 3 

Fig. 1. Sequence of CVD development.
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The challenge of preserving cerebral metabolic health and quali
ty of life in society is acquiring a population-wide significance, 
necessitating the integration of population-based and personali
zed measures for the prevention and treatment of brain diseases.

•	 exploration of innovative approaches to cerebroprotection 
through advancements in brain metabolism research, 
including artificial intelligence, neuromodulation, and 
other cutting-edge technologies.

Table 1. Cerebral metabolic disorders
Stage Description Characteristic

Stage 0

No metabolic disorders or CVD 
symptoms

No risk factors:
•	 normal waist circumference (considering race and sex); 
•	 BMI < 25 kg/m2;
•	 no carbohydrate metabolism disturbances (no DM or pre-diabetes) 
•	 no dyslipidemia;
•	 no AH

Stage 1

CVD risk factors stage Stage of metabolically impaired obesity — obesity + risk factors:
• abdominal obesity: waist circumference ≥ 88/102 cm in women/men (for Asians 
≥ 80/90 cm in women/men) plus 2 or more criteria:

- AH;
- insulin resistance;
- hypercholesterolemia;
- hypertriglyceridemia;
- �hyperglycemia: DM or prediabetes (impaired fasting glycemia/impaired 

glucose tolerance)

Stage 2 
Macro- and microangiopathy stage Brachiocephalic artery atherosclerosis, intracranial atherosclerosis, cerebral 

microangiopathy, changes in the hemorheology and hemostasis system

Stage 3 Symptomatic CVD Acute stroke, chronic CVD, CI
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