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SUMMARY
Objective: The main objective is to confirm a hypothesis that atherosclerosis, through various mechanisms, considerably influences cognitive 

impairment and significantly increases the risk for developing dementia. Complete sample should be 920 individuals. The present study aimed to 
analyse epidemiological data from a questionnaire survey.

Methods: The work was carried out in the form of an epidemiological case control study. Subjects are enrolled in the study based on results 
of the following examinations carried out in neurology departments and outpatient centres during the project NU20-09-00119 from 2020 to 2023. 
Respondents were divided into four research groups according to the results of clinical examination for the presence of atherosclerosis and 
dementia. The survey was mainly concerned with risk factors for both atherosclerosis and dementia. It contained questions on lifestyle factors, 
cardiovascular risk factors, leisure activities, and hobbies.

Results: Analysis of the as yet incomplete sample of 877 subjects has yielded the following selected results: on average, 16% of subjects without 
dementia had primary education while the proportion was 45.2% in the group with both dementia and atherosclerosis. Subjects with dementia 
did mainly physical work. Low physical activity was more frequently noted in dementia groups (Group 2 – 54.4% and Group 3 – 47.2%) than in 
subjects without dementia  (Group 1 – 19.6% and Group 4 – 25.8%). Coronary heart disease was more frequently reported by dementia patients 
(33.95%) than those without dementia (16.05%).

Conclusion: Cognitively impaired individuals, in particular those with vascular cognitive impairment, have poorer quality of life and shorter 
survival. Risk factors contributing to such impairment are similar to those for ischaemic or haemorrhagic stroke. It may be concluded that most of 
the analysed risk factors play a role in the development of both atherosclerosis and dementia.
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INTRODUCTION

Dementia is a neurological condition characterized by cogni-
tive and functional decline that includes impaired memory and at 
least one other cognitive domain (1). According to the American 
Psychiatric Association and the Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition, the term dementia has been 
replaced by major neurocognitive disorder, referring to a broad 

spectrum of cognitive and functional impairment, as a basis for 
diagnostic criteria. For certain aetiological subtypes, however, 
the term dementia is routinely used. According to current crite-
ria, cognitive impairment must be characterized by significantly 
decreased cognitive performance (e.g., memory, learning, atten-
tion, executive function, perceptual and motor skills related to 
language or social knowledge) compared to the level a year ago 
that cognitive decline must interfere with daily activities (2–4).
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Even though the incidence of atherosclerosis-related cardio-
vascular disease (CVD) and its death rates continue to decrease in 
Europe, they remain the main cause of morbidity and mortality. In 
2020, the World Health Organization (WHO) reported coronary 
heart disease and stroke as the two main causes of death globally.

In the past, the main risk factors for atherosclerosis were identi-
fied. Prevention should be focused on promoting a healthy life-
style, in particular smoking cessation. Unfortunately, unhealthy 
behaviours are rather common. The main causal and modifiable 
factors for atherosclerosis are hyperlipidaemia, hypertension, 
cigarette smoking, and diabetes mellitus (DM). Another signifi-
cant risk factor is obesity, increasing the risk for CVD via the main 
common risk factors and other mechanisms (5, 6).

Numerous epidemiological studies have suggested that the 
development of dementia is greatly contributed to by arterial 
atherosclerosis, with this being especially true for vascular de-
mentia and Alzheimer’s disease (AD), the most common form of 
dementia. Manifestations of cognitive impairment and dementia 
tend to be associated with carotid artery disease that has been 
studied as a potential predictor of the risk for developing dementia. 
Even mild carotid artery disease or subclinical atherosclerosis 
have been shown to be associated with greater cognitive impair-
ment in middle-aged adults after adjustment for other vascular 
risk factors (7–10).

Accelerated brain aging is also associated with higher homo-
cysteine levels or increased carotid intima-media thickness, a 
measure of subclinical atherosclerosis (11, 12).

Research studies have repeatedly shown that hyperlipidaemia 
may affect cerebral vascular tone through mechanisms unrelated 
to proatherogenic properties of hyperlipidaemia (7).

Vascular cognitive impairment stems from decreased blood 
flow to the brain, causing ischaemia in various areas of brain 
tissue (e.g., the hypothalamus or frontal lobe) or results in modi-
fications such as small vessel fibrosis with white matter strokes, 
either clinically silent or accompanied by neurological nonspecific 
signs. White matter damage is associated with disruption of corti-
cal and subcortical circuits with impairment of complex attention, 
information processing speed and executive skills and abilities. At 
the same time, there are cortical-subcortical border zone infarcts 
resulting from restricted blood flow due to atherosclerosis, as well 
as episodes of arterial hypertension that may be accompanied 
by impaired cognition. Thus, cerebrovascular disease leads to a 
large group of manifestations from the cognitive vascular sphere 
(2, 13, 14). Over 80% of the global burden of stroke may be at-
tributed to modifiable risk factors. If people adjusted their habits, 
the associated vascular risk factors for atherosclerosis could be 
mitigated and the rates of stroke and the related risk for cognitive 
impairment and dementia could be reduced (15).

The aim of the study is to present interim results of an epidemio-
logical study as a part of the Czech Health Research Council (Min-
istry of Health of the Czech Republic) project Possible Influence 
of Atherosclerosis on Dementia Development (NU20-09-00119).

The project’s principal investigator is the Science and Research 
Centre (Faculty of Health Sciences, Palacký University Olomouc), 
cooperating with University Hospital Neurology Departments in 
Ostrava and Hradec Králové where patients enrolled in the study 
have been examined.

The project’s main objective is to confirm a hypothesis that 
atherosclerosis, through various mechanisms, is considerably as-

sociated with cognitive impairment and significantly increases the 
risk for developing dementia. The present study aimed to analyse 
epidemiological data from a questionnaire survey.

MATERIALS AND METHODS

Subjects are enrolled in the study based on results of the 
following examinations carried out in neurology departments 
and outpatient centres: test for atherosclerosis including history 
taking; electrocardiogram; duplex ultrasound of cervical and 
intracranial cerebral arteries and/or cervical/cranial computed 
tomography (CT)/CT angiography/magnetic resonance imaging 
(MRI)/magnetic resonance angiography; neuropsychological tests 
for dementia – Mini-Mental State Examination (MMSE), Mon-
treal Cognitive Assessment (MoCA), Addenbrooke’s Cognitive 
Examination and/or brain CT/MRI and other tests for dementia; 
and epidemiological questionnaire.

Other inclusion criteria are being 40–90 years of age and sign-
ing informed consent. The exclusion criterion is having a serious 
disease with a poor chance of surviving one year or more.

The criteria for inclusion in atherosclerosis subgroups are 
having established atherosclerosis with 50% or more stenosis of 
coronary, carotid, cerebral or leg arteries; angina pectoris; myo-
cardial infarction; stroke including transient ischaemic attack, etc.

The criteria for inclusion in cognitive impairment groups are 
having an insidious onset of cognitive impairment (or dementia) 
confirmed by clinical examination (MMSE score ˂ 24 points, 
MoCA score 22–26 points).

Using the above criteria, subjects are classified into those with 
confirmed atherosclerosis but no cognitive impairment (Group 1); 
those with both atherosclerosis and cognitive impairment (Group 
2); those with cognitive impairment but without atherosclerosis 
(Group 3); and those with neither cognitive impairment nor 
atherosclerosis (Group 4). The intention is to test 920 individuals 
by the end of the project.

The present study analysed epidemiological data from a ques-
tionnaire survey containing items related mainly to risk factors 
for both atherosclerosis and dementia. Those were questions on 
lifestyle factors, cardiovascular risk factors, leisure activities, 
and hobbies.

Limitation of the study was the fact that responses were ascer-
tained either from patients able to communicate or from medical 
records, patients’ relatives, or health professionals. Thus, a lot of 
information may have come from that time and not from the time 
before disease development.

Data were statistically analysed using a chi-squared test and 
Fisher’s exact test (if chi-squared test criteria were not met); 
metric variables were compared by ANOVA for testing medians 
across several groups. The statistical analyses were performed 
with Microsoft Excel 2017 and Statistica v. 14. The level of 
significance was set at 5%.

RESULTS

So far, data obtained from 877 subjects have been analysed 
(Group 1 n = 185, 21.09%; Group 2 n = 151, 17.22%; Group 3 
n = 389, 44.36%; Group 4 n = 152, 17.33%).
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There was no statistically significant difference in the male-
to-female ratio between the groups (p = 0.080).

There was a statistically significant difference in the mean age 
(irrespective of gender) between the groups (p < 0.001). Males and 
females with dementia were approximately six and nine years 
older, respectively, compared to those without the condition. The 
highest mean age was noted in both males and females in Group 2.

There was no statistically significant difference in the family 
history of dementia between the groups (p = 0.174), with 9.2% 
of subjects reporting dementia in their families.

In all the groups, the largest proportion of subjects had second-
ary education (range 45.7%–77.8%). In Groups 3, this proportion 
was nearly identical to that of individuals with primary education 
(45.2%). On average, 16% of subjects without dementia had pri-
mary education. There was a statistically significant difference 
in education level between the groups (p < 0.001).

Subjects with dementia did mainly physical work. In Group 3, 
46.5% of subjects were blue-collar workers, as compared to only 
18.6% of white-collar workers. The combined type was most 
frequently reported by individuals without dementia. Analysis of 
data by profession showed that the largest proportion of white-
collar workers was among subjects not diagnosed with any of the 
conditions. The difference was statistically significant (p < 0.001).

Cognitive impairment is strongly associated with cardiovas-
cular and metabolic risk factors, often associated with excessive 
use of tobacco and alcohol as well as inadequate physical activity.

The largest and smallest proportions of smokers were in  
Group 1 (19.6%) and Group 3 (12.4%), respectively, with the 
difference being statistically significant (p < 0.001). In all groups, 
non-smokers were the largest category. The mean number of ciga-
rettes smoked per day was 11.3 in smokers, but much higher (16.7) 
in ex-smokers (ranging from 15.1 in those with atherosclerosis but 
no dementia to 18.3 in subjects diagnosed with both conditions).

In all groups, occasional alcohol drinkers were the largest 
subgroup (range 51.7%–68.2%). Abstainers were more frequently 
seen among individuals without dementia (approximately 45%) 
than among dementia patients (approximately 30%). There was a 
statistically significant difference in alcohol consumption between 
the groups (p = 0.014).

Low physical activity was more frequently noted in dementia 
groups (Group 2 – 54.4% and Group 3 – 47.2%) than in subjects 
without dementia (Group 1 – 19.6% and Group 4 – 25.8%, a 
statistically significant difference (p < 0.001).

Hypercholesterolemia was found in 72% of subjects, with the 
proportion being the highest (82.5%) in Group 1 and the lowest 
among subjects without the two diagnoses. The difference in 
hypercholesterolemia status between the groups was statistically 
significant (p = 0.004). However, only three patients with hyper-
cholesterolemia did not report statin use.

Hypertension was reported by 76.3% of subjects, with the 
proportion being the highest in Group 1 (84.3%). There was a 
statistically significant difference between the groups (p = 0.001). 
In all groups, hypertension was diagnosed in subjects older than 
57 years of age.

Coronary heart disease or angina pectoris was more frequently 
reported by dementia patients (33.95%) than those without de-
mentia (16.05%).

There was a statistically significant difference in the history of 
stroke between the groups (p ≤ 0.001), with the condition being 

considerably more common in subjects with dementia.
In the three groups with diagnoses, the proportions of diabetics 

were nearly identical. However, the mean age of DM diagnosis 
was higher in dementia patients (66 years) than in subjects 
without dementia (62 years). The above results are summarized 
in Table 1.

DISCUSSION

The article presents interim results of a study analysing the 
relationship between atherosclerosis and cognitive impairment. 
The association between cognitive decline and diseases linked 
to atherosclerosis has been reported by many authors (2, 16–19).

The analysis included data on 877 individuals obtained from 
an epidemiological questionnaire as well as from cognitive and 
imaging tests.

Advanced age is an important factor influencing both cognitive 
impairment and atherosclerosis-related chronic non-infectious 
diseases such as hypertension and cerebrovascular disease (20, 
21). In the present study, the mean age of patients with dementia 
was higher than that of subjects without dementia, the differences 
being approximately six and nine years in males and females, 
respectively. The oldest mean age of both males and females was 
noted in the group with dementia and atherosclerosis.

There were statistically significant differences in education 
level and profession (p < 0.001). In Group 3, the most common 
level of education was primary (45.2%). In the groups without 
dementia, subjects with primary education accounted for an 
average of 16%. Consistently with these findings, multiple epi-
demiological studies have reported a higher risk for dementia in 
less educated individuals than in those with higher education (22, 
23). At the same time, dementia patients in the present study were 
predominantly blue-collar workers. Analysis of data by profes-
sion showed that the largest proportion of white-collar workers 
was among subjects not diagnosed with any of the conditions.

Important lifestyle risk factors that are also easily preventable 
are smoking and excessive alcohol consumption. Some clinical 
studies claim that nicotine may stimulate the action of certain 
neurotransmitters involved in the development of various types of 
dementia, in particular AD. This relationship, however, may only 
exist in the short term. From a long-term perspective, nicotine may 
affect blood vessel walls and modify the chemical composition 
of blood nutrients needed for proper brain function (2). Tobacco 
smoke contains toxic substances causing oxidative stress and 
inflammation that increase the risk of AD (24, 25). According to 
many studies, smokers are twice as likely to develop dementia 
(26–28). The present study failed to confirm a similar association. 
The proportion of smokers was the highest in Group 1 (19.6%) and 
the lowest in Group 3 (12.4%), a statistically significant difference 
between the groups (p < 0.001). However, the validity of obtained 
results is questionable. Despite accurate criteria for classifying 
subjects as current smokers or ex-smokers, it is difficult to obtain 
more precise information on smoking before disease develop-
ment, as is the case with pinpointing the exact onset of cognitive 
impairment. In all groups, non-smokers were the largest category. 
Interestingly, the mean number of cigarettes smoked per day was 
much higher in ex-smokers than in current smokers. Today, there 
is no doubt that smoking considerably reduces life expectancy. 
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Therefore, deaths from smoking-related diseases (cardiovascular 
disease, cancer, etc.) may in the end conceal the actual effect of 
smoking on the risk of dementia.

In all groups in the study, occasional drinkers predominated. 
Abstainers were more frequently seen among dementia patients 
(approximately 45%) than among those without dementia. There 
was a statistically significant difference in alcohol consumption 
between the groups (p = 0.014). Once again, the validity of in-
formation obtained is questionable. As patients with established 
dementia may lose interest in drinking alcohol, the questionnaire 
rather reflects the current status and cannot be applied to the past. 
Some large studies have suggested that excessive use of alcohol 
is associated with cognitive decline and the development of 
dementia (28).

Another factor claimed to be responsible for both dementia and 
atherosclerosis is low physical activity. Movement is an integral 
part of healthy lifestyle. Unfortunately, people today get little 
exercise. According to the WHO, more people have died due to 
overnutrition than undernutrition since 2012. It is a well-known 
fact that the lack of activity and excessive food consumption 
result in overweight and obesity (29). Some studies have shown 
that adults over 60 years of age with high triglyceride levels 
and obesity have a higher risk for short-term memory loss and 
dementia (26, 30). Other epidemiological studies have confirmed 
that physical activity protects against the negative impact of 
aging and lowers the risk of AD and related dementia. Regular 
physical activity that includes walking is associated with cognitive 
improvements in the elderly (31–36). In the present study, poor 
physical activity was reported significantly more frequently by 
subjects with dementia than those without the condition.

Dyslipidaemia, known to be an important cardiovascular risk 
factor, is associated with AD. Elevated serum cholesterol levels in 
middle age increase the risk of dementia in older age. However, 
many epidemiological studies suggest that increased levels of 
high-density lipoprotein and its main apolipoprotein A-I are as-
sociated with a lower risk for dementia in elderly individuals (37). 
Metabolic syndrome is defined by the presence of several cardio-
vascular risk factors such as dyslipidaemia, obesity, hypertension, 
and DM. Metabolic syndrome has been reported to be associated 
with a higher risk of developing vascular neurocognitive disorders, 
especially in the elderly (aged 70 or more years). Hypercholes-
terolemia is linked to a higher risk for dementia in middle-aged 
individuals but to a low risk in the elderly. Prospective statistical 
studies have shown that statin therapy for dyslipidaemia has no 
impact on the development of neurocognitive diseases (2). In the 
present study, almost three quarters of subjects were found to have 
elevated cholesterol levels. The highest proportion (82.5%) was 
noted in Group 1, that is subjects with atherosclerosis but without 
dementia. Nearly all participants reported the use of statins.

Mechanisms related to cerebral atherosclerosis in patients 
diagnosed with arterial hypertension result in cerebral ischaemic 
lesions in various locations and neurocognitive disorders (38, 39). 
Blood pressure above 160/95 mmHg represents a considerable risk 
for developing vascular dementia. Untreated hypertension leads 
to dysfunction of blood vessels in the brain due to modification 
of the vascular endothelium, flat myocytes and blood-brain bar-
rier, causing large white matter lesions that may be associated 
with cognitive impairment. Numerous recent studies have shown 
vascular dementia to be less frequent in patients with hyperten-

sion receiving antihypertensive medications (21, 40–42). Also 
Westmannia Cardiovascular Risk Factors Study results suggest 
that middle-age hypertension is responsible for a higher risk of 
dementia. This supports the need for preventive tests in middle-
aged adults aimed at early detection of hypertension, allowing 
early initiation of antihypertensive therapy (43). In the present 
study, hypertension was reported by more than 76% of subjects, 
with the proportion being the highest in Group 1 comprising indi-
viduals with atherosclerosis and without dementia. In all groups, 
hypertension was diagnosed in subjects older than 57 years of age. 
The results support the above claims about the need for cardiovas-
cular disease prevention and early recognition of hypertension.

In the present study, chronic coronary heart disease was re-
ported by a much higher proportion of patients with dementia 
(33.95%) than those without the condition (16.05%). There was 
also a statistically significant difference in stroke events between 
the groups (p ≤ 0.001), with stroke being considerably more com-
mon in dementia patients.

Previous studies have confirmed that vascular diseases are sig-
nificantly associated with the development and progression of AD. 
In a Gothenburg study published as early as in 1996, individuals 
developing dementia at an older age had higher blood pressure 
levels 15 years earlier but those were lower than in non-demented 
persons of the same age (44). In the past, a number of other stud-
ies (e.g., Uppsala, CAIDE or Framingham) analysed data on 
cardiovascular risk factors in middle-aged subjects followed-up 
until the age of 65 years. Those studies confirmed the association 
of the currently known risk factors such as hypertension, obes-
ity or hypercholesterolemia present in middle age with the later 
development of dementia. The association between the above 
factors and dementia appears to be credible as hypertension, 
dyslipidaemia, obesity, and type 2 DM predispose to coronary 
heart disease and cerebrovascular disease including cortical and 
subcortical infarcts and white matter lesions. In their systematic 
review, Meng et al. showed a higher risk for AD associated with 
cardiovascular risks in middle age (45).

Vascular cognitive impairment (VCI) represents a range of cog-
nitive disorders associated with various forms of damage to brain 
blood vessels, from mild cognitive impairment to full dementia. 
Dysfunction of the neurovascular unit and mechanisms regulating 
blood flow in the brain are likely to be important components of 
pathophysiological processes underlying VCI. Cerebral amyloid 
angiopathy has been identified as an important marker of the risk 
of AD, microinfarcts, cerebral microbleeds, and haemorrhage and 
VCI. In many cases, the risk factors for VCI are identical to those 
for stroke. These may include atrial fibrillation, hypertension, 
DM, and hypercholesterolemia. Additionally, the same vascular 
risk factors may be risk factors for AD. Carotid intima-media 
thickness and arterial stiffness are markers of arterial aging and 
thus of VCI risk (46).

As mentioned above, another condition significantly associated 
with the risk for developing dementia is DM. It is the main risk 
factor for myocardial infarction, thrombosis and cerebrovascular 
diseases such as ischaemic or haemorrhagic stroke that are linked 
to various degrees of vascular neurocognitive disorder. The as-
sociation between type 2 DM and arterial hypertension increases 
the risk for cerebrovascular disease. At the same time, this type 
of DM is linked to a higher risk for developing neurocognitive 
disorders (21). Findings from studies on central obesity support 
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the hypothesis that the association between obesity and dementia 
may be linked to type 2 DM mediated by insulin resistance and 
hyperinsulinaemia (47, 48). In the three groups with diagnoses, 
the proportion of diabetics was nearly identical. Interestingly, the 
age of subjects with dementia at DM diagnosis was approximately 
four years older than that of individuals without dementia. Šerý 
et al. reported that on average, AD patients developed DM more 
than 10 years later than controls (p < 0.001) (49). The question 
is, however, whether this refers to the onset of the condition or 
whether the diagnosis was made later. In any event, this interest-
ing fact deserves further study.

CONCLUSION

Cognitively impaired individuals, in particular VCI patients, 
have poorer quality of life and shorter survival. Risk factors 
contributing to the development of VCI are similar to those for 
ischaemic or haemorrhagic stroke, that is arterial hypertension, 
DM, dyslipidaemia, smoking, obesity, older age, alcohol con-
sumption, and cerebral atherosclerosis. Progressive atheromatous 
plaque formation and carotid artery stenosis may cause stroke and 
contribute to the development of dementia, either directly or as a 
result of stroke (2, 50).

The preliminary study results have shown that the above risk 
factors play a role in the development of both atherosclerosis 
and dementia. Therefore, it is necessary to increase the health 
literacy of the population as a number of risk factors, especially 
lifestyle, are preventable. Given the severity of the two condi-
tions and many uncertainties present, possible risks need to be 
studied extensively, analysed and confirmed. Understanding the 
interrelationships between vascular risk factors, cerebrovascular 
disease and vascular neurocognitive disorders pose a challenge for 
prevention, early detection and therapy of cognitive impairment.
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