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INTRODUCTION
Aging of population all over the world is strongly associated 
with a high prevalence of chronic, non-communicable dis-
eases including cognitive decline and dementia [1,2]. There 
is growing recognition of the role of vascular risk factors  
(VRF) in the development of cognitive impairment (CI) 
[3]. Majority of cardiovascular risk factors have recently 
been associated with cognitive decline; cardiovascular 
health is now identified as a crucial claim for optimal brain 
functioning [4]. Nowadays modifiable risk factors for CI 
are well determined [5,6]. These, in particular, contain 
smoking, low physical activity, sedentary lifestyle, poor 
diet, excessive alcohol consumption, midlife obesity, high 
blood pressure, midlife high cholesterol and diabetes [7]. 
It is found that such cardiovascular risk factors as diabe-
tes mellitus, hypertension, hypercholesterolemia, atrial 
fibrilla tion, smoking are linked to the develop ment of 
both vascular dementia and Alzheimer disease [8]. Some 
studies have estimated the role of distinct risk factors in 
patients’ cognitive decline. Hense, adiposity in late life has 
even demonstrated an obvious protective effect against 
CI; a meta-analysis suggested that underweight as well 
as overweight/obesity in midlife increased dementia risk 
[9,10]. In the study of Ganguli et al., elevated total choles-
terol was substantially connected with better performance 

in memory tests. They also found complex relationships 
with blood pressure (BP): elevated diastolic pressure was 
associated with worse baseline performance in executive 
and language functions, but at the same time was protective 
against deterioration in language. No significant associa-
tion was found between systolic BP/history of hypertension 
and baseline cognitive performance, but it was defensive 
against decline in memory. As with cholesterol, a similar 
J-shaped relationship has been illustrated for BP increase 
in midlife versus late life in relation to risk of late-life 
dementia [3]. The association between multiple vascular 
risk factors and the cognitive decline has not been clearly 
established. 

 

THE AIM
Our study aimed to assess the severity of cognitive impair-
ment (CI) in patients with cerebrovascular disease (CVD) 
depending on the number of vascular risk factors (VRF).

MATERIALS AND METHODS 
The current study consisted of five hundred and eighty 
patients with CVD (247 females and 333 males) aged from 
45 to 89 years (mean age: 64,1±8,9 years). 
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ABSTRACT
The aim: To assess the severity of cognitive impairment (CI) in patients with cerebrovascular disease (CVD) depending on the number of vascular risk factors (VRF).
Materials and methods: The study consisted of five hundred and eighty patients with CVD (247 females and 333 males) aged from 45 to 89 years (mean age: 64,1±8,9 years). 
The patients were divided into 6 groups (I, II, III, IV, V, VI) depending on the number of VRF. The examination consisted of a standard clinical evaluation, neurological examination, 
the application of neuropsychological tests (the MMSE; the PALT/The Paired Associates Learning Test; clock drawing test), laboratory tests, MRI of brain.
Results: According to ANOVA, the greater the number of VRF the patients had, the lower was their total MMSE score corresponding to more pronounced cognitive decline (F=2,97, 
p=0,012). A significant negative correlation between patients’ age and their MMSE score was detected regardless of their VRF count. The patients of the V and VI groups had 
substantially lower parameters of immediate, delayed memory and clock drawing test score comparing to the patients of the I group.
Conclusions: The presence of 4 and more VRF was related to more pronounced CI in the patients with CVD. Decline of different aspects of memory, attention, spatial orientation, 
abstract thinking, planning, concentration, executive and visuospatial skills in groups of patients with 4,5 and 6 vascular risk factors was established. Age was substantially 
associated with cognitive decline in all the group of patients.
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The patients were divided into 6 groups depending on 
the number of VRF: 

I group consisted of 71 patients with arterial hyperten-
sion/AH); 

II- 147 patients with two VRF: obesity and AH; 
III – 158 patients with three VRF: obesity, AH, diabetes 

mellitus/DM; 
IV – 133 patients with four VRF: obesity, AH, DM, in-

creased serum triglyceride level/ISTL; 
V- 46 patients with five VRF, including obesity, AH, DM, 

ISTL, lower level of high density lipoproteins/LLHDL; 
VI- 25 patients with six VRF, including obesity, AH, DM, 

ISTL, LLHDL and high level of lower density lipoproteins 
(HLLDL). 

A medical history was obtained from all the participants. 
The examination consisted of a standard clinical evaluation, 
including anthropometric examination (body mass index 
– BMI, waist circumference), neurological examination, 
the application of neuropsychological tests, laboratory tests 
(complete blood count, biochemical parameters, blood 
lipid profile, serum thyroid hormones), MRI of brain. To 
evaluate patients’ cognitive functions the following tests 
were used:  the MMSE/Mini- Mental State Examination 
(assessing patient’s ability in time and place orientation, 
short-term, long-term memory status, speech function, 
gnosis, praxis) [11]; the PALT/The Paired Associates 
Learning Test (depicting state of  the immediate and de-
layed recognition memory on the verbal stimuli [12]; clock 
drawing test  (evaluates short term memory, understanding 
of verbal instructions, spatial orientation, abstract thinking, 
planning, concentration, executive and visuospatial skills) 
[13]. According to MMSE scores:  29-30 – absence of CI, 
28-27 – pre-mild CI (pre-MCI), 25-26 – mild CI (MCI), 
≤24 points – dementia (D). 

Recruitment criteria were as follows: patients 45 years 
and older with signs of cerebrovascular disease and 
presence of the following risk factors: obesity, AH, DM, 
ISTL, LLHDL and high level of lower density lipoproteins 
(HLLDL). 

Participants were excluded if they were younger than 
45, had history of stroke, tumors, disease of thyroid gland; 
were too ill to participate, had severe vision or hearing 
impairments, were incapacitated.

All the subjects provided written informed consent. 
Ethical approval (Protocol No.1 from 11 of January 2020) 
was obtained from the Bioethics Commission of the 
Chebotarev State Institute of Gerontology of the National 
Academy of Medical Sciences of Ukraine. 

Student’s t-test (t) was applied for evaluating credibility 
between mean quantitative positions of two samples. Pro-
portions were compared using χ2. The Pearson’s correlation 
coefficient (r) between different indicators was analyzed. 
A value of p<0,05 was considered statistically significant.

RESULTS AND DISCUSSION
The main complaints of the patients were the following: 
decline of memory and attention to recent events, current 
events, names, dates, and so on, vocabulary difficulties, 
inability to concentrate, decreased occupational per-
formance, increased irritability, general weakness and 
increased fatigue, decreased physical and mental perfor-
mance. Neurological examination revealed pyramidal 
signs, pathological reflexes, impaired coordination (inten-
tion tremor, ataxia, missing the mark), sensory disorders 
(in particular in the distal parts of limbs in the form of 
creeps, numbness, especially in patients with diabetes 
mellitus). 

Fig.1. Frequency of pre-MCI, 
MCI and dementia in all the 
groups of   patients
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According to MMSE the frequency of pre-MCI, MCI and 
dementia (D) in the group was as follows: 

I (pre-MCI -15/21%; MCI – 47/66%; D – 9/13%); 
II (pre-MCI – 32/22%; MCI – 87/59%; D – 28/19%); 
III (pre-MCI – 21/13%; MCI – 88/56%; D – 49/31%); 
IV (pre-MCI – 17/13%, MCI – 56/42%; D – 60/45%); 
V (pre-MCI – 8/17%; MCI – 20/44%; D -18/39%); 
VI (pre-MCI – 0/0%; MCI – 11/44%; D -14/56%). 
The frequency of dementia was significantly higher in 

patients of the III (31%), IV (45%), V (39%) and VI (56%) 
groups comparing to the I group participants (13%) (corre-
spondently: χ2= 10,1, p<0,05; χ2= 24,9, p<0,0001; χ2= 17,8, 
p<0,0001; χ2 =52,2, p<0,0001)  (Fig.1). Among the patients 
of the VI group no individuals with Pre-MCI were found.

According to obtained results pre-mild CI was only 
noticeable for the patients themselves and sometimes for 
family members. Pre-MCI was determined by memory 
deficits (both subjective and from an extensive clinical 
interview) and normal performance on several neuropsy-
chological tests, including the MMSE [14]. They observed 
a decline in cognitive activity compared to their usual 
previous experience and normal MMSE score. In partic-
ular, patients began to spend more time searching for the 
necessary information in memory, they somewhat slowed 
down the mental operations necessary to sort out everyday 
professional tasks. In addition, some patients mentioned 
difficulty in concentration. It became more difficult to 
keep a steady focus on performing a particular operation 
or to switch from one object to another. Patients also told 
about minor memory impairments, which, however, did 
not affect their ability to navigate time and space.

 MCI was manifested as impairment of memory, atten-
tion or ability to study, and were confirmed by the results 
of neuropsychological test.  Nevertheless, the group of 
patients with MCI was characterized by maintaining com-
plete autonomy in their daily lives. Patients complained 
of increased fatigue while performing mental work. 
Most patients with MCI demonstrated deterioration in 
multiple cognitive domains:  thinking, attention, mental 
performance, information processing speed, memory in 
comparison with the average age norm. However, their 
MMSE parameters did not reach the level of dementia.

Clinical diagnosis of dementia was established in accor-
dance with ICD 11, taking into consideration the criteria 
requiring memory disorders (impaired ability to remember 
new material, to reproduce previously learned information) 

associated with the decline in at least one additional cogni-
tive domain (impaired judgment, thinking, planning and 
processing information), emotional and motivational dis-
orders that lead to changes in social functioning and daily 
activity. In the presence of dementia, patients completely 
or partially lost their independence and often needed care. 
In the presence of mild dementia, patients had limited 
professional and social activity, but mostly retained the 
ability to live independently, maintain personal hygiene. 
In moderate dementia, patients experienced difficulties 
in living independently; they constantly needed control 
and care; the MMSE total score was <19 points. Among 
the examined patients there were no persons with severe 
dementia with impaired activity in daily life, inability to 
maintain minimal personal hygiene and impaired motor 
abilities, and with necessity for constant care.

We assessed the severity of CI in all clinical groups (II-
VI) in comparison to the results of the I group according 
to the MMSE (Tab.1).

Patients from the IV, V and VI groups with number of 
VRF from 4 to 6 had significantly lower MMSE score com-
paring to those with one vascular risk factor. According 
to ANOVA, the greater the number of VRF the patients 
had, the lower was their total MMSE score corresponding 
to more pronounced cognitive decline (F=2,97, p=0,012). 

In all the groups we found significant negative correla-
tion between the age of patients and total MMSE score (I 
group: r= – 0,63, p<0,001; II: r= – 0,35, p<0,001; III group: 
r= – 0,37, p<0,001; IV group: r= – 0,38, p<0,001; V group: 
r= – 0,49, p<0,001; VI group: r= – 0,54, p<0,001). Thus, 
a substantial negative correlation between patients’ age 
and their MMSE score was established regardless of their 
VRF count.

The patients of the V and VI groups had substantially low-
er parameters of PALT immediate memory comparing to 
the patients of the I group (correspondently: 18,67±1,05  vs 
21,23±0,71, p=0.039; 17,12±1,25 vs 21,23±0,71, p=0.004). 
Concerning PALT delayed memory, participants of the 
IV, V and VI groups showed considerably   lower score 
in comparison to those of the I group (correspondently: 
32,48±1,54 (IV group) vs 38,82±1,93 (I group), p=0.014; 
30,93±2,52 (V group)  vs 38,82±1,93 (I group), p=0.013; 
29,36±3,24 (VI group)  vs 38,82±1,93 (I group), p=0.02). 
In other groups no significant difference concerning PALT 
parameters was found comparing to the patients of the I 
group (p>0,05). 

Table 1. Severity of CI in clinical groups
Groups MMSE score P (in comparison to the patients of the  I group) Significance

I (n=71) 24,68+0,28

II (n=147) 24,78+0,16 P=0,77 NS

III (n=158) 24,23+0,19 P=0,18 NS

IV (n=133) 23,59+0,25 P=0,007 S

V (n=46) 23,15+0,43 P=0,003 S

VI (n=25) 21,48+0,54 P<0,0001 S

NS- non significant, S- significant
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The clock drawing test results revealed substantial 
difference in the participants of  the  V and  VI  groups  
comparing to the patients of the first group (correspon-
dently: 7,73±0,38(V group)  vs 8,66±0,18 (I group), p=0.02; 
6,40±0,37 (VI group)  vs 8,66±0,18 (I group), p<0.0001).) 

Consequently, the higher was the number of risk factors 
(4 and more) in our patients, the more significant was 
their cognitive decline. This finding is in accordance with 
other studies. 

In particular, in the large community-based cohort 
change in cognitive performance was associated with 
treatable vascular risk in both middle-aged and old people 
[15]. This vascular risk was based on the components of 
the Framingham Risk Score for Cardiovascular Disease 
(FRS-CD) that are responsive to treatment: diabetes 
mellitus (yes/no), current smoker status (yes/no), systolic 
blood pressure (mmHg), total cholesterol (mmol/l), HDL 
cholesterol (mmol/l) and use of blood pressure lowering 
drugs (yes/no). The FRS-CD was conceived to foresee the 
risk of a new cardiovascular, cerebrovascular or peripheral 
vascular episode within the next ten years. A higher treat-
able vascular risk score was connected with a greater risk of 
a new vascular event: the lowest score was -5 (10-year risk 
<1%), and the highest one was 21 (10-year risk >30%) [16]. 
van Eersel et al. suggested that the influence of treatable 
vascular risk on cognitive performance was comparable 
to the impact of age. They support the hypothesis that the 
onset of vascular risk management at late-life may be too 
late for successful prevention of cognitive decline and de-
mentia [15]. According to our results, a significant negative 
correlation between patients’ age and their MMSE score 
was detected regardless of their VRF count. However, our 
study differs from this one in study population, number 
of participants; it was not a longitudinal one.  At the same 
time, we included greater amount of vascular risk factors. 
Our results were comparable to the data of the two stud-
ies from the National Alzheimer Coordinating Center 
(NACC) cohort, in which low cognitive performance was 
linked with high treatable vascular risk independent of age 
[17,18]. In a systematic review by Peters et al., an apparent 
relationship between the exposure to greater numbers of 
baseline risk factors and an elevated risk of later cognitive 
impairment or incident dementia was found [7]. These 
data somehow match our findings that the presence of 4 
and more VRF is associated with more pronounced cog-
nitive decline in the patients with CVD. At the same time, 
this study has some advantages and strengths,  including 
Cochrane based Methodology, detailed search terms and 
successful inclusion of the data resulting in description of 
study populations from 18 studies and 9 countries across 
Europe, Australia and North America with >40 000 partic-
ipants and follow-up from midlife and late life [7].  

In the Atherosclerosis Risk in Communities (ARIC) Study, 
which is an ongoing project, midlife diabetes, hypertension, 
obesity and hypercholesterolemia were connected with later 
life mild cognitive impairment and dement [5]. Ganguli 
et al. in the population sample study found that several 
vascular risk factors (history of stroke, diabetes, central 

obesity, C-Reactive Protein), although associated with lower 
baseline cognitive accomplishment, did not predict the level 
of subsequent decline. At the same time, APOE*4 genotype 
was connected with advanced deterioration in language, 
memory, and executive functions. Homocysteine elevation 
was associated with more pronounced decline in executive 
function. Hypertension (history or systolic blood pressure 
>140 mm) was linked with slower drop in memory. Baseline 
alcohol consumption was associated with slower decline in 
attention, language, and memory [3]. These findings don’t 
concur with our results, where we underline deterioration 
of cognitive functions of our patients in several cognitive 
domains in case of combination of more than 4 VRF. The 
data of Ganguli et al., differ from our study in the large 
number of participants, age of patients and cardiovascular 
risk factors. In particular we did not assess the influence of  
APOE*4 genotype, homocysteine elevation. The authors 
also used a comprehensive test battery tapping the cognitive 
domains of attention/processing speed, executive function, 
memory, language, and visuospatial functions, but our tests 
don’t coincide.  

Finally, our results are in line with data of other studies 
[7;15] that support the necessity for both clinicians and 
patients to reduce the risk factor exposure and in those 
cases where risk factors are well indicated to prevent their 
further augmentation.

CONCLUSIONS
The presence of 4 and more VRF was related to more pro-
nounced CI in the patients with CVD. In particular, we 
established decline of different aspects of memory, impair-
ment of attention, spatial orientation, abstract thinking, 
planning, concentration, executive and visuospatial skills 
in groups patients with 4,5 and  6 vascular risk factors. Age 
was substantially associated with cognitive decline in all the 
group of patients. The results of our study emphasize on 
the importance of powerful control of vascular risk factor 
exposure to prevent possible cognitive deterioration in 
patients with cerebrovascular disease.
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