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Abstract

Background. Carotid atherosclerosis is closely connected with the development of stroke, cognitive
deficits and dementia. The impact of the localization of carotid atherosclerosis on the development of
cognitive deficits remains unclear. Objective. To analyze the relationship between the indicators of
cognitive functions and structural changes of the carotid arteries in patients with metabolic syndrome
(MS). Design and methods. The study included 178 patients divided into 2 groups. The first group
included 80 patients (44,94 %) with MS without cognitive impairment. The second group consisted
of 98 patients (55,06 %) with MS and cognitive disorders. All patients underwent neuropsychological
testing, cognitive evoked potential (EP) for the assessment of cognitive functions, and the thickness of
intima-media (TIM) of the carotid arteries was determined. Results. There was an increase in TIM of
the internal carotid artery (p < 0,01) and bifurcations (p < 0,01) in the group of patients with MS and
cognitive deficit compared to the group without cognitive disorders. The correlation was established
between the TIM of the internal carotid artery and bifurcations and the results of Mini-Mental State
Examination test (p < 0,01), as well as responsiveness and concentration (p<0.01), an indicator of
memory, storage and display of information (p < 0,01). We also have found a significant relationship
between TIM of the internal carotid artery, bifurcation and the cognitive EP latency period (p < 0,01).
Conclusions. According to the neuropsychological testing and cognitive evoked potentials the increase
of TIM in the internal carotid artery and bifurcations is associated with the development of cognitive
impairment.
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Pesrome

AKTYyaJIbHOCTB. ATEPOCKIJIEPO3 B COHHBIX apTEPHSIX TECHO CBSI3aH C PA3BUTHEM MHCYIIBTA, KOTHU-
TUBHOTO Jepunura u geMeHuuu. OCTaeTcsi HesICHBIM BIIMSIHUE JIOKAIU3allMM U3MEHEHUH B COHHBIX
apTepusiX Ha pa3BUTHE KOTHUTUBHOTO Jieduura. Llean uccienoBanns — npoaHaaIn3upoBaTh B3aUMOC-
BSI3b IOKa3aTesel KOTHUTUBHBIX (DYHKIIMH U CTPYKTYPHBIX U3MEHEHUH COHHBIX apTepuil y MallueHTOB ¢
MeTtabonunueckum cuaapomom (MC). MaTtepuaJibl 1 MeToAbI. B ricciienoBanue Obu1M BKITIOYCHBI 178
nanueHToB. beumu copmuposans! 2 rpynmnsl. B nepsyto rpynmy Bouutu 80 nanuenton (44,94 %) c
MC 6e3 KOrHUTUBHBIX HapyLIEHUI MTPU MTPOBEICHUHN CKPUHUHTOBOTO HccieoBanus. Bropyto rpynmy
coctaBmiu 98 nmanueHToB (55,06 %) ¢ MC 1 KOTHUTUBHBIMU paccTpoiicTBamu. Becem manyeHTam Bbl-
MOJIHSIOCH HEMPOTICUXOIOTMUECKOE TECTUPOBAaHNE, KOTHUTUBHBIN BbI3BaHHBIN noTeHuan (KBIT) ms
OLIEHKH KOTHUTUBHBIX (DYHKIIMH, OTIpeiessiach TONIMHA KOMIUIeKca «MHTUMa-Menuay (THM) connbix
aprepuil. Pesyabrarsl. B rpynne nanuentoB ¢ MC u KOTHUTHBHBIM J€(QUIIMTOM, 110 CPAaBHEHHUIO C
rpymnnoi 6€3 KOTHUTUBHBIX pacCTPOICTB, 0TMedasioch yBennuenue THM BHyTpeHHel cOHHOM apTepun
(p<0,01) u 6udypxaumu (p <0,01). Beigsnena koppensuus mexay THUM BHyTpeHHeN COHHO apTepun
u Ongypranuu v pe3yipratoM Tectupoanus Mini-Mental State Examination (p <0,01), 6sicTporoii pe-
aKLMU ¥ CIOCOOHOCTHIO KOHLIEHTpUpoBaTh BHUMaHue (p < 0,01), mokaszarenem 3allOMUHAHUS, XPaHEHUS
u BocripousseneHus nnpopmanuu (p < 0,01). Beisenena B3aumocsszb Mex 1y TUM BHYTpeHHEH COHHON
aprepuu u 6udypkanuu u nareHTHbIM nepuonom KBII (p <0,01). BeiBoasl. Yeenuuenue THM B 30ne
BHYTPEHHUX COHHBIX apTepuil 1 OudypKalu cBsi3aHbl C pa3BUTHEM KOTHUTUBHBIX HAPYLIEHUH KaK 1O

JTAaHHBIM HEHPONCUXOJIOTHYECKOr0 TECTUPOBAHMS, TAK 1 KOTHUTUBHOTO BBI3BAHHOT'O MOTEHIMATIA.
KiioueBble cj10Ba: KOTHUTUBHBIC HAPYIICHUS, TOJIIMHA KOMITJIEKCA K MHTUMAa-ME/INay, MeTa0oJn-
YECKUM CUHAPOM, KOTHUTHUBHBIN BbI3BAaHHBIN MTOTEHIIHAI.

Cmamus nocmynuna 6 peoaxyuto 31.07.14 u npunama x neuamu 09.08.14.

Introduction

Carotid atherosclerosis underlies cerebro-
vascular disease and is closely associated with
the development of stroke, cognitive impairment
and dementia [1-4]. Most studies evaluated
the relation between atherosclerotic changes in
carotid arteries and cognitive function in patients
with cerebrovascular disease. Predominantly
patients with severe stenosis in carotid arteries
were included [5, 6]. Several studies demonstrated
that a mild atherosclerotic asymptomatic stenosis
of the carotid arteries was associated with the
decrease of neuropsychological testing results
[7, 8]. In 2011, in a study involving 2,794 people
aged 21-84 years old atherosclerotic changes were
assessed by the intima-media thickness (IMT)
and the presence of plaques in carotid arteries.
Cognitive function was assessed using the Mini-
Mental State Examination (MMSE). A significant
correlation between changes in the carotid arteries
and cognitive functions was found [8].
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Traditional cardiovascular risk factors are
associated with both atherosclerotic lesions in
carotid arteries and cognitive deficits. The
combination of abdominal obesity with two or
three components of metabolic syndrome (MS)
is associated with the thicker carotid IMT [9-13].
The pathophysiology of these processes remains
unclear [9, 10, 14]. Stenosis and carotid IMT
shows different stages and severity atherosclerotic
lesion. IMT is considered a marker of subclinical
atherosclerosis. The relation between hypertension
(HTN), atherosclerosis and IMT complex and
may reflect their interaction. On the one hand,
carotid artery stenosis is associated with greater
atherosclerotic lesion. On the other hand, IMT and
carotid stenosis are associated with cardiovascular
events, i.e. stroke and myocardial infarction
[15—17]. Magnetic resonance imaging studies
demonstrated that IMT is linked to the changes in
the brain in elderly patients [18]. There are no such
data in young and middle-aged patients. Evaluation
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of the atherosclerotic process in different parts
of carotid arteries may play an important role in
cerebrovascular disease and cognitive impairment
[19]. Several studies showed that, depending on the
cardiovascular risk factors localization of carotid
arteries lesions may be different [20]. The impact
of carotid arteries lesions localization on the
cognitive impairment is still disputable.

The purpose of this study was to analyze
the interrelation between cognitive dysfunction
and structural changes of the carotid arteries in
patients with MS.

Design and methods

The study included 178 patients (Table 1),
and 2 groups were formed. The first group
included 80 patients (44.94 %) with MS
without cognitive impairment according to the
results of screening study. The second group
consisted of 98 patients (55.06%) with MS and
cognitive impairment.

The groups were matched by age and sex.
Duration of HTN, obesity, and «office» blood
pressure (BP) were comparable in the study
groups.

Anthropometric indicators were measured in all
patients, including waist and hip circumferences,
body mass index (BMI). Three BP measurements
at 2-minute- intervals in the sitting position after
5 minutes of rest were taken according to standard
procedure.

Plasma glucose, lipid profile, C-reactive
protein (CRP) were assessed with the use of the
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biochemical analyzer (production ARCHITECT
C8000, Germany) and standard reagents («Abbott»,
Germany). Plasma insulin levels was assessed by
Microparticle Enzyme Immunoassay (MEIA)-
AxSymlInsulin.

Anxiety and depression were assessed by
the Hospital Anxiety and Depression Scale
(HADS). Cognitive function was assessed by
neuropsychological scales: Mini-Mental State
Examination (Mini-Mental State Examination,
MMSE), a Frontal lobe dysfunction battery, clock
drawing test, and test «10 words by Luria». Schulte
test was used for reaction speed and memory
concentration assessment.

Subjective complaints of memory and
attention impairment were assessed using a CFQ
questionnaire (Cognitive Failures Questionnaire).
The result CFQ < 1 point was considered
an indicator of a non-significant complaints, CFQ >
1 point— an indicator of negative self-assessment
of cognitive functions. Wechsler Memory Scale
(WMS) was used to estimate memory.

Quantitative assessment of cognitive function
was determined by cognitive evoked potential
(CEP) (P300) using EMG/EP Nicolet Viking
Select. The technique of P300 examination is
based on the paradigm of «odd ball», when a
subject has to count «non-significant» (frequent)
and «significant» (rare) stimuli given randomly
at series of two stimuli. To register CEP we used
stimulation by auditory stimuli as a click with
a different tone to the significant stimulus, with
the duration 50 msec, significant stimuli were

Table 1
CHARACTERISTICS OF THE GROUPS
MS without CI MS with CI
Parameter n=380 n =98
(1% group) (2™ group)

age 47.49 + 6.49 47.76 £ 5.17
sex. male/female (%) 48 (60 %) / 32 (40 %) 46 (46.93 %) / 52 (53.07 %)
IMT, kg/m? 30.92 +£3.30 32.70 £ 4.74 *
WC, cm 99.40 +£9.93 103.33 +£11.32 *
HC, cm 111.94 £7.66 113.54 £ 12.54 *
SBP, mmHg 144.06 £+ 13.05 146.18 £ 14.30
DBP, mmHg 89.14 £ 8.55 90.85 +10.21

Note: MS — metabolic syndrome; CI — cognitive impairment; BMI — body mass index; WC — waist circumference;
HC — hip circumference; SBP — “office” systolic blood pressure; DBP — “office” diastolic blood pressure;

* — p <0.05 compared to the group of patients without cognitive impairment.
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given at the rate of 2000 Hz and the probability
0f 20-30 %; non-significant stimuli were applied
at the rate 1000 Hz and the probability of
70—80 %. The intensity of the stimuli was
80 dB, and the interval between stimuli was
1 second. We used binaural stimulation. For
analysis we applied the following parameters:
an analysis epoch of 750-1000 msec, number of
averaging — 30-70, separately for significant
and non-significant stimuli; frequency band —
0.5-30 Hz. Only responses to significant stimuli
were considered.

Duplex scan of brachiocephalic arteries with
color Doppler mapping was carried out (Vivid
7Pro, HP, USA) according to standard procedures
and with the use of 10 MHz linear transducer.
IMT was measured by the P. Pignoli’s method
as the distance between the echo area between
the surfaces of the lumen-intima media and the
adventitia, at cross-section [22]. According to
the updated guidelines by European Society of
HTN and the European Society of Cardiology in
2007, the wall thickness < 0.9 mm is considered
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normal, IMT 0.9—1.3 mm should be assessed
as thickening, and the plaque is verified at TIM
of 1.3 mm.

Statistical analysis was performed using Statistica
6.0 software by parametric and nonparametric
methods depending on the data distribution.
Indicators are presented as M + SD. Differences
between parameters were considered significant
atp <0.05.

Results

There was an increase in IMT in the group
of patients with MS and cognitive impairment
compared to the control group (Table 2).
Patients with MS and cognitive impairment had
an increased IMT of the right internal carotid
artery (ICA) (0.095+0.017 and 0.087 £ 0.015 cm,
respectively, p < 0.01), of the left ICA (0.097 +
0.015and 0.091 £0.014 cm, respectively, p <0.05),
at the right bifurcation level (0.098 + 0.016 and
0.092 + 0.015 cm, respectively, p < 0.01), and
at the left bifurcation level (0.095 + 0.014 and
0.090 + 0.013 cm, respectively, p < 0.01).

Table 2

CAROTID STRUCTURE IN THE EXAMINED GROUPS

Parameter MS without CI MS with CI
n =80 n =98
ICA IMT on the right side, cm 0.087+0.015 0.095 +0.017*
ICA IMT on the left side, cm 0.091 £0.014 0.097 £0.015*
Bifurcation IMT on the right side, cm 0.092 £0.015 0.098 £ 0.016*
Bifurcation IMT on the left side, cm 0.090 +£0.013 0.095+0.014*

Note: MS — metabolic syndrome; CI — cognitive impairment; IMT — intima-media thickness; ICA — internal carotid
artery; * — p < 0.01 compared to the group of patients without cognitive impairment.

Table 3
RELATION OF THE INTIMA-MEDIA THICKNESS AND COGNITIVE IMPAIRMENT IN THE EXAMINED GROUPS

Clock Shulte Wechslers
Parameter MMSE CFQ drawing test scale 10 words
ICA IMT on the right side r=-0.54 r=0.36 r=-042 r=0.46 r=-0.38 r=-0.40
ICA IMT on the left side r=-0.57 r=0.36 r=-0.51 r=0.51 r=-0.51 r=-0.48
Bifurcation IMT on the right side r=-0.48 r=0.25 r=-0.35 r=0.42 r=-0.41 r=-043
Bifurcation IMT on the left side r=-0.49 r=0.28 r=-0.37 r=0.45 r=-0.48 r=-0.38

Note: MMSE (Mini-Mental State Examination) — scale evaluation of cognitive function; CFQ (Cognitive Failures
Questionnaire) — self-assessment of cognitive errors; Clock drawing test; Schulte test — test for the assessment of reaction
speed and attention focusing; Wechsler Scale — memory assessment; 10 words — test “10 words by Luria”; IMT — intima-
media thickness; ICA — internal carotid artery; for all values p <0.01.

418



OPUTNHAJIBHAS CTATDHA

Correlation analysis showed a relation between
BMI and ICA IMT (r = 0.39, p < 0.01), and
bifurcation IMT (r = 0.36, p <0.01). There was a
correlation between IMT and lipids, fasting plasma
glucose, insulin and CRP. Also the relation between
total cholesterol level and ICA IMT (r = 0.65, p
<0.01), and bifurcation IMT (r = 0.68, p < 0.01).

There was a positive a correlation between
ICA IMT (r = 0.39, p < 0.01), bifurcation IMT
(r=10.41, p <0.01) and low-density lipoprotein
(LDL) cholesterol, as well as negative association
between ICA IMT (r = -0.39, p < 0.01),
bifurcation IMT (r=-0.41, p<0.01) and the level
of high-density lipoprotein cholesterol. There was a
correlation between ICA IMT (r=10.34, p <0.01),
bifurcation IMT (r = 0.29, p < 0.01) and glucose
level.

We also found a correlation between insulin
level and ICA IMT (r = 0.23, p < 0.01),
bifurcation IMT (r = 0.27, p < 0.01); a positive
correlation between I[CA IMT (r=0.36, p <0.01),
bifurcation IMT (r = 0.28, p < 0.01) and
CRP. However, there were no association between
triglyceride levels and IMT at any carotid level.

Correlation analysis also showed a significant
relation between IMT at different carotid levels and
cognitive function (Table 3): a negative association
between MMSE results and left ICA IMT
(r =-0.57, p <0.01), right ICA IMT (r = -0.54,
p < 0.01), bifurcation IMT on the right side
(r=-0.48,p <0.01) and on the left side (r=—0.49,
p <0.01).

There was a correlation between reaction speed
and attention focusing and left ICA IMT (r=0.51,
p<0.01), right ICAIMT (r=0.46, p<0.01), IMT
bifurcation on the right side (r = 0.42, p < 0.01)
and on the left side (r = 0.45, p <0.01).

There was a negative association between
memorization, information storage and
reproduction and left ICA IMT (r = —0.48,
p < 0.01), right ICA IMT (r = —-0.40, p < 0.01),
IMT bifurcation on the right side (r = —-0.43,
p<0.01) and on the left side (r=-0.38,p<0.01). A
negative relation was also found between Wechsler
memory test result and left ICA IMT (r = -0.51,
p<0.01), right ICAIMT (r=-0.38,p<0.01), IMT
bifurcation on the right side (r = -041, p < 0.01)
and on the left side (r =—-0.48, p <0.01).

Latent period and amplitude of CEP were
associated with IMT in patients with MS and
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cognitive impairment compared to the patients
without cognitive dysfunction.

Latent period of CEP was correlated with
left ICAIMT (r=0.48, p <0.01) and the bifurcation
ofthe left IMT (r=0.44, p <0.01), while amplitude
of CEP was associated with IMT bifurcation on the
right side (r =—-0.48, p <0.01).

Discussion

The association of cognitive disorders
and structural carotid changes, as well as the
pathophysiology of these processes are still
controversial. Macrovascular changes can largely
contribute to the development of cognitive
dysfunction. Stroke, and cardiovascular diseases
are the predictors of cognitive impairment and
dementia [23, 24]. Cognitive dysfunction and brain
white matter lesions are associated with subclinical
atherosclerosis and IMT [4].

Decreased regional cerebral blood flow
might be one of the mechanisms of cognitive
decline in patients with thickened ICA IMT
[25]. As opposed to some of the other studies,
we used detailed neuropsychological testing
along with screening tests (MMSE, FAB,
«clock drawing») [8—10]. Our results suggest
that an increase in ICA and bifurcation IMT is
associated with the reduced memorization,
information storage and reproduction, logical
memory, time and space orientation, visual-
motor speed, and ability to focus attention.
Some authors have shown that an increase in
IMT is associated with the decrease in regional
cerebral blood flow in the posterior occipital
and anterior temporal cerebral region. These
areas are associated with memory function [26,
27]. Apparently, the decrease in cerebral blood
flow in the occipital region may be associated
with the development of cognitive dysfunction
in patients with increased carotid IMT [28].

Two studies suggested various localization of
carotid lesions depending on the cardiovascular
risk factors. In 1989, G.S. Tell et al. showed no
association between the carotid lesion localization
and cardiovascular risk factors such as smoking and
HTN. However, ANOVA analysis did not include
LDL cholesterol. In 1990, M. Espeland et al.
evaluated BMI in patients with coronary heart
disease (CHD) and without CHD. There was a
relation between smoking and the localization
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of atherosclerotic plaques in the area of the
bifurcation in the subgroup without CHD, however,
no association was found for the lesions in
common carotid arteries. In 2011, P. Rubba and
colleagues obtained similar results and found equal
association with other traditional risk factors (HTN,
LDL-cholesterol). The injury mechanisms might
be associated with the relation between different
risk factors and atherosclerotic lesions localized
at various levels of carotid arteries, which differ in
geometry and structure. LDL may contribute to
early atherosclerosis at bifurcation level, due to
the higher number of macrophages [30]. HTN-
associated hyperplasia develops in common
carotid arteries [20]. In our study, the localization
of atherosclerotic lesions was similar in patients
with MS and cognitive impairment and those
without cognitive dysfunction. Lack of relation
between the localization of atherosclerotic lesions
and cardiovascular risk factors may be due to the
fact that the examined subjects had a combination
of risk factors (HTN, plasma glucose, insulin,
LDL, CRP), which were not included in other
studies. It should be noted that cognitive decline
was associated with increased bifurcation IMT
and ICA IMT, which were significantly higher
than in patients without cognitive dysfunction.
Neuropsychological tests demonstrated an
association between ICA IMT and bifurcation IMT
with cognitive decline in general, as well as with
single cognitive functions. A connection of IMT at
the bifurcation level and ICA IMT with cognitive
decline has been shown previously [8, 28]. We
have shown a close association between both
localizations and the results of neuropsychological
testing.

Frontal cortex, hypothalamus, and thalamus
are considered as the areas of CEP generation
[31]. These structures play an important role for
learning and memory [32]. Increased latency and
reduced amplitude of CEP are associated with
cognitive decline in patients with Alzheimer's
disease, Parkinson's disease, cerebrovascular
dementia [33, 34].

Patients with significant stenoses of carotid
arteries have been shown to have an increased
latent period of CEP [35]. Based on the results
of neuropsychological testing and CEP, we have
demonstrated a cognitive decline in patients with
MS and subclinical atherosclerosis. We found an
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association between increased IMT at different
locations (internal carotid artery, bifurcation) and
quantitative measures of cognitive functions.

Conclusions

1. Cognitive disorders are associated with
the increase in ICA IMT and bifurcation IMT.

2. There is a correlation between ICA and
bifurcation IMT and cognitive function in general,
as well as separate cognitive functions, including
responsiveness speed and attention focusing,
memorizing, information storage and reproduction,
and logical memory.

3. Increased IMT in ICA and bifurcation is
associated with the decrease in CEP amplitude
and increase in CEP latency.
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