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Features of APOE polymorphism in patients
with arrhythmias depending on the severity
of cognitive disorders

Abstract. Carriers of APOE4 polymorphism are at increased risk of cognitive decline. The purpose of this work
was to investigate the relationship between genetic (APOE gene polymorphism) indicators and the development of
cognitive disorders in patients with arrhythmias. Materials and methods. A comparative analysis of the frequency
of genotypes and alleles of polymorphic variants of the APOFE gene was conducted. It involved 110 patients aged
from 30to 75 years (mean age 63.8 = 4.3 years): the basic group included 86 individuals with cognitive disorders
on the background of different forms of arrhythmias and the control group consisted of 24 patients with arrhythmia
without cognitive impairment. Results. The predominance of ¢3/e3 genotype was found in 57 % of people with
cognitive disorders and in 54.2 % without cognitive decline (p = 0.07). The least common was e4/¢4 genotype, the
[frequency of which in cognitive impairment was 5.8 %, in patients without cognitive disorders, it was not detected at
all (p < 0.001). Among heterozygous genotypes, ¢3/¢4 was found in 19.8 % of patients with cognitive disorders and
in 16.6 % without cognitive decline (p = 0.06); ¢2/c3 — in 11.6 and 20.8 % (p = 0.026), respectively. Individuals
with mild cognitive impairment tended to accumulate genotypes ¢ 2/¢3, €3/e3 and decrease genotypes ¢ 2/c4, 3/c4,
which did not reach the level of statistical significance compared to those without cognitive disorders (p = 0.06).
Among patients with moderate cognitive impairment, there were no carriers of €2/ 2 and £2/¢3 genotypes, and the
frequency of carriers of € 3/c4, e4/c4 genotypes (p = 0.034) increased. Conclusions. Carriage of the ¢4 APOE allele
is an additional factor that increases the risk of cognitive disorders in patients with arrhythmias, carriage of the &2

allele can be considered a protective factor against the development of cognitive impairment.
Keywords: cognitive disorders; arrhythmias; APOE4; genotype

Introduction

Disorders of higher cerebral functions are one of the
most pressing medical and social problems, as they lead to a
decrease in the quality of life, disorders of social and profes-
sional activities, and in the long run — to the development
of dementia and complete social disadaptation [1—4]. Early
diagnosis of cognitive disorders makes it possible to prescribe
timely treatment and predict the onset of disability. Prede-
mentia cognitive disorders are of clinical significance since
they are more amenable to therapeutic correction [5]. De-
tection of early, potentially reversible cognitive disorders on

the background of cardiovascular pathology gives the oppor-
tunity to quickly identify groups of patients with an increased
risk of cognitive dysfunction, especially among working-age
population.

Most studies on cognitive disorders have investigated the
role of arterial hypertension and cerebral atherosclerosis in
their occurrence [6—9] but the effect of cardiac arrhythmias
on the development of cognitive deficits has not been suf-
ficiently studied.

One of the risk factors for cognitive decline is a genetic
predisposition caused by a mutation in the apolipoprotein E
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(APOQE, &4) gene on chromosome 19 [10—12]. Carrying the
¢4 allele of the APOE gene is associated with an increased
risk of developing Alzheimer’s disease, as well as an earlier
age of cognitive disorders. The relationship between APOE4
and B-amyloid causes the formation of atherosclerotic
plaques, and the relationship with the tau protein explains
the formation of neurofibrillary tangles [12—14].

Various studies, including those in non-dementia patients,
have shown the effect of APOE4 on memory, information
processing, and other aspects of cognitive functions [15—17].
Identification of genetic factors associated with a high risk of
cognitive dysfunction would make it possible to take preven-
tive measures long before the onset of clinical symptoms.

An integrated approach to the study of the mechanisms
of cognitive disorders in patients with arrhythmias, their
early diagnosis, choosing the right treatment strategy for
arrhythmias can slow the progression of cognitive deficits,
which will improve not only the clinical status of patients
but also their prognosis. The above positions determined the
relevance of the chosen direction of research and its purpose.

The purpose of this study was to investigate the relation-
ship between genetic (APOE gene polymorphism) indicators
and the development of cognitive disorders in patients with
arrhythmias.

Materials and methods

One hundred and ten patients aged from 30 to 75 years
(mean age 63.8 & 4.3 years old) were examined, of which
86 individuals were in the basic group and 24 in the control
group. The basic group included patients with cognitive dis-
orders on the background of different forms of arrhythmias:
31 (36 %) with persistent (paroxysmal) form of atrial fibril-
lation, 26 (30.2 %) with permanent form of atrial fibrillation,
16 (18.6 %) with atrioventricular block degrees 11111, and
13 (15.2 %) people with sick sinus syndrome. The control
group was represented by patients with arrhythmias without
cognitive disorders.

Background diseases, which led to the development of
arrhythmias, were ischemic and/or hypertensive heart dise-
ase — 58 (67.4 %) cases, non-coronary myocardial disea-
ses — 14 (16.3 %), chronic rheumatic heart disease — 8
(9.3 %), thyroid pathology — 6 (7 %).

Criteria for the inclusion of patients in the study: age up
to 75 years; the presence of arrhythmias verified on the ba-
sis of clinical data, electrocardiography (ECG); daily ECG
monitoring; patient’s ability to carry out productive contact
with a doctor to evaluate cognitive status; voluntary informed
patient’s consent or, if necessary, the consent of the person
who takes care of the patient.

Criteria for the exclusion of patients in the study: the ab-
sence of a voluntary informed patient’s consent; vascular de-
mentia (total score on the Mini-Mental State Examination
(MMSE) < 24, on the Frontal Assessment Battery (FAB)
<11, on the Mattis Dementia Rating Scale (MDRS) < 115);
other possible causes of cognitive disorders, including cere-
brovascular diseases: Parkinson’s disease and parkinsonian
syndrome, Huntington’s disease, Wilson-Konovalov disease,
normal pressure hydrocephalus, brain tumors (primary and
metastatic), neuroinfections, epilepsy, demyelinating di-

seases, Alzheimer’s disease, frontotemporal degeneration,
Lewy body dementia; brain injuries and their consequences,
which are the only cause of cognitive deficits; acute cerebro-
vascular disorders; unstable angina, myocardial infarction
during the last 3 months; any somatic diseases in the stage
of decompensation, mental illness or alcoholism (including
daily consumption of more than 30 ml of alcohol for the last
3 months), drug dependence. These criteria are due to the
need to separate as much as possible the influence on the
study results of pathology with a proven effect on cognitive
functions.

Neuropsychological testing [18—20] was performed
to rule out dementia. It included screening with MMSE
(M. Folstein et al., 1975), FAB (B. Dubois et al., 2000),
MDRS (S. Mattis, 1976), State-Trait Anxiety Inventory
(C.D. Spilberger et al., 1976), Beck’s Depression Inventory
(A.T. Beck et al., 1975). Extensive neuropsychological testing
was performed to determine the neuropsychological profile
and the structure of cognitive disorders [21—25]. It included
the following tests: 10 words (A.R. Luria, 1969), 5 words
(E. Grober et al., 1988), verbal association test (A. Kaz-
din, 1982), Judgment of Line Orientation (A. Benton,
1975), unpainted objects (A.R. Luria, 1969), clock drawing
(T. Sunderland et al., 1989), test of connection of numbers
and letters (Trail Making Test) (R.M. Reitan, 1958), Boston
Naming Test (J. Kaplan et al., 1978). Mild cognitive disor-
ders were determined by the criteria of N.N. Yakhno et al.
(2005), moderate cognitive disorders — by the criteria of
R.S. Petersen (2004).

A comparative analysis of the frequency of genotypes
and alleles of polymorphic variants of the APOE gene was
conducted. The study consisted of two stages. In the first
stage, DNA was isolated from the nuclei of peripheral leu-
kocytes. In the second stage, a polymerase chain reaction
of the APOE gene fragment was performed, followed by
restriction product length analysis with 6% polyacrylamide
gel electrophoresis. The results of gel electrophoresis were
studied by viewing and photographing on the Praktika device
(Germany) in transmitted ultraviolet light on the MacroVue
transilluminator (LKB, UK).

Based on the results, the presence of the €2, €3 or €4 al-
lele and the possible genotype of the patient (£2/¢2, €2/€3,
€3/€3, €2/¢4, €3 /€4, e4/e4) were determined. The choice of
patient groups was determined by the widely available litera-
ture on the influence of the APOE genotype not only on the
state of cognitive functions but also on vascular risk factors.

The results of statistical processing of quantitative vari-
ables are represented by the means and standard deviations
(M = SD). In the study, application package Statistica for
Windows v. 8.0 (StatSoft Inc, USA, 2012) was used in accor-
dance with the recommendations for processing the results
of biomedical research.

Results and discussion

With an objective evaluation of the cognitive sphere in
the basic group using neuropsychological tests, the mild cog-
nitive disorders were detected in 50 (58.1 %) patients, and
moderate cognitive disorders — in 36 (41.9 %). Neuropsy-
chological pattern in patients with arrhythmias is represent-
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ed by neurodynamic and regulatory disorders manifested in
the deterioration of executive functions, auditory verbal me-
mory, spatial gnosis, perception, concentration, decreased
speed of psychomotor processes. Mild cognitive disorders
were more common in patients with persistent (paroxysmal)
atrial fibrillation (odds ratio (OR) 1.47, confidence interval
(CI) 1.13—1.88, p =0.036), moderate cognitive disorders —
in those with permanent form of atrial fibrillation (OR 2.15,
CI11.45-3.32, p<0.001) and with atrioventricular block de-
grees II-I11 (OR 2.62, CI 1.51—-4.13, p < 0.001).

Analysis of the frequency of genotypes depending on the
presence of cognitive disorders revealed a natural predomi-
nance of £€3/¢3 genotype, which occurred with a frequency
of 57 % (in individuals with cognitive disorders) and 54.2 %
(in patients without cognitive disorders) (p = 0.07). The least
common was &4/¢4 genotype, it was detected in 5.8 % of
patients with cognitive disorders and was not found in people
without cognitive impairment (p < 0.001). Among heterozy-
gous genotypes, patients with cognitive disorders most often
had €3/e4 genotype (19.8 %); its frequency in individuals
without cognitive disorders was 16.6 % (p = 0.06). In pa-
tients with cognitive decline, €2/¢3 genotype was detected in
11.6 % of cases, and those without cognitive disorders — in
20.8 % (p = 0.026) (Fig. 1).

Among individuals with cognitive disorders, 27 (31.4 %)
carriers of at least one €4 allele were identified. Other pa-
tients had €2/¢2, €2/€3, £€3/¢3 genotypes, which according
to the most literature data are not risk factors for neurode-
generative pathology.

People with mild cognitive disorders tended to accumu-
late genotypes &2/¢€3, €3/¢3 and decrease genotypes &2/¢4,
€3/e4, which did not reach the level of statistical signifi-
cance compared to the patients without cognitive impair-
ment (p = 0.06) (Table 1). Among individuals with moderate
cognitive disorders, there were no carriers of €2/¢2 and €2/¢3
genotypes, and the frequency of €3/¢4, €4/4 genotypes in-
creased (p = 0.034).

Carrying the ¢4 allele of the APOE gene at the trend level
is associated with an increase in very-low-density lipoprotein
cholesterol. Associations with the concentration of triglyce-
rides and high-density lipoprotein cholesterol were not
found. In patients with two €4 alleles, plasma levels of to-
tal cholesterol and very-low-density lipoprotein choles-
terol were significantly higher than in carriers of one allele
and in the absence of the APOE4 genotype (p = 0.024 and
p = 0.018, respectively). These results confirm the hypoth-
esis of some researchers about the effect of APOE4 on the
synthesis of very-low-density lipoprotein cholesterol [26].

Patients who were €4 carriers by €2/e3/¢4 APOE poly-
morphism had higher C-reactive protein, interleukin-6
compared with non-carriers but no significant difference
was found (p > 0.05 for both comparisons). The content of
tumor necrosis factor o tended to increase in non-carriers
of the &4 allele compared to individuals with APOE4(+)
(p =0.06).

Patients with APOE4(+) compared to those with
APOE4(—) had significantly higher indicators that charac-
terized the condition of the lateral ventricles (p = 0.031).
The width of the subarachnoid space at the level of the fron-
tal pole differed significantly between the studied groups:
5.9 £ 0.5 mmyvs. 4.2 = 0.7 mm, respectively (p = 0.049). In
the group of APOE4(+), the size of the third ventricle was
6.1 £ 0.5 mm, of APOE4(—), it was 5.7 £ 0.8 mm (p = 0.67).
Patients with APOE4(+) were diagnosed with internal ce-
rebral atrophy more than 1.6 times often (in 44.0 % of ca-
ses): mild — in 27.3 %, moderate — in 45.4 %, severe — in
27.3 %; in the APOE4(—) group, this indicator was 27.9 %
(mild — in 58.8 %, moderate — in 41.2 %). When analyz-
ing the morphometric characteristics, it can be stated that in
patients of basic main group with the studied APOE geno-
type, cognitive disorders developed against the background
of atrophic brain process.

APOE4 carriage had a greater negative impact on the
mnestic sphere of cognitive activity (Table 2).

Cognitive disorders
(n = 86)

W 2/c2
We2/e3
[Je2/e4
Oe3/e3
H £3/e4
W ed/e4

No cognitive disorders
(n =24)

Figure 1. The frequency of € genotypes of the APOE gene in the studied groups, %
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Table 1. Frequency of € genotypes of the APOE gene among patients with arrhythmias depending
on the severity of cognitive disorders, n (%)

Genotype No c:ogr(lj‘ti;le2 :‘ﬁ)sorders Mild cog(rrl‘it=iv5eoc;isorders Nt!l?sd:r:jaetfs c;c')‘g:;tgl)e
£2/e2 1(4.2) 0* 0*
€2/€3 5(20.8) 10 (20) 0*
€2/e4 1(4.2) 2 (4) 3(8.3)
€3/e3 13 (54.2) 28 (56) 21 (58.3)
€3/e4 4(16.7) 8 (16) 9 (25)*
€4/e4 0 2(4)* 3(8.3)**

Notes: * — statistically significant differences compared to the individuals without cognitive decline
(p <0.05); * — statistically significant differences compared to the group of patients with mild cognitive

disorders (p < 0.05).

Table 2. The results of neuropsychological examination of patients in the basic group
with different APOE4 genotype

Neuropstszggologlcal APOE4(+) APOE4(-) p
MMSE 24.0+0.8 25.8+0.4 0.045
FAB 13.2+0.6 14.8+0.4 0.028
MDRS 121.2+2.1 128.4+2.9 0.046
10 words
Direct reproduction:
— first; 3.3+£0.2 45+0.5 0.027
— second; 3.8+0.3 5.3+0.6 0.026
— third. 44+£04 6.1+0.7 0.036
Delayed reproduction 42+04 6.8+0.8 0.004
5 words

Direct reproduction:
— first; 22+0.2 3.0+0.3 0.028
— second. 251203 3.5+0.4 0.047
Delayed reproduction 2.7+0.3 3.9%£0.5 0.041
Literal associations 7.8%£0.5 10.1+£0.8 0.016
Categorical associations 9.7+0.8 12.8+1.2 0.033
Judgment of Line Orientation 20.9+1.1 22.7+1.4 0.31
Unpainted objects 7.6x0.2 8.4+0.3 0.028
Clock-drawing test 7.8x0.2 8.7x04 0.045
Trail Making Test, block A 69.4+3.8 58.8+3.3 0.036
Trail Making Test, block B 142.1+£7.8 113.1£6.2 0.004
Boston Naming Test, literal clues 6.8+0.8 4.0+0.5 0.003
Boston Naming Test, categorical clues 48+1.0 22+05 0.021
Reactive anxiety 44.3+3.1 36.6 2.3 0.047
Personal anxiety 42.6£2.7 374+25 0.16
Depression 17.5£1.7 183.3+1.2 0.045

Table 3. Relationship between the risk of cognitive disorders and APOE genotypes

in patients with arrhythmias

Indicator OR 95% ClI p
Cognitive disorders and €2/¢3 0.65 0.14-1.27 0.006
Cognitive disorders and €2/¢4 1.44 1.11-1.87 0.012
Cognitive disorders and €3/¢3 0.81 0.32-1.47 0.026
Cognitive disorders and £3/¢4 2.63 1.31-4.12 <0.001
Cognitive disorders and ¢4 /¢4 4.25 2.57-6.18 < 0.001
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Differences in cognitive disorders depending on the pre-
sence of the APOE4 genotype had various modalities and
were associated with visual-spatial disorders (clock-drawing
test) (r = —0.57, p < 0.001), memory disorders according
to MMSE (r = —0.51, p < 0.001), 10 words (r = —0.54,
p <0.001) and 5 words tests (r = —0.47, p=0.001), MDRS
(r=0.44, p = 0.003). Patients with APOE4 had more pro-
nounced violations of regulatory functions, which was con-
firmed by a lower score on verbal associations (r = —0.51,
p <0.001), Trail Making Test, block B (r=—0.48, p=10.001),
Boston Naming Test (r = 0.46, p=0.001).

Carriers of the APOE4(+) genotype had higher le-
vels of depression and anxiety compared to those with the
APOE4(—) genotype (OR 3.74, CI 1.72—7.38, p = 0.008).
The presence of the €4 allele contributes to the development
of anxiety disorders and depression.

Carriage of the ¢4 APOE allele is an additional factor
that increases the risk of cognitive disorders in patients with
arrhythmias, carriage of the €2 allele can be considered a
protective factor against cognitive disorders (Table 3).

Thus, a direct comparison of the results of neuropsycho-
logical research in patients with the APOE4(+) genotype re-
vealed more pronounced cognitive decline. The APOE4(+)
genotype is an unfavorable factor in the development of cog-
nitive and affective disorders.

Conclusions

1. Carriage of the APOE4(+) genotype is associated
with a greater rate of cognitive decline (OR 3.44, CI 1.94—
5.15, p <0.001), and carriage of the APOE4(—) genotype
contributes to the preservation of cognitive functions (OR
0.73, C10.23—1.37, p <0.001) in patients with cardiac ar-
rhythmias.

2. Individuals with arrhythmias and risk factors for cog-
nitive dysfunction should be genotyped with APOE, which
will help identify groups at maximum risk of developing cog-
nitive disorders and prevent them. If one or two &4 alleles are
detected, a control neuropsychological examination should
be performed at least once every 3 months.

3. Further comprehensive study of the effect of
APOE4 isoforms on the cognitive function of patients
at risk of developing Alzheimer’s disease, in particular
those with amnesic mild cognitive impairment against the
background of arrhythmias, seems to be important for the
search for new methods to predict the course of cognitive
disorders and develop individualized approaches to their
therapy.
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CraaHik C.M.

BiviCbKOBO-MEANYHNI KAIHIYHNA LLeHTP 3aXiAHOro perioHy, M. /AbBiB, YkpaiHa

Ocob6AusocTi noAimopdismy reHa APOE B NALIEHTIB 3 APUTMISIMU 3AAEXHO
BiA BUPCODKEHOCTi KOTHITUBHUX PO3ACAIB

Pesiome. Axkmyaavnicmo. Hocii nonimopdismy APOE4 maiorh
MiABUIIECHUI PUBMK 3HWXEHHSI KOTHITUBHUX QyHKIii1. Mema
00CAi0MCeHHA: BUBYNTH B3AEMO3B SI30K MiXX T€HETHUHUMU (IT0-
nimopdizm reHa APOE) mokasHuKamMu Ta pO3BUTKOM KOTHIiTHB-
HMX PO3JIaJiB y MalLli€HTIB 3 apuT™isimu. Mamepiaau ma memoou.
[TpoBenu nopiBHSILHUIA aHAJi3 YaCTOTU T€HOTHITIB Ta aJjiesieid 1o-
nimopduux BapianTiB reHa APOE B 110 mamienTiB BikoM Bix 30 1o
75 pokiB (y cepentboMy 63,8 & 4,3 poky): 86 0cib i3 KOTHITUBHUMU
MOPYILICHHSIMHU Ha (OHI pi3HUX (HOPM apUTMiii CTAHOBUJIM OCHO-
BHY TpyITY, KOHTPOJIbHA TpyTia BKJIIOUaia 24 XBopi 3 apuTMisiMu 0e3
KOTHITUBHUX po3ianiB. Pesyasmamu. [epeBaxkaHHs €3/¢3 TeHO-
TUITY BCTAHOBWJIM B 57 % MALIi€HTIB i3 KOTHITUBHUMU PO3JIafaMK
Ta B 54,2 % 6e3 KorHiTUBHUX nopyiueHb (p = 0,07). HaitmeHm
MOLUPEeHUM OYB £4/€4 TEHOTUII, YACTOTA SIKOTO ITPU KOTHITUBHUX
posnamax craHoBuIa 5,8 %, y nauieHTiB 6e3 KOTHITUBHUX PO3JIafiB
itoro He 3Haxoauu (p < 0,001). Cepen reTepo3UroTHUX TEHOTUITIB

€3/e4 BusBuau B 19,8 % mailieHTiB i3 KOTHITUBHUMHU PO3JiagaMu
Ta B 16,6 % — 6e3 3HMXeHHS! KOTHITUBHUMX DyHKIIi# (p = 0,06);
€2/e3 — B 11,6 120,8 % (p = 0,026) BinnosinHo. Y MmaiieHTiB i3
JIETKUMU KOTHITUBHUMU PO3JIaJaMy iCHyBaJla TEHIACHIIisS 10 Ha-
KOTMMUYEHHSI FTeHOTUIIIB £2/€3, £€3/€3 1 3HUKEHHS TeHOTUITIB £2/¢4,
€3/e4, o He nocsrano piBHSI CTATUCTUYHOI BipOTiIHOCTI MOpPiB-
HSIHO 3 ocobamMu 6e3 KOrHiTUBHMX TopyiieHb (p = 0,06). Cepen
Mali€HTIB i3 TOMipHUM 3HUKEHHSIM KOTHITUBHUX (DYHKIIil He-
Ma€ HOCiiB reHOTUMIB £2/€2 i £€2/€3, a TaKOX 30iJIbIIIEHAa YaCTOTa
HociiicTBa reHoTuIiB £3/¢4, e4/¢4 (p = 0,034). Bucnoexu. Hociii-
ctBo anenst eé4 APOE € monaTkoBUM YWHHUKOM, 1110 30iTbIIIyE PU-
3UK PO3BUTKY KOTHITUBHUX MOPYIIEHb Y MALIIEHTIB 3 apUTMIiSIMHU,
HOCIHCTBO ajiesist €2 MOXHa BBaXKaTu MPOTEKTUBHUM YUMHHUKOM
[0/10 PO3BUTKY KOTHITUBHUX PO3JIaIiB.

Kuo4oBi ¢Ji0Ba: xornitusHi posnann; apurmii; APOE4; re-
HOTHII
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