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Abstract

Objective: To explore the influence of apolipoprotein E (APOE) genotypes and blood lipid
metabolism on coronary artery disease (CAD) with atrial fibrillation (AF).

Methods: Patients with suspected CAD were consecutively enrolled and divided into groups
with or without CAD and/or AF. Blood lipid levels and APOE genotypes were determined and
analysed for associations with CAD and AF.

Results: A total of 2048 patients were included (400 patients without CAD or AF [controls],
126 patients without CAD but with AF, 1294 patients with CAD without AF, and 228 patients
with CAD and AF). Age and lipoprotein (a) (Lp[a]) levels were significantly higher in patients with
CAD and AF versus those with CAD without AF. Among patients with CAD, the E3/E3 genotype
and &3 allele frequencies were significantly lower in patients with AF than in those without AF, and
the E4/E4 genotype and ¢4 allele frequencies were significantly increased. Multivariate logistic
regression revealed that increased Lp(a) levels and age were independent risk factors for AF in
patients with CAD.

Conclusion: Among patients with CAD, those with AF had increased age, ¢4 frequencies and
Lp(a) levels. Age and Lp(a) levels may be independent risk factors for AF in patients with CAD.
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Introduction

Coronary artery disease (CAD) is currently
the most common cardiovascular disease,
and with a gradually increasing incidence,
it has become the main cause of death in
developed and developing countries.' > Of
the arrhythmias, atrial fibrillation (AF) is
the most prevalent type.* In addition to
increasing the incidence of cardiogenic
stroke, AF may significantly increase the
risk of heart failure and death in patients
with CAD,>® bringing a heavy burden
to human health.”® Thus, AF and CAD
have undoubtedly become the two most
attention-worthy cardiovascular diseases.
While AF is an electrical atrial disease,
CAD is a disease of the vascular structure.’
However, many studies have shown that
AF and CAD are closely related,'®'?
which may explain the common mecha-
nisms associated with occurrence and devel-
opment, and their common risk factors,
such as dyslipidaemia, fibrosis, inflamma-
tion, hypertension, and age.'* !> The corre-
lation between dyslipidaemia and the
occurrence and development of AF has
received increasing attention, however,
many controversies remain,'®?° resulting
in the need for further investigation.

The apolipoprotein E (4APOE) gene,
involved in lipoprotein synthesis and
metabolism, has three main subtypes, E2,
E3 and E4, encoded by the corresponding
€2, ¢3 and &4 alleles, and has six possible
genotypes, E2/2, E2/3, E2/4, E3/3, E3/4
and E4/4.' Previous studies have shown
that both AF and CAD are related to
genetic factors, and there is a strong genetic

component for the diseases.””> >* The &4
allele of APOEF is related to the incidence
of atherosclerosis and CAD,>>2% and APOE
has been shown to be associated with AF in
the Alzheimer’s disease population.?’*8
However, few studies have investigated
APOE and AF in patients with CAD.
Thus, the aim of the present study was to
explore the effects of APOE and blood
lipids on CAD with AF.

Patients and methods

Study population

This observational case—control study
included consecutively enrolled patients
who were admitted to the Affiliated
Hospital of Xuzhou Medical University,
Xuzhou, China, for suspected CAD
between June 2020 and July 2021.
Relevant information was collected from
the patients’ clinical records and all includ-
ed patients underwent coronary angiogra-
phy or coronary computed tomography
angiography (CTA) examination. The
diagnostic criteria for CAD were as fol-
lows: typical angina symptoms and a cor-
onary vascular examination showing that
the diameter of the subepicardial coronary
artery was >50%, or a noninvasive exam-
ination showing that the patient had evi-
dence of myocardial ischemia.”” AF was
defined as the disappearance of P waves
on electrocardiogram, the presence of
F waves of different sizes, shapes, and
amplitudes, an F wave frequency of 350
to 600 beats permin, and a variable R-R
interval.*® The exclusion criteria were as
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follows: (1) patients with incomplete clini-
cal data, including the lack of basic clinical
data, and unsuccessful completion of cor-
onary angiography or coronary CTA; (2)
patients with prehospital use of lipid-
lowering drugs, such as statins; (3) patients
with severe liver and/or kidney dysfunction
(significant damage to liver or kidney
structure and function); and (4) patients
with thyroid disease (abnormal thyroid
function) and multiple organ dysfunction
(simultaneous or sequential dysfunction
of two or more organs). Enrolled patients
were grouped according to the presence or
absence of CAD and AF, as follows: con-
trol group (CAD- AF-, patients without
CAD or AF), CAD- AF+ group (patients
without CAD but with AF), CAD+ AF-
group (patients with CAD without AF)
and CAD+ AF+ group (patients with
both CAD and AF).

The study was approved by the
Ethics Committee of Xuzhou Medical
University, and all enrolled patients provid-
ed written informed consent. The reporting
of this study conforms to STROBE
guidelines.®!

Clinical and laboratory data

After hospitalization and study enrolment,
the demographic and clinical data of all
participants were collected, including sex,
age, body mass index (BMI [kg/m?]), smok-
ing status, hypertension, and diabetes.
Diabetes and hypertension were defined
according to the relevant published diag-
nostic criteria,’*** and smoking was
defined as continuous or cumulative smok-
ing for more than 6 months.**

Determination of blood lipids and APOE
genotype

Peripheral venous blood was drawn from
patients on an empty stomach into tubes
containing ethylenediamine tetra acetic

acid (EDTA) anticoagulant and used imme-
diately, with 1 ml of the sample used to
evaluate blood biochemistry, as follows:
total cholesterol and triglycerides were mea-
sured using a blood lipid biochemical test
kit (TEGEN, Shanghai, China); high-
density lipoprotein cholesterol (HDL-C)
was determined by a phosphotungstic
precipitation method with reagents from
Zhongsheng  Beikong  Bio-technology
(Beijing, China); low-density lipoprotein
cholesterol (LDL-C) was obtained by for-
mula calculation; and lipoprotein(a) (Lp[a])
was measured using a sandwich enzyme-
linked immunosorbent assay kit (Rayzbio
Technology, Shanghai, China), with results
evaluated in a plate reader by absorbance
readings at 450nm. All assays were per-
formed according to the manufacturer’s
instructions.

Single nucleotide polymorphisms in the
APOE gene were detected using a commer-
cial kit (Beyotime, Shanghai, China).
Briefly, DNA as extracted from 2 ml of
the patient’s blood sample in EDTA using
a DNA extraction kit (Beyotime) according
to the manufacturer’s instructions. Genomic
DNA was then subjected to polymerase
chain reaction (PCR) with primers specific
to the APOE gene: sense, 5-AACAACT
GACCCCGGTGGCG-3'; antisense, 5-AT
GGCGCTGAGGCCGCGCTC-3; and
sense, 5-CCCACCTGCGCAAGCTGCG
C-3’, wusing thermal cycling conditions
according to Hixson and Vernier.* In
brief, each reaction mixture was heated at
95°C for 5min for denaturation, then sub-
jected to 30 amplification cycles of primer
annealing at 60°C for 1min, extension at
70°C for 2min, and denaturation at 95°C
for 1 min. An Affymetrix gene chip reader
(Subsidiary of Thermo Fisher Scientific;
Santa Clara, CA, USA) was used to read
the fluorescence curve of the amplified prod-
uct sample, according to the manufacturer’s
instructions.
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Statistical analyses

Data were statistically analysed using
IBM SPSS software, version 22.0 (IBM,
Armonk, NY, USA). Continuous variables
are presented as mean = SD, and were com-
pared between groups with Student’s 7-test.
Categorical variables are presented as fre-
quencies and were compared using y>-test
or Fisher’s exact test. Spearman’s rank cor-
relation coefficient was used to compare the
correlation between ¢4 and Lp(a). Variables
were then incorporated into multiple logis-
tic regression analysis to evaluate the inde-
pendent risk factors that determine the
presence of AF in patients with CAD.
A P value <0.05 was considered statistically
significant.

Results

Study population characteristics

The study included a total of 2048 patients
who were divided into four groups:
control group (CAD- AF-, n=400);
CAD- AF+ group (n=126); CAD+ AF-
group (n=1294); and CAD+ AF+ group
(n=228). The basic clinical and demo-
graphic characteristics of the study popula-
tion are summarized in Table 1. Compared
with the control group, patients with CAD

(P<0.05); and BMI, the proportion of
male patients, and those with hypertension,
diabetes, and who smoked was significantly
higher in patients with CAD (P <0.05).
Patients with both CAD and AF were sig-
nificantly older than patients with CAD
without AF (P <0.05; Table 1).

Comparison of blood lipids in the
study population

Compared with the control group, levels of
total cholesterol, LDL-C, and Lp(a) were
significantly increased in patients with
CAD, and HDL-C was significantly
decreased (P < 0.05); although levels of tri-
glycerides were numerically higher, the dif-
ference was not statistically significant. The
Lp(a) levels were significantly higher in the
CAD+ AF+ group versus the CAD+ AF-
group (P < 0.05; Table 2).

Distribution of APOE genotypes among
the study population

Compared with the control group, frequen-
cies of the E3/E4 and E4/E4 genotypes and
&4 allele were significantly increased in
patients with CAD, and frequencies of the
E3/E3 genotype and &3 allele were signifi-
cantly decreased. In addition, among
patients with CAD, frequencies of the E3/

and/or AF were significantly older E3 genotype and &3 allele were significantly
Table |. Study population characteristics.

CAD— CAD+
Variable AF— (n=400) AF+ (n=126) AF— (n=1294) AF+ (n=228)
Age, years 60.69+11.8 63.6+10.31* 64.88 + 10.69%* 66.86 + 10.78%#
Male 191 (47.8) 59 (46.8) 816 (63.1y* 143 (62.7)**
Hypertension 200 (50) 69 (54.8) 745 (57.6)* 140 (61.4)*
Diabetes 58 (14.5) 20 (15.9) 332 (25.7)%* 63 (27.6)*
Smoking 88 (22) 26 (20.6) 482 (37.2y** 85 (37.3)
BMI, kg/m2 21.61 +£3.67 22.53 +3.91 24.95 +3.72% 25.05 + 3.5%

Data presented as mean +SD or n (%) prevalence.

BMI, body mass index; CAD, coronary artery disease; AF, atrial fibrillation.
*P < 0.05 versus controls (CAD— AF—); *P < 0.001 versus controls (CAD—AF—); #P < 0.05 versus CAD+ AF—.
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Table 2. Biochemical data of the study population.

CAD- CAD+

Variable AF— (1=400)  AF+ (n=126) AF— (n=1294) AF+ (n=228)
TC, mmol/L 4734136 481+ 151 4.92 4 | 45+ 5.07 + 1.32%
TG, mmol/L .66+ 1.35 152+ 1.16 1714122 168+ 1.14
LDL-C, mmol/L 2,68+ 1.04 274+ 1.14 2.85 & |.18* 2.98 & 1.17%
HDL-C, mmol/L 1354043 1.36-£0.38 129 +£0.41% 127 +£0.38*
Lp(a), mg/L 231.87 £ 195 2638426343  25492+£22281% 28569+ 170.32%"

Data presented as mean + SD.

CAD, coronary artery disease; AF, atrial fibrillation; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipo-
protein cholesterol; HDL-c, high-density lipoprotein cholesterol; Lp(a), lipoprotein (a).

*P < 0.05 versus controls (CAD— AF—); #P < 0.05 versus CAD+ AF—

Table 3. Prevalence of apolipoprotein E (APOE) gene polymorphisms in the study population.

CAD— CAD+

APOE genotype AF— (n=400) AF+ (n=126) AF— (n=1294) AF+ (n=228)
E2/E2 3 (0.8) 0 (0) 6 (0.5) I (0.4)
E2/E3 42 (10.5) 14 (11.1) 153 (11.8) 25 (11)
E3/E3 268 (67) 84 (66.7) 742 (57.3)* L1 (48.7)#
E2/E4 Il (2.8) | (0.8) 22 (1.7) 4(18)
E3/E4 56 (14) 20 (15.9) 250 (19.3)* 53 (23.2)*
E4/E4 20 (5) 7 (5.6) 121 (9.4)* 34 (14.9)#
) 59 (7.4) 15 (6) 187 (7.2) 31 (6.8)

&3 634 (79.3) 202 (80.2) 1887 (72.9)** 300 (65.8)**#
o4 107 (13.4) 35 (13.9) 514 (19.9)%* 125 (27.4)** 14

Data presented as n (%) prevalence.

CAD, coronary artery disease; AF, atrial fibrillation.

*P < 0.05 versus controls (CAD— AF—); *P < 0.001 versus controls (CAD— AF—); #P < 0.05 versus CAD+ AF—;
#p < 0.001 versus CAD+ AF—

lower in patients with AF than in those
without AF, and frequencies of the E4/E4
genotype and &4 allele were significantly
increased (P < 0.05; Table 3).

Correlation between the APOE ¢4 allele
and Lp(a) levels in patients with CAD with
or without AF

Analysis by Spearman’s rank correlation
coefficient revealed that in patients with

CAD, although ¢4 and Lp(a) levels were
correlated, the correlation was weak

(r=0.106 [P <0.001]; Table 4). In patients
with CAD, Lp(a) levels were significantly
higher in the &4 group than in patients with-
out ¢4 (P <0.05; Figure 1).

Multiple logistic regression analysis of
patients with CAD with or without AF

The logistic regression analysis included all
potential risk factors, and revealed that
increased Lp(a) levels (P=0.041) and age
(P=0.01) were independent risk factors
for AF in patients with CAD (Table 5).
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Discussion

Coronary artery disease and AF, the most
common cardiovascular disease and
arrhythmia  type, respectively, have
become significant threats to human
health, and many studies have shown

Table 4. Correlation between the apolipoprotein
E (APOE) ¢4 allele and Lp(a) in patients with CAD.?

Lp(a)
Variable r Statistical significance
With &4 0.106 P <0.001

CAD, coronary artery disease; Lp(a), lipoprotein (a).
Spearman’s rank correlation coefficient.

- with =4
s without =4

Lp(a)mgl)

(o]

CcCAD+AF- CAD+AF+ CcAD+
Figure |I. Comparison of Lp(a) between patients
with CAD with or without the apolipoprotein E ¢4
allele. Lp(a), lipoprotein (a); CAD, coronary artery
disease. Data presented as mean =+ SD; *P < 0.05
versus patients without &4.

them to be correlated.’® *® The main risk
factors for AF are also risk factors for
CAD, and include age, race, blood lipid
levels, obesity, hypertension, and certain
lifestyle factors.***' Blood lipid levels are
an established risk factor for CAD, with
the relationship between blood lipid levels
and AF becoming a research hotspot.'®!’
Both CAD and AF show strong genetic
correlations, therefore, the present study
aimed to explore the internal connection
between CAD and AF through assessment
of the differences in blood lipid levels and
expression of the regulatory gene APOE in
patients with CAD and AF.

In the present study, comparison of clin-
ical data showed that patients with AF or
CAD were significantly older than controls
without CAD or AF, and BMI, the propor-
tion of male patients, and those with hyper-
tension, diabetes, and smoking were
significantly higher in patients with CAD.
Among patients with CAD, those with AF
were significantly older than patients with-
out AF. These results concur with the epi-
demiological manifestations of CAD and
AF.?3% The present study also showed
that, compared with the control group,
levels of total cholesterol, LDL-C, and
Lp(a) were significantly increased in patients
with CAD, and HDL-C was significantly

Table 5. Multiple logistic regression analysis of potential risk factors for AF in 1522 patients with CAD.

Variable B SE Wald Statistical significance Odds ratio
Constant -3.410 0.698 23.865 P <0.001 0.033
Male —-0.045 0.174 0.068 NS 0.956
Age 0.018 0.007 6.626 P=0.010 1.018
Hypertension 0.119 0.150 0.630 NS 1.126
Diabetes 0.089 0.163 0.298 NS 1.093
Lp(a) 0.063 0.031 4.187 P=0.041 1.065
Smoking 0.057 0.174 0.107 NS 1.058
BMI 0.006 0.020 0.105 NS 1.006
With &4 0.148 0.153 0.932 NS 1.160

BMI, body mass index; CAD, coronary artery disease; AF, atrial fibrillation; Lp(a), lipoprotein (a); ¢4, apolipoprotein E ¢4

allele.
NS, no statistically significant correlation with AF (P> 0.05).
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reduced. Since the associations between tri-
glyceride levels and CAD have been contro-
versial, it is worth noting that although
patients with CAD in the present study
were found to have an increasing trend in
triglyceride levels, no statistical significance
was found. A previously published report
attracted much attention by stating
that hypertriglyceridemia should not be
regarded as a single entity, but should be
regarded according to the multiple condi-
tions of total particle number and composi-
tion,” which may explain the ongoing
controversy over triglycerides in the research
of CAD. In addition, research data on the
relationship between blood lipid levels and
AF remain inconclusive and controversial.
Among published research, a more convinc-
ing study by Jiang et al.,** used Mendelian
randomization methods to assess the associ-
ation between blood lipid levels and the risk
of AF. Regarding causality, large-scale mul-
tivariable Mendelian randomization studies
have shown that there is a positive causal
relationship between high Lp(a) levels and
an increased risk of AF.** Among patients
with CAD in the present study, levels of
Lp(a) in patients with AF were significantly
higher than in patients without AF.
However, in patients without CAD, there
were no significant differences in Lp(a)
levels between patients with or without AF.
This result may have been due to the rela-
tively low sample size in the present study, or
differences in comorbid diseases, and
requires more data from larger samples for
further investigation.

Next, the prevalence of APOE genotypes
were compared between the present study
groups. Compared with controls, the fre-
quency of the E3/E4, E4/E4 genotypes
and &4 allele was significantly increased in
patients with CAD, and the frequency of
the E3/E3 genotype and &3 allele was signif-
icantly decreased. These results are similar
to those of previous studies indicating that
the APOE genotype is closely related to the

occurrence and development of CAD.>>2°
It is worth noting that among patients
with CAD, the frequency of &4 was signifi-
cantly higher in patients with AF than in
patients without AF. Published studies on
AF and APOE are lacking, and currently
available studies mainly focus on cerebro-
vascular diseases, particularly Alzheimer’s
disease.?”?**4 Falsetti et al.** showed
that in Alzheimer’s disease, the ¢4 allele in
patients with AF was associated with a
higher risk of rapid cognitive deterioration.
A population-based study from Finland,
the CAIDE study,* showed that AF was
an independent risk factor for dementia
and Alzheimer’s disease, and this associa-
tion was related to the &4 genotype.
Similar to these results, it seems that &4
plays an important role in patients with
CAD and AF.

Carriers of the APOE gene &4 allele have
been shown to have higher total cholesterol
and Lp(a) levels.***” The present study
found that in patients with CAD, Lp(a)
levels were significantly higher in patients
with the ¢4 allele than in those without
¢4. However, subsequent analysis by
Spearman’s correlation coefficient showed
that, although there was a correlation
between ¢4 carriers and Lp(a) levels, the
correlation was weak. Therefore, Lp(a)
levels, the &4 genotype and other possible
risk factors were included in multiple logis-
tic regression analysis. The results suggest
that age and Lp(a) levels may be indepen-
dent risk factors for AF in patients with
CAD, which is novel information regarding
CAD with AF.

The results of the present study may be
limited by several factors. First, this was a
single-centre study, and the study popula-
tion was entirely Han ethnicity, thus, the
results may not be representative of the gen-
eral population. In addition, similar results
were not observed when comparing AF in
patients with CAD versus patients without
CAD, and at present, we cannot provide a
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satisfactory explanation. Future multi-
centre, larger sample studies are needed to
further clarify the results.

In conclusion, among patients with
CAD, patients with AF had increased age,
&4 frequencies and Lp(a) levels. Age and
Lp(a) levels may be independent risk fac-
tors for AF in patients with CAD.
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