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Abstract

Background: Plasma triglyceride (TG) levels are a significant risk factor for cardiovascular disease (CVD). The APOA5
gene is one of the crucial factors in plasma TG metabolism regulation. The rs662799 polymorphism in the APOA5 gene
has been reported to be associated with cardiovascular disease. The goal of this study was to evaluate the potential
association of this variant with CVD in patients with end-stage kidney disease.

Methods: In this case—control study the polymorphism was analyzed using the PCR-RFLP method in 800 consecu-
tive patients with ESKD and 500 healthy controls. The genotype and allele distribution was compared between
subgroups of patients with CVD (552) versus those without CVD (248).

Results: The frequency of the minor allele (C) in the healthy individuals was 9% compared to 12% in ESRD group
(p=0.09). The difference between groups was slightly higher for CC homozygote (3.5% versus 1.6%, p=0.042). The
ESKD patient group was analyzed according to the presence or absence of CVD. The significant differences in the
polymorphism distribution were revealed in this analysis. The frequency of the C allele in the CVD + subgroup was
14% compared to 6% in CVD- patients (p =0.001). In the CVD + subgroup the ORs (95% Cl) for the C allele and CC
genotype were 241 (1.61-3.6), p<0.001 and 3.13 (1.07-9.14), p=0.036, respectively. This indicates to the associa-
tion of the variant C allele with cardiovascular disease in ESKD patients. The CC homozygotes have a threefold higher
odds of CVD compared to TT homozygotes. The highest frequency of the C allele (18%) was observed in subgroup of
patients with diabetic nephropathy, with OR (95% Cl) 3.40 (2.13-5.43), p < 0.001.The presence of minor allele (CC and
CT genotypes) was significantly associated with increased plasma triglyceride levels (p <0.001 for both CVD + and
CVD- groups).

Conclusion: The present study demonstrated the effect of rs662799 polymorphism on plasma TG levels and its asso-
ciation with the development of cardiovascular disease in ESKD patients.
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Background

Patients with end-stage kidney disease (ESKD) are par-
ticularly susceptible to cardiovascular disease (CVD). In
the United States over 45% of deaths in ESKD patients are
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by traditional cardiovascular risk factors such as age,
obesity, hypertension, hyperglycemia or hyperlipidemia
[3]. Environmental and genetic factors play an equally
important role in a high prevalence of CVD. With the
development of high-throughput technology, the candi-
date gene approach and genome-wide association studies
have successfully identified numerous CVD susceptibility
genes, but such studies in chronic kidney disease patients
are limited [4, 5].

Plasma triglycerides (TG) are considered an important
risk factor for both cardiovascular [6] and renal disease
[7]. Apolipoprotein A5 is involved in TG metabolism
and is a significant modulator of serum TG concentra-
tion. In humans it is expressed almost exclusively in the
liver [8, 9]. Overexpression of apoA5 decreases circu-
lating TG levels, while its reduced expression causes an
opposite effect [10].

Apolipoprotein A5 gene (APOAS5) is a member of the
APOA4 / APOC3 / APOA1 apolipoprotein cluster and is
located on a short arm of chromosome 11 (11g23) [11, 12].
Several single nucleotide polymorphisms (SNPs) in the
APOAS gene have been identified. Extensively studied and
important variants include -1113 T>C and S19W poly-
morphisms [13]. The earlier studies pointed to the asso-
ciations between common variants of APOAS5 gene and
differences in plasma TG levels [14—16]. These associa-
tions suggested that APOAS5 gene is a functional candidate
for cardiovascular disease. Several studies have reported
an association between APOAS gene single nucleotide pol-
ymorphisms and coronary artery disease [14, 17-20]. The
APOAS -1113 T >C (rs662799) polymorphism, located in
the promoter region of the gene, plays a major role in the
development of CHD through its strong association with
increased plasma TG levels [21].

Since the end-stage kidney disease patients are particu-
larly prone to cardiovascular disease, we aimed to assess
the potential association of the APOAS -1113 T > C poly-
morphism with a risk of CVD in this group of patients.

Methods

Patients and controls

The population enrolled in the present case—con-
trol study consisted of 800 unrelated, adult Caucasian
patients with end-stage kidney disease (ESKD) (mean
age 62.5+14.3). Genomic DNA was obtained from indi-
viduals undergoing hemodialysis at the University Hos-
pital and dialysis center of Medical University of Lublin
between 2006 and 2019. This patient cohort was used and
described in our earlier study [22]. End-stage kidney dis-
ease was defined according to KDOQI (Kidney Disease
Outcomes Quality Initiative) definition, considering esti-
mated glomerular filtration rate (eGFR) <15 ml/min/1.73
m?, the presence of clinical signs of uremic syndrome,
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and requirement of renal replacement therapy. Patients
on dialysis for <6 months, those presented with primary
or secondary immunodeficiencies, on immunosup-
pressive therapy, with current pregnancy, malignancy
and active systemic infection were excluded from this
study. This ensured well defined disease phenotype in
all patients. Cardiovascular disease was diagnosed at the
time of DNA sample collection in 552 patients (69%), the
rest (248) were free of CVD. One or the combination of
pathological phenotypes: congestive heart failure, left
ventricular hypertrophy, angina pectoris, ischemic heart
disease, myocardial infarction, ischemic cerebral stroke
was diagnosed as cardiovascular disease. Clinical pres-
entation of CVD was verified by relevant biochemical,
radiographic, echocardiographic and vascular diagnostic
criteria. Hypertension was diagnosed according to WHO
criteria in 539 patients. An extended clinical assessment
of all patients involved complete medical history, labora-
tory determinations and physical examination.

The control group consisted of 500 healthy individu-
als, randomly recruited among Medical University of
Lublin hospital staff and blood donors who underwent
health examination. This group was also used in our
earlier study [22]. All presented with normal ECG and
without any clinical evidence of CVD. There was no past
history of kidney disease and the serum creatinine levels
were tested before enrollment. Individuals with positive
family history of renal or cardiovascular disease in first-
degree relatives were excluded from the study. A written
informed consent for participating in the present study
was obtained from all subjects from patient and control
groups. The protocol of the study was approved by the
Ethics Committee of the Medical University of Lublin.
The investigation conforms to the principles of the Dec-
laration of Helsinki in all the procedures employed in this
study.

Determination of APOAS5 rs662799 genotype

Genomic DNA was extracted from 10 ml of peripheral
blood leukocytes by the standard procedure [23]. DNA
concentration and quality of samples were determined
in Nano Drop 2000 (Thermo Fisher Scientific USA).
The rs662799 (-1131 T/C) variant in the APOAS5 gene
was detected by polymerase chain reaction—restric-
tion fragment length polymorphism (PCR-RFLP) assay,
as reported earlier [24]. Slightly modified conditions
for PCR reactions were applied: initial denaturation at
95 °C for 5 min was followed by 35 cycles of denatura-
tion at 95 °C for 30 s, annealing at 55 °C for 1 min and
extension at 72 °C for 1 min, with a final extension step
at 72 °C for 10 min. Negative controls without DNA
were used in each experiment. The PCR product of
187 bp was incubated with 5 units of Mse I restriction
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endonuclease (Thermo Fisher Scientific) at 37 °C for 12 h.
The products of Mse I digestion were analyzed by elec-
trophoresis in 2.5% agarose gel. The length of fragments
was 167 bp+20 bp for the T allele and 187 bp for the C
allele. The case—control status of the samples was blinded
during genotyping. The correctness of genotyping was
validated by repeating PCR reactions for 20% of random
samples. In addition, randomly selected samples (20 for
each genotype) were sequenced in CEQ 8000 Genetic
Analysis System (Beckman Coulter, England) to confirm
the genotype reading in agarose gel. We observed 100%
concordance between genotyping assays.

Statistical analysis

The statistical data processing and analysis were con-
ducted using SPSS version 14.0 for Windows (SPSS,
Inc., Chicago, IL. USA). In the baseline characteristics,
the values of normally distributed variables are repre-
sented by mean =+ standard deviation (SD) or numbers /
percentages where appropriate. Comparisons of discrete
and continuous variables between groups were done by
Student’s ¢-test and Mann—Whitney test. Potential devia-
tion from Hardy—Weinberg balance in the distribution
of genotypes was tested using a chi-square goodness-of-
fit test with 1 degree of freedom. The APOAS rs662799
polymorphism distributions in patients with CVD and
CVD-free subjects, were compared using a Pearson chi-
square test of independence. For documenting the signif-
icant associations of studied polymorphism with clinical
phenotype, the odds ratios (OR) with corresponding 95%
confidence intervals (CI) were computed, with non-risk
allele or genotype considered a reference. A multivari-
ate logistic regression analysis was applied to investigate
the genotype impact and clinical profile associated with
the risk of CVD in ESKD patients and to verify the inde-
pendence of observed associations. ORs were adjusted
for age, gender, BMI, the presence of hypertension and
diabetes mellitus. Four genetic models were considered:
an additive, a co-dominant (CC or TC vs. TT), a domi-
nant (heterozygote with homozygote for the minor allele:
CC plus TC vs. TT) and recessive model (homozygote for
the minor allele: CC vs. TC plus TT). Power estimations
based on allele frequencies were done with the program
for case—control study, available at http://pngu.mgh.
harvard.edu/~purcell/gpc/. The level of statistical signifi-
cance for all tests was set at p <0.05.

Results

In total, 800 patients with ESKD were genotyped with
the rs662799 polymorphism in the APOAS5 gene. For the
purpose of this association study they were divided into
two groups, patients with CVD (n=552) and those with-
out CVD (n=248). Their clinical and laboratory details
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are presented in Table 1. For the gender distribution,
years on dialysis, total cholesterol and serum creatinine
levels no significant differences were observed between
CVD+and CVD- patients. Individuals with CVD
were older (mean age 67.4114.2 years) than patients
without CVD (mean age 58.31+15.3 years). Hyperten-
sion and diabetes were more prevalent in CVD + group
(both p<0.001). The levels of triglycerides were higher
(p=0.004) and of HDL cholesterol lower (p=0.002)
in the CVD +group. There was also a significant differ-
ence in BMI (p=0.001) between study groups. This indi-
cates that in our study, age, diabetes, hypertension, BMI
and triglyceride and HDL cholesterol are risk factors for
CVD.

The frequencies of the rs662799 genotypes (TT, TC and
CC) among ESKD patients and healthy controls are sum-
marized in Table 2. Both allele and genotype proportions
in control group are in Hardy—Weinberg equilibrium
(x*=3.335, p=0.067). The frequency of the minor allele
(C) in the healthy population involved in this study was
9% compared to 12% in ESRD group (p=0.09). Consid-
ering the CC homozygote, the difference between groups
was statistically significant (3.5% versus 1.6%, p =0.042).

The ESKD patient group was further analyzed accord-
ing to the presence or absence of CVD. The distribution
of the rs662799 polymorphism was compared between
the subgroups of CVD +and CVD- patients. As shown
in Table 3, the significant differences were observed in
this analysis. A strong association of the C allele with
cardiovascular disease was observed in ESKD patients.

Table 1 Basic characteristics of ESKD patients according to the
presence or absence of CVD

Parameters ESKD CVD + ESKD CVD-  pvalue
N 552 248

Gender (M/F) 306/246 119/129 0.053
Age (years) 674+14.2 583+153 <0.001
Years on dialysis 48+29 51436 0.210
Diabetes mellitus (%) 198 (36) 55(22) 0.001
Hypertension (%) 420 (76) 119 (48) <0.001
BMI (kg/m?) 272453 25945.1 0.001
SBP (mmHg) 146+9 1434+ 11 <0.001
DBP (mmHg) 83+7 81412 0.003
Total cholesterol (mmol/l) 47423 48+17 0.539
HDL cholesterol (mmol/l) 12+£04 13405 0.002
Triglycerides (mmol/I) 18+£13 16+14 0.004
Serum creatinine (umol/l) 761£147 782164 0.072

Values are mean =+ SD or numbers (%)

Variable values determined by Student’s t-test for continuous and Mann Whitney
test for discrete variables

ESKD End-stage kidney disease, CVD Cardiovascular disease, BM/ Body mass
index, SBP Systolic blood pressure, DBP Diastolic blood pressure
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Table 2 Distribution of rs662799 (T1131C) polymorphism in the APOA5 gene in ESKD patients and healthy controls
Genotypes MAF OR (95% CI)?
N TT TC cc Callele CC genotype® TC genotype®
ESKD patients 800 644 (80.5) 128 (16) 28(3.5) 0.12 1.26 (0.97-1.64) 2.25(1.01-4.99) 1.07 (0.78-1.45)
p=0.077 p=0.045 p=0.061
Controls 500 415 (83) 77 (154) 8(1.6) 0.09 ref ref ref
Genotype distribution is shown as numbers (%). Hardy-Weinberg equilibrium: x*>=3.335, p =0.067 for control group
ESKD End-stage kidney disease, APOA5 Apolipoprotein A5, MAF Minor allele frequency
@ Adjusted for age, sex, BMI, hypertension and diabetes
b Calculated versus TT genotype
Table 3 Distribution of rs662799 polymorphism in the APOA5 gene in ESKD patients with and without CVD
Genotypes MAF OR (95% CI)?
N TT TC cc Callele CC genotype® TC genotype®
ESKD CVD+ 552 423 (76.7) 105 (19) 24 (43) 0.14 241(1.61-3.6) 3.13(1.07-9.14) 2.38(1.47-3.85)
p<0.001 p=0.036 p<0.001
ESKD CVD- 248 221(89.1) 23(9.3) 4(1.6) 0.06 ref ref ref

Genotype distribution is shown as numbers (%)

ESKD End-stage kidney disease, CVD Cardiovascular disease, APOA5 Apolipoprotein A5, MAF Minor allele frequency

@ Adjusted for age, sex, BMI, hypertension and diabetes

b Calculated versus TT genotype

The frequency of the C allele in the CVD + subgroup
was significantly higher than in CVD- subgroup (14%
and 6%, respectively, with p=0.001). Considering the
genetic model, in the additive model (C vs. T), OR for
the C allele was 2.41 (1.61-3.6), p<0.001, representing
2.4-fold higher odds of CVD per copy of the C allele. In
a co-dominant model (CC vs.TT), the OR for the CC
genotype was 3.13 (1.07-9.14), p=0.036. This repre-
sents a threefold higher odds of CVD for CC homozy-
gotes compared to TT homozygotes. The OR for the
TC genotype was 2.38 (1.47-3.85), p<0.001, represent-
ing over twofold higher odds for heterozygotes. With
the minor allele frequency 0.06 in CVD- subgroup and
0.14 in CVD + patients, the statistical power to detect
an association of the carrier genotypes with CVD was
93.8%.

The rs662799 polymorphism distribution was also
analyzed in ESKD subgroups with different primary
kidney diseases (Table 4). The highest frequency of the
C allele (18%) was observed in subgroup of patients
with diabetic nephropathy, with OR (95% CI) 3.40
(2.13-5.43), p<0.001.

Table 5 shows the mean plasma TG levels accord-
ing to the APOAS5 rs662799 genotypes in CVD+and
CVD- patients. As expected, the presence of C allele
(CC and CT genotypes) was significantly associated with

increased plasma triglyceride levels (»p<0.001 for both
groups).

Discussion

The incidence of CVD in patients with end-stage kidney
disease is significantly increased. This can only in part
be explained by conventional cardiovascular risk fac-
tors such as age, obesity, hypertension, hyperglycemia or
hyperlipidemia [3]. The genetic background is an impor-
tant element of CVD pathogenesis.

Plasma triglycerides are considered a risk factor for
cardiovascular disease [6], thus the genes involved in
TG metabolism and affecting serum triglyceride con-
centration are obvious candidates in CVD pathogen-
esis. Numerous previous studies reported associations
between common variants of APOA5 gene and differ-
ences in plasma TG levels, suggesting that they may be
related to cardiovascular disease [25].

The -1131 T>C polymorphism is located in the pro-
moter region of the APOAS5 gene and influences its
expression level [8]. Our case—control study was per-
formed to evaluate the potential association of the
-1113 T>C (rs662799) polymorphism with a risk of
developing CVD in end-stage kidney disease patients.
We successfully genotyped 1300 individuals (800
ESKD patients and 500 healthy controls) with this
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Table 4 Distribution of rs662799 polymorphism in the APOA5 gene in ESKD CVD + patients with different primary kidney disease

ESKD CVD + subgroup Genotypes MAF OR (95% Cl)? P value
N TT TC cC for C allele®

CGN 157 123 (78) 28 (18) 6 (4) 0.13 2.18(1.33-3.58) 0.002
DN 146 102 (70) 34 (23) 10(7) 0.18 3.40(2.13-5.43) <0.001
IN 64 51(79.8) 11(17) 2(3.2) 0.12 1.99 (1.03-3.81) 0.037
PKD 41 32(78) 7(17.5) 2 (4.5) 0.13 232(1.11-4.83) 0.023
Other 144 115 (79.5) 25(17.5) 4(3) 0.12 1.94 (1.16-3.24) 0.011
ESKD CVD-¢ 248 221 (89.1) 23(93) 4(1.6) 0.06 ref -

Genotype distribution is shown as numbers (%)

ESKD End-stage kidney disease, CVD Cardiovascular disease, CGN Chronic glomerulonephritis, DN Diabetic nephropathy, IN Interstitial nephritis, PKD Polycystic kidney

disease, APOA5 Apolipoprotein A5, MAF Minor allele frequency
2 OR was adjusted for age, sex, BMI, and hypertension
b Calculated versus ESKD CVD- group

“The same ESKD patient population with different primary kidney diseases, but without CVD

Table 5 Effect of the APOAS5 rs662799 polymorphism on plasma triglyceride levels in ESKD patients with and without CVD

Group Genotype TG (mmol/l) Difference vs. TT 95% Cl p
ESKD CVD+ TT (n=423) 12941 ref
TC(n=105) 1.82+1.49 -0.530 -0.78t0-0.27 0.001
CC(h=24) 2394136 -1.100 -1.56 t0-0.63 >0.001
TC+CC(h=129) 211142 -0.820 -1.051t0-0.58 >0.001
ESKD CVD- TT (h=221) 1.074£1.20 ref
TC(n=23) 1.63£1.46 -0.500 -1.08 t0 -0.03 0.038
CC(nh=4) 2194139 -1.120 -2.31100.07 0.066
TC+CC(h=27) 191142 -0.840 -1.33100.34 0.009

ESKD End-stage kidney disease, CVD Cardiovascular disease, TG Triglyceride

polymorphism, finding the allele frequencies in the con-
trol group similar to those reported for other European
populations [17, 26]. A distribution of the rs662799 pol-
ymorphism was compared between CVD+and CVD-
ESKD patients. The results showed a strong association
of the C allele and CC genotype with the occurrence of
cardiovascular disease. The frequencies of the C allele
and CC genotype were significantly higher in patients
with CVD, with OR 2.41 and 3.13, respectively. This
association of rs662799 polymorphism and increased
risk of CVD is consistent with previous reports from
different populations. Szalai et al. found a significantly
higher frequency of the C allele in patients with coro-
nary artery disease than in healthy individuals and sug-
gested that this variant is an independent risk factor for
CAD [17]. Hubacek et al. reported an association of the
APOAS5 polymorphism with a risk of myocardial infarc-
tion and underlined its role in determination of triglyc-
eride levels [16]. In a Chinese study of 355 CAD patients,
the rs662799 polymorphism was significantly correlated
with an increased risk of CAD [20]. In another study;, this
polymorphism was associated with dyslipidemia and the

severity of CHD in Chinese women [18]. The minor allele
of the rs662799 was the risk factor for CAD in Chinese
Han population [19]. The same polymorphism was also
reported to be associated with susceptibility to ischemic
stroke [27-29]. In contrast, some studies failed to iden-
tify the association of rs662799 polymorphism with car-
diovascular disease [30-34]. The lack of association in
some of these studies might be due to the fact that they
included individuals with coronary atherosclerosis or
minimal coronary stenosis as controls.

When the rs662799 polymorphism distribution was
compared between our ESKD subgroups with the most
frequent primary kidney diseases, the highest fre-
quency of the C allele (18%) was observed in subgroup
of patients with diabetic nephropathy, with OR (95% CI)
3.40 (2.13-5.43), p<0.001. Similarly, an Iranian study
revealed that the C allele of rs662799 was strongly asso-
ciated with the risk of diabetic nephropathy in type 2
diabetes patients (OR 1.42, p<0.01). The highest TG
levels were observed in patients with CC+TC geno-
types [35]. The association of this APOAS5 polymorphism
with diabetic nephropathy was also reported in a study
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of Egyptian patients. The CC genotype carriers were
more prone to a higher TG levels and development of
DN. However, in this study only 20 DN + patients were
involved and they were compared with healthy controls
only and not with T2DM patients without nephropathy
[36]. To the contrary, Baum et al. did not find any dif-
ferences in rs662799 genotype distribution between 367
Chinese T2DM patients with DN and 382 patients with-
out DN. They speculated that this result might be due to
other pathways influencing the TG levels such as factors
determining composition or clearance [37].

Apolipoprotein A5 plays an important role in triglyc-
eride metabolism (synthesis and removal) and its gene
expression level is associated with plasma TG concentra-
tion [38, 39]. Its effect on triglyceride metabolism is likely
mediated by two mechanisms. One is an enhancement of
the intravascular TG hydrolysis by activation of lipopro-
tein lipase. The other one is decreasing the serum con-
centration of TG by repressing the production of hepatic
VLDL [8]. Both can be engaged in abnormal aggregation
of lipids in the endothelial cells and formation of athero-
genic plaques. Genetic polymorphisms can modify the
effect of APOA5 on the lipid metabolism, causing the
increased triglyceride levels.

In our study the minor allele of APOA5 rs662799 was
strongly associated with an increased risk of high plasma
triglyceride levels. The presence of C allele (CC and CT
genotypes) was significantly associated with increased
plasma triglyceride levels (p<0.001 for both CVD +and
CVD- groups). This is consistent with previously pub-
lished studies that reported higher triglyceride levels in
carriers of rs662799 C allele [16, 17, 20, 32, 40]. Accord-
ing to Szalai et al. the C allele plays a role as modifier
for plasma TG concentrations [17]. One of the plausible
explanations for this effect is a stimulation of triglyceride
hydrolysis mediated by lipoprotein lipase [Guardiola [39].
The effect of APOAS variants on plasma triglycerides is
also dependent on other genetic (gene—gene interactions)
and environmental factors [41, 42].

The strength of our study is very well determined defi-
nition of clinical phenotype of chronic kidney disease and
comorbidities. However, as most of the case—control stud-
ies, the study has some potential limitations. Our findings
showed a significant association of the APOAS5 rs662799
variant with CVD in ESKD patients, but they should be
interpreted with caution. This being a retrospective case—
control study, the data may be affected by a potential selec-
tion bias. The consecutive patients were recruited to limit
this possibility. It is possible that some of the CVD- sub-
jects, although asymptomatic, could have undetected sub-
clinical atherosclerosis. Since the ESKD patient population
presents with multiple coexisting diseases, some of these
comorbidities might represent a confounding factor.
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Conclusion

The current study demonstrated the effect of the APOAS
1s662799 polymorphism on plasma TG levels and its
strong association with the risk of cardiovascular disease in
ESKD patients. This novel finding, if replicated in a larger
cohort of patients with ESKD, could play an important role
in personalized medicine.

Abbreviations

APOAS5: Apolipoprotein A5; CHD: Coronary heart disease; CVD: Cardiovascular
disease; eGFR: Estimated glomerular filtration rate; ESKD: End stage kidney dis-
ease; HDL: High density lipoprotein; HY: Hypertension; KDOQI: Kidney Disease
Outcomes Quality Initiative; LDL: Low density lipoprotein; LDLR: Low density
lipoprotein receptor; MAF: Minor allele frequency; PCR: Polymerase chain reac-
tion; SNP: Single nucleotide polymorphism; SPSS: Statistical Package for Social
Sciences; TG: Triglyceride; VLDL: Very low density lipoprotein.

Acknowledgements
Not applicable.

Authors’ contributions

JJ designed the study, participated in research and contributed to statistical
analysis. SB recruited patients and collected laboratory data. WZ interpreted
the results and revised the manuscript. MB supervised the study, reviewed
and edited data, prepared original draft and wrote the manuscript. All authors
have read and approved final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial or non-for-profit sectors.

Availability of data and materials
The data presented in this study are not publicly available due to the conditions
of acceptance. They are available on request from the corresponding author.

Declarations

Ethics approval and consent to participate

The study was conducted according to the guidelines of the Declaration of
Helsinki, and approved by the Institutional Bioethics Committee of Medical
University of Lublin. Written informed consent was obtained from all subjects
involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Hope Medical Institute, Newport News, VA, USA. 2Department of Nephrology,
Medical University of Lublin, Jaczewskiego 8, 20-950 Lublin, Poland.

Received: 16 February 2022 Accepted: 22 August 2022
Published online: 07 September 2022

References

1. Cheung AK, Sarnak MJ, Guofen Y, Berkoben M, Heyka R, Kaufman A,
et al. Cardiac diseases in maintenance hemodialysis patients. Results of
the HEMO Study. Kidney Int. 2004;65(6):2380-9.

2. Sarnak MJ, Foley RN. Cardiovascular mortality in the general popula-
tion versus dialysis : A glass half full or empty ? Am J Kidney Dis.
2011;58(1):4-6.



Jacob et al. BMC Nephrology

20.

21.

22.

23.

24.

(2022) 23:307

Fujii H, Kono K, Nishi S. Characteristics of coronary artery disease in
chronic kidney disease. Clin Exp Nephrol. 2019;23(6):725-32.

Wang Y, Wang JG. Genome-wide association studies of hypertension
and several other cardiovascular diseases. Pulse. 2018;6(3-4):169-86.
Musunuru K, Kathiresan S. Genetics of common, complex coronary
artery disease. Cell. 2019;177(1):132-45.

Miller M, Stone NJ, Ballantyne C, Bittner V, Criqui MH, Ginsberg

HN, et al. Triglycerides and cardiovascular disease : a scientific
statement from the American Heart Association. Circulation.
2011;123(20):2292-333.

Navaneethan SD, Schold JD, Arrigain S, Thomas G, Jolly SE, Poggio

ED, et al. Serum triglycerides and risk for death in Stage 3 and Stage 4
chronic kidney disease. Nephrol Dial Transplant. 2012;27(8):3228-34.
Pennacchio LA, Olivier M, Hubacek JA, Cohen JC, Cox DR, Fruchard JC,
et al. An apolipoprotein influencing triglycerides in human and mice
revealed by comparative sequencing. Science. 2001;294(5540):169-73.
Nilsson SK, Heeren J, Olivecrona G, Merkel M. Apolipoprotein A-V, a
potent triglyceride reducer. Atherosclerosis. 2011;219(1):15-21.

. Van der Vliet HN, Schaap FG, Levels JH, Ottenhoff R, Looije N, Wesseling

JG, et al. Adenoviral overexpression of apolipoprotein AV reduces
serum levels of triglycerides and cholesterol in mice. Biochem Biophys
Res Comm. 2002;295(4):1156-9.

. Seda O, Sedova L. New apolipoprotein A-V, comparative genomics

meets metabolism. Physiol Res. 2003;52(2):141-6.

. Soufi M, Settler AM, Kurt B, Schaefer JB. Mutation screening of the

APOAS gene in subjects with coronary artery disease. J Invest Med.
2012;60(6):1015-9.

. YuY, Xue L, Zhao CY, Li JP, et al. APO A5 gene polymorphisms in

patients with coronary artery disease. J Peking Univ (Health Sci).
2007,39(3):576-80.

. Endo K, Yanagi H, Araki J, Hirano C, Yamakawa-Kobayashi K, Tomura

S. Association found between the promoter region polymorphism in
the apolipoprotein A-V gene and serum triglyceride level in Japanese
schoolchildren. Hum Genet. 2002;111(6):570-2.

. Aouizerat BE, Kulkarni M, Heilbron D, Drown D, Raskin S, Pullinger CR,

et al. Genetic analysis of a polymorphism in the human Apo A-V gene :
effect on plasma lipids. J Lipid Res. 2003;44(6):1167-73.

. Hubacek JA, Skodova Z, Adamkova V, Lanska V, Poledne R. The influ-

ence of APOAV polymorphisms (T-1131>C and S19>W) on plasma
triglyceride levels and risk of myocardial infarction. Clin Genet.
2004;65(2):126-30.

. Szalai C, Keszei M, Duba J, Almassy Z, Fust G, Czinner A. Polymorphism

in the promoter region of the apolipoprotein A5 gene is associated
with an increased susceptibility for coronary artery disease. Atheroscle-
rosis. 2004;173(1):109-14.

. Wang, Lu Z, Zhang J, Yang Y, Shen J, Zhang X, Song Y. The APOA5

1662799 polymorphism is associated with dyslipidemia and the
severity of coronary heart disease in Chinese women. Lipids Health Dis.
2016;15:170-5.

. Chen H, Ding S, Zhou M, Wu X, Liu X, Wu Y, Liu D. Association of

1662799 in APOAS with CAD in Chinese Han population. BMC Cardio-
vasc Dis. 2018;18(1):2. https://doi.org/10.1185/512872-017-0735-7.

You Y, Wu YH, Zhang Y, Song Y, Bai W, et al. Effects of polymorphisms

in APOA5 on the plasma levels of triglycerides and risk of coronary
heart disease in Jilin, northeast China : a case control study. BMJ Open.
2018;8(6):2020016. https://doi.org/10.1136/bmjopen-2017-020016.
Zhang Z, Pang B, Gong RB, Gao LB, et al. Apolipoprotein A5 polymor-
phisms and risk of coronary artery disease : a meta-analysis. Biosci
Trends. 2011;5(4):165-72.

Buraczynska M, Jacob J, Gwiazda-Tyndel K, Ksiazek A. LDLR gene
polymorphism (rs688) affects susceptibility to cardiovascular disease
in end-stage kidney disease patients. BMC Nephrol. 2021;22(1):316.
https://doi.org/10.1186/512882-021-02532-6.

Madisen L, Hoar DI, Holroyd CD, Crisp M, Hodes ME. DNA banking : the
effects of storage of blood and isolated DNA on the integrity of DNA.
Am J Med Genet. 1987;27:379-90.

Halalkhor S, Jalali F, Tilaki KH, Shojaei S. Association of two common
polymorphisms of apolipoprotein A5 gene with metabolic syndrome
indicators in a North Iranian population, a cross-sectional study. J Diab
Metab Dis. 2014;13:48.

25.

26.

27.

28.

29.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 7 of 7

Hubacek JA. Apolipoprotein A5 fifteen years anniversary : lessons from
genetic epidemiology. Gene. 2016;592(1):193-9.

DiTaranto MD, Staiano A, D'Agostino MN, D'Angelo A, Bloise E, Mor-
gante A, et al. Association of USF1 and APOAS5 polymorphisms with
familial combined hyperlipidemia in an Italian population. Mol Cell
Probes. 2015;29(1):19-24.

Li XQ, Su DF, Zhang XL, Zhang CD. Association of apolipoprotein A5
gene promoter region -1131T>C with risk of stroke in Han Chinese. Eur
JInt Med. 2011;22(1):99-102.

Diakite B, Hamzi K, Himmech W, Nadifi S, GMRAVC. Genetic polymor-
phisms of T-1131C APOA5 and ALOX5AP SG135114 with the suscepti-
bility of ischemic stroke in Morocco. J Genet. 2016;95(2):303-9.

Hsu LC, Hsu LS, Lee TH. Association of apolipoprotein A1 and A5
polymorphisms with stroke subtypes in Han Chinese people in Taiwan.
Gene. 2019;684:76-81.

. Lee KWJ, Ayyobi AF, Frohlich JJ, Hill JS. APOA5 gene polymorphism

modulates levels of triglyceride, HDL cholesterol and FER, 5, but
is not a risk factor for coronary artery disease. Atherosclerosis.
2004;176(1):165-72.

. Talmud PJ, Martin S, Taskinen M, Frick MH, Nieminen MS, Kiesaniemi

YA, et al. APOAS gene variants, lipoprotein particle distribution, and
progression of coronary heart disease: results from the LOCAT Study. J
Lipid Res. 2004,45(4):750-6.

Martinelli N, Trabetti E, Bassi A, Pignatti PF, Corrocher R, Olivieri O.
The-1131T>C and ST9W APOA5 gene polymorphisms are associ-

ated with high levels triglycerides and apolipoprotein C-IlI, but not
with coronary artery disease : an angiographic study. Atherosclerosis.
2007;191(2):409-17.

Prochaska CL, Picheth G, Anghebem-Oliveira M, Costantini C, de Souza
EM, Pedrosa F, et al. The polymorphisms -1131T7>C and the ST9W of the
APOA5 gene are not associated with coronary artery disease in a Brazil-
ian population. Clin Chem Lab Med. 2010;48(3):419-22.

Zhou J, Xu L, Huang RS, Huang Y, Le Y, Jiang D, et al. Apolipoprotein A5
gene variants and the risk of coronary heart disease : A case-control
study and meta-analysis. Mol Med Rep. 2013;8(4):1175-82.

Mahrooz A, Zargari M, Ansari Y, Maklough A, Hashemi-Sooteh MD.
Association of APOA5 gene promoter region -1131T7>C polymorphism
(rs622799) to plasma triglyceride levels in patients with type 2 diabetic
nephropathy. J Clin Diag Res. 2016;10(5):BG09-BG13.

ELabd D, Fayad T. ApoA5 -1131T>C polymorphism and its effect on
triglyceride level in type 2 diabetes patients with nephropathy. Comp
Clin Pathol. 2014;23:145-50.

Baum L, Ng MC, So WY, Poon E, Wang Y, Lam VK. A case-control study
of ApoA5 -1131T>C polymorphism that examines the role of triglycer-
ide levels in diabetic nephropathy. J Diab Compl. 2007;21(3):158-63.
Palmen J, Smith AJP, Dorfmeister B, Putt W, Humphries SE, Talmud PJ.
The functional interaction on in vitro gene expression of APOA5 SNPs
defining haplotype APOA5*2, and their paradoxical association with
plasma triglyceride but not plasma apoA5 levels. Biochim Biophys
Acta. 2008;1782(7-8):447-52.

Guardiola M, Ribalta J. Update on APOA5 genetics : toward a better
understanding of the physiological impact. Curr Atheroscler Rep.
2017;19:30-8.

Vrablik M, Hubacek JA, Dlouha D, Satny M, Adamkova V, Ceska R. Strong
association between APOA5 gene polymorphisms and hypertriglyceri-
daemic episodes. Folia Biol (Praha). 2019;65(4):188-94.

Sousa MO, Alla P, Pinto X, Corbella E, Navarro MA. Interaction

between APOA5 -1131T>C and APOE polymorphisms and their
associations with severe hypertriglyceridemia. Clin Chem Acta.
2008;395(1-2):68-71.

Weber KS, Knebel B, Strassburger K, Kotzka J, Stehle P, Szendroedi J,

et al. Associations between explorative dietary patterns and serum
lipid levels and their interactions with ApoA5 and ApoE haplotype in
patients with recently diagnosed type 2 diabetes. Cardiovasc Diabetol.
2016;15(1):138.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1185/s12872-017-0735-7
https://doi.org/10.1136/bmjopen-2017-020016
https://doi.org/10.1186/s12882-021-02532-6

	Apolipoprotein A5 gene polymorphism (rs662799) and cardiovascular disease in end-stage kidney disease patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Patients and controls
	Determination of APOA5 rs662799 genotype
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


