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Abstract: Calcific aortic valve disease (CAVD) is a multifactorial condition. Both environmental and
genetic factors play an important role in its etiology. CAVD exhibits a broad spectrum, varying from
mild valve thickening to severe valve calcification and stenosis. Progression of the disease consists of
chronic inflammation, lipoprotein deposition, and active leaflet calcification. It is a process similar
to coronary artery disease. In this study, we investigated Lp(a) levels and gene polymorphisms
associated with calcific aortic stenosis from blood samples after echocardiography in the evaluation
of 75 patients diagnosed with CAVD and 77 controls. Blood tests were run in our laboratory to
rule out certain risk factors before echocardiography examination. A significant association among
smoking, elevated LDL level and creatinine, low albumin levels, Lp(a) level, rs10455872, and rs3798220
polymorphisms may be considered genetic risk factors for the development of calcific aortic stenosis.
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1. Introduction

Calcific aortic valve disease (CAVD) is a slow progressing comprehensive disorder ranging from
mild valve thickening, which is no obstruction to blood flow, to severe calcification with aortic stenosis
or impaired leaflet motion. CAVD is the most commonly acquired heart disease in adults, with a
prevalence of 2–7% among those over the age of 65 years according to European Cardiology Association
(ESC) [1–3]. CAVD is predisposed by some risk factors, such as passive degeneration and accumulation
of calcific deposits. It is shown to be a dynamic process similar to atherosclerosis [4] and resulting from
residual the deposition of lipoproteins, chronic inflammation, and active leaflet calcification [5–7].

Early valve disease was characterized by endothelial dysfunction as a prerequisite. Subendothelial
accumulation of intracellular lipids and lipoproteins followed by T-cell infiltration and inflammation
was observed during the process that began with the deterioration of basement membrane integrity in
patients with stenotic occlusion [8–10]. Recent studies indicate that genetic variation has been involved
in this process, as well as some clinical risk factors, such as age, gender, smoking, diabetes mellitus
(DM), hypertension (HT), elevated low-density lipoprotein (LDL) levels and elevated Lp(a) levels.
Rashedi et al. showed that the potential effect of a polymorphism in the gene locus associated with
lipoprotein(a) synthesis [11–14].

Lp(a)s are kinds of low-density lipoproteins (LDL) mainly distinguished by their apolipoprotein(a)
compounds. Elevated Lp(a) levels are an independent risk factor for chronic heart disease. Lp(a) levels
are less associated with CAVD than LDL. Retrospective and cross-sectional studies have shown that
Lp(a)s are a risk factor for CAVDs in the early and late stages. The structure of Lp(a) is quite complex.
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Plasma levels of Lp(a) are controlled or influenced by genetic factors [15–19]. The Lp(a) gene is
localized to the q25 region of six chromosomes and encodes the apolipoprotein a component of Lp(a).
Changes in this gene may affect plasma levels of Lp(a). Polymorphisms are at the orgins of those
changes. Among those polymorphisms, Single nucleotide polymorphisms (SNPs) which are defined
as rs 10455872 and rs3798220 have been shown to be effective in changing plasma Lp(a) levels [20–22].

Although these polymorphisms have been studied in different races around the world, there is
no study about the frequency in the Turkish population. In our study; we aimed to shed light on the
relationship between Lp(a) levels and genetic polymorphisms factors involved in the development of
CAVD in the Turkish population.

2. Materials and Methods

2.1. Patients

A total of 152 volunteers who met the inclusion criteria were enrolled, including 75 patients and
77 controls. Patients were diagnosed with CAVD by echocardiography (ECHO) while the control
group consisted of subjects without CAVD. The volunteers were given explanation of the examination
methods. The controls in the study were as follows: Age over 60 years and lack of echocardiographic
data for systemic aortic valve disease. Patients in the diagnosed group were over 60 years of age,
and had morphological changes presenting with calcification and aortic valve sclerosis, evaluated by
ECHO. The ethics of experimentation were approved by the ethics committee of Trakya University.
Blood samples were obtained from consenting patients.

Both groups were identified in the echocardiography lab and blood samples (EDTA, 5 cc) were
collected. Two genotypes of the Lp(a) gene were identified by means of fluorescence-labeled real-time
Polymerase Chain Reaction (Applied Biosystems 7500 Fast Instrument) by utilizing a fluorescent
marker (Taqman) after isolating DNA from blood samples. Lp(a) levels were determined by means of
ELISA in serum samples.

2.2. Echocardiography

Echocardiography in all subjects were performed in the echo laboratory. Measurements were
taken after 10 min rest in supine position. Standard transthoracic echocardiography was performed
(Vivid 7, GE Vingmed, Horten, Norway).

Parasternal long axis, long-axis projections, apical four-chamber and two-chamber views were
obtained. End-diastolic and end-systolic diameters of left atrial and left ventricular walls were
measured. Hemodynamic parameters were obtained with continuous-wave Doppler and pulsed-wave.
The assessment of severity of valve diseases were categorized as mild, moderate, and severe by
using American College of Cardiology/American Heart Association (ACC/AHA) classification.
The classification for stenotic lesions and regurgitant was based on the recommendations of the
American Society of Echocardiography.

2.3. Genotyping

Genomic DNA isolation from peripheral blood was carried out with the manufacturer’s instructions
(catalogue number 761001D, Thermo Fisher Scientific, USA). Real-time PCR was performed for
rs3798220 and rs10455872 polymorphisms with TaqMan SNP probes by using 2 µl of each DNA sample
(catalogue number 4351379, Thermo Fisher Scientific, USA for rs3798220, catalogue number 4351379,
Thermo Fisher Scientific, USA for rs10455872).

PCR conditions were as follows: Real-time PCR procedure in Applied Biosystems 7500 Fast
Instrument; initiation for 5 minutes at 94 ◦C, 20 seconds at 94 ◦C, 20 seconds at 57 ◦C, 20 seconds at
72 ◦C, and termination for 10 minutes at 72 ◦C. Genotyping and melting analysis were performed at
the end of each cycle.
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2.4. ELISA Procedure

Patient serum samples were obtained and stored at −80 ◦C until use. Quantification of Lp(a)
protein (catalogue number LS-F21752, LSBio LifeSpan BioSciences, USA) in serum samples was carried
out according to manufacturer’s protocol (PerkinElmer, Waltham, MA). The standard curve was plotted
based on the standard and serum Lp(a) level was determined as mg/dL.

2.5. Statistical Analysis

Statistical analysis of the study was conducted using SPSS 20 program (IBM Corp, Armonk, NY,
USA). Continuous variables were expressed as mean ± standard deviation and qualitative variables as
a percentage. Kolmogorov–Smirnov and Shapiro–Wilk tests were utilized to assess normality in the
binary comparison of continuous variables, student’s t-tests were applied for variables with normal
distribution and the Mann–Whitney U test was used for non-normal distribution. Chi-squared (χ2)
tests were utilized to compare categorical variables. Genotype frequencies observed in the study was
analyzed by means of the HW calculator software and by Pearson’s Chi-squared test for compliance
with Hardy–Weinberg distribution, and p < 0.05 was accepted as the limit of statistical significance.

3. Results

3.1. Demographic Characteristics of the Patients

Patient and control groups were compared in terms of demographic characteristics, including
age, gender, hypertension (HT), diabetes mellitus (DM), smoking, family history, triglycerides (TG),
high-density lipoprotein (HDL), low-density lipoprotein (LDL), and total cholesterol. The control
group consisted of 77 people, 41 of them being female and 36 being male. The CAVD group consisted
of 75 people; 36 of them were female and 39 were male. There was no statistically significant
difference between the two groups with regards to gender (p = 0.518). The mean age of control was
71.74 ± 2.17 years, and 72.74 ± 2.36 years was that of the patient group, and no statistically significant
difference was found between age and risk factor (p = 0.532). There was no statistically significant
difference in terms of HT frequency between the patients and the control group (45.45% and 57.33%,
respectively) (p = 0.143). The difference in DM incidence was also not statistically significant (40.26%
in the control group and 46.67% in the CAVD group) (p = 0.426). The rate of smoking was 29.87% in the
control group and 45.33% in the CAVD group and the difference was statistically significant (p = 0.049).
LDL measurements were evaluated, and the mean value of LDL was 118.09 ± 4.47 mg/dL in the control
group, and 147.97± 5.6 mg/dL in the CAVD group; there was a statistically significant difference between
the two groups (p < 0.001). Evaluation of creatinine levels showed a statistically significant (p = 0.002)
difference between the control group (1.03 ± 0.09 mg/dL) and the CAVD group (1.29 ± 0.2 mg/dL).
Lipoprotein(a) level was 27.05 ± 1.19 mg/dL in the control group and 68.67 ± 1.5 mg/dL in the CAVD
group, and there was statistically significant difference (p < 0.001) (Table 1).
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Table 1. Baseline characteristics of the study population.

Characteristic Patient Group
(n = 75)

Control Group
(n = 77) p-Value

Age 72.74 (70.38–75.11) 71.74 (69.57–73.90) 0.532

Women 36 (48%) 41 (53.25%)
0.518Men 39 (52%) 36 (46.75%)

Diabetes mellitus 35 (46.67%) 31 (40.26%) 0.426

Hypertension 43 (57.33) 35 (45.45%) 0.143

Smoking 34 (45.33) 23 (29.87) 0.049

Low-Density Lipoprotein 147.97
(142.37–153.57)

118.09
(113.62–122.55) <0.001

Creatinine 1.29 (1.09–1.50) 1.03 (0.94–1.12) <0.002

Albumin 3.71 (3.63–3.79) 3.94 (3.87–4.01) <0.001

Lp(a) 68.67 (67.17–70.16) 27.05 (25.86–28.23) <0.001

3.2. Allele Frequency

There were 2 SNPs in our original set of loci within genes of potential CAVD. GG genotype was
not detected in the CAVD group for rs1055872. A substantial number of SNPs had no allele frequencies
for CC and CT of rs3798220, unlike control group.

Table 2 presents the frequencies of minor allele homozygotes and heterozygotes for all the SNPs
genotyped. The AA genotype exhibited a higher frequency in the patient group compared to the
control group for rs1055872; however, interestingly GG genotype was not detected in the CAVD
group (p < 0.001). Regarding other polymorphisms for rs3798220, the entire patient group had the
TT genotype, and control group had the CC genotype most prevalently, less so CT and TT genotypes.
The rs1055872 polymorphism allele distribution was evaluated; the AA genotype was found in 24.68%
of the control group and 97.33% of the CAVD group; the AG genotype was in 14.29% of the control
group and 2.67% of the CAVD group; the GG genotype was in 61.04% of the control group and 0%
of the CAVD group. The AA genotype exhibited a higher frequency in the patient group compared
to the control group; however, the GG genotype was not detected in the CAVD group (p < 0.001).
The rs3798220 polymorphism allele distribution was evaluated; the CC genotype was in 55.84% of the
control group and 0% of the CAVD group; the CT genotype was in 7.79% of the control group and
0% of the CAVD group; the TT genotype was 36.36% of the control group and 100% of the CAVD
group. The TT genotype frequency of the patient group was higher than the control group. CC and CT
genotypes were not detected in the CAVD group. Statistically, a significant difference was found with
high confidence (p < 0.001) for CC, CT, and TT (Table 2).

When characteristics of the subgroups (mild, moderate, and severe stenosis) were evaluated,
gender, age, HT, smoking, LDL levels, creatinine levels, and Lp(a) levels were similar and there were
no statistically significant differences among the subgroups. Only DM was found to be a contributing
factor to CAVD progression and had a statistically significant difference (p = 0.045) (Table 3). In our
study, the level of smoking (p = 0.049), LDL (p < 0.001), creatinine (p < 0.002), albumin (p < 0.001),
Lp(a) (p < 0.001), rs1055872 polymorphism with AA genotype (p < 0.001) and rs3798220 polymorphism
with TT genotype (p < 0.001) were found to be potential risk factors for CAVD development.
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Table 2. Genotype/study population.

Genotype Patient Group
(n = 75)

Control Group
(n = 77) p-Value

rs1055872

<0.001
AA 73 (97.33%) 19 (24.68%)
AG 2 (2.67%) 11 (14.29%)
GG 0 47 (61.04%)

Allele
<0.001A 148 (98.67%) 49 (31.80%)

G 2 (1.33%) 105 (68.2%)

rs3798220

<0.001
CC 0 43 (55.84%)
CT 0 6 (7.79%)
TT 75 (100%) 28 (36.36%)

Allele
<0.001C 0 (0%) 89 (59%)

T 150(100%) 62 (41%)

Table 3. Baseline characteristics and genotype of patient subgroups.

Mild Stenosis
n:16

Moderate Stenosis
n:28

Severe Stenosis
n:31 p-Value

Male 8(43.75%) 15(46.43%) 13(61.29%) 0.074

Female 8(56.25%) 13(53.57%) 18(38.71%) 0.103

Age 76.93 (72.58–81.29) 71.32 (67.23–75.41) 71.87 (67.93–74.84) 0.330

DM 7(25.00%) 18(46.43%) 10(58.06%) 0.045

HT 9(56.25%) 17(53.57%) 17(61.29%) 0.897

Smoking 5(43.75%) 14(39.29%) 15(51.61%) 0.431

LDL
141.56 150.21 149.25

0.251(130.39–152.73) (140.47–159.95) (139.93–158.5)

Creatinine 1.13 (0.93–1.33) 1.33 (1.06–1.60) 1.35 (0.92–1.79) 0.289

Albumin 3.65 (3.51–3.80) 3.76 (3.60–3.91) 3.70 (3.58–3.81) 0.363

Lp(a) 70.28 (68.34–72.23) 69.10 (67.30–70.90) 67.44 (64.26–70.62) 0.388

rs1055872
AA 15(93.75%) 27(96.43%) 31(100%)
AG 1(6.25%) 1(3.25%) 0

0.311GG 0 0 0

rs3798220
CC 0 0 0
CT 0 0 0

0.301TT 16(100%) 28(100%) 31(100%)

The present study included cases referred to our hospital with cardiac symptoms and all of
them were underwent echocardiographic evaluation. According to the measurements based on
echocardiographic images, subjects were determined as the CAVD group and the control group.
The study sample required 75 patients and 77 subjects.

4. Discussion

The disease has a progressive pathology. It is characterized by an increase in velocity of 0.3 m/s,
a gradient of 7 mmHg, and a decrement in valve area of about 0.1 cm2 per year, as indicated in the
American Heart Association manual [23]. Since our study was designed as a case-control study, the data
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for progression could not be evaluated [24–26]. Lipoproteins are the most studied risk factors involved
in the development and progression of aortic stenosis and mitral valvular stenosis [27]. Lip(a) has a
structure that is similar to plasminogen and tissue plasminogen activator and shows competition for
the binding site with plasminogen [28,29]. It tends to reduce fibrinolysis due to its structure [30,31].
As it increases plasminogen activator inhibitor-1 secretion, it induces thrombogenicity [32]. Having a
cholesterol molecule in its structure increases atherogenesis [31]. Since it carries oxidized phospholipids,
which are more atherogenic, it has been shown to be pro-inflammatory [33–36].

LDL is one of the classic risk factors for atherosclerosis and is accepted as one of the leading
factors for the development of CAVD. However, with increasing age, the relationship between
LDL-progression of CAVD loosens and becomes less and less in the population over 65 years of age.
There was a positive correlation between calcified aortic stenosis and LDL but there was a negative
correlation between progressive stenosis and LDL in the subgroup analyses (Table 3). We think that
this statistical difference may be the number of subjects in our study. Lp(a) protein level and its
gene polymorphisms, which constitute the basis of our study, have recently become popular research.
Rashedi et al. emphasized the association between Lp(a) and gene polymorphism for the progression
of CAVD. Kamstrup et al. also mentioned the relationship between Lp(a) and CAVD. Thanassoulis et al.
investigated the relationship between Lp(a) and rs10455872 polymorphisms in CAVD, and emphasized
a significant correlation also [15–17]. In our findings, there was a strong positive correlation with the
AA genotype of rs10455872 polymorphism and the TT genotype of rs3798220 polymorphism.

As a result of the study using 3145 cases and 3352 control groups among 2100 candidate genes,
the European Genome-phenome Archive officially reported that Lp(a) protein causes rs10455872
and rs3798220 alleles for coronary artery disease [37]. Lp(a) contributes to CAVD at different rates
depending on ethnicity. The highest prevalence of Lp(a) in CAVD (14.5%) is seen in Caucasians, but the
rate of Lp(a) is quite low in Chinese Americans (6.6%) [16,38,39]. rs10455872 (G mutant allele) has
been shown to increase the CAVD rate four-fold in the Bulgarian population compared to a control
group [16]. The rs3798220(C) polymorphism is a predictor for coronary heart disease in both genders,
and it reduces the effect of low dose aspirin therapy in female carriers of the C allele with higher levels
of plasma Lp(a) [37,40]. Lp(a) levels varied in different ethnic groups in America for Blacks was 1.51%,
for Whites it was 4.27% and for Hispanics it was 42.38%. It seems there is a higher rate in Hispanics [41].
Distributions of these polymorphisms may vary according to populations. In the Danish, AA and TT
genotypes of rs10455872 were detected more frequently in the calcific aortic stenosis group, while the
GG, CC, and CT genotypes of rs3798220 were found in the control group but not detected in the CAVD
group. There was a statistically significant difference between the patients and the control group
for all these genotypes. The comparison of genotypes showed a statistically significant difference
in CAVD development. Although some studies have investigated the relationship between Lp(a)
gene polymorphisms and CAVD development, those studies only focused on polymorphisms without
addressing genotypic differences. Moreover, findings of some characteristics were not described
according to subgroups of aortic stenosis in some studies. Although clinical and genetic risk factors
associated with CAVD were taken into account, the effect of these factors on acceleration progression
of CAVD was not investigated [15–17].

In our study, the risk factors were investigated by comparing between patient and control groups
to determine whether these polymorphisms had any effect on CAVD development. CAVD is often a
disease of the elderly population and occurs in 2%–7% of people over 65 years of age. The incidence of
symptomatic stenosis increases with age and symptoms of the tricuspid aortic valve start around the
age of 70 years [18]. The association between aortic stenosis and classical risk factors of atherosclerosis
has been known for several years [19]. The frequency of atherosclerotic coronary artery disease and
the incidence of new cardiovascular events are increased in these patients [3,20,21]. LDL level above
125 mg/dL is as a risk factor for the development of aortic stenosis [22]. The mean value of LDL
was 118.09 mg/dL in the control group and 147.97 mg/dL in the patient group, and agreed with the
aforementioned study [22].
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5. Conclusions

We discuss our findings in the light of the advantages and limitations of currently available
information; such studies are not widely appreciated. While there have been dramatic successes
in the identification of a few genetic polymorphisms reported for Lp(a), associations that are
complex—environmental, behavioral, and genetic, have been demonstrated to be clinically valid, but
few have been shown to have clinical utility. A total of 75 patients with diagnosed CAVD and 77 people
without aortic valve anomalies were included in the study. Afterward, patients were divided into a
calcific aortic stenosis group and a normal aortic valve group. Demographic and laboratory data were
compared for Lp(a) gene polymorphisms. As a result of this comparison, previously identified risk
factors, clinical pathologies (age, HT, DM, and male gender) were found to be positively correlated
with smoking, LDL, creatinine level, and Lp(a) when compared to the development of CAVD and risk
factors for disease development. In addition, there was a statistically significant correlation with the AA
genotype of rs1055872 and the TT genotype of the rs3798220 polymorphism (p <0.001). The presence
of DM was only found to be statistically significant (p = 0.049) in the subgroup analysis. A positive
correlation was found between low levels of albumin levels and CAVD. None of the patients had
a diagnosis of the liver parenchymal disease which could cause liver dysfunction. Therefore, this
condition was associated with a negative acute phase reactant of albumin. This has led us to predict
that chronic inflammation in the aortic valve may be a component of systemic inflammation, as the
process of inflammation in the aortic valve progresses very slowly and spread over the years. Our study
also has some limitations that should be taken into consideration. Firstly, these results are dependent
on unadjusted estimations, like other genetic and environmental factors. Secondly, this study is
considered to have a small number of samples. Therefore, the association of rs10455872 and rs3798220
polymorphisms and CAVD is statistically high, yet this study may be less powerful due to sample size.
Despite those limitations, our study is the first evaluation between those polymorphisms and CAVD
development in the Turkish population.
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