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Introduction
Calcific aortic valve disease (CAVD) is the third most common 

cardiovascular disease in adults, after arterial hypertension and 
ischemic heart disease. It affects between 2 and 7% of people 
over 65 years of age [1], with incidence of about 12% in subjects 
older than 75 years of age [2]. Clinically manifested high gradient 
aortic stenosis is the most common heart defect requiring surgical 
treatment and the second most common cause leading to heart 

surgery in the European Union and the USA (after coronary artery 
bypass).

 There is a long “silent” subclinical period of 7-8 to 10 years 
between the first pathological changes in the aortic valve and 
the development of high gradient aortic stenosis. After the onset 
of initial clinical symptoms (angina pectoris, congestive heart 
failure, syncope, rhythm and conduction disorders), the two-year 
survival rate of patients who do not have prosthetic aortic valve 
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replacement is about 50% [3]. The risk of ischemic heart disease 
or myocardial infarction in patients with CAVD (even of those with 
no severe symptoms) is significantly higher in comparison with 
subjects of the same age but not suffering from CAVD [4-7].

Currently, the causes of this pathological condition and its 
exacerbation mechanisms, resulting in calcified aortic valve 
deformity, sclerosis, and aortic valve dysfunction, remain 
unknown. Recently, particular attention has been paid to the 
pathological role of genetic factors [2,8-13] and lipoprotein(a), 
the latter having a significant contribution to the development 
of CAVD. Data on genetic biomarkers that are predictive of the 
occurrence and progression of valve calcification, however, is still 
insufficient.

 Large-scale meta-analyses in multiethnic population-
based studies (Framingham Heart Study, the Age, Gene/
Environment Susceptibility-Reykjavik Study, Multi-Ethnic Study 
of Atherosclerosis, Heinz Nixdorf Recall Study, Malmö Diet and 
Cancer Study (MDCS), and the Copenhagen City Heart Study) 
have found that a single nucleotide polymorphism (SPN) at LPA-
locus (rs10455872) is significantly associated with aortic valve 
calcification [2]. The mechanisms responsible for this relationship 
and the way in which the genetic polymorphisms affect CAVD 
initiation and progression have not been entirely clarified. Data 
on the link of LPA rs10455872 polymorphism to the calcific aortic 
valve disease have not been published in Bulgaria so far.

The study aimed to establish whether the polymorphism 
rs10455872 at the lipoprotein(a) (LPA gene locus, encoding 
Lp(а), increases the risk of aortic valve disease.

Material and Methods
Study population

Initially, the study included 156 patients, treated at Cardiology 
Clinic II, University Hospital -Pleven between May 2015 and April 
2016. Ten subjects (6 of the oldest in the target group and 4 of the 
youngest in the control group) were excluded from the analysis 
because of the significant age difference established between the 
investigated groups. Of the remainder (146 patients), 38 were 
controls (patients with structurally and functionally normal aortic 
valve), and 108 were patients with echocardiographic evidence 
of CAVD. This latter group included patients with all forms of 
the disease, including subclinical ones: aortic valve calcification 
(confirmed by CT scan), aortic sclerosis (echocardiographically 
confirmed thickening and calcification), as well as clinically 
manifested aortic stenosis.

Criteria for including the controls in the study were as 
follows: age over 50 years and lack of echocardiographic data for 
structural aortic valve disease. Criteria for inclusion of patients 
in the target group were age over 50 years, systolic aortic 
murmur and morphological changes presenting with calcification 
and aortic valve sclerosis (with or without hemodynamically 
significant stenosis), assessed by echocardiographic methods. The 
study excluded individuals with aortic valve dysfunction due to 

congenital conjoined commissures or hypoplastic valve, rheumatic 
endocarditis, infectious endocarditis with vegetation causing 
obstruction to blood flow through valve, primary and secondary 
calcium metabolism disorders with an increased tendency to 
calcium deposition in tissues of patients with advanced renal 
insufficiency, primary and secondary hyperparathyroidism). All 
participants in the study were aware of its goals and methods and 
gave written informed consent for genetic testing.

Biochemical blood analysis 
Peripheral venous blood was collected in a fasting state in 

EDTA-containing vacutainers (10mL, VWR, Austria) for further 
DNA isolation and analysis. Glucose, total cholesterol, LDL-
cholesterol, HDL-cholesterol, triglycerides, and creatinine levels 
were determined by standard methods.

Electro-and echocardiography
Detailed histories were taken, and physical examinations were 

performed on both controls and CAVD patients. At the time of 
inclusion in the study, all patients underwent electrocardiographic 
examination (12 leads, 25mm/s recording speed and 10mm/mV 
sensitivity). Cardiac rhythm, presence or absence of conduction 
and rhythm disorders, the presence of left ventricular hypertrophy 
and ischemia/survived myocardial infarction were assessed.

A transthoracic echocardiography was performed on the 
study population, using a standard echocardiographic procedure 
(Phillips HD 7и Esaote My Lab 7), according to the standards of 
European Echocardiography Association, by two-dimensional 
(B-mode), one-dimensional (M-mode) and conventional Doppler 
echocardiography (CW-Doppler, PW-Doppler, Colour-Doppler). 
Heart dimensions and volumes, valve status, aortic root, ascending 
aorta and pericardium were evaluated. Calcification of the aortic 
valve was quantified, and in each case presence of calcium 
deposits on valvular structures with thickening and deformation 
of the cusps was considered pathological.

DNA-analysis and genetic variants 
Genetic research was carried out at the University Research 

Laboratory of Medical University –Pleven. Isolation of DNA from 
venous blood was performed by saline extraction with AccuPrep 
Genomic DNA Extraction Kit –BIONEER according to approved 
laboratory protocols and manufacturer’s recommendations. 
Genotyping of the A>G polymorphism was performed 
(rs10455872) in intron 25 of the gene, coding Lp(a) with TaqMan 
Pre-designed SNP Genotyping Assay (Life Technologies), at 
platform PicoReal 96 –Real-time PCR and subsequent analysis of 
allelic profiles with specialized software (Thermoscientific).

Statistical analysis
The software program SPSS version 19.0 (SPSS, Chicago, 

IL, USA) was used for data analysis. The chi-squared test was 
applied to compare proportions between the patient groups. 
The interval variables were represented as mean (±standard 
deviation, SD) or median (25th-75th percentiles) depending on 
the type of distribution. Normality of data was checked with the 
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Shapiro-Wilk test. The significance of differences between groups 
was assessed by Student’s t-test and one-way analysis of variance 
for normally distributed data, and by the Mann–Whitney U-test 
and Kruskal-Wallis test for non-parametric data. The existence 
of an association between the genotype of the patients studied, 

and CAVD was sought using the Pearson χ2-test, and the risk 
evaluation was performed using cross tabulation. A value of p 
<0.05 was considered statistically significant. The study was 
approved by the Ethics Commission at the Medical University –
Pleven.

Results 
Baseline characteristics of the study population
Table 1: Baseline characteristics of the study population.

Parameter Controls Patients with CAVD р

Gendermen, n(%)women, n(%)
17(45)

21(55)

51(47)

57(53)
0.792

Age [years], median (25-75 
percentile) 70(63-74) 72(67-76) 0.055

Smoking, n (%) 18(47) 36(33) 0.123

Arterial hypertension, n (%) 35(92) 95(88) 0.482

Diabetes mellitus, n (%) 17(45) 40(37) 0.403

Obesity, n (%) 24(63) 43(40) 0.013*

Ischemic heart disease, n (%) 22(58) 56(52) 0.521

Ascending aortic dilatation, n (%) 7(18) 38(35) 0.054

Early chronic renal insufficiency, 
n (%) 5(13) 13(12) 1

Serum glucose [mmol/L], median 
(25-75 percentile) 6.0(5.1-7.4) 5.8(5.1-6.8) 0.625

Totalcholesterol [mmol/L], median 
(25-75 percentile) 4.31(3.69-5.09) 4.85(3.99-5.77) 0.063

HDL-cholesterol [mmol/L],

median (25-5 percentile)
1.23(1.00-1.57) 1.30(1.10-1.56) 0.756

LDL-cholesterol [mmol/L], median 
(25-75 percentile) 2.22(1.97-3.20) 2.82(2.09-3.57) 0.022*

Triglycerides [mmol/L], median 
(25-75 percentile) 1.39(0.98-1.95) 1.23(0.82-1.78) 0.302

The demographic characteristics and some common 
cardiovascular risk factors of the study population are shown in 
Table 1. Sixty-eight (47%) of the 146 patients included in the study 
were males. The age of the control group varied between 56 and 
79 years (median 70) and that of patients with CAVD - between 53 

and 83 years (median 72). No statistically significant differences 
existed between the target group and controls regarding gender.

Obesity degree (Table 1) and serum level of LDL-cholesterol 
(Figure 1) were significantly higher in patients with CAVD than in 
the controls.
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Figure 1: LDL-cholesterol levels in patients with calcific aortic 
valve disease and control subjects.

The role of LPA rs10455872 polymorphisms (A >G, 
intron 25) in the incidence of aortic valve disease 

We studied the role of rs10455872 polymorphisms in the 
incidence of aortic valve disease using descriptive statistics. It 
was established that 19.4% of the patients with CAVD and 5.3% of 
the controls had at least one mutant allele (Table 2). A significant 
association was obtained between rs10455872 polymorphism 
and the cardiovascular disease (χ2=4.259, р=0.039).

Table 2: Cross tabulation table of genotype/study population.

CAVD
Total

Yes No

Genotype 
Mutant

Count% 
within 

genotype

21 2 23

19.40% 5.30% 15.80%

Normal
Count% 
within 

genotype

87 36 123

80.60% 94.70% 84.20%

Total
Count% 
within 

genotype

108 38 146

100.00% 100.00% 100.00%

Table 3: Risk estimate for CAVD.

Value
95% Confidence 

Interval

Lower Upper

Odds ratio for having mutant versus 
normal genotype 4.345 0.968 19.501

For cohort CAVD=yes 1.291 1.089 1.53

For cohort CAVD=no 0.297 0.077 1.149

N of valid cases 146

The association strength was obtained by the Odds ratio (Table 
3), which in this case was equal to the ratio of the odds of having 
CAVD in the presence of at least one mutant allele to the odds of 
having CAVD in case of a normal genotype (OR=4.345 (95% CI 
0.968 –19.501)). This result shows that CAVD is four times more 

likely to occur in individuals having at least one mutant allele as 
compared to those with a normal genotype.

Discussion
The most common morphological variant of aortic stenosis 

in patients over 50 years of age is calcific aortic stenosis. The 
condition has long been attributed to gradual age-related “wearing 
out” of the valve. Recently, it has been shown that genetic variation 
in LPA-locus causes calcific aortic valve disease [2,8,9,11-13]. 
Currently, it is also thought that the pathological process of aortic 
calcification is accompanied by chronic inflammation, involving 
genetic, biochemical and humoral factors [4,14]. So far, genetic 
investigations have not shed enough light on the prognostic and 
predictive potential of genetic markers of valve calcification.

In this study, CAVD was found to be four times more likely to 
occur in individuals having at least one mutant allele as compared 
to individuals with a normal genotype. Such a result has been 
confirmed by other authors, who reported that SNP rs10455872 
in the Lp (a) gene was strongly associated with aortic valve 
calcification [2,12].

Furthermore, we established that serum levels of LDL 
cholesterol in CAVD patients were significantly higher than 
those in controls. It is known that oxidized lipoproteins, and 
Lp(a) in particular, are involved in atherogenesis. They are highly 
cytotoxic and stimulate inflammatory activity and mineralization 
[10,15,16].

It should be noted that processes of calcification and 
atherosclerosis are similar. However, the cellular and mineral 
components of these two lesions are significantly different. These 
differences explain to a certain extent why only about 40% of 
patients with severe degenerative aortic stenosis have significant 
coronary artery disease but most of those with significant 
coronary stenosis do not have stenosis of the aortic valves [4,17]. 
Another important piece of clinical evidence, demonstrating the 
difference between calcification and atherosclerosis, is the effect 
of lipid-lowering statin therapy. This therapy has been shown to 
favorably affect the course of the atherosclerotic process in the 
vessels but has no effect on the progression of CAVD [18,19].

Our data, togehter with results published by other authors, 
suggest that the synergistic effect of genetic factors that determine 
individual variations in the structure of Lp (a) on one hand, and 
the inflammatory processes, on the other hand, leads to the 
formation and exacerbation of valvular lesions in CAVD.

Further studies are needed to better explain the relationship 
between genetic variations in Lp(a) levels and the progression of 
calcific aortic valve disease. Such studies could reveal chances to 
lower Lp(a) levels through medication in the early phase of CAVD 
that might help delay or stop the progression of the disease.
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