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Introduction. Cardiovascular diseases (CVD) are the leading cause of mortality in the Russian Federation. Existing healthcare programs are 
primarily focused on the treatment of manifest CVD, while the prevalence of genetic risk factors (cardio-germline variants) remains understudied.
Objective. Assessment of the prevalence of pathogenic and likely pathogenic (P/LP) cardio-germline variants in Russian population based 
on a representative sample.
Materials and methods. The study was conducted using samples from the Genetic Database (GDB) cohort of the Centre for Strategic 
Planning (FMBA of Russia), comprising 116,794 participants from 86 Russian regions. Whole-genome sequencing (WGS, coverage >30x) 
of DNA was performed (database of the Centre for Strategic Planning FMBA of Russia). The search and annotation of pathogenic and likely 
pathogenic (P/LP) variants in 37 genes associated with CVD were performed based on ClinVar. Statistical analysis was conducted using 
Python (v3.9.12).
Results. P/LP variants in 26 genes were identified in 0.98% (1152) of participants (cumulative allele frequency 0.49%, 424 unique variants). 
The prevalence by disease groups was as follows: hypercholesterolemia — 0.1704%, structural abnormalities — 0.2218%, arrhythmias — 
0.1040%. The most frequent variant was rs5742904 (APOB gene, 0.0545%).  When strictly considering only variants with the “reviewed by 
expert panel” level of evidence (Level A), the prevalence was 0.14%. Significant geographical variations were observed (ranging 321–6250 car-
riers per  100,000 population), with the highest frequencies in the Chechnya, Khakassia, and Bryansk Oblast. No statistically significant 
decrease in the proportion of carriers was found in the age group over 75 years, confirming the generally low penetrance of these variants. 
However, within the group over 75 years, a higher number of carriers was observed among female compared to male subjects (p = 0.013), 
which may indicate a greater effect of these variants on male carriers.
Conclusions. The study has identified for the first time a significant “hidden burden” of P/LP cardio-germline variants (~1% carriers) in 
the Russian population. The substantial geographical variations underscore the importance of a regional approach to healthcare resource 
planning. The absence of an overall decrease in carrier frequency among the elderly, combined with sex-specific differences in age-related 
dynamics for certain disease groups, highlights the role of modifying factors and variable penetrance. The data obtained are critical for the 
development of preventive cardiogenetics and the optimization of the CVD prevention system in Russia.
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Введение. Сердечно-сосудистые заболевания (ССЗ) — ведущая причина смертности в РФ. Существующие программы ориентиро-
ваны на лечение манифестных ССЗ, в то время как оценка распространенности генетических факторов риска (кардиогерминаль-
ных вариантов) остается недостаточной.
Цель. Оценка распространенности патогенных и вероятно патогенных (P/LP) кардиогерминальных вариантов среди населения РФ 
на репрезентативной выборке.
Материалы и методы. Исследование проведено на образцах из выборки базы данных популяционных частот (GDB) ЦСП ФМБА 
России, 116 794 участников из 86 регионов РФ. Проведено полногеномное секвенирование (WGS, покрытие >30x) ДНК (база дан-
ных ФГБУ «ЦСП» ФМБА России). Поиск и аннотация патогенных и вероятно патогенных (P/LP) вариантов в 37 генах, ассоциирован-
ных с ССЗ, выполнены на основе ClinVar. Статистический анализ проведен с использованием Python (v3.9.12).
Результаты. P/LP-варианты в 26 генах выявлены у 0,98% (1152) участников (суммарная частота аллелей 0,49%, 424 уникальных 
варианта). Распространенность по группам патологий: гиперхолестеринемия — 0,1704%, структурные нарушения — 0,2218%, на-
рушения ритма  — 0,1040%. Наиболее частый вариант  — rs5742904  (ген APOB; 0,0545%). При строгом учете только вариантов 
с использованием уровня доказательности «проверено экспертной комиссией» (уровень А) распространенность составила 0,14%. 
Установлены значимые географические различия (321–6250 носителей на 100 тыс. населения), максимум — в Чеченской Респу-
блике, Республике Хакасия, Брянской области. Не обнаружено статистически значимого снижения доли носителей в возрастной 
группе старше 75 лет, что подтверждает низкую пенетрантность вариантов в целом. При этом внутри группы старше 75 лет среди 
женщин наблюдали большее число носителей, чем среди мужчин (p = 0,013), что может свидетельствовать о большем эффекте 
данных вариантов на мужчин-носителей.
Выводы. Исследование впервые выявило значимое «скрытое бремя» P/LP кардиогерминальных вариантов (~1% носителей) 
в российской популяции. Существенные географические различия подчеркивают важность регионального подхода к пла-
нированию ресурсов здравоохранения. Отсутствие общего снижения носительства у пожилых в сочетании с половыми раз-
личиями в возрастной динамике для отдельных групп патологий подчеркивает роль модифицирующих факторов и различной 
пенетрантности. Полученные данные критичны для развития превентивной кардиогенетики и оптимизации системы профи-
лактики ССЗ в РФ.

Ключевые слова: хронические неинфекционные заболевания; сердечно-сосудистые заболевания; герминальные генетические 
варианты; полногеномное секвенирование; патогенный вариант; вероятно патогенный вариант
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INTRODUCTION

Cardiological diseases (CVD) represent one of the ma-
jor healthcare challenges in the Russian Federation. For 
a long period of time, they have remained one of the 
leading causes of mortality.1 In  2023 alone, mortality 
from various CVD reached 556.7 per 100,000 popula-
tion. With the aim of preserving and prolonging the lives 
of CVD patients, in 2019, the Federal project entitled 
“Combating Cardiovascular Diseases” was launched. 
Starting from 2025, this project has become part of 
the new National Project entitled “Long and Active 
Life.” It should be mentioned that these programs are 
aimed primarily at managing already diagnosed CVD. 
However, for preventive purposes, assessment of not 
only the prevalence of manifest CVD, but also the risk 
factors for their development is essential, representing 
an equally important task for modern epidemiology. The 

conventional approach to assessing the disease burden 
in a particular country is based on clinical data and life-
style information. However, in the case of CVD, genetic 
predisposition plays a significant role in determining in-
dividual-level risks [1]. 

The search for genetic variants associated with the 
development of chronic non-communicable diseases 
(NCDs) in general, and cardiovascular diseases (CVD) 
in particular, is a serious challenge in medical genetics. 
However, recent progress in sequencing technologies 
has provided information on the association between 
specific polymorphisms and various clinical conditions. 
In  2015, with a view to standardizing the assessment 
of identified genetic variants, the American College 
of Medical Genetics and Genomics (ACMG) and the 
Association for Molecular Pathology (AMP) developed a 
five-tier classification system [2]. The ACMG/AMP crite-
ria consider various types of data (family segregation, 

1	 Mortality from diseases of the circulatory system (per 100,000 population). URL: https://fedstat.ru/indicator/55382 (access date 21.07.2025).
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computational predictions of functional effect, data from 
reliable sources) and categorize a variant into the fol-
lowing classes: pathogenic (P), likely pathogenic (LP), 
variant of uncertain significance (VUS), likely benign (LB), 
or benign (B). These guidelines have become a global 
standard, with numerous computational approaches 
having been proposed to automate their application [3].

Currently, a significant number of cardio-germline 
genes are known, which can be broadly grouped into 
clusters based on the CVD type they are associated 
with. Testing for some of these genes has even entered 
clinical practice for differential diagnosis. For instance, 
screening for LDLR, APOB, and PCSK9 is recommend-
ed as a first-tier investigation for diagnosing familial hy-
percholesterolemia [4]. In a quarter of individuals with a 
prolonged QT interval (QTc > 480 ms), either rare mo-
nogenic variants (3.4%) or a high polygenic risk (21%) 
were identified, with variants in KCNQ1 and KCNH2 
significantly prolonging the QTc interval [5]. Titin (TTN) 
variants, associated with cardiac remodeling in healthy 
individuals, increase the risk of dilated cardiomyopathy 
(DCM), heart failure (HF), atrial fibrillation (AF), and death 
by approximately 2.2 times [6]. However, the majority of 
carriers do not experience these clinical events, indicat-
ing the crucial role of triggers. These triggers can be 
various life events, such as pregnancy, chemotherapy, 
or intense physical exertion (similar to the case of sud-
den cardiac death in athletes).

Thus, the mere presence of a genetic variant is in-
sufficient for definitively predicting the risk of CVD de-
velopment: the majority of currently known pathogenic 
and likely pathogenic variants exhibit low penetrance. 
Nevertheless, information about the presence of genetic 
risk factors can motivate patients to adopt a healthier 
lifestyle. This information is equally important for the 
healthcare system. Understanding the genetic burden 
carried by the population of a specific region allows for 
forecasting potential disease incidence levels and ac-
counting for the corresponding staffing and financial 
demands. This fact makes research at the intersection 
of epidemiology and genetics particularly relevant, ena-
bling the assessment of the prevalence of pathogenic 
genetic variants both at the level of individual regions 
and across an entire country. 

To date, most clinical studies of genes associated 
with hereditary CVD have involved patients and families 
with pre-existing pathologies. In one studied cohort [7] 
of over 8500 patients referred for cardiac catheterization, 
pathogenic/likely pathogenic (P/LP) variants in genes 
associated with cardiomyopathies, arrhythmias, aor-
topathies, and familial hypercholesterolemia were identi-
fied in 4.5% of individuals. However, including only peo-
ple with already developed cardiovascular pathologies 
in a study does not permit a reliable assessment of the 
penetrance of CVD-associated genes. It appears that 
studies of population cohorts without identified clinical 

symptoms of CVD are necessary. Such research is al-
ready being actively conducted worldwide. For instance, 
population screening of 21,846 participants without prior 
indications for CVD genetic testing (eMERGE-III) revealed 
0.6% carriers of P/LP variants in arrhythmia genes; for 
some of them (0.05%), the diagnosis was established 
only after a genetic test, and functional studies helped 
reclassify VUS [8].

This study aims to assess the prevalence of patho-
genic and likely pathogenic (P/LP) cardio-germline vari-
ants in the population of Russia using a representative 
sample.

MATERIALS AND METHODS

Study Sample

This study is a continuation of a large-scale epide-
miological project initiated in  2019 by the Centre for 
Strategic Planning of the FMBA of Russia to investigate 
the prevalence of genetic variants associated with the 
risk of chronic diseases, including cardiac conditions, 
among the adult population across 86 federal subjects 
of the Russian Federation. The study was conducted 
using a population-based sample from the Genetic 
Database (GDB) of the Russian Population of the Centre 
for Strategic Planning of the FMBA of Russia.2

The final randomized representative sample includ-
ed 116,794  individuals from 86  federal subjects of the 
Russian Federation. The demographic characteristics of 
the participants (age and sex distribution) are presented 
in Figure 1. The median age was 51 [22;73] years for men 
and 51 [23;75] years for women. 

Whole-genome sequencing

DNA was extracted from whole blood samples using 
the MagAttract HMW DNA Kit (Qiagen, Germany) on 
an automated robotic station. Whole-genome sequenc-
ing libraries were prepared using the Illumina DNA Prep 
kit (Illumina, USA) according to the manufacturer’s in-
structions. Whole-genome sequencing was performed 
on the Illumina NovaSeq  6000 platform using the 
S4 Reagent Kit (300 cycles) (Illumina, USA) for paired-end 
reads of 2 × 150 bp. During the demultiplexing stage, se-
quencing data in BCL format were converted to FASTQ 
format using Illumina bcl2fastq  v2.20. The sequencing 
run quality was controlled using Illumina Sequencing 
Analysis Viewer  v2.4.7, while the read quality (FASTQ.
GZ format) was assessed using the FastQC  v0.11.9 
bioinformatic tool. Alignment to the reference genome 
(GRCh38) was performed on the Dragen Bio-IT platform 
(Illumina, USA). The quality control of alignments (BAM 
format) was conducted using DRAGEN, FastQC v0.11.9, 
samtools  v1.13, and mosdepth  v0.3.1. All samples 
passed quality control based on key metrics, including 

2	 Genetic Database (GDB). FMBA of Russia. Application v1.1.3 of 17.03.2025. Database v59.1 of 03.10.2024. URL: https://gdbpop.nir.cspfmba.ru/ (access date 
01.08.2025) (In Russ.).
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the percentage of duplicated reads and the number of 
unaligned reads. The final mean genome coverage per 
sample was at least 30x. Detection of single nucleotide 
polymorphisms (SNPs) and short insertions/deletions 
(up to 50 bp) was performed using Strelka2 [9]; only vari-
ants passing the PASS filter were selected.

Search for pathogenic and likely pathogenic 
germline variants associated with cardiovascular 
diseases (CVD)

A search for pathogenic and likely pathogenic genetic 
variants associated with pathologies of the cardiovas-
cular system was conducted within the study sample, 
based on the ClinVar database. The following levels of 
evidence for the relationship between a genetic variant 
and the development of the corresponding phenotype, 
as provided by ClinVar (in descending order of strength), 
were used for annotating the obtained list of variants: 
•	 Practice guideline

Highest level. Interpretation is based on official clini-
cal guidelines from authoritative professional socie-
ties. This is the most reliable data for clinical decision 
making.

•	 Expert panel
Very high level. The variant has been thoroughly eval-
uated and approved by an independent expert group 
(e.g., within the ClinGen consortium). This also con-
stitutes an extremely reliable basis for clinical action.

•	 Multiple submitters
High reliability. Multiple laboratories have indepen-
dently reached the same interpretation of the variant, 

with no conflicting data existing. This is a reliable in-
dicator for use in clinical practice.

•	 Single submitter
Moderate reliability. The interpretation originates from 
only one laboratory or research group. Such data re-
quire caution and verification through scientific publi-
cations or other sources.

•	 No assertion provided
Low reliability. The submitter provided information 
about the variant but did not offer any clinical inter-
pretation. This information should not be used for 
clinical decision making.
The variant search was conducted in 37 genes listed 

in the 2021 review by the American College of Medical 
Genetics and Genomics (ACMG) [10], associated with 
the following types of CVD: aortopathies; arrhythmogen-
ic right ventricular cardiomyopathy; catecholaminergic 
polymorphic ventricular tachycardia; dilated cardiomyo-
pathy; Ehlers-Danlos syndrome; familial hypercholes-
terolemia; hypertrophic cardiomyopathy; long QT syn-
drome types 1, 2, and 3; Brugada syndrome.

Accordingly, the variant search was performed 
across the following genes: FBN1, TGFBR1, TGFBR2, 
SMAD3, ACTA2, MYH11, PKP2, DSP, DSC2, TMEM43, 
DSG2, RYR2, CASQ2, TRDN, TNNT2, LMNA, FLNC, 
TTN, BAG3, DES, RBM20, TNNC1, COL3A1, LDLR, 
APOB, PCSK9, MYH7, MYBPC3, TNNI3, TPM1, MYL3, 
ACTC1, PRKAG2, MYL2, KCNQ1, KCNH2, SCN5A.

Statistical data processing

Statistical data processing and result visualization were 
performed using the Python programming language 
(v3.9.12). Intergroup comparison of the number of car-
riers of genetic variants was conducted using the chi-
square test.

RESULTS

Annotation of variants associated with CVD

In the analyzed sample, carriers of pathogenic and likely 
pathogenic variants were identified in 26 genes (out of 
37  examined) associated with various CVDs, namely: 
hypercholesterolemia (APOB, LDLR), structural heart 
and vascular abnormalities (BAG3, COL3A1, DES, DSC2, 
DSG2, DSP, FBN1, FLNC, LMNA, MYBPC3, MYH11, 
MYH7, MYL2, PKP2, PRKAG2, TMEM43, TNNI3, TPM1, 
TTN), and rhythm and conduction disorders (CASQ2, 
KCNH2, KCNQ1, SCN5A, TRDN).

At least one variant in these genes was detected in 
1152 (0.98%) participants. The number of unique variants 
identified was 424, with a cumulative frequency in the en-
tire sample of 0.49%. The most frequently encountered 
variant was rs5742904 (NC_000002.12:g.21006288C>T) 
in the APOB gene, with a frequency of 0.0545%. 
According to the GDB, this frequency is approximately 

Figure prepared by the authors based on original data 

Fig. 1. Age and sex distribution of the study participants
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consistent with those obtained in other global projects 
(frequency in gnomAD  v4.1.0  — 0.042%, frequency in 
ALFA — 0.0441%; no statistically significant differences 
from the Russian population were found). The frequency 
of variants associated with hypercholesterolemia was 
0.1704%, with structural heart and vascular abnormali-
ties — 0.2218%, and with rhythm and conduction disor-
ders — 0.1040%.

The distribution of the identified variants by level of 
evidence is presented in Figure 2A. It can be noted that 
none of the found variants had the “practice guideline” 
level of evidence.

Depending on the selected level of evidence, both 
the overall proportion of carriers of pathogenic and 
likely pathogenic variants and the proportion of carri-
ers of variants associated with specific cardiopatholo-
gies changed. In total, Level A variants (only those with 
the “expert panel” level of evidence) were carried by 
0.14% of individuals. Level B variants (those with “expert 
panel” and “multiple submitters, no conflicts” levels of 
evidence) were carried by 0.8%. Level C variants (those 
with “expert panel,” “multiple submitters, no conflicts,” 
and “single submitter” levels of evidence) were charac-
teristic of 0.95% of individuals. Level D included all vari-
ants and was characteristic of 0.99% of individuals (the 

entire group of carriers of pathogenic and likely patho-
genic variants). The distribution of carriers across variant 
groups according to the level of evidence and associ-
ated cardiopathologies is presented in Figure 2B. 

It should be noted that the largest number of vari-
ants had the “criteria provided, multiple submitters, no 
conflicts” level of evidence. Consequently, the sharpest 
increase in the number of carriers was observed when 
transitioning from Level  A to Level  B. The addition of 
further, less substantiated variants only marginally in-
creased the overall proportion of individuals.

It is important to highlight that the prevalence of path-
ogenic and likely pathogenic variants in a population typ-
ically exhibits an age-dependent dynamic. Carriage of 
these genetic variants is presumed to negatively impact 
survival and the likelihood of reaching old age. However, 
our analysis (Fig. 3) revealed some inconsistencies with 
this hypothesis. Specifically, the proportions of P/LP 
carriers, regardless of the associated cardiopathology, 
changed only marginally from one age group to another 
from a statistical standpoint. 

Furthermore, we observed, albeit statistically non-
significant, an increase in the proportion of carriers of 
cardio-germline variants in the oldest age category 
(over 75 years) compared to the others (Fig. 3). This is 
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particularly noticeable for genetic variants associated 
with familial hypercholesterolemia: in this case, the p-
value for intergroup comparison approached the thresh-
old of statistical significance (p-value = 0.065).

Continuing the analysis, we examined the age-
related dynamics of cardio-germline variant carriage 
separately for men and women. For variants associ-
ated with hypercholesterolemia, a statistically sig-
nificant association with age was demonstrated for 
women (p-value  =  0.013). Specifically, they exhibited 
a significant increase in carrier frequency in the group 
over 75  years old. Similarly to other groups, women 
over 75 predominantly carried germline variants in the 
APOB gene. In contrast, among men in this age group, 
the proportion of carriers of similar variants drops radi-
cally: from 0.4% in the 60–74 age group to 0.12% in the 
over 75 age group (this finding is not statistically signifi-
cant, p-value = 0.095).

Analysis of the distribution of pathogenic and likely 
pathogenic variants across the federal subjects of 
the Russian Federation

The prevalence of cardio-germline variants is associated 
not only with age but also with the geographical distri-
bution of the Russian population (Fig. 4). The conducted 
analysis enabled the creation of a map illustrating the 
frequency of pathogenic and likely pathogenic vari-
ants across different regions of the Russian Federation. 
The highest frequencies are observed in the Chechnya 
(6250  variants per  100,000 population), Khakassia 
(2857 per 100,000), Bryansk Oblast (2632 per 100,000), 
Kurgan Oblast (2,532 per  100,000), and Murmansk 
Oblast (2,297 per  100,000). The lowest frequencies 
are found in Novgorod Oblast (472 per 100,000), Pskov 
Oblast (437 per  100,000), Crimea (407 per  100,000), 
Arkhangelsk Oblast (367 per 100,000), and Amur Oblast 

Figure prepared by the authors based on original data

Fig. 3. Changes in the proportion of carriers of cardio-germline variants across different age groups in the entire 
sample, and separately among men and women: HC — hypercholesterolemia; AR&C – arrhythmias and conduction 
disorders; SCVD – structural cardiovascular disorders
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(321 per 100,000). In Moscow, the prevalence of cardio-
germline variants was 1097 per 100,000 population. The 
overall population frequency is 992 variants per 100,000 
population.

DISCUSSION

This large-scale study, bridging epidemiology and ge-
netics, assessed the prevalence of pathogenic/likely 
pathogenic (P/LP) variants in certain genes associated 
with cardiovascular diseases within a representative 
sample of the Russian population (n = 116,794). The in-
clusion of 86 federal subjects of Russia enabled a com-
prehensive overview reflecting the genetic diversity of a 
vast and ethnically heterogeneous country, unlike stud-
ies confined to specific regions or clinical centers. The 
inclusion of individuals without pre-selection based on 
cardiac diagnoses provides an estimate of the “hidden” 
genetic burden within the population, identifying asymp-
tomatic carriers typically missed by clinical screening. 
Such research establishes a fundamental basis for un-
derstanding the population risk of hereditary cardiovas-
cular diseases (CVD) in Russia, which is essential for 
planning preventive programs and allocating healthcare 
resources. 

The identification of 0.99% (or  ~0.14% using the 
strictest Level  A criterion) carriers of P/LP variants in 
26 genes associated with CVD within a clinically unse-
lected population confirms the presence of a significant 

“hidden” genetic burden of CVD in Russia. This aligns 
with data from international biobanks (e.g., eMERGE-III 
[11]) and underscores that a substantial proportion of in-
dividuals at high genetic risk (estimated at over 90%) are 
asymptomatic at the time of examination, yet remain at 
risk for developing fatal outcomes [12].

Furthermore, some particularly rare genetic variants 
may have been potentially missed within the scope of 
this study, as also evidenced by the absence of eleven 
initially considered genes in the final list.

The study revealed substantial geographical varia-
tion in the prevalence of cardio-germline variants (321–
6250 per 100,000 population). This variability likely re-
flects the ethnic diversity of the Russian Federation and 
possible “founder effects,” implying an increased fre-
quency of specific pathogenic variants inherited from a 
common ancestor, or pathogenic variants that are rare 
or absent in other populations. Despite the large over-
all sample size, some regions were represented by a 
relatively small number of individuals, making statistical 
fluctuations in frequency estimates more pronounced 
in these areas. Regions where residents are more fre-
quently carriers of pathogenic variants may require en-
hanced resources for genetic testing, counseling, and 
cardiological monitoring.

The absence of a statistically significant decrease in 
the proportion of P/LP variant carriers in the older age 
groups (over 75 years) provides compelling confirmation 
of the low penetrance of most known cardio-germline 
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Fig. 4. Prevalence map of cardio-germline variants in the population of the Russian Federation
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variants. The presence of a pathogenic allele is not the 
sole condition for disease development. Its manifes-
tation depends on a complex interplay of genetic and 
non-genetic factors (age, sex, lifestyle, stress, infections, 
medication use, and the presence of various triggers). 

The high proportion of female carriers of cardio-ger-
mline variants in this age group indicates a significantly 
greater resilience of women to this risk factor compared 
to men. The higher risk of developing hypercholester-
olemia and subsequent ischemic heart disease and my-
ocardial infarction in men is frequently noted in the sci-
entific community, particularly in the context of Familial 
Hypercholesterolemia (FH) [13, 14]. While differences in 
the carriage of P/LP variants associated with hypercho-
lesterolemia between men and women are explicable, 
the observed increase in the proportion of female carri-
ers with age raises questions. Two primary explanations 
exist for this observation. The first relates to the mo-
lecular mechanisms underlying hypercholesterolemia, 
specifically the accumulation of lipids, particularly LDL-
cholesterol. Carriers of P/LP variants associated with hy-
percholesterolemia are prone to enhanced cholesterol 
accumulation, which can lead to the development of 
atherosclerotic lesions in the presence of correspond-
ing lifestyle triggers. However, if an individual manages 
to avoid developing the disease by a certain age, these 
very mechanisms might, conversely, become protective 
against many conditions in old age. For instance, we 
have previously demonstrated a link between elevated 
body mass index and lipid levels with a successful aging 
phenotype in long-livers [15]. 

The second explanation is related to the geographical 
distribution of the elderly sample. According to Rosstat 
data, the elderly population is not uniformly distributed 
across the country: in Moscow and surrounding regions, 
the proportion of the population over 65 exceeds 20%, 
whereas in the Far East and the republics of the North 

Caucasus (e.g., Chechnya, Ingushetia), it is less than 
10%. Therefore, when examining different age groups, 
we are simultaneously shifting the regional composition 
of the sample, which inevitably influences the observed 
frequency of P/LP variants. 

This interplay between the frequency of P/LP vari-
ants and the demographic profile of a region could be 
another reason for the observed geographical heteroge-
neity presented in Figure 3. This fact further underscores 
the necessity of simultaneously accounting for multiple 
factors (both genetic and non-genetic) when assessing 
risks, both at the level of an individual organism and at 
the regional level. 

Despite the aforementioned low penetrance, carry-
ing P/LP variants significantly increases the risk of CVD 
compared to the average population risk. Incorporating 
information about the presence of P/LP variants in each 
specific patient, along with data on the prevalence of 
such variants in the population, will enable the develop-
ment of optimal protocols for preventive medicine. This, 
in turn, will contribute to improving the quality of life, ex-
tending the working-age lifespan, and reducing mortality 
in Russia.

CONCLUSION

This study provides unique data on the hidden genetic 
burden associated with the risk of severe hereditary car-
diovascular diseases (CVD) in the Russian population. 
The identified carrier frequency of pathogenic and likely 
pathogenic variants (up to  0.99%) underscores both 
the potential of preventive cardiogenetics and the sig-
nificant challenges on the path to its implementation. 
Successfully addressing these challenges will enable a 
transition from merely identifying carriers to actually re-
ducing the incidence and mortality from hereditary CVD 
in Russia.
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