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A b s t r a c t

Introduction: Classical risk factors such as hypertension, hypercholesterol-
emia, pre-diabetes, diabetes and obesity can predict adverse cardiovascular 
events, but they are less prognostic in patients aged < 60 years. Polygenic 
risk scores (PRS) can be effective in predicting adverse coronary events in 
younger and middle-aged patients. Our main aim is to assess the utility of 
a new PRS created for the Polish population in predicting mortality during an 
8-year follow-up in the nationwide LIPIDOGEN2015 population. 
Material and methods: All DNA samples of 1779 patients were genotyped 
using Infinium Global Screening Array-24+ v3.0 Kit microarrays. The samples 
were amplified, fragmented, and hybridized to BeadChips. The BeadChips were 
scanned using iScan and converted to genotypes using Genome Studio 2.0. 
Results: We will develop a  PRS based on the identified single nucleotide 
polymorphisms (SNPs) in the LIPIDOGEN2015 project’s studied population 
and determine the analyzed group’s risk of death due to cardiovascular dis-
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Introduction

In affluent countries, atherosclerosis is the pri-
mary underlying cause of mortality and morbidity 
[1–3]. Coronary artery disease (CAD) accounts for 
20% of all deaths in European Union countries 
and is the most common form of cardiovascular 
disease (CVD) [2, 3]. The available literature indi-
cates that there is a lack of adequate public aware-
ness regarding the relationship between CVD and 
atherosclerosis as the leading cause of mortality. 
Despite substantial medical, genetic, epidemio-
logical, and preventive advancements in our un-
derstanding of atherogenesis during the past two 
decades, society’s awareness of cardiometabolic 
diseases is still practically unaltered [3]. 

Risk scores derived from classical risk factors 
such as hypertension, hypercholesterolemia, pre- 
diabetes, diabetes, and cigarette smoking allow 
us to predict adverse CVD events to a certain de-
gree. However, there are limitations in the current 
risk scores, especially when assessing younger pa-
tients [4–6]. This is because traditional risk factors 
and civilization diseases, unless concentrated and 
severe, require time to cause detrimental health 
impacts [7]. For example, using age as a  stand-
alone factor, with a cut-off value of 55 years, can 
be nearly as accurate as the Framingham Risk 
Score (FRS) in predicting cardiac events. This is 
equivalent to screening every 5 years in Framing-
ham, with a 10-year risk cutoff of 8% [7]. Also, the 
risk score charts that are currently available are 
not very useful for routine risk assessment for the 
primary prevention of CAD [5]. Furthermore, ge-
netic determinants of disease significantly influ-
ence risk in younger patients [8]. However, there 
is ongoing disagreement as to whether this is 
simply due to a genetic predisposition to CAD or 
a heightened genetic susceptibility to traditional 
risk factors, such as an unhealthy lifestyle. Thus, 
there is a need for novel methods to identify peo-
ple who are at risk of developing CAD, including 
those based on advancements in basic scientific 
research [2]. 

For a  long time, there have been efforts to 
evaluate genetic risk by identifying gene variants 
strongly linked to atherosclerotic cardiovascular 

diseases (ASCVD) in gene-candidate investiga-
tions. Nevertheless, this method proved to be in-
effective in forecasting the risk of CVD [9]. In 2007, 
Samani et al. published the first genome-wide 
association study (GWAS) on CAD. Since then, 
more than 150 gene loci related to CAD have been 
found [10]. Interestingly, most of these single nu-
cleotide polymorphisms (SNPs) are found in genes 
not previously thought to be associated with 
atherosclerosis. Additionally, some are located in 
genes involved in lipid metabolism, insulin sen-
sitivity, coagulation, inflammation, and vascular 
tone [11]. 

The polygenic risk score (PRS) is a  weighted 
sum of the risk posed by multiple SNPs associated 
with the disease being analyzed [12]. To establish 
a  PRS, the SNPs and their corresponding effect 
sizes, which quantify the association between the 
SNP and the disease, must be determined using 
an external GWAS-derived dataset. Next, we can 
verify the extensive correlation between SNPs 
across the genome using linkage disequilibrium 
[12]. Utilizing PRS based on these genetic varia-
tions has enhanced the accuracy of predicting car-
diovascular events [13]. 

Statins are the primary therapy for lipid dis-
orders and the most effective tool for preventing 
CAD in primary and secondary prevention [14]. In 
both primary and secondary prevention, the num-
ber needed to treat (NNT) for statins required to 
prevent one cardiovascular death is similar, be-
tween 15 and 30, and is comparable across dif-
ferent age groups [15]. Furthermore, the available 
data show that PRS can effectively predict the po-
tential advantages of lipid-lowering therapy (LLT) 
[16]. Indeed, people with high genetic risk have 
a  higher risk of subclinical atherosclerosis and 
benefit significantly more from statin treatment 
to prevent the first CVD event [2, 17, 18]. PRS may 
enable optimization of the NTT related to the use 
of statins for primary and secondary prevention of 
cardiovascular events [16, 17]. One recent study 
found that a PRS score derived from 27 SNPs ac-
curately predicted adverse cardiovascular events 
and the magnitude of a response to treatment with 
a  proprotein convertase subtilisin/kexin type 9  
(PCSK-9) inhibitor (evolocumab), compared with 

eases (CVD) based on data obtained from 8 years of patient-follow-up. Using the developed PRS scale and 
biochemical analyses, we will assess the effectiveness of lipid-lowering therapy with statins in patients with 
high and low genetic risk of sudden CVD events (secondary endpoints). 
Conclusions: The developed PRS scale, combined with clinical covariates, will facilitate the creation of an 
algorithm to predict long-term mortality. This will enable us to stratify CVD risk more precisely, which may 
result in earlier implementation of lifestyle changes and dietary adjustments and potentially initiate earlier 
pharmacotherapy for at-risk individuals.

Key words: polygenic risk score, cardiovascular disease, risk factors. 
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a score derived from 6 million SNPs in people of 
European ancestry [18]. 

One important aspect to consider regarding 
the relevance of this 27-SNP score to the Polish 
population is that the above experiment included 
patients of European descent, and patients re-
cruited from over 60 sites in Poland, Czechia, Slo-
vakia, and Ukraine [19]. Improved identification of 
at-risk individuals, particularly among the youth, 
continues to be a  critical public health concern. 
Early detection (the earlier, the better) of individu-
als who are at risk will facilitate prompt interven-
tion, including education, lifestyle modifications, 
and LLT, all aimed at mitigating the mortality risk 
associated with cardiometabolic disorders [20]. 

It is worth noting that clinical risk estimators 
that are widely employed in Europe were initially 
developed for historical cohort studies involving 
middle-aged adults. As a result, their performance 
is comparatively inferior when applied to younger 
populations or individuals with non-European an-
cestry [21]. 

Hence, this study’s main aim is to create a new 
PRS for the Polish population and assess its utility 
in predicting mortality during 8 years of follow-up 
in the nationwide LIPIDOGEN2015 population. 

The secondary study goal is to assess the asso-
ciation between the lipid profile, statin/LLT treat-
ment, and outcomes stratified by PRS score. 

Material and methods

Subjects

Clinical and anthropometric data for each pa-
tient will be obtained from the nationwide cross- 
sectional study LIPIDOGRAM and LIPIDOGEN2015, 
conducted in 2015–2016 [22, 23]. In this program, 
a group of 438 physicians (investigators) working 
in 398 public or private primary health care ambu-
latory clinics in 16 central administrative regions 
of Poland (voivodeships) were selected (Figure 1). 

The details of the LIPIDOGRAM and LIPI-
DOGEN2015 study have been described elsewhere 
[22]. Briefly, all consecutive individuals > 18 years 
old, who were under the care of a physician-inves-
tigator in a primary care clinic, voluntarily seeking 
medical assistance for any medical reason, were 
included. The exclusion criteria were diagnosed 
dementia or mental illness, which could lead to the 
inability to give informed consent or the patient’s 
refusal to consent to participate in the study [22]. 
The LIPIDOGEN2015 project collected information 

Figure 1. Study design and methodology aimed at determining the risk of adverse cardiovascular events based 
on the analysis of common genetic variants in an 8-year follow-up of the LIPIDOGEN2015 population using the 
polygenic risk score (PRS)

DNA – deoxyribonucleic acid, HDL-C – high-density lipoprotein cholesterol, LDL-C – low-density lipoprotein cholesterol,  
SNPs – singe nucleotide polymorphisms, TC – total cholesterol, TG – triglycerides.

LIPIDOGRAM2015 STUDY 8 YEARS FOLLOW-UP OF LIPIDOGEN2015 
STUDY – POLYGENIC RISK SCORE 

A random selection of 438 physicians  
in 398 practices recruited  

in 16 voivodeships at least 30 patients  
in each Primary Hearth Care 

A random selection of 4 patients from 
each group of 30 patients  

in 16 voivodeships in each Primary 
Health Care 

Recruitment of 13,724 patients 
LIPIDOGRAM2015 Study 

Recruitment of 1,779 patients 
LIPIDOGEN2015 substudy 

Collection of saliva samples  
and DNA isolation 

Genotyping of selected SNPs using 
microarrays 

1.  Collection of data for the survey 
2.  Measurements: anthropometric 

parameters, blood pressure, heart 
rate, glucose level 

3.  Laboratory analyses of lipidogram 
profile (TC, LDL-C, HDL-C, TG)

Analysis of the collected data 
– Assessment of the polygenic risk score 

and predicting adverse cardiac events 
over 8 years of follow-up in a primary 

care practice in 1,779 patients
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for each participant using personal questionnaires 
regarding chronic diseases and their treatment, 
lifestyle (diet, physical activity, smoking), CVD 
family history and demographic data such as age, 
gender, place of residence and level of education. 
All patients underwent anthropometric measure-
ments (height, body weight, waist circumference, 
and hip circumference), blood pressure, heart rate, 
fasting glucose, and lipid profile samples that 
were taken on the day of patient’s inclusion in the 
study. Study characteristics of patients participat-
ing in the LIPIDOGEN2015 study are presented in 
Table I. 

Additionally, 2 ml of saliva was collected from 
each patient for DNA isolation and preservation 
for genetic analyses. Follow-up data on hospi-
talization and cardiovascular and cause-specific 
mortality, as well as all-cause mortality, will be 
collected in the given project to verify a minimum 
follow-up period of 8 years for every patient (Fig-
ure 1).

Genetic analyses

DNA samples were quantified using Quant-iT 
dsDNA Broad Range Assay Kits (Invitrogen, Carls-
bad, CA, USA) and NanoDrop 2000 (Thermo Fisher 
Scientific Inc., Waltham, MA, USA) to determine 
DNA quality and concentration. The DNA samples’ 
concentration was normalized to 50 ng/µl. DNA 
samples then underwent PCR reaction for sex veri-
fication [24]. All the DNA samples were genotyped 

using Infinium Global Screening Array-24+ v3.0 
Kit microarrays (Illumina, San Diego, CA, USA), 
according to the protocol provided by the man-
ufacturer. Briefly, DNA samples were amplified, 
then enzymatically fragmented and hybridized 
to the BeadChips. Afterwards, the BeadChips un-
derwent extension and X-staining processes. Next 
the BeadChips were scanned using iScan (Illumina 
Inc., San Diego, CA, USA). Microarrays’ raw fluores-
cence intensity data were then converted to geno-
types using Genome Studio 2.0. Standard microar-
ray quality control protocols, such as filtering on 
sample call rates (> 0.94) or SNP genotyping rates 
(10% GenCall > 0.4) were executed. The results 
were exported from GenomeStudio using PLINK 
Input Report Plug-in v2.1.4 by forward strand. Ge-
netic data were filtered; thus only variants with 
minor allele frequencies above 5% were included. 
Subsequently, Hardy-Weinberg equilibrium was 
tested and SNPs with a p-value > 0.05 were ex-
cluded from the association analysis. Information 
on the selected SNPs is presented in Table II. 

Statistical analysis

Patients will be stratified by their genetic risk 
score into quintiles. Similarly to other studies on 
this issue, the lowest genetic risk will be defined 
as quintile 1, the highest as quantile 5. Quintiles 
2-4 will be described as intermediate genetic risk 
[17, 18]. Continuous variables will be compared 
using the Wilcoxon rank sum test. Additionally, 
the Jonckheere-Terpstra test for a  trend and Co-
chrane-Armitage or similar tests for trends will 
be used to evaluate changes in continuous vari-
ables and proportions across groups stratified by 
genetic risk score. If the assumptions of hazard 
proportionality are confirmed, Cox proportional 
hazard regression will be carried out to assess the 
association between quantiles of PRS, as well as 
standardized PRS and major adverse events de-
fined as death, myocardial infarction, and stroke. 
The analysis will be adjusted for clinical variables. 
A p-value of < 0.05 will be considered statistically 
significant. A sample of 1779 persons is sufficient 
to detect a  significant (at a  = 0.05) association 
between the 27-SNP PRS and the occurrence of 
CAD with a  power of 81.9%. Calculations were 
performed under conservative settings – the prev-
alence of CAD was assumed to be 5%, and the 
proportion of variance explained by genetic ef-
fects was assumed to be 0.011. 

Results

Commonly occurring genetic variants listed 
in Table II will be correlated with outcomes. We 
intend to develop a  preventive model based on 
the detailed clinical variables of patients from the  
LIPIDOGEN2015 study and the outcomes of SNP 

Table I. Clinical characteristics of the LIPIDOGEN2015 
study sample (N = 1779)

Variable n [%] or mean ± SD

Age [years] 51.2 ±13.0

Males 710 (39.9)

Central obesity 887 (49.9)

Waist circumference [cm] 94.02 ±14.25

Body mass index [kg/m2] 28.2 ±5.1

Hypertension 765 (43.0)

Diabetes mellitus 287 (16.1)

Dyslipidemia 889 (50)

Coronary artery disease 184 (10.3)

Physically active 779 (43.8)

Total cholesterol [mg/dl] 206.7 ±45.2

LDL-C [mg/dl] 131.5 ±42.03

HDL-C [mg/dl] 55.03 ±15.9

TG [mg/dl] 158.8 ±141.3

Glucose [mg/dl] 104.5 ±27.1

HbA1c (%) 5.71 ±0.97

LDL-C – low-density lipoprotein cholesterol, HDL-C – high-density 
lipoprotein cholesterol, TG – triglycerides, HbA

1c
 – glycated hemo- 

globin A
1c

.
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Table II. List of polymorphisms that will serve to calculate a polygenic risk score

No. Gene rs number Chromosome region Genome position
(GRCh38.p14)

(NC_000001.11)

1. PCSK9 rs11206510 1p32.3 55030366

2. PLPP3 rs17114036 1p32.2 56497149

3. CELSR2 rs646776 1p13.3 109275908

4. MIA3 rs17465637 1q41 222650187

5. WDR12 rs6725887 2q33.1 202881162

6. MRAS rs9818870 3q22.3 138403280

7. PHACTR1 rs9349379 6p24.1 12903725

8. ANKS1A rs17609940 6p21.31 35067023

9. TCF21 rs12190287 6q23.2 133893387

10. LPA rs3798220 6q25.3 160540105

11. LPA rs10455872 6q25.3 160589086

12. ZC3HC1 rs11556924 7q32.2 130023656

13. CDKN2B-AS1 rs4977574 9p21.3 22098575

14. ABO rs635634 9q34.2 133279427

15. CXCL12 rs1746048 10q11.21 44280376

16. CNNM2 rs12413409 10q24.32 102959339

17. ZPR1 rs964184 11q23.3 116778201

18. SH2B3 rs3184504 12q24.12 111446804

19 HNF1A rs2259816 12q24 120997784

20. COL4A1 rs4773144 13q34 110308365

21. HHIPL1 rs2895811 14q32.2 99667605

22. ADAMTS7 rs3825807 15q25.1 78796769

23. SMG6 rs216172 17p13.3 2223210

24. RASD1 rs12936587 17p11.2 17640408

25. UBE2Z rs46522 17q21.32 48911235

26. SMARCA4 rs1122608 19p13.2 11052925

27. KCNE2 rs9982601 21q22.11 34226827

PCSK9 – proprotein convertase subtilisin/kexin 9, PLPP3 – phospholipid phosphatase 3, CELSR2 – cadherin EGF LAG seven-pass G-type 
receptor 2, 2MIA3 – melanoma inhibitory activity member 3, WDR12 – WD repeat domain 12, MRAS – muscle RAS oncogene homolog, 
PHACTR1 – phosphatase and actin regulator 1, ANKS1A – ankyrin repeat and SAM domain-containing protein 1A, TCF21 – transcription 
factor 21, LPA – lipoprotein(A), ZC3HC1 – zinc finger C3HC-type containing 1, CDKN2B-AS1 – cyclin dependent kinase inhibitor 2B antisense 
RNA 1, ABO – alpha 1-3-N-acetylgalactosaminyltransferase and alpha 1-3-galactosyltransferase, CXCL12 – C-X-C motif chemokine ligand 
12, CNNM2 – cyclin and CBS domain divalent metal cation transport mediator 2, ZPR1 – ZPR1 zinc finger, SH2B3 – SH2B adaptor protein 3, 
HNF1A – hepatocyte nuclear factor 1 homeobox A, COL4A1 – collagen type IV alpha 1 chain, HHIPL1 – hedgehog interacting protein-like 1, 
ADAMTS7 – ADAM metallopeptidase with thrombospondin type 1 motif 7, SMG6 – SMG6 nonsense mediated mRNA decay factor, RASD1 – 
Ras related dexamethasone induced 1, UBE2Z – ubiquitin conjugating enzyme E2Z, SMARCA4 – SWI/SNF related, matrix associated, actin 
dependent regulator of chromatin, subfamily A, member 4, KCNE2 – potassium voltage-gated channel subfamily E regulatory subunit 2.

genotyping analyses utilizing DNA microarrays. 
The PRS created for the Polish population will 
estimate an individual’s genetic susceptibility to 
a  specific trait or disease. We will select as fea-
tures the conventional risk factors for CAD already 
included in several widely used risk scales, for 
which data are available. We will include addition-
al non-genetic attributes such as diet, medica-
tions, and lifestyle factors to improve the model’s 
performance. Using a  logistic regression frame-
work, we will generate different risk prediction 
models, each with a different subset of features.

Discussion

ASCVD is classified as the main cause of loss 
of life years (LLY) due to disability or premature 
death among adults [1, 25]. GWAS studies do not 
fully elucidate the causal mechanisms of CVD. Fur-
ther stratification of the genetic risk of develop-
ing CVD events will enable easier access to health 
care for patients with increased risk of cardiomet-
abolic diseases and their complications [26]. This 
will enable initiation of early preventive measures 
to avoid loss of full-fledged functioning in every-
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day life and to prevent premature death due to 
CVD events [26]. The extended latency period of 
CAD allows for early implementation of preven-
tive measures; however, it also necessitates the 
identification of patients at CVD risk during the 
asymptomatic phase [26]. Risk scales that are de-
rived from traditional risk factors, including Fram-
ingham [27], SCORE [28], PROCAM [29], Reynolds 
[30], the more recent SCORE-2 and SCORE-OP, 
which were included in the European Society of 
Cardiology (ESC) Prevention guidelines 2021 [31], 
and the most recent SCORE2-Diabetes [32], are to 
some degree effective in identifying patients who 
are at CVD risk. The Pol-SCORE scale was devel-
oped for the Polish population in 2015 and was 
used to assess the risk of death from cardiovascu-
lar causes within 10 years, including very elderly 
patients (> 65 years of age) [33]. 

Nevertheless, the utility of these scores is sig-
nificantly diminished when applied to patients 
younger than 55 [31]. Most frequently admin-
istered in the United States to patients younger 
than 40, the Framingham Risk Score as a tool for 
identifying high-risk individuals is ineffective [34]. 
The SCORE risk scale (as well as SCORE2), widely 
utilized in Europe, is also limited to patients 40 or 
older. Furthermore, it has deficiencies in identify-
ing high-risk patients in the youngest age catego-
ries [35]. As previously stated, this phenomenon 
can likely be attributed to the gradual accumu-
lation of detrimental effects caused by diabetes, 
hypercholesterolemia (excluding familial hyper-
cholesterolemia [FH]), obesity, and unhealthy be-
haviors such as smoking [23, 36, 37]. 

The risk of premature CAD (defined as age 55 or 
younger in men and 60/65 or younger in women) 
is influenced more by genetics than by environ-
mental factors [38]. The prevalence of CAD among 
patients under 60 is 5.9% for women and 6.3% 
for men, although more recently, especially in the 
post-COVID19 period, it has increased to as high 
as 10–15% in some countries [25, 39]. In the case 
of premature CAD, the subclinical atherosclerosis 
process likely begins 10–20 years earlier. Addition-
ally, there is a  positive correlation between age 
and the pathophysiology of atherosclerosis [40]. 

A  method for accumulating data on genetic 
variants associated with specific disease traits is 
known as PRS [38, 41]. GWAS establish the asso-
ciation between gene variants and specific diseas-
es. PRS may capture an increased genetic risk of 
a particular disease, based on numerous frequent-
ly occurring variants, in accordance with the prin-
ciple “common disease – common variant” [38], 
as GWAS methodology typically identifies only 
variants that occur with a frequency greater than 
5%. More than 150 gene loci have been identified 
as being associated with CAD [41]. These loci have 
achieved an accepted significance level of less 

than 5 × 10–8 in studies that have tested millions 
of gene variants multiple times [41]. 

Therefore, if the PRS for a  particular disease 
trait is validated for the population, it may be 
possible to reliably locate each individual’s risk 
on the genetic risk scale of developing a certain 
disease or its complications. Prior PRS associat-
ed with CAD were determined by aggregating 
the number of disease-related variants, irrespec-
tive of the degree of association with the disease 
trait underlying the condition [42]. At this time, 
variants are weighted according to the severity of 
their association with the disease trait as a result 
of data collection, and several methods exist for 
accomplishing this [43]. Also, the establishment of 
population biobanks containing accessible clinical 
data makes this much more feasible. 

As a  result, PRS is currently more dependable 
than when the concept of genetic risk estimation 
was first conceived. Theoretically, PRS could iden-
tify patients at risk for CAD earlier in life, even as 
early as after birth; this would significantly alter 
the approach to primary (primordial) prevention 
of atherosclerotic diseases [44]. Assuming a  li-
ability threshold model, in which CAD manifests 
itself upon reaching a particular risk threshold in 
a continuous polygenic score distribution, risk pre-
diction is frequently modelled using the PRS. This 
continuous measure is normally distributed in the 
population. However, the PRS score may be a risk 
indicator, but is not a diagnostic test for CAD. It 
should be evaluated like other continuously mon-
itored conventional risk factors, including systol-
ic blood pressure and LDL cholesterol [45]. For 
example, the PRS model for CAD constructed by 
Busby et al. included 29,389 individuals from vari-
ous cohorts and genetic origin groups. This model 
classified 12–24% of individuals as having high 
genetic risk. Reclassifying borderline or interme-
diate 10-year risk of ASCVD using this risk factor 
improved the assessment of both CAD and ASCVD 
(net reclassification improvement [NRI] = 13.14% 
[95% CI: 9.23–17.06%] and NRI = 10.70% [95% 
CI: 7.35–14.05], respectively) in 9691 individuals 
[46]. According to these analyses, utilizing genet-
ic information in PRS as risk enhancers improves 
ASCVD risk assessment, defining a  strategy for 
managing ASCVD prevention [47]. Isgut et al. con-
ducted research to validate the clinical utility of in-
corporating four PRS derived from SNPs (194, 46K, 
1.5M, and 6M) in conjunction with conventional 
risk factors for predicting myocardial infarction 
(MI), ischemic heart disease (IHD), and premature 
MI occurrence before the age of 50 years [48]. 
They confirmed that clinical and lifestyle factors, 
not independent of genetic susceptibility, contrib-
ute to the increased risk of CVD in middle-aged 
individuals, and indicated that polygenic risk as-
sessment may be useful for predicting risk at birth 
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when other risk factors are unknown, thereby 
identifying individuals most susceptible to devel-
oping heart disease [48]. 

Over the past 5 years, extensive data on PRS 
and the incidence of CVD have been published. 
The PRS employed in those investigations ranged 
from 27 to more than 6 million SNPs. Based on 
data from primary prevention trials such as  
JUPITER (Justification for the Use of Statin in Preven-
tion: An Intervention Trial Evaluating Rosuvastatin),  
ASCOT (Anglo-Scandinavian Cardiac Outcomes 
Trial), and the secondary prevention trials CARE 
(Cholesterol and Recurrent Events) and PROVE-IT 
TIMI 22 (Pravastatin or Atorvastatin Evaluation 
and Infection Therapy–Thrombolysis in Myocar-
dial Infarction 22), Mega et al. investigated the 
PRS score based on 27 SNPs [17]. The authors 
demonstrated the potential utility of this score 
in predicting initial and recurrent cardiovascular 
events and its potential function in predicting 
response to statin therapy [17]. In the post-hoc 
analysis of the FOURIER (Further Cardiovascu-
lar Outcomes Research with PCSK9 Inhibition in 
Subjects With Elevated Risk), a 27-SNP risk score 
was equivalent to a  6 million SNP risk score in 
terms of the incidence of severe vascular and 
coronary events [18]. The 27-SNP score and the 
6 million risk score were independently associat-
ed with the risk of major coronary and vascular 
events, even after adjusting for multiple clinical 
factors. Those individuals whose 27-SNP risk 
score indicated a  high genetic risk had a  1.65-
fold increased hazard for major coronary events 
and a 1.37-fold increased hazard for major vas-
cular events. Conversely, those whose genetic 
risk was intermediate had a 1.23-fold increased 
hazard for major coronary events and a 1.14-fold 
increased hazard for major vascular events [18]. 
The authors reported comparable results for indi-
viduals with high and intermediate genetic risk, 
as determined by the 6 million SNP score, where-
by those classified as having a high genetic risk 
were associated with a 1.55-fold increased risk of 
major coronary events and a 1.31-fold increased 
risk of major vascular events, respectively [18]. 
Conversely, those classified as having an interme-
diate genetic risk were associated with 1.26-fold 
and 1.11-fold increased risk of major vascular 
events and major coronary events, respectively. 
Consequently, the 27-SNP score was equivalent 
to a 6 million SNP score in risk prediction [18]. 

To our best knowledge, this will be the first 
study examining the association between the PRS 
and CAD in the Polish population. The purpose of 
the LIPIDOGEN2015 study was to assess genetic 
risk factors associated with CAD and conditions 
that cause atherosclerosis. The LIPIDOGEN2015 
population is distinctive in that it is representative 
of the Polish population in a primary care context, 

owing to its meticulous design. We are confident 
that by validating this PRS in the LIPIDOGEN2015 
population, additional research can be conducted 
to examine the score’s applicability to other co-
horts. Our study may also justify planning addi-
tional research, particularly randomized clinical 
trials (RCTs), in which patients are randomly as-
signed to receive pharmacological treatment for 
the prevention of CAD according to a  PRS score 
adjustment for clinical variables. PRS stratification 
(together with/without the coronary artery calci-
um (CAC) score, currently increasingly being used 
[47, 49]) may help decide whether to start phar-
macotherapy with statins. 

In primary and secondary prevention, statins 
are the most effective therapy for reducing cho-
lesterol levels and preventing CAD. Comparable 
across age groups, the quantity of statins neces-
sary to avert a single cardiovascular death is equiv-
alent in both primary and secondary prevention 
[15]. In addition, empirical studies have shown 
that PRS is a  reliable method for predicting the 
prospective benefits of cholesterol-lowering drugs 
[16]. Klarin et al. propose that statins should be 
taken by people whose risk of developing ASCVD 
within 10 years is estimated at 5.0–19.9%. As an 
adjunct to conventional clinical risk assessments, 
PRS for CAD should be considered to be used in 
statin allocation. In epidemiological and clinical 
cohorts, high PRS for CAD is associated with inci-
dent events similar to most other risk factors [50]. 

In conclusion, the PRS scale developed for the 
Polish population, combined with clinical covari-
ates, will facilitate the creation of an algorithm 
to predict long-term mortality. This will enable 
the earlier implementation of lifestyle changes 
and dietary adjustments and potentially initiate 
earlier pharmacotherapy for at-risk individuals. It 
is critically important especially in the high CVD 
risk population of Poland, with 80,000 MIs and 
160,000 deaths due to cardiovascular disease an-
nually, with only 24% of patients being on LDL-C 
goal, and less than 20% for those at very high CVD 
risk [51–55]. 
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