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Introduction

Coronary artery disease (CAD) remains a leading 
cause of mortality and morbidity worldwide 1). 
Strategies to identify patients with a higher likelihood 
of CAD are needed to appropriately target diagnostic 
testing and tailor therapy. Currently, clinical risk 
scores incorporating clinical risk factors—smoking, 

hypertension, diabetes, dyslipidemia, age, sex, and 
family history—are widely used in clinical practice. In 
addition to these clinical risk factors, genetic risk 
scores, often referred to as polygenic risk scores 
(PRSs), have been shown to independently predict the 
development of CAD2-6). The potential use of genetic data in 
clinics is based on robust evidence and the importance of family 
history, with an estimated 40%–60% CAD heritability6, 7). 

Aim: Clinical risk scores for coronary artery disease (CAD) are used in clinical practice to select patients for 
diagnostic testing and therapy. S everal studies have proposed that polygenic risk scores (PRSs) can improve the 
prediction of CAD, but the scores need to be validated in clinical populations with accurately characterized 
phenotypes. We assessed the predictive power of the three most promising PRSs for the prediction of coronary 
atherosclerosis and obstructive CAD.

Methods: This study was conducted on 943 symptomatic patients with suspected CAD for whom the 
phenotype was accurately characterized using anatomic and functional imaging. Previously published genome-
wide polygenic scores were generated to compare a genetic model based on PRSs with a model based on clinical 
data. The test and PRS cohorts were predominantly Caucasian of northern European ancestry.

Results: All three PRSs predicted coronary atherosclerosis and obstructive CAD statistically significantly. The 
predictive accuracy of the models combining clinical data and different PRSs varied between 0.778 and 0.805 in 
terms of the area under the receiver operating characteristic (AUROC), being close to the model including only 
clinical variables (AUROC 0.769). The difference between the clinical model and combined clinical + PRS model 
was not significant for PRS1 (p=0.627) and PRS3 (p=0.061). Only PRS2 slightly improved the predictive power 
of the model (p=0.04). The likelihood ratios showed the very weak diagnostic power of all PRSs.

Conclusion: The addition of PRSs to conventional risk factors did not clinically significantly improve the 
predictive accuracy for either coronary atherosclerosis or obstructive CAD, showing that current PRSs are not 
justified for routine clinical use in CAD.

Key words: Coronary artery disease, Coronary atherosclerosis, Risk factors, Polygenic risk score

Polygenic Risk Scores in Predicting Coronary Artery Disease in 
Symptomatic Patients. A Validation Study

Iida Kujala1, Jagadish Vangipurapu2, Teemu Maaniitty1, 3, Antti Saraste1, 4, Juha Kere5, 6 and Juhani Knuuti1, 3

1Turku PET Centre, Turku University Hospital and University of Turku, Turku, Finland
2Institute of Clinical Medicine, University of Eastern Finland, Kuopio, Finland
3Department of clinical physiology, nuclear medicine and PET, Turku University Hospital, Turku, Finland.
4Heart Center, Turku University Hospital and University of Turku, Turku, Finland.
5Department of Biosciences and Nutrition, Karolinska Institutet, Huddinge, Sweden 

6Folkhälsan Research Center, and Stem Cells and Metabolism Research Program, University of Helsinki, Helsinki, Finland.

Copyright©2024 Japan Atherosclerosis Society
This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.

Address for correspondence: Juhani Knuuti, Turku University Hospital and University of Turku, Turku, Finland      E-mail:  juhani.knuuti@tyks.fi
Received: September 22, 2023      Accepted for publication: December 24, 2023

Advance Publication Journal of Atherosclerosis and Thrombosis 
Accepted for publication: December 24, 2023    Published online: February 23, 2024



2

Kujala et al.

from all patients. Genetic data were used only for 
research purposes. Patients or referring physicians did 
not receive any information regarding the genetic 
results. 

Cohort
The study cohort consisted of 998 symptomatic 

patients with stable suspected obstructive CAD who 
had undergone coronary CTA with selective PET 
perfusion imaging as a diagnostic test at Turku 
University Hospital from 2006 to 2019. These 
patients are typically those with an intermediate 
probability of obstructive CAD and stable symptoms 
as an indication to undergo diagnostic procedures by 
clinicians. Patients provided voluntary consent for the 
collection of blood samples for genetic analyses. 

As previously described12, 13), in our routine 
practice, patients with suspected CAD first undergo 
coronary CTA, and immediately thereafter, PET 
perfusion imaging is performed if coronary CTA alone 
cannot rule out obstructive CAD. Typically, in all 
patients in whom CTA shows a suspicious coronary 
plaque (e.g., stenosis diameter ≥ 50%), the 
hemodynamic significance of the plaque was evaluated 
using 15O-water PET perfusion imaging during 
adenosine stress. The detailed imaging protocol has 
been described previously 12, 14). After excluding 
patients who did not complete the imaging protocol, 
943 patients were included in the final analyses.

On the basis of the imaging findings, we 
classified the patients into three clinical groups. Group 
1 had no coronary atherosclerosis. Group 2 had 
nonobstruct ive  CAD (i .e . ,  nonobstruct ive 
atherosclerosis based on CTA alone or atherosclerosis 
on CTA combined with normal PET perfusion). 
Group 3 had obstructive CAD (i.e., atherosclerosis on 
CTA combined with abnormal PET perfusion).

Clinical Data Collection
The patients’ clinical characteristics, conventional 

cardiovascular risk factors, and symptoms were 
extracted from electronic medical records and saved to 
a specific cardiac registry database. Age, sex, body 
mass index, current smoking status, diabetes, 
hypertension, dyslipidemia, and a family history of 
premature CAD were considered conventional risk 
factors. A family history of premature CAD was 
defined as CAD in a first-degree relative, who is either 
＜55 years (male) or ＜65 years (female). Pa tients 
without a family history of premature CAD were 
pooled together with patients with an unknown 
family history. For symptoms, the patients were 
classified into three categories 1) typical angina, 2) 
atypical/nonanginal pain/dyspnea, or 3) no chest pain 

For common multifactorial diseases, including 
CAD, polygenic inheritance plays a greater role than 
rare monogenic mutations. Genome-wide association 
studies (GWAS) have previously shown that the 
genetic load for CAD is due to common genetic 
variants with small effect sizes, in addition to rare 
variants with stronger effects7, 8). Common low-risk to 
rare high-risk genetic variants most likely act 
cumulatively to drive the overall risk in an individual7, 9).

Derived from GWAS, multiple different PRSs 
have been previously created. PRSs are calculated by 
summing risk alleles, which are preferably weighted by 
effect sizes derived from GWAS results3). Recent meta-
analyses have shown that PRS can be used to evaluate 
a patient’s genetic risk and is an incremental predictor 
of CAD along with clinical cardiovascular risk factors. 
In many studies, PRSs have been proposed for clinical 
work to support the diagnostic process3). However, in 
large population studies, the diagnoses of CAD are 
based only on general clinical reports of having or not 
having CAD. The real cardiac phenotype is typically 
uncertain; thus, the current PRSs have not yet been 
validated in cohorts with accurate phenotyping of 
CAD.

Aim

This study aimed to assess the predictive power 
of the previously published three most promising 
PRSs in the prediction of CAD in symptomatic 
patients with suspected CAD in whom the coronary 
phenotype has been carefully characterized using both 
anatomic and functional imaging. The applied 
imaging methods (coronary computed tomography 
angiography, CTA, and positron emission 
tomography, PET perfusion imaging) allow accurate 
detection of anatomic atherosclerotic changes in 
coronary arteries as well as myocardial ischemia as a 
sign of functionally obstructive CAD 10, 11). We 
hypothesized that the recently documented PRSs 
would improve the prediction of the development of 
coronary atherosclerosis and obstructive CAD. 
Consequently, we assessed the predictive value of three 
established PRSs in predicting both incident coronary 
atherosclerosis and obstructive CAD as a stand-alone 
measure as well as when added to the currently known 
clinical risk factors.

Materials and Methods

This study complies with the Declaration of 
Helsinki. The Ethics Committee of the Hospital 
District of Southwest Finland approved the study 
protocol, and written informed consent was obtained 
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PRSs improves CAD prediction. The discrimination 
of the predictive models was evaluated using the area 
under the receiver operating characteristic (AUROC) 
values. The Z-test was used to compare AUROC 
values of the two models. PRS was also stratified into 
deciles to illustrate its distribution in cases versus 
controls. To study the diagnostic performance of 
PRSs, we also calculated the sensitivity, specificity, and 
positive and negative predictive values, as well as the 
positive and negative clinical likelihood ratios (LRs) 
for all decile cutoffs of each PRS. Net reclassification 
improvement (NRI) values were also calculated for 
each decile of the PRS cutoff.

Results

Patient Characteristics
The study cohort included 943 patients (59.7% 

women). The mean age of the patients was 64 years 
(SD: 8.6 years). A family history of premature CAD 
was reported by 49.5% (n=467) of participants. Based 
on the imaging tests, 273 (29.0%) individuals had no 
coronary atherosclerosis, 465 (49.3%) had 
nonobstructive CAD, and 205 (21.6%) had 
obstructive CAD. The characteristics of the study 
participants are shown in Table 1.

To analyze the predictive power of PRS for CAD, 
we performed two comparisons. The first analysis 
compared patients with any coronary atherosclerosis 
(i.e., either nonobstructive or obstructive) (n=670) to 
those without atherosclerosis (n=273). The second 
analysis compared patients with obstructive CAD 
(n=205) to those without (n=738). 

The Predictive Power of PRS
All three different PRSs predicted coronary 

atherosclerosis (Table 2) and obstructive CAD (Table 
3), and the ORs varied between 1.25 (95% confidence 
interval (CI) 1.07–1.46) and 1.70 (95% CI 1.44–
2.01). The highest OR was found in PRS3 in 
predicting obstructive CAD. The ORs of clinical data 
alone were 3.13 (95% CI 2.63–3.72) and 2.53 (95% 
CI 2.15–2.98) for predicting coronary atherosclerosis 
or obstructive CAD, respectively. The ORs of models 
combining clinical data and different PRS varied 
between 2.59 (95% CI 2.20–3.05) and 3.01 (95% CI 
2.53–3.57) in predicting obstructive CAD. 

The PRS appeared to perform better in 
predicting obstructive CAD than coronary 
atherosclerosis. Therefore, the results for the prediction 
of obstructive CAD are presented in the main paper, 
whereas the results for predicting coronary 
atherosclerosis are presented in the Supplemental Fig.1. 
Fig. 1 depicts the receiver operating characteristic 

or dyspnea. The existence and severity of symptoms 
were derived from electronic medical records. Chest 
pain was classified according to the Canadian 
Cardiovascular Society Angina Grade.

Selection of PRSs and Genetic Data Analysis
We selected the following three PRS profiles to 

be tested: PGS000329 5), PGS000018 6), and 
PGS000013 2). These PRSs are among the largest and 
most recognized in populations genetically close to 
our study cohort. For clarity, we call them PRS1, 
PRS2, and PRS3 in this study. 

A total of 950 samples were genotyped using 
Illumina’s GSAMD-24v2_0 bead chip. All genotypes 
were identified using GenomeStudio v. 2.0.3 software. 
Results were checked using Plink software for sex, 
ident i ty-by-descent ,  and Hardy–Weinberg 
equilibrium. One duplicate sample was found and 
excluded, and four first-degree relatives were also 
excluded. Genotyping success rates for the samples 
were 98.4%–99.6% (GenomeStudio software) after 
removing the low-quality single-nucleotide 
polymorphisms (SNPs) and discarded samples. In the 
quality control, 28904/759993 (3.8%) SNPs were 
discarded. The plus/forward strand was based on 
information on “WRayner” (https://www.well.ox.
ac.uk/~wrayner/strand/), and map positions were 
based on the genome build GRCh38.

For imputation, SNPs with a 99% genotyping 
rate were included. SNPs in linkage disequilibrium 
were excluded using a window size of 50 kb, a step 
size of 5, and an r2 threshold of 0.7. Imputation was 
performed using Minimac4 based on the MIT server 
(https://imputationserver.sph.umich.edu/) using HRC 
(HRC-r1.1) as a reference panel 15. Pre-imputation 
quality control was performed as recommended in the 
server documentation using the Will Rayner toolbox 
version 4.2 (https://www.well.ox.ac.uk/~wrayner/
tools/index.html#Checking) and using plink. 
Additionally, the MIT server also employs an extensive 
pre-imputation quality check on the uploaded datasets 
and is described at (https://imputationserver.
readthedocs.io/en/latest/pipeline/). 

Statistical Analysis
Statistical analyses were performed using IBM 

SPSS Statistics, version 27. All PRSs were standardized 
to obtain the odds ratio (OR) per SD unit. To evaluate 
the association between PRS and CAD, a logistic 
regression model was used p＜5×10－8 was 
considered statistically significant and P＜0.05 was 
nominally significant. Models based on the clinical 
risk factors, PRS alone, and PRS with the clinical risk 
factors were generated to test whether the inclusion of 
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ROC curves for models combining clinical data 
and PRSs for predicting obstructive CAD are shown 
in Fig. 2. The predictive accuracy of the models 
combining clinical data and different PRS varied 

(ROC) curves of each PRS in predicting obstructive 
CAD. The areas under the curve of the PRS models 
vary between 0.561 and 0.640, indicating a rather low 
predictive power.

Table 1. Clinical characteristics and imaging findings for the cohort

(n =943)

Age (years)a 64±8.6
Body mass index (kg/m2)a 27.5±4.9
Male sex 380 (40.3)
Current smoking 95 (10.0)
Diabetes 130 (13.8)
Hypertension 542 (57.5)
Dyslipidemia 611 (64.8)
Family history of premature CAD
Symptoms 467 (49.5)

Typical angina 250 (26.5)
Atypical/non-anginal pain/dyspnea 594 (63.0)
No chest pain nor dyspnea 99 (10.5)

Imaging findings 
No coronary atherosclerosis 273 (29.0)
Non-obstructive CAD 465 (49.3)
Obstructive CAD 205 (21.7)

amean±standard deviation (range), CAD=Coronary artery disease

Table 2. The prediction of coronary atherosclerosis by clinical data and three PRS

Model OR 95% CI p-value

PRS1 (PGS000329) 1.40 1.21-1.62 ＜0.001
PRS2 (PGS000018) 1.62 1.39-1.89 ＜0.001
PRS3 (PGS000013) 1.62 1.39-1.88 ＜0.001
Clinical dataa 3.13 2.63-3.72 ＜0.001
Clinical dataa + PRS1 3.35 2.81-4.00 ＜0.001
Clinical dataa + PRS2 3.59 3.00-4.30 ＜0.001
Clinical dataa + PRS3 3.59 3.00-4.30 ＜0.001

Patients with coronary atherosclerosis (n=670) are compared against patients without coronary atherosclerosis (n=273).
aThe clinical model includes age, sex, hypertension, diabetes, smoking, dyslipidemia, family history of premature CAD and symptoms.  OR=odds 
ratio, CI=confidence interval.

Table 3. The prediction of obstructive CAD by clinical data and three PRS

Model OR 95% CI p-value

PRS1 (PGS000329) 1.25 1.07-1.46 0.006
PRS2 (PGS000018) 1.68 1.42-1.97 ＜0.001
PRS3 (PGS000013) 1.70 1.44-2.01 ＜0.001
Clinical dataa 2.53 2.15-2.98 ＜0.001
Clinical dataa + PRS1 2.59 2.20-3.05 ＜0.001
Clinical dataa + PRS2 2.97 2.50-3.53 ＜0.001
Clinical dataa + PRS3 3.01 2.53-3.57 ＜0.001

Patients with obstructive CAD (n=205) are compared against patients without obstructive CAD (n=738).
aThe clinical model includes age, sex, hypertension, diabetes, smoking, dyslipidemia, family history of premature CAD and symptoms.  OR=odds 
ratio, CI=confidence interval.
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patients with and without obstructive CAD. The 
distribution of the PRS in the two groups completely 
overlapped with a minor shift toward higher PRS 
values in patients with obstructive CAD compared 
with those without obstructive CAD. In Fig. 4, the 
PRS values are categorized into deciles to visualize the 
relative risk in each PRS category. The prevalence of 
obstructive CAD was higher in higher PRS deciles; 
however, a large proportion of the patients classified as 
having high risk by PRS did not have obstructive 
CAD based on imaging tests. Conversely, most 
patients with obstructive CAD had a PRS lower than 
the highest deciles. Supplemental Fig. 2 and 
Supplemental Fig. 3 shows similar distributions for 

between 0.778 and 0.805 (in terms of AUROC), 
being close to the model including only clinical 
variables (AUROC: 0.769) and yielding an 
improvement of only 0.9–3.6 percentage points over 
clinical data alone. The difference between the clinical 
model and the combined clinical＋PRS model was 
not significant for PRS1 (p=0.627) and PRS3 
(p=0.061). Only PRS2 slightly (AUC change: 0.036) 
but nominally significantly (without Bonferroni 
correction for four independent tests) improved the 
predictive power of the model (p=0.04). 

Distribution of the PRS Values
Fig. 3 shows the distribution of the PRS values in 

Fig. 1. ROC curves of PRSs
Receiver operating characteristic (ROC) curves of three PRSs in predicting obstructive CAD. 
AUC = Area under the curve, PRS = Polygenic risk score. 

Fig. 2. ROC curves of PRSs with clinical risk factors
Receiver operating characteristic (ROC) curves of clinical data and PRS in predicting obstructive CAD.
AUC = Area under the curve, PRS = Polygenic risk score. 
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Discussion

Many stu dies have reported the use of PRSs to 
assess the risk of developing diseases, including CAD. 
Different cohort studies have shown that PRS are 
independent and incremental predictors of CAD 
along with clinical cardiovascular risk factors3-6, 15). We 
hypothesized that the previously documented PRSs 
are useful in predicting the development of coronary 
atherosclerosis and obstructive CAD along with the 
traditional risk factors and could be used in clinical 
workups, as shown by a recent meta-analysis 3). 
However, its clinical utility has not been previously 

the prediction of atherosclerosis.
The calculated sensitivity, specificity, positive and 

negative predictive values, and the positive and 
negative LRs for all decile cutoffs of each PRS are 
shown in the Supplemental Table 1. None of the 
PRS cutoffs provided reasonable sensitivity and 
specificity at the same time. The positive LR ranged 
from 1.01 to 1.10 and the negative LR from 0.29 to 
0.92. NRI values are shown in the Supplemental 
Table 2.

Fig. 3. Distribution charts of PRSs per standard deviation (SD)
Distribution charts demonstrating the distribution of PRSs per SD for each of the three PRSs in patients with (in green) and without (in 
blue) obstructive CAD. 
PRS = Polygenic risk score
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suspected CAD are in agreement with those of a 
recent review conducted in primary prevention 
populations16). That study used five different PRSs, 
two of which were the same as those used in our study. 
In that review, PRSs were also significantly associated 
with the risk of CAD, but the improvement ranged 
from negligible to modest when the PRSs were added 
to traditional risk scores16).

The strength of the current study is that we 
included a reasonably large number of patients with 
very accurate phenotyping of CAD by using 
anatomical (coronary atherosclerosis and plaques) and 
functional (ischemia) state-of-the-art imaging. 

evaluated at the individual level, and a validation of 
various PRSs in an independent population with an 
accurate phenotype is not yet available3). 

In this study, we conducted a validation study in 
a cohort with a very accurate cardiac imaging 
phenotype. The results rejected the hypothesis of the 
high utility of PRSs. Although PRS has some 
predictive power, it is small and does not appear to 
provide clinically useful information regarding routine 
clinical risk factors in the evaluation of incident CAD. 
Adding PRS, the predictive accuracy improved only 
by 0.9–3.6 percentage points over the clinical data. 
Our findings in the symptomatic population with 

Fig. 4. Distribution of PRSs in deciles
The distribution of PRSs (in deciles) in participants with (in green) and without (in blue) obstructive CAD.
PRS = Polygenic risk score
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screening test. ORs indicating moderate risk can have 
significance in population studies in determining the 
causes of the disease, but they are not applicable in 
risk prediction on the individual level18, 19). ORs or 
hazard ratios do not directly indicate the 
discriminatory value of a screening test18, 19). Despite 
these facts, there are big expectations for PRSs in the 
hope of using them in risk stratification in the future, 
especially in the publications that introduced PRS. 

The challenge of using PRSs in the clinical 
workup is illustrated in Fig. 3 and 4. The range of risk 
scores by different PRSs overlap in patients who are 
healthy, atherosclerotic, and have obstructive CAD. 
This demonstrates that these PRSs do not help to 
separate patients with and without obstructive CAD 
in clinical practice. Furthermore, looking at one or 
two top deciles, it becomes evident that even in the 
highest deciles, showing a relatively higher likelihood 
of having obstructive CAD, most patients did not 
have CAD, rendering low specificity. In addition, 
most patients with CAD had low PRS, making the 
sensitivity very low, regardless of the PRS cutoff 
applied. This is also supported by our LR analysis with 
all PRS decile cutoffs (Supplemental Table 2). To be 
clinically useful, any diagnostic test must significantly 
change the pre-test probability. The power of any test 
to change probability can be estimated from LRs. In 
general, LRs above 10 and below 0.1 are considered to 
provide strong evidence to rule in or rule out 
diagnoses, respectively, in most circumstances. Positive 
LRs between 5 and 10 are valuable in individuals with 
intermediate pre-test probability. In the current 
analyses, the positive LR ranged from 1.01 to 1.10 
and the negative LR ranged from 0.29 to 0.92, 
suggesting that none of the PRSs in any of their 
cutoffs provided useful diagnostic information. The 
findings with NRI also showed the poor incremental 
diagnostic power of PRSs.

Study Limitations
One of the limitations of this study is that we did 

not have follow-up data regarding the progression of 
CAD or the medications used. Second, this study 
focused on three selected PRSs. We acknowledge that 
many other PRSs could be considered, but we believe 
that our selection offers a representative sample that 
demonstrates and evaluates the topic well. Third, the 
ethnicity of the study participants may significantly 
change the discrimination power of the PRS. 
However, the population tested in our study included 
participants of Caucasian northern European ancestry 
from Finland. The tested PRSs were also generated 
from similar European ancestry (the population in one 
of the tested PRSs by Mars et al.5) was also Finnish), 

Imaging methods have been validated in large 
populations and are the best for this purpose17). As we 
did not aim to develop new PRSs but to validate 
existing ones, the cohort we studied was large enough. 
This is also supported by the expected performance of 
classic risk factors in the same population.

Another strength is that the patients were 
symptomatic with suspected CAD. This is the exact 
group in which PRSs are shown to be used if applied 
in the diagnostic workup. In addition, we tested three 
recent, most recognized, and promising PRSs, which 
were constructed from large sample sizes  and huge 
number of SNPs and complex weighting modalities. 
The 95% CIs for ORs and AUC values obtained in 
our study were comparable to those reported in the 
original studies (Supplemental Table 3). Therefore, 
we consider the chosen population, PRSs, and the 
methods as representative. The results demonstrate 
that despite its clinical use, the genetic characteristics 
obtained at birth in the form of PRSs have limited 
clinical value beyond the current risk factors in 
patients with chest pain and suspected CAD.

Another strength of our analysis is that we used 
two different phenotype endpoints. The genetic risk 
for developing atherosclerosis or obstructive CAD 
may be different because their pathophysiology is 
different. We found that all PRSs were associated with 
the development of both atherosclerosis and 
obstructive CAD2, 5, 6). However, it appeared that 
compared with developing coronary atherosclerosis, 
obstructive CAD was generally predicted better by 
PRSs (ORs for atherosclerosis were 0.68 (95% CI 
0.59–0.79)–1.62 (95% CI 1.39–1.89) and for 
obstructive CAD 0.71 (95% CI 0.61–0.83)–1.70 
(95% CI 1.44–2.01), although the differences were 
small. 

Typically, PRSs are derived from, and their 
predictive power is evaluated in large-scale cohorts 
including hundreds of thousands of healthy 
individuals and individuals with CAD and a huge 
number of SNPs. However, in these large studies, the 
phenotype is typically weakly characterized because 
the diagnoses of CAD are based only on general 
clinical reports of having or not having CAD, and no 
details about the coronary anatomy or myocardial 
ischemia are available. Therefore, validation of the 
performance of the PRSs is needed in real-world 
clinical patients with an accurately characterized 
phenotype. Our unique setting provided valuable 
information on the usability of PRS in risk 
stratification at the individual level and enabled 
comparison against conventional risk factors. 

Our results illustrate the dilemma of the 
proposed use of PRSs in risk stratification or as a 

Advance Publication Journal of Atherosclerosis and Thrombosis 
Accepted for publication: December 24, 2023    Published online: February 23, 2024



9

PRS for Predicting CAD

References  
1) Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, 

Callaway CW, Carson AP, Chamberlain AM, Chang AR, 
Cheng S, Delling FN, Djousse L, Elkind MSV, Ferguson 
JF, Fornage M, Khan SS, Kissela BM, Knutson KL, Kwan 
TW, Lackland DT, Lewis TT, Lichtman JH, Longenecker 
CT, Loop MS, Lutsey PL, Martin SS, Matsushita K, 
Moran AE, Mussolino ME, Perak AM, Rosamond WD, 
Roth GA, Sampson UKA, Satou GM, Schroeder EB, 
Shah SH, Shay CM, Spartano NL, Stokes A, Tirschwell 
DL, VanWagner LB, Tsao CW; American Heart 
Association Council on Epidemiology and Prevention 
Statistics Committee and Stroke Statistics Subcommittee. 
Heart Disease and Stroke Statistics-2020 Update: A 
Report From the American Heart Association. 
Circulation, 2020 3; 141: e139-e596

2) Khera AV, Chaffin M, Aragam KG, Haas ME, Roselli C, 
Choi SH, Natarajan P, Lander ES, Lubitz SA, Ellinor PT, 
Kathiresan S. Genome-wide polygenic scores for common 
diseases identify individuals with risk equivalent to 
monogenic mutations. Nat Genet, 2018 ; 50: 1219-1224

3) Agbaedeng TA, Noubiap JJ, Mofo Mato EP, Chew DP, 
Figtree GA, Said MA, van der Harst P. Polygenic risk 
score and coronary artery disease: A meta-analysis of 
979,286 participant data. Atherosclerosis, 2021; 333: 
48-55

4) Elliott J, Bodinier B, Bond TA, Chadeau-Hyam M, 
Evangelou E, Moons KGM, Dehghan A, Muller DC, 
Elliott P, Tzoulaki I. Predictive Accuracy of a Polygenic 
Risk Score-Enhanced Prediction Model vs a Clinical Risk 
Score for Coronary Artery Disease. JAMA, 2020 18; 323: 
636-645

5) Mars N, Koskela JT, Ripatti P, Kiiskinen TTJ, Havulinna 
AS, Lindbohm JV, Ahola-Olli A, Kurki M, Karjalainen J, 
Palta P; FinnGen; Neale BM, Daly M, Salomaa V, Palotie 
A, Widén E, Ripatti S. Polygenic and clinical risk scores 
and their impact on age at onset and prediction of 
cardiometabolic diseases and common cancers. Nat Med, 
2020; 26: 549-557

6) Inouye M, Abraham G, Nelson CP, Wood AM, Sweeting 
MJ, Dudbridge F, Lai FY, Kaptoge S, Brozynska M, Wang 
T, Ye S, Webb TR, Rutter MK, Tzoulaki I, Patel RS, Loos 
RJF, Keavney B, Hemingway H, Thompson J, Watkins H, 
Deloukas P, Di Angelantonio E, Butterworth AS, Danesh 
J, Samani NJ; UK Biobank CardioMetabolic Consortium 
CHD Working Group. Genomic Risk Prediction of 
Coronary Artery Disease in 480,000 Adults: Implications 
for Primary Prevention. J Am Coll Cardiol, 2018; 16; 72: 
1883-1893

7) McPherson R. 2018 George Lyman Duff Memorial 
Lecture: Genetics and Genomics of Coronary Artery 
Disease: A Decade of Progress. Arterioscler Thromb Vasc 
Biol, 2019; 39: 1925-1937

8) Aragam KG, Natarajan P. Polygenic Scores to Assess 
Atherosclerotic Cardiovascular Disease Risk: Clinical 
Perspectives and Basic Implications. Circ Res, 2020 24; 
126: 1159-1177

9) Katsanis N. The continuum of causality in human genetic 
disorders. Genome Biol, 2016; 17; 17: 233

10) Kajander S, Joutsiniemi E, Saraste M, Pietilä M, Ukkonen 

so they should be suitable for our population. Fourth, 
in our study, one of the clinical risk factors was the 
family history of premature CAD. This risk factor 
may include some genetic information, as shown in 
the study by Mars et al.5) in which PRS did not 
provide incremental information on the reported 
family history. In any case, asking for family history is 
common in clinical work, completely free of cost and 
with minimal effort, which is not the case with PRSs. 
In the current analysis, we did not have access to 
patient clinical outcomes, and further studies are 
warranted on this topic. 

In addition, as PRSs can be constructed in 
different ways20), different PRSs can give quite varying 
risk estimates for an individual with minimal 
concordance20, 21). This needs to be further tested in 
our cohort and can further hamper the usability of 
PRSs in a clinical real-world setting in predicting 
CAD at the individual level.

Conclusions

The current PRSs appear to be statistically 
significant predictors of coronary atherosclerosis and 
obstructive CAD. However, the predictive power of 
scores is limited and does not provide clinically useful 
information beyond conventional cardiovascular risk 
factors. The results of this study show that current 
PRSs are not justified for the clinical routine 
evaluation of symptomatic patients referred for 
suspected CAD.

Acknowledgements

Authors acknowledge financial support by grants 
from the Academy of Finland, the Finnish Foundation 
for Cardiovascular Research and State Research 
Funding of Turku University Hospital.

Disclosures

Dr. Knuuti received consultancy fees from GE 
Healthcare and Synektik Pharma and speaker fees 
from GE Healthcare, Bayer, Lundbeck, Boehringer-
Ingelheim, Pfizer and Merck, outside of the submitted 
work. Dr. Saraste received consultancy fees from 
Amgen and Astra Zeneca, Boehringer Ingelheim and 
Pfizer, and speaker fees from Abbott, Astra Zeneca, 
and Bayer All other authors have reported that they 
have no relationships relevant to the contents of this 
paper to disclose.

Advance Publication Journal of Atherosclerosis and Thrombosis 
Accepted for publication: December 24, 2023    Published online: February 23, 2024



10

Kujala et al.

MT, Voora D. Associations of a polygenic risk score with 
coronary artery disease phenotypes in the Prospective 
Multicenter Imaging Study for Evaluation of Chest Pain 
(PROMISE) trial. Am Heart J, 2022; 252: 12-15

16) Groenendyk JW, Greenland P, Khan SS. Incremental 
Value of Polygenic Risk Scores in Primary Prevention of 
Coronary Heart Disease: A Review. JAMA Intern Med, 
2022; 1; 182: 1082-1088

17) Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, 
Funck-Brentano C, Prescott E, Storey RF, Deaton C, 
Cuisset T, Agewall S, Dickstein K, Edvardsen T, Escaned 
J, Gersh BJ, Svitil P, Gilard M, Hasdai D, Hatala R, 
Mahfoud F, Masip J, Muneretto C, Valgimigli M, 
Achenbach S, Bax JJ; ESC Scientific Document Group. 
2019 ESC Guidelines for the diagnosis and management 
of chronic coronary syndromes. Eur Heart J, 2020; 14; 
41: 407-477

18) Wald NJ, Old R. The illusion of polygenic disease risk 
prediction. Genet Med, 2019 Aug; 21(8): 1705-1707. 
doi: 10.1038/s41436-018-0418-5. Epub 2019 Jan 12. 
Erratum in: Genet Med, 2021; 23: 2232

19) Wald NJ, Hackshaw AK, Frost CD. When can a risk 
factor be used as a worthwhile screening test? BMJ, 1999; 
11; 319: 1562-1565

20) Clifton L, Collister JA, Liu X, Littlejohns TJ, Hunter DJ. 
Assessing agreement between different polygenic risk 
scores in the UK Biobank. Sci Rep, 2022; 27; 12: 12812

21) Ding Y, Hou K, Burch KS, Lapinska S, Privé F, 
Vilhjálmsson B, Sankararaman S, Pasaniuc B. Large 
uncertainty in individual polygenic risk score estimation 
impacts PRS-based risk stratification. Nat Genet, 2022; 
54: 30-39

H, Saraste A, Sipilä HT, Teräs M, Mäki M, Airaksinen J, 
Hartiala J, Knuuti J. Cardiac positron emission 
tomography/computed tomography imaging accurately 
detects anatomically and functionally significant coronary 
artery disease. Circulation, 2010; 10; 122: 603-613

11) Rizvi A, Han D, Danad I, Ó Hartaigh B, Lee JH, Gransar 
H, Stuijfzand WJ, Roudsari HM, Park MW, Szymonifka 
J, Chang HJ, Jones EC, Knaapen P, Lin FY, Min JK, Peña 
JM. Diagnostic Performance of Hybrid Cardiac Imaging 
Methods for Assessment of Obstructive Coronary Artery 
Disease Compared With Stand-Alone Coronary 
Computed Tomography Angiography: A Meta-Analysis. 
JACC Cardiovasc Imaging, 2018; 11: 589-599

12) Maaniitty T, Stenström I, Bax JJ, Uusitalo V, Ukkonen H, 
Kajander S, Mäki M, Saraste A, Knuuti J. Prognostic 
Value of Coronary CT Angiography With Selective PET 
Perfusion Imaging in Coronary Artery Disease. JACC 
Cardiovasc Imaging, 2017; 10: 1361-1370

13) Stenström I, Maaniitty T, Uusitalo V, Ukkonen H, 
Kajander S, Mäki M, Nammas W, Bax JJ, Knuuti J, 
Saraste A. Absolute Stress Myocardial Blood Flow After 
Coronary CT Angiography Guides Referral to Invasive 
Angiography. JACC Cardiovasc Imaging, 2019; 12(11 Pt 
1): 2266-2267

14) Kajander S , Joutsiniemi E, Saraste M, Pietilä M, Ukkonen 
H, Saraste A, Sipilä HT, Teräs M, Mäki M, Airaksinen J, 
Hartiala J, Knuuti J. Cardiac positron emission 
tomography/computed tomography imaging accurately 
detects anatomically and functionally significant coronary 
artery disease. Circulation, 2010 10; 122: 603-613

15) Newman JD, Douglas PS, Zhbannikov I, Ferencik M, 
Foldyna B, Hoffmann U, Shah SH, Ginsburg GS, Lu 

Advance Publication Journal of Atherosclerosis and Thrombosis 
Accepted for publication: December 24, 2023    Published online: February 23, 2024



11

PRS for Predicting CAD

Supplemental Fig. 1. ROC curves
Receiver operating characteristic (ROC) curves of four PRS in 
predicting atherosclerosis.

Supplemental Fig. 2. Distribution in deciles
Distribution charts per SD. Distribution charts demonstrating 
distribution of PRS per SD for each four PRS separately in patients 
with (in green) and without (in blue) atherosclerosis.  
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Supplemental Fig. 3. Distribution in deciles. 
Distribution of PRS (in deciles) in participants with (in green) and without (in blue) atherosclerosis.
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Supplemental Table 2. NRI values

Deciles PRS1 PRS2 PRS3

10 -0,0125 -0,0623 -0,0873
9 -0,0298 -0,0111 0,0201
8 0,0534 0,0271 0,0347
7 -0,0222 -0,0146 -0,0098
6 -0,0014 0,0111 0,0000
5 0,0049 0,0173 0,0035
4 -0,0125 -0,0173 -0,0062
3 -0,0014 0,0222 0,0298
2 0,0125 0,0125 0,0125
1 0,0062 0,0125 0,0000

NRI for comparison of clinical moden and clinical model + PRS.
NRI=net reclassification index, PRS=polygenic risk score

Supplemental Table 1. Sensitivities, Specificities, LR+, LR-, PPV, NPV, accuracy

10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 %

PRS1
Sensitivity 90.7 83.4 74.6 67.3 57.1 44.4 36.6 27.8 15.6
Specificity 10.1 20.9 31.4 42.1 52.0 61.1 71.9 82.1 91.6
Positive LR 1.01 1.05 1.09 1.16 1.19 1.14 1.30 1.55 1.86
Negative LR 0.92 0.79 0.81 0.78 0.83 0.91 0.88 0.88 0.92
NPV 79.6 81.9 81.6 82.2 81.3 79.8 80.3 80.3 79.6
PPV 21.9 22.7 23.3 24.5 24.9 24.1 26.6 30.2 34.0
Accuracy 27.6 34.5 40.8 47.6 53.1 57.5 64.2 70.2 75.0

PRS2
Sensitivity 96.6 85.9 79.0 72.2 64.4 54.6 44.9 34.1 19.0
Specificity 11.8 21.5 32.5 43.3 53.8 64.0 74.0 83.8 92.5
Positive LR 1.10 1.09 1.17 1.27 1.39 1.52 1.73 2.10 2.53
Negative LR 0.29 0.66 0.65 0.64 0.66 0.71 0.74 0.79 0.88
NPV 92.6 84.5 84.8 84.8 84.4 83.5 82.8 82.0 80.4
PPV 23.4 23.3 24.6 26.2 28.0 29.7 32.5 37.0 41.5
Accuracy 30.3 35.5 42.6 49.6 56.1 62.0 67.7 73.0 76.5

PRS3
Sensitivity 92.7 88.3 82.0 75.1 62.9 54.6 46.8 35.6 18.5
Specificity 10.7 22.1 33.2 44.2 53.5 63.9 74.6 84.4 92.4
Positive LR 1.04 1.13 1.23 1.35 1.35 1.51 1.84 2.28 2.43
Negative LR 0.68 0.53 0.54 0.56 0.69 0.71 0.71 0.76 0.88
NPV 84.0 87.2 86.8 86.4 83.8 83.5 83.4 82.5 80.3
PPV 22.4 24.0 25.5 27.3 27.4 29.6 33.9 38.8 40.4
Accuracy 28.6 36.6 43.8 50.9 55.6 61.8 68.5 73.8 76.3

Sensitivities, specificities, positive and negative likelihood ratio, negative predictive value, positive predictive value and accuracy for PRS 1-4, each 
decile separately. LR = likelihood ratio, NPV=negative predictive value, PPV=positive predictive value, PRS=polygenic risk score.
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Supplemental Table 3. PRS as predictors by original studies

Patients’ 
origin

Number of 
patients

AUC C-index 
(95% CI)

NRI 
(95% CI)

Reference

PRS1, 
PGS000329

FinnGen 20,165 - 0.820 
(0.816–0.824)

1.1 
(-0.1,2.2)

Mars N, Koskela JT, Ripatti P, et al. Polygenic and clinical risk scores 
and their impact on age at onset and prediction of cardiometabolic 
diseases and common cancers. Nat. Med., 2020; 26: 549-557. 
Available at: http://dx.doi.org/10.1038/s41591-020-0800-0

PRS2, 
PGS000018

UK biobank 482,629 0.79 0.623 
(0.615-0.631) 

- Inouye M, Abraham G, Nelson CP, et al. Genomic risk prediction of 
coronary artery disease in 480,000 adults: Implications for primary 
prevention. J. Am. Coll. Cardiol., 2018; 72: 1883-1893. Available 
at: http://dx.doi.org/10.1016/j.jacc.2018.07.079

PRS3, 
PGS000013

UK biobank 184,305 0.81 
(0.81–0.81)

- -  Khera AV, Chaffin M, Aragam KG, et al. Genome-wide polygenic 
scores for common diseases identify individuals with risk equivalent 
to monogenic mutations. Nat. Genet., 2018; 50: 1219-1224. 
Available at: http://dx.doi.org/10.1038/s41588-018-0183

Supplemental table, PRS1-3 patients´ origin, number of patients, AUC, c-index, NRI and reference based on original publifications. 
PRS=polygenic risk score, AUC=area under the curve, NRI= net reclassification index, CI=confidence interval
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