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European and US Guideline-Based Statin 
Eligibility, Genetically Predicted Coronary 
Artery Disease, and the Risk of Major 
Coronary Events
Hanjin Park, MD*; Daehoon Kim , MD;* Seng Chan You, MD; Eunsun Jang , MS; Hee Tae Yu , MD; 
Tae-Hoon Kim , MD; Dong-min Kim, MD; Jung-Hoon Sung, MD; Hui-Nam Pak , MD; 
Moon-Hyoung Lee , MD; Pil-Sung Yang , MD†; Boyoung Joung , MD, PhD† 

BACKGROUND: A study was designed to investigate whether the coronary artery disease polygenic risk score (CAD-PRS) may 
guide lipid-lowering treatment initiation as well as deferral in primary prevention beyond established clinical risk scores.

METHODS AND RESULTS: Participants were 311 799 individuals from the UK Biobank free of atherosclerotic cardiovascular 
disease, diabetes, chronic kidney disease, and lipid-lowering treatment at baseline. Participants were categorized as statin 
indicated, statin indication unclear, or statin not indicated as defined by the European and US guidelines on statin use. For a 
median of 11.9 (11.2–12.6) years, 8196 major coronary events developed. CAD-PRS added to European-Systematic Coronary 
Risk Evaluation 2 (European-SCORE2) and US-Pooled Cohort Equation (US-PCE) identified 18% and 12% of statin-indication-
unclear individuals whose risk of major coronary events were the same as or higher than the average risk of statin-indicated 
individuals and 16% and 12% of statin-indicated individuals whose major coronary event risks were the same as or lower than 
the average risk of statin-indication-unclear individuals. For major coronary and atherosclerotic cardiovascular disease events, 
CAD-PRS improved C-statistics greater among statin-indicated or statin-indication-unclear than statin-not-indicated individu-
als. For atherosclerotic cardiovascular disease events, CAD-PRS added to the European evaluation and US equation resulted 
in a net reclassification improvement of 13.6% (95% CI, 11.8–15.5) and 14.7% (95% CI, 13.1–16.3) among statin-indicated, 
10.8% (95% CI, 9.6–12.0) and 15.3% (95% CI, 13.2–17.5) among statin-indication-unclear, and 0.9% (95% CI, 0.6–1.3) and 
3.6% (95% CI, 3.0–4.2) among statin-not-indicated individuals.

CONCLUSIONS: CAD-PRS may guide statin initiation as well as deferral among statin-indication-unclear or statin-indicated indi-
viduals as defined by the European and US guidelines. CAD-PRS had little clinical utility among statin-not-indicated individuals.
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Cardiovascular disease (CVD), including coronary 
artery disease (CAD), is a leading cause of death 
worldwide.1 The European and US guidelines 

on primary prevention of CVD recommend lifestyle 

modification and lipid-lowering treatment for individ-
uals at high risk of future CVD based on clinical risk 
scores including the European-Systematic Coronary 
Risk Evaluation 2 (European-SCORE2) and US-Pooled 
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Cohort Equation (US-PCE) models.2,3 However, many 
individuals who develop CVD have an estimated clin-
ical risk score below the guideline-recommended 
thresholds whereas many of those who are judged to 
be at high risk of future CVD will not develop the dis-
ease.4 Therefore, strategies to accurately identify those 
who will be over- or undertreated with lipid-lowering 
treatment are of clinical importance.5

Recently, common genetic variants have emerged 
as risk factors for CVD that provide information on dis-
ease predisposition from an earlier age.6 By summing 
each of the common genetic variants in the form of 
polygenic risk scores (PRSs), genetic testing may sig-
nificantly contribute to the prediction of disease onset 
that may outperform traditional risk factors.7,8 However, 
the added value of PRS for CAD on established clinical 
risk scores has been modest and a broad genetic test-
ing strategy has been discouraged.9,10

The most relevant questions in this context would 
be (1) is there a specific population in whom targeted 

genetic testing will impact contemporary management, 
and (2) if so, to what extent would the genetic testing 
added to established clinical risk scores prevent over- 
or undertreatment? To address these questions, we in-
vestigated the predictive power of CAD-PRS added to 
clinical risk scores across European and US guideline-
based statin eligibility strata and assessed the extent 
to which over- or undertreatment would have been 
prevented.

METHODS
Study Population
The UK Biobank is a prospective cohort of 502 421 in-
dividuals recruited between 2006 and 2010. The study 
design and data collection have been described in de-
tail previously.11 Among a total of 502 421 participants in 
the UK Biobank, we included individuals aged ≥40 years 
between March 13, 2006, and October 1, 2010. We ex-
cluded participants without PRS data (n=16 263), Black 
race (n=7630), Asian race (n=10902), mixed, other, or 
unknown race or ethnicity (n=9476) , missing data for 
European-SCORE2 and US-PCE (n=62 070) mod-
els, established atherosclerotic cardiovascular disease 
(ASCVD) (n=27 341), diabetes (n=15 052), chronic kidney 
disease or end-stage renal disease (n=2494), or receiv-
ing lipid-lowering medication (n=39 393). Finally, a total 
of 311 799 individuals were followed until a major coro-
nary event, death, censoring, or March 31, 2021, which-
ever came first (Figure S1).

This study was approved by the institutional review 
board of the Yonsei University Health System (4-2022-
0154). The requirement for informed consent was 
waived because personally identifying information was 
removed after cohort generation, in accordance with 
strict confidentiality guidelines. Restrictions apply to 
the availability of these data from the UK Biobank. All 
data and materials can be obtained upon direct appli-
cation (http://​ukbio​bank.​ac.​uk).

Guideline-Defined Statin Eligibility
The European-SCORE2 model predicts 10-year risk of 
ASCVD events in apparently healthy individuals without 
established ASCVD, diabetes, or chronic kidney dis-
ease. With the estimated 10-year risk of ASCVD events 
by the European-SCORE2 model, the 2021 European 
Society of Cardiology guidelines2 recommend age-
specific treatment thresholds for statin use. For the cal-
culation of the European-SCORE2, we used calibration 
coefficients developed for low-risk regions, which was 
intended for use in most Western European countries 
including the United Kingdom. Statin-indicated individ-
uals were defined as those with low-density lipoprotein 
(LDL) ≥100 mg/dL and (1) patients aged 40 to 49 with 
European-SCORE2 ≥7.5%, (2) aged 50 to 69 with ≥10%, 

CLINICAL PERSPECTIVE

What Is New?
•	 Coronary artery disease polygenic risk score 

identified statin-indication-unclear or statin-
indicated individuals beyond the European-
Systematic Coronary Risk Evaluation 2 and 
US-Pooled Cohort Equation models who 
might have been under- or overtreated for lipid-
lowering treatment.

•	 Coronary artery disease polygenic risk score 
had little clinical utility among statin-not-
indicated individuals.

What Are the Clinical Implications?
•	 Coronary artery disease polygenic risk score 

may affect clinical decision-making in primary 
prevention among statin-indication-unclear or 
statin-indicated individuals but not for statin-
not-indicated individuals based on the European 
and US guidelines on statin use.
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polygenic risk score
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or (3) age ≥70 with ≥15%. Statin-indication-unclear in-
dividuals were defined as those with LDL ≥100 mg/dL 
and (1) those aged 40 to 49 with European-SCORE2 
≥2.5%, (2) aged 50 to 69 with ≥5%, or (3) age ≥70 with 
≥7.5% in the presence of risk modifiers. Statin-not-
indicated individuals were defined as those with LDL 
<100 mg/dL or (1) those aged 40 to 49 with European-
SCORE2 <2.5%, (2) aged 50 to 69 with <5%, or (3) age 
≥70 with <7.5%.

The US-PCE model3 predicts 10-year ASCVD event 
risk in individuals without established ASCVD. With the 
estimated 10-year risk of ASCVD events by the US-
PCE models, the 2019 American College of Cardiology/
American Heart Association guidelines recommend a 
threshold of 7.5% for statin use. Statin-indicated individ-
uals were defined as those with (1) LDL ≥70 mg/dL and 
US-PCE ≥7.5% or (2) LDL ≥190 mg/dL regardless of US-
PCE. Because individuals with diabetes were excluded 
from our study sample, statin-indicated individuals with 
diabetes were not considered. Statin-indication-unclear 
individuals were defined as those with LDL ≥70 mg/dL 
and US-PCE ≥5% in the presence of risk enhancers. 
Statin-not-indicated individuals were defined as those 
with US-PCE <5% or LDL <70 mg/dL.

Polygenic Risk Score
We obtained CAD-PRS from the UK Biobank Polygenic 
Risk Score Release-Standard set. The performance of 
the CAD-PRS standard set has been validated in a previ-
ous study12 and is reported to outperform its compara-
tors.9,13–15 Detailed information about the UK Biobank 
Polygenic Risk Score Release is provided in Data S1.

End Point
The primary end point was a major coronary event, which 
is the most specific and strongly associated outcome 
with CAD-PRS. A major coronary event was defined 
as any acute myocardial infarction, any coronary revas-
cularization, or death due to CAD. The secondary end 
point was an ASCVD event, which is the most clinically 
relevant outcome. An ASCVD event was defined using 
the European and US guidelines on statin use, and we 
closely followed the ASCVD end point definitions used 
for each clinical risk score model (Table S1). Although the 
European and US guidelines define similar ASCVD end 
points, the European guideline also includes noncoro-
nary, nonstroke cardiovascular deaths.16

The outcomes were extracted from the “first occur-
rence of health outcomes” field, which was obtained by 
linkage with primary care, hospital inpatient records, and 
the death register. Detailed information about the linkage 
procedure is publicly available online (https://​www.​ukbio​
bank.​ac.​uk). Detailed information about the definitions of 
outcomes and covariates is provided in Table S1.

Statistical Analysis
Baseline characteristics were reported as median (inter-
quartile range) or count (percentage). Calibration of the 
European-SCORE2 and US-PCE models and their sub-
sequent recalibration were assessed by plotting the ob-
served probability against the mean predicted probability 
within tenths of the predicted probabilities of the ASCVD 
events. We recalibrated the European-SCORE2 and US-
PCE models using simple logistic regression and tested 
the calibration using Greenwood–Nam–D’Agostino 
(GND) test (where a significant P value indicates pres-
ence of miscalibration). Logistic recalibration of prediction 
models has been used and validated in multiple stud-
ies.17,18 All of the analyses in this study were carried out 
with the recalibrated European-SCORE2 and US-PCE 
models. We calculated the lifetime risk for major coro-
nary events by adding CAD-PRS to the European and 
US guideline-based statin eligibility strata from the index 
age of 45 years to the attained age of 80 years, account-
ing for the competing risk of death (details in Data S1). In 
addition, a Fine–Gray subdistribution hazard model was 
used to assess the relative risk of major coronary events, 
adjusting for the competing risk of death.

We also calculated the predicted odds ratios (ORs) 
of major coronary events for each CAD-PRS percen-
tile across statin eligibility strata with the median CAD-
PRS percentile of statin-indicated individuals as the 
reference. The predicted probability of major coronary 
events was calculated using a logistic regression model 
with the CAD-PRS as the sole predictor because the 
European-SCORE2 and US-PCE model already ac-
counts for sex, age, and traditional risk factors. The 
CAD-PRS percentile cutoff for statin-indication-unclear 
individuals that did not significantly differ from the aver-
age risk of statin-indicated individuals was determined 
by F statistics. Similarly, the CAD-PRS percentile cutoff 
for statin-indicated individuals that did not significantly 
differ from the average risk of statin-indication-unclear 
individuals was calculated. We repeated the same 
analysis among individuals aged <55 years.

The C-statistics for ASCVD events were calculated 
before and after adding CAD-PRS to the European-
SCORE2 and US-PCE models for the overall popula-
tion and the European and US guideline-defined statin 
eligibility subgroups. We also reported the P values of 
a Z score test based on a U statistics-based C estima-
tor to assess the difference in C-index.

Net reclassification improvement (NRI) analysis for 
ASCVD events was performed to estimate the im-
provement in reclassification after adding CAD-PRS to 
the European-SCORE2 and US-PCE models. We used 
the 10-year ASCVD event risk thresholds provided in 
the European and US guidelines for the calculation of 
NRIs. For example, a 10% risk threshold was used for 
participants aged 50 to 69 according to the European 
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guidelines (age-specific thresholds) and a 7.5% thresh-
old was used according to the US guidelines. For the 
calculation of C-index and NRIs, we excluded individu-
als whose clinical risk scores would not affect therapy 
decision to reduce potential bias; those with (1) LDL 
<100 mg/dL based on the European and (2) LDL ≥190 
and LDL <70 mg/dL based on the US guidelines. In 
addition, we estimated the observed 10-year rate of 
ASCVD and major coronary events to assess whether 
European and US guideline-based statin eligibility sub-
groups would result in different class of statin recom-
mendation by CAD-PRS categories.

All analyses were performed using SAS version 9.4 
for Windows (SAS Institute) and R statistics software 
version 4.0.2 (R Foundation for Statistical Computing), 
and a 2-sided P value <0.05 was considered statisti-
cally significant.

Sensitivity Analysis
Several sensitivity analyses were performed. First, be-
cause the European and US guidelines do not provide 
10-year major coronary event risk thresholds for sta-
tin use, we performed NRI analysis for major coronary 
events using 10-year major coronary event risk thresh-
old, which is equivalent to the 10-year ASCVD event 
risk threshold, by introducing a conversion factor19 

as previously performed by Lu et  al.20 Details of the 
10-year major coronary event risk thresholds calcula-
tion are provided in Data S1. Second, we provided the 
results of the main analysis using the nonrecalibrated 
European-SCORE2 and US-PCE models for compari-
son. Third, the R2 and D-statistics for ASCVD events 
before and after adding CAD-PRS to the European-
SCORE2 and US-PCE models were performed as a 
complementary analysis.

RESULTS
The baseline characteristics of the study population 
and excluded individuals are presented in Table 1 and 
Table S2, respectively. During a median follow-up of 11.9 
(11.2–12.6) years, 8196 individuals experienced major 
coronary events, and 12 429 and 11 837 individuals ex-
perienced European and US guideline-defined ASCVD 
events, respectively. Individuals who experienced major 
coronary events were older, had higher blood pressure, 
and higher blood lipid levels. The baseline characteristics 
of the study population by European and US guideline-
based statin eligibility strata and by the CAD-PRS are 
provided in Tables S3 and S4, respectively. Among the 
traditional cardiovascular risk factors, age and systolic 
blood pressure had the highest discriminative value for 

Table 1.  Baseline Characteristics of the Study Population

Total No major coronary events Major coronary event

Total no. 311 799 303 603 8196

Follow-up duration, y 11.9 (11.2 to 12.6) 11.9 (11.2 to 12.6) 11.8 (10.8 to 12.6)

Age, y 57 (50 to 63) 57.0 (49.0 to 63.0) 61.0 (56.0 to 65.0)

Female sex 178 476 (57.2) 176 414 (58.1) 2062 (25.2)

Townsend deprivation index −2.3 (−3.7 to −0.1) −2.3 (−3.7 to −0.1) −2.1 (−3.6 to −0.5)

Systolic blood pressure, mm Hg 136 (124 to 149) 135.0 (123.5 to 148.5) 145.0 (133.5 to 158.5)

Diastolic blood pressure, mm Hg 82 (75 to 89) 81.5 (75.0 to 89.0) 86.0 (79.0 to 92.5)

Body mass index, kg/m2 26.3 (23.8 to 29.3) 26.2 (23.8 to 29.2) 27.4 (25.1 to 30.1)

Waist circumference, cm 88 (79 to 97) 88 (79 to 97) 95 (87 to 102)

Hypertension 58 521 (18.8) 55 991 (18.4) 2530 (30.9)

Blood pressure-lowering medication 34 765 (11.1) 33 236 (10.9) 1529 (18.7)

Fasting glucose, mg/dL 88.1 (82.4 to 94.3) 88 (82 to 94) 89 (83 to 95)

Total cholesterol, mg/dL 227 (201 to 255) 227 (201 to 254) 238 (212 to 267)

High-density lipoprotein, mg/dL 56 (47 to 66) 56 (47 to 67) 49 (42 to 57)

Low-density lipoprotein, mg/dL 143 (123 to 164) 142 (122 to 164) 156 (136 to 177)

Triglyceride, mg/dL 128 (91 to 184) 127 (90 to 183) 164 (117 to 233)

European-SCORE2, %* 2.7 (1.7 to 4.7) 2.7 (1.7 to 4.6) 6.0 (3.6 to 9.7)

US-Pooled Cohort Equation, % 2.6 (1.7 to 4.5) 2.6 (1.7 to 4.3) 5.6 (3.3 to 9.2)

Cigarette smoking

Never 175 816 (56.4) 172 189 (56.7) 3627 (44.3)

Previous 103 828 (33.3) 100 811 (33.2) 3017 (36.8)

Current 32 155 (10.3) 30 603 (10.1) 1552 (18.9)

Values are presented as the median (first quartile, third quartile) or n (%). SCORE2 indicates Systemic Coronary Risk Evaluation 2.
*European-SCORE2 was calculated using calibration coefficients for low-risk regions.
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ASCVD events for both the European-SCORE2 and 
US-PCE models (Figure S2).

Calibration of CAD-PRS
The nonrecalibrated European-SCORE2 model was 
fairly calibrated (calibration slope, β=1.26; GND test, 
PGND=0.061) whereas the nonrecalibrated US-PCE 
model overestimated (β=0.64; PGND<0.001) the 10-year 
ASCVD event risk in our study sample. After recalibra-
tion, both the European-SCORE2 (β=0.99; PGND=0.423) 
and US-PCE models (β=0.98; PGND=0.145) were well 
calibrated (Figure 1).21 The density plots by CAD-PRS, 
European-SCORE2, and US-PCE are presented in 
Figure  S3. CAD-PRS was not strongly correlated or 

associated with European-SCORE2, US-PCE, or tradi-
tional risk factors for CVD (Figures S4 and S5).

Predictive Performance of CAD-PRS
The lifetime and relative risk of major coronary events 
largely overlapped across European and US guideline-
based statin eligibility strata when CAD-PRS was con-
sidered (Table 2, Table S5). For example, the lifetime 
risk of major coronary events among statin-indicated 
individuals who had high CAD-PRS was 37.4% (95% 
CI, 29.3–45.8) based on the European-SCORE2 
model. This decreased to 1.3% (95% CI 1.1 to 1.5) 
among statin-not-indicated individuals who had low 
CAD-PRS, thereby representing a 28-fold risk gradient. 

Figure 1.  Calibration plots of the European-SCORE2 and US-PCE models before and after recalibration.
PCE indicates pooled cohort equation; PGND, P value for Greenwood–Nam–D’Agostino test; SCORE2, Systemic Coronary Risk 
Evaluation 2; and β, the calibration slope.



J Am Heart Assoc. 2024;13:e032831. DOI: 10.1161/JAHA.123.032831� 6

Park et al� Genetic Risk, Statins, and Coronary Events

In contrast, no overlap in the lifetime and relative risk of 
major coronary events was identified when CAD-PRS 
was not considered (Table S6).

Across all European and US guideline-defined sta-
tin eligibility strata, individuals with higher CAD-PRS 

had higher predicted ORs for major coronary events. 
However, the impact of higher CAD-PRS was insig-
nificant among statin-indication-unclear individuals 
(Figure 2). European and US guideline-defined statin-
indication-unclear individuals with CAD-PRS ≥82nd 

Table 2.  Lifetime and Relative Risk of Major Coronary Events by Adding CAD-PRS Across European and US Guideline-
Based Statin Eligibility Strata, After Adjusting for the Competing Risk of Death

European-SCORE2 US-PCE

Lifetime risk (45 
to 80 y)

Relative risk
Lifetime risk (45 
to 80 y)

Relative risk

HR (95% CI) P value HR (95% CI) P value

Statin-indicated*

High genetic risk† 37.4 (29.3–45.8) 38.4 (32.8–45.0) <0.001 21.3 (19.8–22.7) 23.9 (20.7–27.7) <0.001

Intermediate genetic risk 21.9 (16.2–27.8) 20.9 (18.1–24.2) <0.001 12.1 (11.4–12.8) 13.6 (11.8–15.6) <0.001

Low genetic risk 19.9 (7.6–32.3) 11.4 (9.4–13.8) <0.001 6.2 (5.2–7.1) 7.1 (6.0–8.4) <0.001

Statin-indication-unclear

High genetic risk 22.0 (20.7–23.3) 22.3 (19.3–25.8) <0.001 18.0 (15.6–20.4) 22.2 (18.9–26.0) <0.001

Intermediate genetic risk 10.3 (9.7–10.8) 10.4 (9.0–12.0) <0.001 10.9 (7.3–14.5) 10.21 (8.8–11.9) <0.001

Low genetic risk 4.8 (4.1–5.5) 4.8 (4.0–5.7) <0.001 5.7 (1.9–9.5) 4.3 (3.4–5.3) <0.001

Statin-not-indicated

High genetic risk 7.5 (7.0–8.1) 6.1 (5.3–7.0) <0.001 7.9 (7.3–8.4) 6.3 (5.5–7.3) <0.001

Intermediate genetic risk 3.3 (3.1–3.6) 2.5 (2.2–2.9) <0.001 3.3 (3.0–3.5) 2.4 (2.1–2.8) <0.001

Low genetic risk 1.3 (1.1–1.5) Reference 1.3 (1.1–1.5) Reference

CAD indicates coronary artery disease; HR, hazard ratio; PCE, pooled cohort equation; PRS, polygenic risk score; and SCORE2, Systemic Coronary Risk 
Evaluation 2.

*Statin eligibility was categorized according to the 2021 European Society of Cardiology and 2019 American College of Cardiology/American Heart 
Association guidelines on statin use.

†Genetic risk was categorized into low, intermediate, and high-risk groups by <20th, ≥20 to <80th, ≥80th percentiles of the polygenic risk score for coronary 
artery disease.

Figure 2.  CAD-PRS predicted odds ratios for major coronary events by statin eligibility.
Predicted odds ratios for each CAD-PRS percentile across statin eligibility strata (median CAD-PRS percentile of statin-indicated 
individuals as the reference) are presented. The predicted probability of major coronary events was calculated using a logistic regression 
model with CAD-PRS as the sole predictor. *Statin eligibility was categorized according to the 2021 European Society of Cardiology and 
2019 American College of Cardiology/American Heart Association guidelines on statin use. CAD indicates coronary artery disease; OR, 
odds ratio; PCE, pooled cohort equation; PRS, polygenic risk score; and SCORE2, Systemic Coronary Risk Evaluation 2.
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and 88th percentile had comparable predicted ORs of 
major coronary events with statin-indicated individuals 
(Figure  S6A). Similarly, European and US guideline-
defined statin-indicated individuals with CAD-PRS 
≤16th and 12th percentile had comparable predicted 
ORs of major coronary events with statin-indication-
unclear individuals (Figure S6B). In contrast, there were 
no statin-not-indicated individuals who had compara-
ble major coronary event risk compared with statin-
indicated individuals.

The predicted ORs of major coronary events 
among individuals aged <55 years showed similar 
trends and identified more individuals who would 
have been over- or undertreated for lipid-lowering 
treatment (Figure S7). For example, European and US 
guideline-defined statin-indication-unclear individuals 

with CAD-PRS ≥81st and 75th percentile did not sig-
nificantly differ from the average predicted risk of 
that among statin-indicated individuals (Figure S8A). 
Likewise, European and US guideline-defined statin-
indicated individuals with CAD-PRS ≤18th and 24th 
percentile did not significantly differ from the average 
major coronary event risk of statin-indication-unclear 
individuals (Figure S8B).

Figure  3 shows the observed 10-year rate of 
ASCVD and major coronary events by statin eligibility 
and CAD-PRS. Among the European or US guideline-
based statin-indication-unclear individuals with high 
CAD-PRS, the 10-year rates for ASCVD and major 
coronary events were higher than the statin initiation 
thresholds whereas lower than among statin-indicated 
individuals with low CAD-PRS.

Figure 3.  Observed 10-year rate of ASCVD and major coronary events by statin eligibility and CAD-PRS.
Error bars indicate Kaplan–Meier rate 95% CIs. The 10-year ASCVD event risk thresholds were based on the European and US 
guidelines on statin use. The 10-year major coronary event risk threshold for statin use was calculated using conversion factors as 
described in Data S1. For the European guideline-based statin eligibility, data are shown for the group of 50 to 69 years (who represent 
229 763 out of 311 799 of the study population) because of multiple age-specific statin initiation thresholds. For the US guideline-
based statin eligibility, data are shown for all age groups. High CAD-PRS was defined as ≥85th percentile for ASCVD events and 
≥80th percentile for major coronary events because NRI analysis for ASCVD and major coronary events revealed about 10% to 15% 
and 15% to 20% reclassification among statin-indication-unclear individuals, respectively (Table 4 and Table S8). ASCVD indicates 
atherosclerotic cardiovascular disease; CAD, coronary artery disease; NRI, net reclassification improvement; and PRS, polygenic risk 
score.
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Discriminative Performance of CAD-PRS
We assessed the C-statistics and NRI before and 
after adding CAD-PRS to the European-SCORE2 
and US-PCE models. Improvement in discrimination 
for ASCVD events by C-statistics was small among 
individuals who were statin not indicated (C-index of 
0.70; SE 0.004–0.72; 0.004 for European-SCORE2 
and 0.70; 0.004–0.72; 0.004 for US-PCE models, 
Table 3 and Figure S9). In contrast, a greater improve-
ment in C-statistics among statin-indicated and statin-
indication-unclear individuals was identified (Table  3 
and Figure  S9). Similarly, the NRI for ASCVD events 
were 13.6% (95% CI, 11.8–15.5) and 14.7% (95% CI, 
13.1–16.3) among statin-indicated individuals, 10.8% 
(95% CI, 9.6–12.0) and 15.3% (95% CI 13.2–17.5) 
among statin-indication-unclear individuals whereas 
among statin-not-indicated individuals, the NRIs were 

0.9% (95% CI, 0.6–1.3) and 3.6% (95% CI, 3.0–4.2) 
based on the European-SCORE2 and US-PCE mod-
els, respectively (Table 4).

Sensitivity Analysis
The C statistics (Table  S7 and Figure  S10) and NRI 
(Table  S8) for major coronary events showed better 
reclassification by adding CAD-PRS to the European-
SCORE2 and US-PCE models than that for ASCVD 
events. The results of the sensitivity analysis using 
the nonrecalibrated European-SCORE2 and US-PCE 
models showed similar trends and results with the 
main analysis (Table S9, Figures S11 and S12). In addi-
tion, the R2 and D-statistics for ASCVD events before 
and after adding CAD-PRS to European-SCORE2 and 
US-PCE models are provided in Table S10. The trends 
and results were similar to those of the C-statistics.

Table 3.  C-Statistics for ASCVD Events by Adding CAD-PRS to the European-SCORE2 and US-PCE Models

C-index (SE)
P value for 
difference in 
C-index†

C-index (SE)
P value for 
difference in 
C-index

European-
SCORE2

European-
SCORE2+CAD-PRS US-PCE US-PCE + CAD-PRS

Overall 0.72 (0.002) 0.74 (0.002) <0.001 0.72 (0.003) 0.74 (0.002) <0.001

Statin-indicated* 0.55 (0.006) 0.61 (0.006) <0.001 0.57 (0.005) 0.62 (0.005) <0.001

Statin-indication-unclear 0.59 (0.004) 0.65 (0.004) <0.001 0.53 (0.006) 0.63 (0.006) <0.001

Statin-not-indicated 0.70 (0.004) 0.72 (0.004) <0.001 0.70 (0.004) 0.72 (0.004) <0.001

ASCVD indicates atherosclerotic cardiovascular disease; CAD, coronary artery disease; PCE, pooled cohort equation; PRS, polygenic risk score; and 
SCORE2, Systemic Coronary Risk Evaluation 2.

*Statin eligibility was categorized according to the 2021 European Society of Cardiology and 2019 American College of Cardiology/American Heart 
Association guidelines on statin use.

†P values comparing the difference in C-index before and after adding CAD-PRS to the European-SCORE2 or US-PCE models (described in the Methods 
section).

Table 4.  Net Reclassification Improvement for ASCVD Events by Adding CAD-PRS to the European-SCORE2 and US-PCE 
Models

European-SCORE2 US-PCE

Individuals reclassified Individuals reclassified

Up, % Down, % NRI (95%CI), % Up, % Down, % NRI (95% CI), %

Statin indicated*

Cases 0.0 24.5 −24.4 (−26.1 to −22.7) 0.0 25.2 −25.2 (−26.6 to −23.7)

Noncases 0.0 38.1 38.1 (37.3 to 38.8) 0.0 39.9 39.9 (39.3 to 40.5)

All 13.6 (11.8 to 15.5) 14.7 (13.1 to 16.3)

Statin indication unclear

Cases 19.4 0.3 19.1 (17.9 to 20.3) 33.4 0.1 33.3 (31.2 to 35.4)

Noncases 8.6 0.3 −8.3 (−8.5 to −8.0) 18.0 0.0 −17.9 (−18.4 to −17.5)

All 10.8 (9.6 to 12.0) 15.3 (13.2 to 17.5)

Statin not indicated

Cases 1.1 0.0 1.1 (0.8 to 1.4) 4.4 0.0 4.4 (3.7 to 4.9)

Noncases 0.2 0.0 −0.2 (−0.2 to −0.1) 0.8 0.0 −0.8 (−0.8 to −0.7)

All 0.9 (0.6 to 1.3) 3.6 (3.0 to 4.2)

ASCVD indicates atherosclerotic cardiovascular disease; CAD, coronary artery disease; NRI, net reclassification improvement; PCE, pooled cohort equation; 
PRS, polygenic risk score; and SCORE2, Systemic Coronary Risk Evaluation 2.

*Statin eligibility was categorized according to the 2021 European Society of Cardiology and 2019 American College of Cardiology/American Heart 
Association guidelines on statin use.
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DISCUSSION
In this longitudinal cohort study, we aimed to identify 
individuals who should be tested with CAD-PRS and 
to what extent CAD-PRS would affect clinical decision-
making. For major coronary events, CAD-PRS added 
to European-SCORE2 and US-PCE models identified 
18% and 12% of statin-indication-unclear individuals 
who might have been undertreated, and 16% and 12% 
of statin-indicated individuals who might have been 
overtreated for lipid-lowering treatment. We also found 
that genetic testing for statin-not-indicated individu-
als (73.6% and 72.3% of the overall study population 
based on the European-SCORE2 and US-PCE mod-
els) would have little impact in clinical decision-making, 
and these findings were largely consistent for ASCVD 
events.

Previous studies demonstrated that broad genetic 
testing for CAD-PRS would reclassify about 4% or 
less of the individuals as statin eligible whereas oth-
ers reported more.9,10,22–25 Because of the modest and 
contentious predictive performance of CAD-PRS when 
added to a clinical risk score, genetic testing for every-
one has been discouraged. This led to the question of 
who would benefit from CAD-PRS. Recent evidence 
suggested younger or intermediate clinical risk individ-
uals would benefit more from CAD-PRS.26–28 However, 
those studies were exclusively based on US-PCE mod-
els, did not assess for baseline ASCVD risk score cali-
bration, or were limited by small sample size.20,26–28 Our 
results are valuable in that we assessed and corrected 
for miscalibration of US-PCE and extended the appli-
cability of CAD-PRS using European-SCORE2 models 
in a large population-based, longitudinal cohort.

Predicted ORs for major coronary events in this 
study suggest that statin-not-indicated individuals 
would not be reclassified to statin-indicated individuals 
regardless of the CAD-PRS percentile. Consistently, 
the NRI for ASCVD events was insignificant among 
statin-not-indicated individuals. This is important be-
cause the majority of individuals in the primary preven-
tion setting would be classified as statin not indicated 
and excluding statin-not-indicated individuals as can-
didates for genetic testing would prevent excessive 
health care costs. The predicted ORs of CAD-PRS 99th 
to 1st percentile was about 2 for statin-not-indicated, 9 
for statin-indication-unclear, and 20 for statin-indicated 
individuals based on the European-SCORE2 models 
(Figure  1). A predicted OR of 10 is typically required 
for a new biomarker to substantially improve discrim-
ination,10 and our results that genetic testing among 
statin-indication-unclear or statin-indicated and not 
testing among statin-not-indicated individuals might 
be reasonable.

The 2021 European Society of Cardiology and 
2019 American College of Cardiology/American Heart 

Association guidelines on statin use suggest statin-
indication-unclear individuals may be further risk 
stratified by risk modifiers such as coronary artery cal-
cium score or carotid ultrasound.2,3 However, neither 
guideline suggests PRS as a risk modifier. According 
to the results of this study, the addition of CAD-PRS 
as a risk modifier in the European and US guidelines 
on statin use might be reasonable. Although this study 
suggested that more than 12% of statin-indicated 
individuals may potentially defer for lipid-lowering 
treatment, about 25% of ASCVD event cases among 
statin-indicated individuals were falsely downclassified 
(Table 4). Because the potential harm associated with 
statin use is considered small, lipid-lowering treatment 
deferral based on CAD-PRS alone might be too pre-
mature to be justified at this point. Conversely, statin-
indication-unclear individuals whose major coronary or 
ASCVD event risk were reclassified to statin-indicated 
individuals by adding CAD-PRS might be justified for 
statin initiation. For example, NRI for ASCVD events 
suggests that among the 62 539 and 29 954 statin-
indication-unclear individuals defined by the European-
SCORE2 and US-PCE models, 17 511 (12 133 correctly 
and 5378 incorrectly) and 15 396 (10 004 correctly and 
5392 incorrectly) would be encouraged to receive 
statins (Table 4 and Table S3).

This study addressed the most relevant question in 
the field using standardized validated PRS data from 
a prospective cohort by combining PRS data with 2 
different clinical risk score models from Europe and 
the United States and by implementing multiple ana-
lytic methods with sensitivity analyses that are consis-
tent with standard reporting on PRS.29 A future health 
economic study that assesses the costs and benefits 
of implementing CAD-PRS in clinical practice across 
various geographic regions using multiple ASCVD risk 
scores (including European-SCORE2, US-PCE, and 
QRISK3 score) might be beneficial.

LIMITATIONS
This study has potential limitations. First, this study in-
cluded participants of European descent and the per-
formance of PRS is known to depend on ancestry. 
Therefore, caution is needed when our results are ap-
plied to individuals of non-European descent. Second, 
the nonrecalibrated US-PCE model largely overes-
timated the 10-year ASCVD event risk in our study 
sample and the predictive performance of CAD-PRS 
added to US-PCE might have been overestimated. 
Systematic overestimation of 10-year ASCVD event 
risk by the US-PCE models has been reported in mul-
tiple studies.30,31 Nonetheless, we corrected for mis-
calibration by recalibration and provides a reasonable 
estimation. Third, this study included individuals aged 
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40 to 73 and further conclusions cannot be drawn for 
other age groups. Fourth, the NRIs for major coronary 
events were based on 10-year major coronary event 
risk thresholds equivalent to 10-year ASCVD event 
risk thresholds by implementing a conversion factor. 
Such a conversion assumes that the associated clini-
cal implications are similar for different outcome defini-
tions, which might not always be true. However, NRI 
calculation for major coronary events using the 10-year 
ASCVD event risk thresholds would be problematic and 
our analytic method is in line with the guidelines on NRI 
computation.19 Fifth, because the UK Biobank consists 
of healthy volunteers, the results of this study applied to 
individuals or regions with high cardiovascular risk re-
quires careful consideration. Sixth, because this study 
used European-SCORE2 and US-PCE models to as-
sess the baseline ASCVD risk, further studies on the 
utility of CAD-PRS when added to other 10-year ASCVD 
risk score such as QRISK 3 score might be useful.

CONCLUSIONS
CAD-PRS may guide statin initiation as well as defer-
ral among statin-indication-unclear or statin-indicated 
individuals as defined by the European and US guide-
lines. CAD-PRS had little clinical utility among statin-
not-indicated individuals.
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