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Background Identifying and targeting established modifiable risk factors has been a successful strategy for reducing 

the burden of coronar y arter y disease (CAD) at the population-level. However, up to 1-in-4 patients who present with ST 
elevation myocardial infarction do so in the absence of such risk factors. Polygenic risk scores (PRS) have demonstrated 

an ability to improve risk prediction models independent of traditional risk factors and self-reported family history, but a 

pathway for implementation has yet to be clearly identified. The aim of this study is to examine the utility of a CAD PRS to 

identify individuals with subclinical CAD via a novel clinical pathway, triaging low or intermediate absolute risk individuals 
for noninvasive coronary imaging, and examining the impact on shared treatment decisions and participant experience. 

Trial Design The ESCALATE study is a 12-month, prospective, multicenter implementation study incorporating PRS into 

other wise standard primar y care CVD risk assessments, to identify patients at increased lifetime CAD risk for noninvasive 
coronary imaging. One-thousand eligible participants aged 45 to 65 years old will enter the study, which applies PRS to those 
considered low or moderate 5-year absolute CVD risk and triages those with CAD PRS ≥80% for a coronary calcium scan. 
The primary outcome will be the identification of subclinical CAD, defined as a coronary artery calcium score (CACS) > 0 

Agatston units (AU). Multiple secondary outcomes will be assessed, including baseline CACS ≥100 AU or ≥75th age-/sex- 
matched percentile, the use and intensity of lipid- and blood pressure-lowering therapeutics, cholesterol and blood pressure 
levels, and health-related quality of life (HRQOL). 
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Conclusion This novel trial will generate evidence on the ability of a PRS-triaged CACS to identify subclinical CAD, as 
well as subsequent differences in traditional risk factor medical management, pharmacotherapy utilization, and participant 
experience. 

Trial Registration Australian New Zealand Clinical Trials Registry, ACTRN12622000436774. Trial was prospec- 
tively registered on March 18, 2022. https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id = 383134 (Am 

Heart J 2023;264:163–173.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Clinical outcomes for patients with coronar y arter y dis-
ease (CAD) have improved substantially over the past 6
decades, broadly due to advances in acute management
of myocardial infarction (MI) and primary prevention
strategies targeting population-level risk factors. How-
ever, the substantial, enduring morbidity, mortality, and
overall healthcare utilization associated with CAD high-
light the unmet need for early plaque detection and eq-
uitable application of available pharmacotherapy, such
as high-dose statins, which can stabilise plaque and pre-
vent progression and associated events. 1 Whilst dyslipi-
daemia, blood pressure, smoking, and diabetes as factors
can be combined and used to report individual risk using
community-level statistics, the many algorithms that rely
on these are recognized for their weaknesses in reflecting
individual factors mediating the host response. Indeed, it
is not uncommon for a patient to present with extensive
atherosclerosis and life-threatening heart attack in the ab-
sence of any such modifiable risk factors reaching thresh-
old, believed to occur in up to 27% of patients presenting
with a first MI attributable to plaque rupture. 2 

Traditional risk prediction & CAD 

diagnosis 

Multivar iable CAD r isk prediction models have been
developed and account for the contribution of mul-
tiple fixed and modifiable risk factors and to guide
more comprehensive CVD risk management. The use
of five- or 10-year absolute CVD risk calculators to
appropr iately target pr imary prevention has been incor-
porated into major CVD guidelines. However, applying
r isk algor ithms to the management of an individual
patient requires acceptance of the tools’ limitations.
These include suboptimal ancestry, geographic, and
socioeconomic diversity in the derivation cohort; epi-
demiologic and practice pattern changes since equation
development; and inconsistent event definitions used
as outcomes to derive the equation, frequently the
catastrophic clinical consequences of the disease rather
than direct detection of CAD in the subclinical phase. 

In 2000, the Multi-Ethnic Study of Atherosclerosis
(MESA) offered a novel opportunity to understand the
incidence, prevalence, and progression of coronary calci-
fication; the influence of previously identified risk factors
on this disease activity; and the impact of subclinical
calcification on clinical outcomes in an asymptomatic
cohort. In 2007, Kronmal, et al. demonstrated the as-
sociation of eight risk factors (age, male sex, European
ancestry, hypertension, body mass index, diabetes,
fasting glucose, and family history of MI) with increased
risk of incident coronary calcium and progression of
prevalent calcium on follow-up coronary calcium scan
(CCS). 3 From the same cohort, Detrano, et al. reported
the clinical significance of a nonzero coronary artery
calcium score (CACS), identifying an increased risk of
myocardial infarction (MI) or CAD-related mortality by a
factor of 3.89 (95% CI 1.72-8.79, P < .001) in participants
with a CACS of 1 to 100 Agatston units (AU) compared
to participants with a 0 AU CACS. 4 The investigators
finally demonstrated value in including CACS in addition
to traditional risk factors, with statistically significant
area under the receiver-operating characteristic curve
(AUC) increases for ability to predict MI or CAD-related
mortality in Chinese and Black ethnicities and ability
to predict any coronary event in White, Chinese, and
Black participants. The ability of CACS to improve risk
stratification and prediction of future clinical outcomes
independent of traditional risk factors has been further
reported in separate cohorts of both symptomatic and
asymptomatic participants. 5 , 6 Though CACS is not itself a
direct measure of higher-risk atherosclerotic plaque phe-
notypes, CACS has been correlated with coronary plaque
volume. 7 

Despite the demonstrated ability of CACS to improve
CAD risk stratification, population-level CAD screening
with noncontrast computed tomography (CT) is neither
feasible nor recommended. Modern CVD guidelines cur-
rently recommend CACS as a risk modifier with reclassifi-
cation potential for cases where an individual’s absolute
risk is at a decisional threshold. CACS is currently not
recommended for low-risk individuals, despite studies
demonstrating the presence and strong prognostic value
of coronary calcium in these populations, 8 in part due to
a lack of prospective evidence on subsequent changes in
management and outcomes. 

Polygenic risk scoring 

A her itable r isk factor for CAD has long been suspected
following early reports of familial clustering of premature
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cases. However, CAD has not generally demonstrated
monogenic inher itance patterns, apar t from rare lipid
metabolism disorders such as familial hypercholestero-
laemia. Contemporary CAD genomic studies focus on
common variants throughout the genome, each demon-
strating small, continuous effects through the common
disease, common variants hypothesis. High-throughput
genome-wide association studies (GWAS) and improve-
ments in linkage disequilibrium characterization have al-
lowed millions of DNA markers to be interrogated. Allele
frequencies for single-nucleotide polymorphisms (SNP)
can be compared in case-control studies to identify vari-
ants associated with disease and their effect sizes, with-
out surveillance bias to specific biological pathways or
genes of interest. 

The polygenic risk score (PRS) is a method quantifying
an individual’s genetic disease predisposition based on
SNP:disease association and the SNP’s effect size. Math-
ematically, the weighted PRS is a sum representing an
individual’s total genetic contr ibutions propor tional to
the risk of disease. SNPs selected for the weighted PRS
are traditionally independent and additive. The equation
can be represented as follows, where β represents the
effect size (obtained from GWAS summary statistics and
expressed as log-odds), X ij represents genotype for the i
individual and j SNP. 

P RS i = 

m ∑ 

j=1 

X i j β j 

For nearly two decades, these evolving PRS algorithms
have been studied with expanding evidence regarding
their discriminatory capability for prevalent CAD cases,
risk of developing incident CAD, and risk of CVD-events,
including MACE. PRS are traditionally analyzed in a cat-
egorical framework, considering differences in relative
risk between the highest decile or quintile and the
lowest. Early studies demonstrated mixed performance,
in part due to limitations in study design, sample sizes,
numbers of events, and inclusion of non-CAD events (eg,
stroke) in a composite endpoint. However, many recent
PRS studies have now demonstrated strong independent
association with hard CAD endpoints, along with some
ability to improve risk prediction models independent of
traditional risk factors. 9 Meta-analytic approaches have
been applied to develop a “meta”-PRS consisting of 1.7
million genetic variants, showing those in the top 20%
of PRS-predicted risk to have a 4.17-fold increased risk
of MI events compared with those in the bottom 20% 

10 .
However, despite strong association data, there is a stark
paucity of implementation studies testing this poten-
tially powerful tool in prospective studies evaluating the
feasibility, patient experience, impact on risk assessment
and management, and the health economic potential. 11 

The use in primary prevention is particularly attractive
given the distinct lack of association (r 2 < 0.004) of the
CAD PRS with the traditional Framingham Risk Score, 10 
highlighting a potential synergy and opportunity for
benefit for those in whom traditional scores perform
poorly. 

The Implementation Study of Incorporating a
Polygenic Risk Score into Cardiovascular Disease
E xaminations to Identify S ub C linic AL coron A ry
ar TE ry Disease (ESCALATE) trial was designed and ini-
tiated to test the impact of incorporating a PRS-triaged
CCS into the primary care setting on identification of sub-
clinical CAD and resulting differences in medical manage-
ment and participant experience. 

Study objectives 

The primary objective of the ESCALATE trial is to as-
sess whether incorporating a PRS-triaged CCS into pri-
mary care CVD examinations identifies subclinical CAD
in participants considered low or moderate risk by tradi-
tional r isk algor ithms. Secondary objectives are to mea-
sure the impact of this diagnostic strategy on: (1) tradi-
tional CVD risk factor management; (2) primary preven-
tion pharmacotherapy utilization; (3) fasting cholesterol
levels; (4) blood pressure measures; (5) patient-reported
outcomes (PRO); and (6) par ticipant repor ted exper i-
ence. The health economic impact of the intervention
will be evaluated, with comparisons to traditional Aus-
tralian primary care CVD risk assessment. 

Methods 

Study design 

The ESCALATE study is a 12-month, prospective, multi-
centre, nonrandomized implementation study designed
to demonstrate the impact of a PRS-triaged CCS in Aus-
tralian primary care CVD risk assessments. This inter-
vention seeks to identify patients with: a) low or mod-
erate risk of CVD at 5-year by the Australian Absolute
CVD Risk Calculator; and b) PRS ≥80% (“Top Quintile
PRS”) for noncontrast cardiac CT and CACS calculation.
One-thousand participants are expected to undergo the
intervention, with an estimated 20% being referred for
CCS. The study diagram is presented in Figure 1 and
full schematic in the Supplementary Mater ials. Par tici-
pants will undergo a follow-up CVD risk assessment at
12-months. Participants will be invited to provide con-
sent for further research use of the SNP array data used
to calculate their PRS. Participants will finally be invited
to provide consent for Medicare Benefits Schedule (MBS)
and/or Pharmaceutical Benefits Scheme (PBS) adminis-
trative data linkage, facilitating pragmatic 5-year follow-
up data during the study extension phase. 

CAD polygenic risk score 

A SNP array will be generated for each participant uti-
lizing the Infinium GSA-24 v30 BeadChip. The ESCALATE
trial uses several genetic ancestry-specific CAD PRS de-
veloped by Allelica, which are available from the com-
pany for research purposes. The CAD PRS that will be



166 Gray et al American Heart Journal 
October 2023 

Figure 1 

ESCALATE study diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

applied to individuals of European genetic ancestry has
been previously described in the literature. 12 Briefly, a
stacked clumping and threshold (SCT) algorithm was ap-
plied to a UK Biobank training dataset, utilizing Nikpay,
et al. GWAS summary statistics as input. 13 The SCT al-
gorithm output was combined with SNPs identified by
Inouye, et al., 14 for a final metaPRS containing 1,926,521
SNPs (SCT-I PRS Panel). 

Non-European PRS panels were developed to improve
prediction accuracy over SCT-I PRS Panel using ancestry-
specific GWAS datasets where possible 15 , 16 Ancestry-
specific PRS panels for African, South and East Asian,
and Admixed American ancestry individuals have been
validated and tested utilizing the UK Biobank and MESA
datasets (see Supplementary Materials). 

Participants 
The eligibility cr iter ia have been pragmatically de-

signed to enrol a population targeted for CVD primary
prevention and for whom CACS would be clinically rele-
vant. 
1. Males aged 45 to 60 years old; 
2. Females aged 50 to 65 years old; 
3. Eligible for a Medicare (Australian government) re-

bated CVD consultation with a GP; and 

4. Willingness to undergo the PRS and/or CCS inter-
ventions as indicated by the diagnostic clinical path-
way. 

Participants with conditions placing them at clinically
determined high CVD risk will be ineligible for the study.
In addition, participants with prior CVD events will also
be ineligible for enrolment. 

1. Conditions placing the individual at clinically deter-
mined high risk of CVD, where application of the
Absolute CVD risk calculator is not appropriate: 

a. Diabetes and age > 60 years 
b. Diabetes with microalbuminuria ( > 20

mcg/min or UACR > 2.5 mg/mmol for males,
> 3.5 mg/mmol for females) 
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c. Moderate or severe chronic kidney disease
(CKD) (persistent proteinuria or eGFR < 45
mL/min/1.73m 

2 ) 
d. Previous diagnosis of familial hypercholestero-

laemia 
e. Systolic blood pressure (SBP) ≥180 mm Hg or

DBP ≥110 mm Hg 
f. Serum total cholesterol > 7.5 mmol/L; 

2. Symptomatic or previously documented CAD; 
3. Previous CVD event, including angina, myocardial

infarction (MI), percutaneous coronary intervention
(PCI), coronar y arter y bypass grafting (CABG), is-
chaemic stroke, transient ischaemic attack, heart
failure, or peripheral arterial disease; 

4. Prior mediastinal radiation exposure or therapy; and
5. Prior medical diagnosis of rheumatoid arthritis (RA)

or systemic lupus erythematosus (SLE). 

Procedures 

Screening and enrolment 
Primary health networks will be informed of the trial

and invited to inform member GP practices of the op-
por tunity to par ticipate as a clinical site. Patients at par-
ticipating clinical sites who are eligible for a clinically in-
dicated CVD clinical examination are introduced to the
study by a member of the clinical team. Australians are
eligible for an annual CVD risk assessment through the
Heart Health Check MBS Item Number, or at the discre-
tion of the GP. The study seeks to enrol equivalent num-
bers of males and females, across the entire age range,
and an ethnically and socioeconomically diverse cohort.
Following a comprehensive discussion of the study back-
ground, design, risks, benefits, and alternatives to par-
ticipating, the participant is invited to provide written
informed consent. The participant is then invited to pro-
vide independent consent for MBS and PBS five-year ad-
ministrative data linkage; participants are not required to
provide consent for the administrative data linkage ex-
tension phase to participate in the PRS intervention. 

After providing informed consent, the participant is
provided a referral for a research blood collection.
Blood samples are processed utilizing standard fraction-
ation and DNA isolation protocols, with plasma be-
ing stored to support future study-related biomarker
analyses. 

Following enrolment, participants complete three
baseline questionnaires. The first questionnaire has been
designed by the study investigators and collects demo-
graphics, lifestyle (eg, active/passive smoking and al-
cohol use), and nutr ition data. Par ticipants then com-
plete the Global Physical Activity Questionnaire (GPAQ).
Developed by the World Health Organization in 2002,
the GPAQ is a validated physical activity tool assess-
ing intensity, frequency, and duration of physical activity
within work, day-to-day transportation, and recreational
domains. 17 Finally, participants complete the 5-level EQ-
5D (EQ-5D-5L) HRQOL tool. 18 

Intervention: PRS-triaged CCS 

ESCALATE participants will complete a baseline clin-
ical examination with their GP within thirty days of
study enrolment. Clinical pathology will be collected
prior to the baseline visit and is expected to include fast-
ing cholesterol panel, glucose/HbA1c, high-sensitivity C-
reactive protein, eGFR, and urine albumin/creatinine ra-
tio. The baseline clinical examination includes a compre-
hensive review of past medical history, family history,
anthropometrics, medications, clinical pathology results,
12-lead electrocardiogram (ECG), and in-office vitals. The
GP utilizes information from the initial clinical visit to
formally assess whether there are any modifiable risk fac-
tors to address and, if so, whether he or she intends to
initiate pharmacotherapy; in addition, the GP will report
LDL-C or BP targets if lipid- or BP-lowering therapies will
be used. A study-specific form has been designed and will
be used to record any management escalation during the
study. Information from this baseline visit is used to cal-
culate a five-year absolute CVD risk score using the Aus-
tralian Absolute CVD Risk Calculator (Low-Risk = < 10%;
Moderate-Risk = 10%-15%; High-Risk = > 15%). High-Risk
participants do not have a PRS calculated and will be
managed aggressively by the clinical team based on their
elevated absolute risk. A CAD PRS is calculated for Low-
Risk and Moderate-Risk par ticipants. Par ticipants with a
PRS < 80% (“Nontop Quintile PRS”) do not continue in
the diagnostic pathway; risk factors and any subsequent
diagnostics are completed by the GP based on current
expert consensus guidelines. Participants with Top Quin-
tile PRS ( ≥80%) continue to the final step and receive
a CCS referral. At the end of the diagnostic pathway,
with all additional information obtained after the base-
line visit, the GP confirms or modifies the medical man-
agement strategy to be used based on expert consensus
treatment guidelines. 

All participants complete two follow-up study vis-
its. Six months after the baseline clinical visit, partic-
ipants complete a questionnaire assessing lifestyle fac-
tors, physical activity, HRQOL, medication changes, and
CVD events. Twelve months after the baseline clinical
visit, participants complete a second clinical examina-
tion with the GP, including a follow-up assessment of
lifestyle, physical activity, nutrition, HRQOL, laboratory
evaluation, review of medication and diagnosis changes,
clinical examination, and assessment of CVD events since
enrolment. CVD event data will be used to informed
healthcare utilization analyses. 

Administrative data linkage 

During the initial study enrolment, participants are in-
vited to provide consent for five-year administrative data
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linkage for Australian Government MBS and PBS pay-
ments, facilitating pragmatic five-year analyses of health-
care utilization and medication claim changes. 

Outcomes 

The primary and secondary outcomes will be analyzed
from data collected during three timepoints: (1) the base-
line visit (including all visits required to complete the di-
agnostic pathway); (2) six-month survey; (3) 12-month
clinic examination. 

Primary outcome 

The primary outcome is the proportion of participants
considered at low or moderate five-year absolute CVD
risk, and a Top Quintile PRS, with subclinical CAD de-
fined by CACS > 0 AU. Non-zero CACS has been asso-
ciated with events, including ACS and sudden cardiac
death, 19 and additionally been demonstrated to be an in-
dependent predictor of mortality in observational stud-
ies. 20 

Secondary outcomes 
The secondary and exploratory outcomes are included

in Table I . 

• Clinically significant CAD: The proportion of par-
ticipants at low or moderate five-year absolute CVD
risk, and Top Quintile PRS, with a CACS ≥100 AU or
≥75th age/sex percentile CACS. 
• MESA Risk Calculator: The proportion of partic-

ipants completing the PPP-CAD Diagnostic Path-
way who experience an upward reclassification of
MESA Risk Score after incorporation of CACS into
the equation. This risk equation is used to predict
10-year CAD-specific events utilizing traditional risk
factors ± CAC measurement. CAC inclusion in the
equation resulted in significant risk prediction im-
provements (C-statistic 0.80 v. 0.75, P < .001). 21 

• Lipid- and Blood Pressure-Lowering Therapy: The
proportion of participants on lipid- and blood
pressure-lowering medications at 12 months. Pro-
portions of participants on these medications at five
years will be analyzed and reported from administra-
tive data linkage. 
• Fasting Cholesterol Changes: The change in fasting

total cholesterol, tr iglycer ides, HDL-C, and LDL-C
levels between baseline and 12 months. 
• Blood Pressure Changes: The change in systolic and

diastolic blood pressure between baseline and 12
months. 
• HRQOL: The change in EQ-5D-5L score between

baseline and 12-months. 
• Participant Experience : Participants are surveyed

regarding their experience with the intervention
and utilizing a genetic test for CAD diagnosis at two
timepoints: (1) at the end of the baseline visit(s);
and (2) after the 12-month clinic evaluation. A self-
reporting tool has been designed by the investiga-
tors, based on the Australian Hospital Patient Ex-
perience Question Set, 22 asking participants to rate
their agreement with eight statements on a Lik-
ert scale (5 = Strongly agree; 1 = Strongly dis-
agree). Statements include the participants’ percep-
tions that their views and concerns about screen-
ing were listened to, they are confident in their
screening, they understood the screening process,
the y felt the y were involved in their treatment and
care, they were confident in the treatment and care,
whether they experienced any worry as a result of
their CAD screening, and whether those worries
were appropriately addressed. 

Healthcare utilization 

Participants will be asked to report on their recent
healthcare utilization during the six- and 12-month
follow-up visits. Expenditures related to their consulta-
tions will be recorded, including direct costs of obtain-
ing care, indirect costs related to travel and incidentals,
and opportunity costs related to time off work will be
recorded. Service utilization will be classified as related
or unrelated to CAD and the study intervention, to cap-
ture the direct system impact of the pathway and the in-
direct physical or psychological consequences. This will
complement data obtained from the MBS/PBS adminis-
trative data linkage. 

Statistical methods 

Baseline clinical examination will be summarized us-
ing descriptive statistics. The primary and secondary out-
comes will be reported using descriptive statistics. To as-
sess changes in fasting cholesterol and blood pressure be-
tween baseline and 12-months, linear mixed effects mod-
els will be used. Baseline participant characteristics—
including age, sex, race, BMI, smoking status, and the
outcome values at baseline—will be adjusted for in the
models. Changes to risk factor management strategies
and therapeutic targets during the intervention will be
reported using descriptive statistics. Participant experi-
ence will be analyzed as proportion of participants who
agree with the statements in each of the seven domains. 

Sample size and power 
The sample size has been determined based on the

primary objective to examine whether incorporation of
PRS into a cardiovascular disease examination is feasible
and identifies individuals with unexpected atherosclero-
sis, providing an opportunity for more aggressive risk fac-
tor management. 

One thousand individuals with traditional risk scores
in the low and intermediate category will be recruited
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Table I. ESCALATE study outcome measures. 

PRIMARY OUTCOME 

Proportion of participants considered to be low or moderate Absolute CVD Risk and in the Top Quintile PRS Risk with subclinical CAD—defined 
as CACS > 0 Agatston units—identified using the CAD diagnostic pathway 

SECONDARY OUTCOMES 

Proportion of participants considered to be low or moderate Absolute CVD Risk, and in Top Quintile PRS Risk, with a CACS ≥100 AU or ≥75th 
age/sex/race percentile CACS identified utilizing the CAD diagnostic pathway. 
Propor tion of par ticipants considered to be low or moderate Absolute CVD Risk, and in the Top Quintile PRS Risk with an upward reclassification 
of 10-y MESA Risk Score after incorporation of CACS 
Between group difference in proportion of participants prescribed lipid-lowering therapy at 12-mo, comparing participants managed based on 
risk factor + CAC to participants managed by risk factors alone 
Change in cholesterol levels between baseline and 12-mo, comparing participants managed based on risk factor + CAC to participants 
managed by risk factors alone 

• Total > cholesterol 
• Triglycerides 
• HDL cholesterol 
• LDL cholesterol 

Between group difference in the proportion of participants prescribed blood pressure-lowering therapy at 12-mo, comparing participants 
managed based on risk factor + CAC to participants managed by risk factors alone 
Change in blood pressure between baseline and 12-mo, comparing participants managed based on risk factor + CAC to participants managed 
by risk factors alone 

• SBP 
• DBP 

Between group difference in change in 5-level EQ-5D (EQ-5D-5L) score from baseline to 12-mo, comparing participants managed based on risk 
factor + CAC to participants managed by risk factors alone 
Between group difference in proportion of participants prescribed lipid-lowering therapy at 5-y, comparing participants managed based on risk 
factor + CAC to participants managed by risk factors alone 
Between group difference in proportion of participants prescribed blood-pressure lowering therapy at 5-y, comparing participants managed 
based on risk factor + CAC to participants managed by risk factors alone 

EXPLORATORY OUTCOMES 

Sex differences in proportion of participants considered to be low or moderate Absolute CVD Risk, and in the Top Quintile PRS Risk, with 
subclinical CAD—defined as: (1) CACS > 0 AU; or (2) CACS ≥100 AU or ≥75th age/sex/race percentile CACS—identified using the CAD 

diagnostic pathway 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

which, by definition, is expected to result in 200 individ-
uals in Top Quintile PRS Risk. Conservatively, it is esti-
mated that 50% of these individuals will have a positive
CAC. 21 , 23 This is expected to result in an estimated 100
individuals who would have been “missed” and who will
be prescribed precision primary prevention therapy. The
ESCALATE trial has 81.13% power to detect a 10 percent
difference in proportion of Top Quintile PRS participants
with positive coronary calcium, assuming a general pop-
ulation prevalence of 45% in this age group. 21 

Study and data management 
The study is coordinated at the Kolling Institute of Med-

ical Research at the University of Sydney. Study data are
either completed by the participant through approved
study surveys or collected by members of the research
team on case report forms (CRF). Data will be managed
electronically during the collection period by the coordi-
nating center utilizing a REDCap database, hosted at the
University of Sydney. ECGs, noncontrast CT scans, and
SNP arrays will be collected per standard processes. 

Long-term data storage of de-identified research
datasets—including clinical, imaging, genomic, and
molecular data—will occur on research servers, hosted
by the University of Sydney. All informed consent docu-
ments will be securely transferred from the REDCap data
collection tool to research servers managed by the Uni-
versity of Sydney Archives and Records Management Ser-
vices. All data and source documents will be stored in
accordance with research guidelines for a minimum of
15 years after data analysis. 

As the ESCALATE study is a nonrandomized implemen-
tation study with a low-risk intervention, no interim anal-
ysis or data monitoring committee are planned. 

The coordinating center will provide data management
services and ensure that personally identifiable informa-
tion is removed from study data exports, including all
analysis and archive datasets. Identifiable participant data
will be restricted and provided on a need-to-know basis
only to appropriate study members, including principal
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investigators, senior coordinating center staff, and ethics
committee representatives. 

A 20-member Steering Committee (SC) has been
constituted, representing academic/clinical cardiology,
primary care, and radiology; clinical genomics; clinical
trial design; public health; health policy; health eco-
nomics; and relevant members of industry. The SC is
broadly responsible for determining overall strategic
direction, identifying and progressing novel funding op-
portunities, and disseminating results for use in further
interventional studies or health policy discussions. A
seven-member Trial Management Committee (TMC), not
including members from industry, is solely responsible
for the design and oversight of the ESCALATE trial,
approval of resulting abstracts and publications, and
approval of requests for data. The TMC is responsible for
the monitoring of participant safety in the absence of a
data monitoring committee. 

The study is an investigator-initiated study supported
by an NHMRC Partnerships award. No additional, ex-
tramural funding will be used to conduct the trial.
Per funding guidelines, partner organizations must pro-
vide at least half the research budget for funded tri-
als through cash and/or in-kind support. No cash sup-
port for the ESCALATE trial design and execution has
been received from for-profit, commercial interests.
23Strands has committed to providing financial sup-
port for a nonposttrial investigators’ meeting. Allelica
SRL (Italy), Castlereagh Imaging, North Shore Radiology
& Nuclear Medicine, and Sonic Healthcare have pro-
vided in-kind support through reduced rates for trial
services. 

Results dissemination 

The ESCALATE study anticipates disseminating trial re-
sults through presentations at cardiovascular and clinical
genomic society congresses. In addition, study results are
planned to be published—whether positive, negative,
or inconclusive—in peer-reviewed journals and reports.
Study data may be used in research theses. Importantly,
all participants are asked during the informed consent
process if they would like to receive updates prepared
by the study team on presentations and publications aris-
ing from the trial. 

Study ethics and governance 

The study will be conducted according to the Dec-
laration of Helsinki. The study has received ethical ap-
proval from the University of Sydney Human Research
Ethics Committee (2021/913). The Australian Institute of
Health and Welfare External Request Evaluation Commit-
tee approved the prospective consent collection mecha-
nism for MBS/PBS data linkage. The University of Sydney
serves as the study sponsor. The trial was prospectively
registered on the Australian New Zealand Clinical Trials
Registry (ANZCTR) on March 18, 2022 (Trial Number:
ACTRN12622000436774). 

Discussion 

This prospective, multicentre study tests the use of
PRS to identify patients for noninvasive coronary imaging
who are at increased lifetime CAD risk, but considered to
be low or moderate risk by traditional risk algorithms,
to detect subclinical CAD and inform shared decision-
making. Whilst traditional risk scores perform well at a
population level, many individuals develop CAD and MI
despite no standard, modifiable cardiovascular risk fac-
tors. 2 There is a significant unmet need for new diag-
nostic strategies independent of these factors to detect
CAD in its subclinical phase. Initial results from on-going,
population-level clinical trials—including Danish Car-
diovascular Screening (DANCAVAS)—have demonstrated
difficulty in applying untargeted CVD screening in a
positive impact on mortality. 24 However, studies such
as MESA and the Swedish Cardiopulmonary Bioimage
Study (SCAPIS) continue to show significant silent coro-
nary disease at the population-level. Together, these ex-
hibit the continued unmet need to identify and prospec-
tively trial implementation of novel risk markers for more
aggressive diagnostic workup in targeted populations.
Given the relative independence of the risk represented
by the PRS and CAD traditional risk factors, and the prog-
nostic significance of CACS across traditional risk score
strata, our approach has the potential to test further CAD
screening in individuals at higher risk of atherosclerotic
CAD based on observational cohort studies. 

It is important to note that whilst a CT CCS and the re-
sulting CACS is an excellent noninvasive method for de-
tecting subclinical atherosclerosis, it is unable to detect
noncalcified plaque. Furthermore, it is not intended to
be diagnostic for functionally significant stenosis. Given
the population recruited for ESCALATE is asymptomatic,
this is unlikely to be of relevance. However, the presence
of calcified plaque and elevated CACS may prompt more
thorough history and either CT coronary angiography or
functional study (eg, stress echocardiography) where in-
dicated. 

To the authors’ knowledge, this is the first prospec-
tively registered clinical trial directly testing both: (1) the
ability of a CAD PRS to identify individuals with subclin-
ical CAD detected by triaged CCS referral; and (2) the
impact of the knowledge gained during this diagnostic
pathway on shared decision-making and participant ex-
perience. Interventions incorporating PRS into CAD di-
agnostic strategies have previously been tested in several
related clinical trials, with distinct differences to the ES-
CALATE study (see Supplementary Materials). For exam-
ple, the EstPerMedCV (Trial #NCT04291157), GenoVA
(Trial #NCT04331535), HEART (Trial #NCT05294419),
PEPRS1 (Trial #NCT05072275), and PEPRS2 (Trial
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#NCT05175651) studies seek to characterize the impact
of PRS on CAD diagnosis in the primary care setting
on endpoints including time to new diagnosis, impact
on clinical decision making, participant/provider expe-
rience, and MACE. However, none use the innovative
triage approach we have adopted in the ESCALATE trial
to select an enriched population at higher risk of disease,
which when visualized by CACS can drive shared deci-
sion making on treatment. Recently, in a pilot implemen-
tation study utilizing PRS to recall individuals at differen-
tial CAD genetic risk for CACS screening, investigators
at the Icahn School of Medicine at Mount Sinai demon-
strated a 2.8-fold increase in CACS in participants with
high PRS compared to low (95% CI 1.2-6.9, P = .027). 25 

However, this study was limited in study setting, sample
size, cohort diversity, and exclusion of individuals with
nonextreme CAD PRS. 

Whilst the ESCALATE study will contribute to identi-
fied literature gaps, the authors note the following limi-
tations due to study design. Firstly, ESCALATE utilizes a
nonrandomized design to test the PRS-triaged CCS. The
investigators will report the proportion of individuals at
low or moderate five-year absolute CVD risk and Top
Quintile PRS with subclinical CAD. Insights will be de-
scribed on risk factor management strategies utilized dur-
ing the diagnostic pathway and during follow-up. How-
ever, it will not be possible to compare this strategy to
standard-of-care. Importantly, however, participant expe-
rience will be reported, allowing the study design and pa-
tient communication tactics to be refined prior to testing
under randomized conditions, minimising further struc-
tural opportunities for bias including selection bias. Sec-
ondly, as participants will be providing informed consent
for this novel diagnostic strategy, study generalizability
could be impacted by engaging a cohort of individuals
with healthy seeking behaviours; this will be explored
and described through analysis of self-reported partici-
pant data (eg, physical activity, nutrition). Finally, CACS
will not systematically be collected in non-Top Quintile
PRS participants. Therefore, the investigators will be un-
able to calculate differences in subclinical CAD between
PRS strata, allowing PRS referral thresholds to be refined
for future research studies. 

Several limitations exist within the use of PRS in any
research setting, which warrant consideration during
study planning and interpretation processes. A funda-
mental limitation of PRS is its development from cohort
studies that have historically included mostly European
participants. The predictive ability of PRS has generally
attenuated in validation studies of non-European popula-
tions. GWAS and PRS development in ancestrally diverse
and admixed cohorts will be critical to future clinical use
of PRS and improve generalizability of the strategy. In
addition, though PRS has demonstrated predictive ability
for CAD, the biological mechanism and interaction with
standard risk factors remain largely unknown. Variants
may have pleiotropic or differential effects depending
on the specific environmental, biochemical, and genetic
milieu of an individual, which are not accurately re-
flected in the GWAS summary statistics used in PRS
development. 

Further perceived limitations in the medical com-
munity discouraging implementation of this potentially
powerful tool stem from a lack of understanding of how
the PRS operates, as well as the rapidly evolving al-
gorithms. Our pragmatic approach, incorporating a bi-
nary PRS cut-off into a diagnostic decision tree, pro-
vides a pathway utilizing the potentially powerful prog-
nostic ability of the enigmatic PRS, but allowing clinical
decision-making to be based on plaque burden itself. This
approach additionally establishes a framework for easier
application of evolving future PRS, including a model to
support patient understanding to reduce the need for ge-
netic counselling. 

Despite these potential limitations, the ESCALATE trial
represents a unique opportunity to begin systematically
testing a novel diagnostic strategy to identify subclinical
CAD. Initial data will inform future study design, includ-
ing intervention testing under randomized conditions
and against hard CAD endpoints, including MACE. Pa-
tients with subclinical CAD identified through this path-
way will have the opportunity for earlier shared decision-
making with their primary care physician on the initia-
tion or escalation of pharmacotherapy associated with
survival benefits. 

Conclusion 

The ESCALATE study is a prospective, multicentre,
nonrandomized implementation study of a PRS to iden-
tify additional patients in the primary care setting for
noninvasive coronary imaging, to identify subclinical
CAD. The ESCALATE study aims to generate evidence on
the impact of the PPP-CAD Diagnostic Pathway on iden-
tification of subclinical CAD and whether this diagnostic
pathway results in differences in CAD risk factor manage-
ment, HRQOL, and participant reported experience. The
initial study results are expected in mid-2025. 

Authors’ contribution 

GAF conceived of the study. GAF, MPG, AH, GJ, GK,
PM, JR, TU, and SJN initiated the study design and YB,
JH, and JFL helped with implementation. KH provided
statistical expertise in the study design. MPG and GAF
wrote the original draft of the manuscript. YB, SMG, AH,
JH, KH, GJ, JFL, JR, TU, and SJN reviewed and edited
the manuscript. All authors reviewed and approved the
manuscr ipt pr ior to submission. 

Trial status 

The ESCALATE study initiated recruitment on August
8, 2022 and, as of July 4, 2023, 366 participants have
been enrolled in the trial. The study is in the recruitment
phase, which is expected to conclude by May 2024. 
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(TMC). 

Funding 

The study is funded by a National Health and
Medical Research Council (NHMRC) Partnership grant
(GNT2005790). The NHMRC is the statutory authority
of the Australian Government responsible for medical re-
search. 

Disclosure 

G. Bottà is an employee and holds equity in Allelica Srl.

Acknowledgments 

The investigators are grateful to the participants who
have donated their samples and time for the ESCALATE
trial. We would additionally like to thank Dr Zara S.
Ali and Tung Nguyen for central operational support
of the study. We would finally like to thank clinical
site staff for their leadership, including Vikki Meyer,
Rachel Rowe, Bek Scott, and Lina Zhou. The ESCA-
LATE trial is funded through the NHMRC partnership
projects funding mechanism, supporting clinicians, re-
searcher s, consumer s, policy maker s, and member s of
industry to identify evidence gaps, design research stud-
ies to close these gaps, interpret findings, and imple-
ment into policy and practice. The authors would like
to acknowledge the contributions of all partners in the
partnership for precision prevention of coronary artery
disease (GNT2005790): Allelica, Australian Cardiovascu-
lar Alliance, Baker Heart & Diabetes Institute, Bioplat-
forms Australia, The Broad Institute of MIT and Har-
vard, Bupa Australia, Heart Research Australia, iCoreLabs,
Launceston Medical Center, Monash University, National
Heart Foundation NSW, North Shore Radiology & Nu-
clear Medicine, NSW Agency for Clinical Innovation, Our
Medical Home Crows Nest, Siemens Healthineers, Sonic
Healthcare (Castlereagh Imaging, Sonic Pathology, & Sul-
livan Nicolaides Pathology), University of Melbourne,
University of Sydney, Western Sydney Primary Health
Network, 23Strands. 

Supplementary materials 

Supplementary material associated with this article can
be found, in the online version, at doi: 10.1016/j.ahj.
2023.06.009 . 

References 

1. Liew G, Chow C, van Pelt N, et al. Cardiac Society of Australia 
and New Zealand Position Statement: coronary artery calcium 

scoring. Heart Lung Circ 2017;26:1239–51. 
doi: 10.1016/j.hlc.2017.05.130 . 
2. Vernon ST, Coffey S, D’Souza M, et al. ST-segment-elevation 
myocardial infarction (STEMI) patients without standard 
modifiable cardiovascular risk factors-how common are they, and 
what are their outcomes? J Am Heart Assoc 2019;8:e013296. 
doi: 10.1161/jaha.119.013296 . 

3. Kronmal RA, McClelland RL, Detrano R, et al. Risk factors for the 
progression of coronary artery calcification in asymptomatic 
subjects: results from the multi-ethnic study of atherosclerosis 
(MESA). Circulation 2007;115:2722–30. 
doi: 10.1161/circulationaha.106.674143 . 

4. Detrano R, Guerci AD, Carr JJ, et al. Coronary calcium as a 
predictor of coronary events in four racial or ethnic groups. N 

Engl J Med 2008;358:1336–45. 
doi: 10.1056/NEJMoa072100 . 

5. Becker A, Leber A, Becker C, et al. Predictive value of coronary 
calcifications for future cardiac events in asymptomatic 
individuals. Am Heart J 2008;155:154–60. 
doi: 10.1016/j.ahj.2007.08.024 . 

6. Hou ZH, Lu B, Gao Y, et al. Prognostic value of coronary CT 
angiography and calcium score for major adverse cardiac events
in outpatients. JACC Cardiovasc Imaging 2012;5:990–9. 
doi: 10.1016/j.jcmg.2012.06.006 . 

7. Tinana A, Mintz GS, Weissman NJ. Volumetric intravascular 
ultrasound quantification of the amount of atherosclerosis and 
calcium in nonstenotic arterial segments. Am J Cardiol 
2002;89:757–60. doi: 10.1016/s0002-9149(01)02349-9 . 

8. Fernández-Friera L, Peñalvo JL, Fernández-Ortiz A, et al. 
Prevalence, vascular distribution, and multiterritorial extent of 
subclinical atherosclerosis in a middle-aged cohort: the PESA 

(progression of early subclinical atherosclerosis) study. Circulation
2015;131:2104–13. 
doi: 10.1161/circulationaha.114.014310 . 

9. Dikilitas O, Schaid DJ, Kosel ML, et al. Predictive utility of 
polygenic risk scores for coronary heart disease in three major 
racial and ethnic groups. Am J Hum Genet 2020;106:707–16. 
doi: 10.1016/j.ajhg.2020.04.002 . 

10. Abraham G, Havulinna AS, Bhalala OG, et al. Genomic 
prediction of coronary heart disease. Eur Heart J 
2016;37:3267–78. doi: 10.1093/eurheartj/ehw450 . 

11 Figtree GA, Vernon S, Nicholls SJ. Taking the next steps to 
implement polygenic risk scoring for improved risk stratification 
and primary prevention of coronary artery disease. Eur J Prev 
Cardiol 2022;29:580–7. doi: 10.1093/eurjpc/zwaa030 . 

12. Bolli A, Di Domenico P, Pastorino R, et al. Risk of coronary artery 
disease conferred by low-density lipoprotein cholesterol depends 
on polygenic background. Circulation 2021;143:1452–4. 
doi: 10.1161/circulationaha.120.051843 . 

13. Nikpay M, Goel A, Won HH, et al. A comprehensive 1,000 
genomes-based genome-wide association meta-analysis of 
coronar y arter y disease. Nat Genet 2015;47:1121–30. 
doi: 10.1038/ng.3396 . 

14. 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;72:1883–93. 
doi: 10.1016/j.jacc.2018.07.079 . 

15. Sakaue S, Kanai M, Tanigawa Y, et al. A cross-population atlas 
of genetic associations for 220 human phenotypes. Nat Genet 
2021;53:1415–24. doi: 10.1038/s41588-021-00931-x . 

16. Matsunaga H, Ito K, Akiyama M, et al. Transethnic meta-analysis 
of genome-wide association studies identifies three new loci and 
characterizes population-specific differences for coronary artery 



American Heart Journal 
Volume 264 

Gray et al 173 

 

 

 

disease. Circ Genom Precis Med 2020;13:e002670. 
doi: 10.1161/circgen.119.002670 . 

17. Bull FC, Maslin TS, Armstrong T. Global physical activity 
questionnaire (GPAQ): nine country reliability and validity study. J
Phys Act Health 2009;6:790–804. doi: 10.1123/jpah.6.6.790 . 

18. Herdman M, Gudex C, Lloyd A, et al. Development and 
preliminary testing of the new five-level version of EQ-5D 

(EQ-5D-5L). Qual Life Res 2011;20:1727–36. 
doi: 10.1007/s11136-011-9903-x . 

19. Blaha M, Budoff MJ, Shaw LJ, et al. Absence of coronary artery 
calcification and all-cause mortality. JACC Cardiovasc Imaging 
2009;2:692–700. doi: 10.1016/j.jcmg.2009.03.009 . 

20. Budoff MJ, Nasir K, McClelland RL, et al. Coronary calcium 

predicts events better with absolute calcium scores than 
age-sex-race/ethnicity percentiles: MESA (multi-ethnic study of 
atherosclerosis). J Am Coll Cardiol 2009;53:345–52. 
doi: 10.1016/j.jacc.2008.07.072 . 

21. McClelland RL, Jorgensen NW, Budoff M, et al. 10-year coronary
heart disease risk prediction using coronary artery calcium and 
traditional risk factors: derivation in the MESA (multi-ethnic study 
of atherosclerosis) with validation in the HNR (heinz nixdorf 
recall) study and the DHS (dallas heart study). J Am Coll Cardiol 
2015;66:1643–53. doi: 10.1016/j.jacc.2015.08.035 . 

22. Jones CH, Woods J, Brusco NK, et al. Implementation of the 
Australian Hospital Patient Experience Question Set (AHPEQS): a 
consumer-driven patient survey. Aust Health Rev 2021. 
doi: 10.1071/ah20265 . 

23. Miedema MD, Dardari ZA, Nasir K, et al. Association of 
coronar y arter y calcium with long-term, cause-specific mortality 
among young adults. JAMA Netw Open 2019;2:e197440. 
doi: 10.1001/jamanetworkopen.2019.7440 . 

24. Lindholt JS, Søgaard R, Rasmussen LM, et al. Five-year outcomes 
of the danish cardiovascular screening (DANCAVAS) trial. N Engl
J Med 2022;387:1385–94. doi: 10.1056/NEJMoa2208681 . 

25. Forrest IS, Chan L, Chaudhary K, et al. Genome-first recall of 
healthy individuals by polygenic risk score reveals differences in 
coronar y arter y calcium. Am Heart J 2022;250:29–33. 
doi: 10.1016/j.ahj.2022.04.006 . 


