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and chronic lower respiratory diseases combined—the next 2 most commonly reported
causes of death.! Since the influential term risk factor was coined in a 1961 Framingham
Heart Study publication,? the prevention of CVD has focused on a foundation of risk

factor control. Risk assessment of CVD has evolved over the past 6 decades and is

now predominantly conducted using multivariable risk estimation equations. The most
recent US risk assessment tool has been the 2013 pooled cohort equation (PCE) 10-year

risk calculator.3 However, changing risk factor landscapes, goals to include broader racial/
ethnic groups, greater recognition of social determinants of health, the emergence of novel
preventive therapies, and an increase in HF as a proportion of CVD events have underlined a
need to evolve the approach to risk assessment, allowing for earlier and more comprehensive
characterization of risk (Figure).

The American Heart Association recently defined a new staging construct for risk
assessment, the cardiovascular-kidney-metabolic (CKM) syndrome, and introduced the
accompanying American Heart Association Predicting Risk of CVD EVENTSs (PREVENT)
equations for US adults aged 30 years to 79 years old.* PREVENT contains new sex-specific
risk calculators for CVD, which enables risk calculation across a wider age range (30-79
versus 45-79 years old for the PCE), broadens the primary outcome from atherosclerotic
cardiovascular disease (ASCVD; CHD and stroke) to CVD (ASCVD plus HF), and provides
separate equations for 10- and 30-year risk of ASCVD and HF separately and combined.
Led by Khan, et al,* the development and validation of these PREVENT risk assessment
tools included a total of >6 million adults from both traditional prospective cohort studies as
well as real-world, clinical data from electronic medical records,

The PREVENT risk assessment tools can accommodate an updated and more
comprehensive group of risk factors in the sex-based base models, including the

addition of body mass index and estimated glomerular filtration rate. Furthermore, the
PREVENT equations provide the possibility of adding CKM biomarkers, including glycated
hemoglobin (HbAlc) and urine albumin-creatinine ratio, as well as a social deprivation
index in optional models when such data are available. Over a median follow-up of ~5
years, investigators found that the base model PREVENT equations had good discrimination
for total CVD events in women (C-statistic=0.794) and men (C-statistic=0.757), and slightly
better discrimination when compared with the PCE for women (AC-statistic=0.005) and men
(AC-statistic=0.010). PREVENT equations also had similar discrimination with and without
HF included as an outcome, and across race groups.

Compared with the base PREVENT models, the PREVENT equations that included HbA1c,
urine albumin-creatinine ratio, and social deprivation index significantly improved the C-
statistic, although with modest incremental changes (maximal AC-statistic of +0.004 with
the addition of each individual risk factor). In comparison, the improvement in C-statistic
when the coronary artery calcium (CAC) score is added to the PCE has been noted to be
more substantial (AC-Statistic of +0.09).5

The American Heart Association and PREVENT investigators should be congratulated for
their efforts, which are an important step toward the goal of improving CVD risk assessment
and guiding patient management (Table). The PREVENT equations provide improvement
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by estimating global CVD risk in a single equation rather than the previous focus solely on
ASCVD. While lifetime risk was also a part of the previous PCE, the PREVENT equations
now incorporate 30-year risk prediction at a younger age compared with the PCE, which
should be an especially important feature for younger adults in lower CKM stages who have
one or more risk factors but have a low 10-year risk.

Compared with the 2013 PCE risk equations, one additional new feature of the PREVENT
equations includes the removal of race as a risk variable. This change has been part of a
much larger positive movement in medicine to consider race a social and not a biological
construct, which aims to improve the integration of health equity within everyday clinical
medicine. A recent analysis in the REGARDS cohort observed similar discrimination for
atherosclerotic CVD events between a modified (race-free, sex-specific) PCE versus the
original PCE risk calculator.® It will be important to formally assess the performance of
the PREVENT equations across contemporary cohorts of various races and ethnicities to
confirm their calibration and applicability.

We acknowledge and agree with the modeling limitations outlined by the PREVENT
investigators, including potential nonrandom absence of electronic medical record data,
possible inclusion of variable risk factor prevalence and treatment patterns across more

than 3 decades, as well a short-observed follow-up time (x5 years), the latter of which
necessitated the modeling of age as a time scale to extrapolate risk over longer periods

(10- and 30-year risk). An especially important consideration includes the surprisingly small
incremental improvement in the C-statistic compared with the PCE, even after the addition
of CKM-specific risk factors.

Nonrandom absence of data that contributed to CVD risk modeling, especially
glycometabolic data, was substantial. Approximately 4 in every 5 individuals without
diabetes had missing values for HbAlc in the development and validation datasets, which
may have contributed to the small improvement in discrimination when comparing the
optional versus base PREVENT models. It is possible that the availability of additional
variables to include in optional PREVENT equations is represented simply by their
measurement among individuals at higher risk than others.

The modest C-statistic improvements in the PREVENT equations compared with the PCE
suggest that a more parsimonious model including CAC may be a reasonable option or
alternative. The MESA (Multi-Ethnic Study of Atherosclerosis) Risk Score Calculator,
which includes traditional risk factors and CAC, has demonstrated high discrimination
and calibration for the prediction of CHD.’ While the MESA Risk Score was validated
only for CHD, the addition of CAC to traditional risk factors still provides the largest net
reclassification improvement in risk for the prediction of both CHD and stroke compared
with other nontraditional biomarkers, as CAC testing has the unique ability to shift risk
either up (prevalent CAC) or down (CAC=0). Considering CAC in this context may help
to prevent substantial overestimation of risk, which was a limitation of the 2013 PCE and
similar CVD risk scores that have been heavily upweighted according to age.
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In this setting, we propose that future iterations would ideally incorporate CAC in

optional PREVENT equations for the prediction of atherosclerotic CVD outcomes. The
lack of population-wide testing recommendations, out-of-pocket cost of CAC scans, and
concerns in potential unnecessary downstream testing, were cited reasons for not including
CAC in PREVENT model development. Such often cited concerns may be overcome by
considering opportunistic detection of CAC on noncardiac chest CT in optional models of
the PREVENT equations.

For nonatherosclerotic CVD, the PREVENT equations now facilitate the estimation of HF
risk. However, it is possible that a separate risk calculator including more HF-specific
variables, such as the PCEs to Prevent HF® that includes QRS duration, may be more
accurate, but it requires separate and additional variables. The potential of expanding the
global CVD outcome definition to differentiate HF subtypes (preserved versus reduced
ejection fraction) also requires more study.

Beyond modeling considerations, it is essential to interpret any new risk calculator or
assessment tool within a clinical context and patient care. First, do global or disease-specific
risk calculators better facilitate discussions regarding risk and prevention with patients

via more intensive lifestyle change? Second, the contribution of the CKM paradigm and
PREVENT equations for improving precision in the allocation of statin and non-statin
preventive therapies/approaches (aspirin, intensity of blood pressure lowering, intensity of
LDL-cholesterol targets, etc) remains to be determined. This concept may also now broaden
to the early allocation of GLP1 (glucagon-like peptide-1)-receptor agonists and SGLT2
(sodium-glucose transport protein 2)-inhibitors based on CKM stage.

Results from a meta-analysis have shown no statistically significant reduction in major
adverse cardiovascular events with SGLT2 inhibitors among individuals with type 2 diabetes
(T2D) who do not have ASCVD.? European Society of Cardiology guidelines as such have
provided an Ilb recommendation for the use of SGLT2-inhibitors or GLP-1 receptor agonists
for individuals with T2D with a high predicted 10-year risk for CVD death/myocardial
infarction/stroke (210%) but without clinical ASCVD.10 Of note, these specific guideline
recommendations focused on ASCVD risk do not take into consideration the effects of
SGLT2i and GLP-1 receptor agonists on HF risk.

We congratulate the American Heart Association and PREVENT investigators for the
important new CKM paradigm and enhanced risk equations that now have the opportunity
to incorporate social determinants of health, which is a step forward in addressing disparities
in the prevention and treatment of CVD risk. However, the ongoing incorporation of
additional biomarkers in clinical CVD risk scores may be difficult to sustain. Prioritizing

the integration of subclinical CVD within future iterations of CVD risk scores may help

to maximize model parsimony and efforts in precision prevention. Overall, the PREVENT
equations and CKM paradigm represent continued progress in CVD risk prediction among a
larger proportion of the diverse US population.
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Figure. Evolution of cardiovascular disease (CVD) risk assessment from 2013 pooled cohort
equationsto 2023 Predicting Risk of CVD EVENT equations.

BMI indicates body mass index; CKM, cardiovascular-kidney-metabolic; GLP1-RA,
glucagon-like peptide 1 receptor agonist; MRA, mineralocorticoid receptor antagonist; and
SGLT2i, sodium-glucose transport protein 2 inhibitor.
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