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Abstract

Heart age summarizes multi-factorial cardiovascular risk into a single intuitive metric to motivate
risk communication and prevention. Here, we present the design and validation of the Veevo
Health Heart Age Calculator. Our calculator combines cardiovascular risk equations with a
healthy age- and sex-matched comparator derived in part from National Health and Nutrition
Examination Survey data (2015-2023). We apply our models to quantify population discordance
between chronological age and heart age, finding that 1 in 5 adults (19.8%) have a heart age

that exceeds chronological age by more than 10 years.

Introduction

Atherosclerotic cardiovascular disease (ASCVD) risk scores are essential for clinical
decisionmaking. However, risks such as “7.5% within the next 10 years” can feel abstract and
difficult to communicate [1]. Heart age instead asks: at what chronological age would an
average healthy peer have the same predicted risk as this individual? This age-based framing
acts as a mathematically consistent transformation of widely accepted risk equations [2],

potentially improving patient communication and prevention adherence [3].

The Veevo Health Heart Age Calculator addresses this communication challenge while adhering
to modern risk equations in an individualized manner. At a high level, we:

1. Estimate an individual’s 10-year ASCVD risk using validated, sex-specific equations

2. Derive healthy age- and sex-specific comparator risk profiles from population data

3. Solve for the comparator age where comparator risk equals the individual's risk

Methods
Dataset
We downloaded data from the U.S. National Health and Nutrition Examination Survey
(NHANES) 2015-2023 [4]. NHANES data was used to estimate healthy comparator parameters

and describe national patterns of heart-age discordance. We combined cycles under the
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complex survey design and used Mobile Examination Center (MEC) weights (i.e.
survey-weighted) so that all descriptive estimates and regression models reflect the US civilian,

non-institutionalized population.

Age- and sex-specific blood pressure

To derive systolic blood pressure (SBP) of low-risk individuals as a function of age and sex, we
filtered the NHANES dataset to individuals with no history of tobacco use or diabetes, BMI < 30
kg/m?, SBP <140 mmHg, and no use of antihypertensive medications. We then fit sex-specific,
survey-weighted models of SBP as a function of age (Figure 1). For females, we used a linear
spline with a 52-year knot to reflect menopause physiology [2,5] (Fig. 1a). For males, we used

linear regression (Fig. 1b).
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Figure 1: Predicted healthy systolic blood pressure (SBP) by age and sex. Data from
low-cardiovascular risk individuals from NHANES 2015-2023, age 18-79. (a) Female SBP by age. Black
line represents a linear spline with a 52-year knot. (b) Male SBP by age. Black line represents a linear

regression.

Age- and sex-specific healthy comparator risk

Building on prior work from [2], our healthy comparator is defined as a subject who does not
have diabetes, does not smoke or have smoking history, is not receiving lipid- or blood
pressure-lowering therapy, and intact renal function (eGFR = 90 mL/min/1.73m?). This health
comparator also has lipid levels consistent with contemporary prevention goals [6], including
high HDL-C (50 mg/dL for females, 45 mg/dL for males) and low non-HDL-C (115 mg/dL [7]).
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The SBP of the comparator is derived from an age- and sex-matched low-risk population using

survey-weighted regression (see Age- and sex-specific blood pressure).

Risk model and heart age mapping
For each individual, we calculate individual risk using the base PREVENT 10-year risk
equations [8]. We then solve for the age at which individual risk equals sex-matched healthy

comparator risk.

Implementation guardrails
e The age input is restricted to ages 25-79 and the heart age solution is restricted
NHANES age bounds 18-79 years.
e Inputs are validated for physiological plausibility, with imputation of missing non-critical
variables adhering to conservative, health-preserving values.
e Outputs display heart age and discordance with context-sensitive messaging to promote

guideline-concordant prevention rather than risk minimization alone.

Population heart age discordance

We calculated the heart age for all adults in the NHANES survey from age 25-79 years and
quantified the difference between chronological age and heart age, with survey-weighted results
consistent with the US population structure displayed (Figure 2, Table 1). Females have lower
heart age discordance than men at younger ages but comparable discordance at older ages,
consistent with increased lipids following menopause [9]. Heart age discordance declines after

age 65, consistent with higher baseline cardiovascular risk even in healthy older adults [10].

Strikingly, more than 1 in 5 adults have a heart age more than 10 years older than their
chronological age (Figure 2, Table 1). This may actually be an underestimate of true
discordance and risk, as the current implementation constrains the model to return a maximum
heart age of 79 and we do not include additional CVD risk factors, such as high Lipoprotein(a),

bodily inflammation, and genetics.
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Figure 2: Population discordance between heart age and chronological age. Discordance
represents heart age minus chronological age for all individuals age 25-79 in NHANES 2015-2023 data.
Discordance is binned as >10 years older (dark red), 5-10 years older (orange), within 5 years (light
green), and >5 years younger (dark green). Age is binned by 5 year intervals. Bars represent

survey-weighted estimates of U.S. population counts (millions) within each stratum.

Conclusion

The Veevo Health Heart Age Calculator translates complex risk into a validated intuitive number
to encourage preventive action. This type of heart age calculator is especially useful for
motivating prevention in younger individuals (<50 years), whose risk is underestimated in
age-driven absolute risk calculators. While our current calculator provides an important starting
point, future work should seek to incorporate longitudinal medical data rather than point
measurements and other variables that play an integral role in cardiovascular risk but are not
captured in the PREVENT equations (i.e. high-sensitivity C-reactive protein, apolipoprotein B,
Lp(a), imaging). Personalized calculation and communication of cardiovascular risk is a key first

step in population-level prevention, moving us toward a future free of heart disease.
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