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Lifestyle-Based Prediction Model for the Prevention of CVD:
The Healthy Heart Score
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Background—Clinical practice focuses on the primary prevention of cardiovascular (CV) disease (CVD) through the modification
and pharmacological treatment of elevated risk factors. Prediction models based on established risk factors are available for use in
the primary prevention setting. However, the prevention of risk factor development through healthy lifestyle behaviors, or
primordial prevention, is of paramount importance to achieve optimal population-wide CV health and minimize long-term CVD risk.

Methods and Results—We developed a lifestyle-based CVD prediction model among 61 025 women in the Nurses’ Health Study
and 34 478 men in the Health Professionals Follow-up Study, who were free of chronic disease in 1986 and followed for
<24 years. Lifestyle factors were assessed by questionnaires in 1986. In the derivation step, we used the Bayes Information
Criterion to create parsimonious 20-year risk prediction models among a random two thirds of participants in each cohort
separately. The scores were validated in the remaining one third of participants in each cohort. Over 24 years, there were 3775
cases of CVD in women and 3506 cases in men. The Healthy Heart Score included age, smoking, body mass index, exercise,
alcohol, and a composite diet score. In the validation cohort, the risk score demonstrated good discrimination (Harrell’s C-index,
0.72; 95% confidence interval [CI], 0.71, 0.74 [women]; 0.77; 95% Cl, 0.76, 0.79 [men]), fit, and calibration, particularly among
individuals without baseline hypertension or hypercholesterolemia.

Conclusions—The Healthy Heart Score accurately identifies individuals at elevated risk for CVD and may serve as an important
clinical and public health screening tool for the primordial prevention of CVD. (J Am Heart Assoc. 2014;3:e000954 doi:
10.1161/JAHA.114.000954)
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espite declines in cardiovascular (CV) disease (CVD)

mortality, CVD remains the leading cause of death in the
United States.' Clinical practice focuses on primary preven-
tion, specifically the prevention of incident CVD among
individuals classified at high risk based on clinical risk factors,
such as hypertension (HTN) and high cholesterol. Numerous
risk prediction tools can estimate an individual’s short-term
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(ie, 10-year) risk of CVD*® and the American Heart Associ-
ation (AHA) endorses the use of these tools in the clinical
setting”'%; however, because the short-term risk of develop-
ing CVD for the majority of middle-aged adults is low, yet the
long-term risk is high, these prediction models do not capture
the true cumulative burden of CVD in this population.'
Furthermore, more than half of all CVD events occur in
individuals who are not classified as high risk on the basis of
clinical risk factors.'?

Conversely, adults with optimal levels of risk factors at
mid-life have a 70% to 80% lower risk of coronary heart
disease (CHD) and CVD mortality."*'® The absence of
established risk factors at the age of 55 is associated with
a lifetime risk of CVD of 5% to 8%.'®'” Thus, the prevention of
CVD risk factor development, or primordial prevention, is of
paramount importance to minimize an individual’s long-term
CVD risk. In clinical trials, intensive lifestyle modification
significantly improves risk factors, such as blood pressure and
lipid profiles.’®2° Furthermore, in long-term observational
epidemiology studies, an overall healthy lifestyle, including
prudent diet, not smoking, healthy weight, and physical
activity, in mid-life may prevent the development of CVD risk
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factors?' and ultimately CVD events.?** We sought to
develop and validate a risk prediction model based on
modifiable lifestyle factors, which may be used as a tool for
risk assessment in the primordial prevention setting. We
developed this risk model among healthy middle-aged men
and women, who are the ideal population to focus long-term
prevention efforts clinically.

Methods

Study Participants and Endpoint Ascertainment

We derived the Healthy Heart Score, a lifestyle-based risk
score, among women enrolled in the Nurses’ Health Study
(NHS), a prospective cohort of 121 700 female nurses ages
30 to 55 years at baseline in 1976%° and men in the Health
Professionals Follow-up Study (HPFS), a cohort of 51 529
U.S. male health professionals, ages 40 to 75 years, in
1986.%% Participants in both cohorts provided information on
medical history, lifestyle factors, and newly diagnosed
diseases on self-reported questionnaires throughout follow-
up. The institutional review boards at the Harvard School of
Public Health (Boston, MA) and Brigham and Women’s
Hospital (Boston, MA) approved the study protocols and
return of the questionnaire implied consent. This analysis
included 61 025 women and 34 478 men who provided a
complete ascertainment of pertinent lifestyle factors on a
questionnaire administered in 1986 and who were free of
previously diagnosed CVD (myocardial infarction [MI], angina,
stroke, transient ischemic attack, and coronary revasculari-
zation) and cancer at baseline. Because diabetes is consid-
ered a CHD risk equivalent,”” we also excluded individuals
with a history of diabetes at baseline.

Ascertainment of CVD

The outcome for this study was ischemic CVD, which included
nonfatal MI, fatal CHD, and ischemic stroke, in line with
current AHA recommendation for risk assessment algo-
rithms.?® MI was defined according to World Health Organi-
zation criteria®® and strokes were confirmed using the
National Survey of Stroke criteria®® and both were adjudi-
cated by study investigators through medical record review.
Strokes were classified as ischemic stroke (thrombotic or
embolic occlusion of a cerebral artery), hemorrhagic stroke
(subarachnoid and intraparenchymal hemorrhage), or stroke
of probable or unknown subtype, when the subtype could not
be ascertained because of unobtainable medical records. We
excluded confirmed hemorrhagic strokes in our endpoint, but
included confirmed ischemic and unknown subtypes, because
~80% of all unknown strokes are ischemic in origin. Fatal CVD
events were identified by next of kin, postal authorities, or the

National Death Index and confirmed by medical records,
autopsy reports, and death certificates with CHD or ischemic
stroke listed as the underlying cause.

Ascertainment of Lifestyle Factors

We considered various dietary and lifestyle factors for
inclusion into the prediction model. Criteria for consideration
included the strength and consistency of association with risk
of CVD in the literature and availability of data among study
participants. A full list of variables considered in the model
can be found in Table 1.

For physical activity, men and women were asked how
many hours per week, on average, they engaged in specific
activities (walking, jogging, running, bicycling, swimming,
tennis, squash/racquetball, rowing, and calisthenics) using a
previously validated physical activity questionnaire.®' We
calculated the average hours per week spent in moderate
(3 to 6 metabolic equivalent tasks [METs]) and vigorous
(=6 METSs) activity, which included walking at a pace of 3 mph

Table 1. Dietary and Lifestyle Factors Considered for
Inclusion in the Healthy Heart Score

Dietary Factors Other Lifestyle Factors

Fruits Smoking
Vegetables Never, pa'st, current

. Never, quit >10 years ago,
Fish quit<10 years ago, current
Dark fish Never, past, current <15

cigarettes, >15 cigarettes
Red meat Pack-years
Processed meat BMI
Nuts Waist circumference
Sugar-sweetened beverages Exercise
Fruit juice Tptal factivit\./
- Light intensity only

Whole grains Moderate intensity only
Cereal fiber Vigorous intensity only
Sodium Moderate-+vigorous intensity

Added sugar

Sleep duration

Saturated fat

TV watching

Polyunsaturated fat

Polyunsaturated/saturated fat ratio

Trans fat

Long-chain n-3 polyunsaturated fat

Folate

Alcohol

Glycemic index

Glycemic load
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or greater and other activities. We calculated body mass index
(BMI; kg/m?) from self-reported height and weight; self-
reported weight was highly correlated with directly measured
weight (~=0.96).%? Smoking status was defined as never, past,
or current, with various definitions of past smokers and
current smokers as shown in Table 1.

Information on diet and alcohol was assessed through a
validated 131-item food frequency questionnaire (FFQ).3*3*
Total nutrient intake was calculated by multiplying the
frequency of consumption of each food item by its nutrient
content (from the Harvard University Food Composition
Database) of the specified portion and then summing the
nutrient values across all contributing foods. We calculated
average alcohol intake in g/day, assuming 12.8 g of alcohol
in 12 ounces (0z) of beer, 11.0 g of alcohol in 4 oz of wine,
and 14.0 g of alcohol in 1.5 oz of liquor.

Statistical Analysis

All analyses were performed separately in the NHS and HPFS
cohorts using the structure outlined below. Each participant
contributed follow-up time from the return of the 1986
questionnaire until the date of diagnosis of an ischemic CVD
event, date of death, or end of follow-up (June 2010 in
women and February 2010 in men). For each cohort, we
randomly assigned two thirds of the study participants to a
derivation cohort (n=40 680 women; n=23 026 men), and
the remaining one third of the participants were reserved as a
validation cohort (n=20 345 women; n=11 452 men). A
priori, we decided to create a lifestyle score that included the
same risk indicators for both men and women to provide a
consistent clinical and public health message about CVD
prevention; thus, we included components that met the
inclusion criteria in at least 1, but not necessarily both,
cohorts. The models were computed with risk at 20 years,
because lifestyle factors likely play a greater role in the long-
term, rather than short-term, prevention of CVD events. Over
99% of men and 89% of women were followed for a minimum
of 20 years.

Derivation of a Composite Diet Score

First, we derived a composite diet score within the derivation
cohort. To be included in the composite diet score, each food
or nutrient component had to meet 2 criteria. First, the
dietary component had to be a significant and independent
predictor of ischemic CVD risk in multivariable Cox propor-
tional hazards models that included other dietary factors.
Second, the addition of the dietary variable had to minimize
the model Bayes Information Criterion (BIC).>®> The BIC is a
likelihood-based measure where lower values indicate better
model fit. Therefore, the model with the lowest BIC is the

best-fitting, most parsimonious model. For all dietary factors,
we explored the relation with CVD risk modeled in multiple
forms, including as continuous and categorical, examining
various cutpoints. To minimize the effect of influential
outliers for continuous dietary factors, we truncated the
distribution at the 1st and 99th percentiles. The summary
diet score was calculated by multiplying each component by
its cohort-specific beta coefficient from the Cox model and
summing across all components. We reversed the beta-
coefficients so that higher diet scores would reflect better
diet quality.

Derivation of the Lifestyle-Based CVD Risk Score

We derived the best overall prediction algorithm based on
hazard ratios estimated in Cox proportional hazards models
within the derivation data set. As with the dietary factors, we
explored the relation of each lifestyle factor with CVD risk
modeled in multiple forms, including continuous, with higher-
order functions when necessary, and categorical variables.
We truncated the distribution of the continuous lifestyle
factors at the 1st and 99th percentiles. We included all
variables that were independent predictors of CVD risk for
inclusion into the prediction model in multivariable models.
The final criterion for inclusion into the risk score was
minimization of the BIC.

Validation of the Healthy Heart Score

The overall predictive value of the model developed was
assessed in the validation cohorts. We assessed model
goodness of fit by the Gronnesby-Borgan test statistic,*® a
more robust statistic for survival data compared to Hosmer-
Lemeshow’s statistic for calibration. As suggested by D’Ag-
ostino and Nam, chi-square (x?) values >20 (P<0.01) suggest
a lack of adequate fit.*” We used Harrell’s C-index for survival
data to assess model discrimination, which measures the
ability to distinguish between individuals who experience a
CVD event from those who do not.>® Larger values indicate
better discrimination. We compared model discrimination of
the lifestyle-based CVD risk score to models with age only.
We also assessed discrimination of a prediction model that
added self-reported physician-diagnosed risk factors at
baseline (HTN and hypercholesterolemia or high cholesterol)
to this lifestyle-risk risk score. To assess model calibration,
we used calibration plots, plotting the average predicted risk
within deciles of predicted risk against the observed risk in
that decile. In sensitivity analyses, we examined model
performance stratified by presence and absence of baseline
clinical risk factors, hypercholesterolemia or high cholesterol
and/or HTN, which are key risk factors for CVD and included
in most clinically based risk prediction models.
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Results

Among 61 025 women who were free of known CVD,
diabetes, and cancer at baseline and had a median age of
52 years (interquartile range [IOR], 46 to 58), 3775 CVD
cases (57% CHD and 43% ischemic stroke) occurred; among
34 478 apparently healthy men, median age 51 years (IOR,
44 to 59), a total of 3506 CVD cases (79% CHD and 21%
ischemic stroke) occurred. The prediction model was derived
among 2525 events in women and 2375 in men and validated
among 1250 events in women and 1129 in men. Lifestyle
characteristics were similar between the derivation and
validation cohorts for both men and women (Table 2). The
median period of follow-up was 23.9 (IQR, 23.6, 23.9) years
among women and 23.7 (IOR, 23.3, 23.8) among men.

Derivation of the Composite Diet Score and the
Lifestyle-Based CVD Risk Score

Five dietary components, fruitstvegetables, nuts, cereal
fiber, red+processed meat, and sugar-sweetened bever-
ages, which have been associated with CVD previously,>®**
met the inclusion criteria for the composite diet score in at
least 1 cohort and were included in the final score (Table 3).
Five lifestyle factors, smoking, BMI, moderate-to-vigorous
exercise, alcohol intake and the diet score, in addition to

Table 3. Multivariable Hazard Ratios (HR) of Cardiovascular
Disease for Dietary Components in the Derivation Data Sets
(N=40 680 Women and 23 026 Men)

HR (95% Cl)

Dietary Components* Women Men

0.77 (0.70, 0.86) | 0.91 (0.83, 0.996)

>3 servings per day
fruit+vegetables

Sugar-sweetened
beverages, servings
per day

117 (1.07,1.27) | 1.18 (1.09, 1.27)

Red and processed meats,
servings per day

110 (1.02,1.19) | 1.10 (1.04, 1.17)

Cereal fiber, per 5 g/day 0.84(0.77,0.91) | 0.91 (0.85, 0.97)

Nuts, servings per day
0.1t01 0.89 (0.80, 0.99)
>1 0.80 (0.67, 0.95)

1.06 (0.94, 1.20)
0.88 (0.74, 1.04)

*Serving sizes: 1 medium piece of fruit, %2 cup of berries, %2 cup of vegetables, 1 cup of
green leafy vegetables, 1 can/bottle/glass of sugar-sweetened beverages, 4 ounces (0z)
of unprocessed meat and 1.5 oz of processed meat, and 1 oz of nuts or 1 tablespoon
(Tbsp) of nut butter.

age, were included in the overall lifestyle-based risk
score (Table 4). Each lifestyle factor was associated with
risk of CVD linearly, except alcohol, which had a U-shaped
association.

Table 2. Demographic and Lifestyle Characteristics in the Derivation and Validation Data Sets Among Men and Women at Baseline

Women Men
Variables Derivation Validation Derivation Validation
N 40 680 20 345 23 026 11 452
Age, y 52 (7)* 52 (7) 52 (9) 52 (9)
Smoking, %
Never 44 45 49 49
Past 35 35 42 42
Current 21 20 9 8
BMI, kg/m? 25.1 (4.5) 25.1 (4.5) 25.4 (2.9) 25.4 (2.9)
Alcohol, g/day 6.1 (9.9) 6.1 (9.8) 11.1 (14.5) 11.2 (14.6)
Exercise, hours per week 1.6 (2.0) 1.6 (2.0 22 (2.1) 2.2 (2.2)
Dietary components
Fruit+vegetables, servings per day 5.8 (2.6) 5.8 (2.6) 4.8 (2.6) 4.8 (2.6)
Sugar-sweetened beverages, servings per day 0.23 (0.46) 0.22 (0.46) 0.36 (0.56) 0.35 (0.55)
Red and processed meat, servings per day 0.87 (0.54) 0.86 (0.54) 0.97 (0.69) 0.97 (0.68)
Cereal fiber, g/day 4.3 (2.4) 4.3 (2.4) 5.8 (3.2) 5.7 (3.2)
Nuts, servings per day 0.34 (0.43) 0.34 (0.44) 0.46 (0.58) 0.46 (0.58)
Total diet score (points) 3.6 (1.8) 3.6 (1.8) 1.0 (1.7) 1.0 (1.6)

*Means (SD) for continuous variables. BMI indicates body mass index.
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Table 4. Multivariable HR of CVD for Lifestyle Factors in the
Derivation Data Sets (N=40 680 Women and 23 026 Men)

HR (95% ClI)

Variables

Women

Men

Age, per 5 years

Linear 1.73 (1.67, 1.78) 1.83 (1.46, 2.29)

Squared N/A 0.99 (0.98, 0.999)
Smoking

Past 1.17 (1.06, 1.29) 1.16 (1.06, 1.26)

Current 2.53 (2.30, 2.79) 1.55 (1.36, 1.78)
BMI, kg/m? 1.05 (1.04, 1.06) 1.08 (1.07, 1.10)

Alcohol, per 10 g/day*

Linear

0.83 (0.75, 0.93)

0.92 (0.86, 0.99)

Squared

1.04 (1.01, 1.07)

1.01 (0.99, 1.02)

Exercise, per 3 hours

0.93 (0.87, 0.99)

0.97 (0.91, 1.03)

per week"

Diet score, per 1 point 0.95 (0.93, 0.97) 0.93 (0.91, 0.95)

BMI indicates body mass index; CVD, cardiovascular disease; HR, hazards ratio.
*12-0z (ounce) beer=12.8 g of alcohol, 4-0z wine=11.0 g of alcohol, and 1.5-0z
liquor=14.0 g of alcohol.

"Hours per week spent walking (>3 mph), jogging, running, bicycling, swimming, tennis,
squash/racquetball, rowing, and calisthenics.

Assessment of Model Performance in the
Validation Data Set

In the validation cohorts, Gronnesby-Borgan’s test statistic
indicated adequate model fit and Harrell’s C-statistic sug-
gested good discrimination between cases and controls
(Table 5). The lifestyle factors significantly increased the
C-statistic, compared to models with just age alone. Further

addition of self-reported HTN and hypercholesterolemia or
high cholesterol to the risk model significantly increased the
C-statistic from 0.72 to 0.73 (95% confidence interval [CI],
0.72, 0.74; Pgi<0.001) in women and from 0.77 to 0.78 (95%
Cl, 0.76, 0.79; P4%=0.001) in men. Finally, the model was well
calibrated for 20-year CVD risk prediction based on the
calibration plots in women (Figure 1A). In men, the prediction
model slightly underestimated CVD risk at high predicted risk
levels (Figure 1B).

Whereas model fit was good among individuals with and
without clinical risk factors at baseline (Table 5), model
discrimination (Table 5) and calibration (Figure 1A and 1B)
were better in the absence of baseline clinical risk factors
(HTN and/or hypercholesterolemia or high cholesterol),
compared to the presence of either risk factors.

Practical Example of Risk Estimation

Given that the model performed well in the independent
validation data set, we combined the derivation and validation
data sets in each cohort and refit the final model in the full
data set to obtain more-precise estimates of the coefficients
for our lifestyle-based CVD risk score. The equations for the
diet score calculation and the Healthy Heart Score, based on
the full data set, are presented in Figure 2.

As a practical example, we estimated the 20-year risk of
CVD, relative to a healthy lifestyle, for individuals with various
combinations of ages and lifestyle habits (Figure 3). Com-
pared to a 45-year-old individual with very healthy lifestyle
habits (nonsmoker, BMI of 23 kg/m?, 3.5 hours per week of
moderate-to-vigorous physical activity, diet score of 5 points,
and moderate alcohol intake [15 g/day in women and 30 g/
day in men]), the 20-year risk of CVD for 45-year-old

Table 5. Summary Statistics to Assess Model Performance of the Lifestyle-Based Risk Score Within the Validation Data Sets

(N=20 345 Women and 11 452 Men)

Goodness of Fit* Discrimination (Harrell’s C-Statistic [95% Cl])
Population N Cases x> P Value Age-Only Age-tLifestyle Factors P Value®
Women
Total population 20 345 1250 11.9 0.22 0.67 (0.66, 0.74) 0.72 (0.71, 0.74) 0.02
No clinical risk factors 16 508 845 10.9 0.28 0.68 (0.66, 0.73) 0.73 (0.71, 0.74) 0.01
Presence of clinical risk factors* 3837 405 9.6 0.38 0.60 (0.59, 0.73) 0.66 (0.64, 0.74) 0.01
Men
Total population 11 452 1129 13.5 0.14 0.74 (0.73, 0.78) 0.77 (0.76, 0.79) 0.01
No clinical risk factors 8482 662 10.3 0.33 0.74 (0.72, 0.78) 0.77 (0.75, 0.79) 0.004
Presence of clinical risk factors 2970 467 10.4 0.32 0.72 (0.70, 0.78) 0.74 (0.72, 0.79) 0.005

Cl indicates confidence interval.
*Gronnesby-Borgan’s test.

P value, test for difference in C-statistic comparing model adjusted for age and models adjusted for age+lifestyle factors.
*Risk factors included were self-reported physician-diagnosed hypertension and high cholesterol.
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Figure 1. Calibration plots of predicted 20-year cardiovascular disease (CVD) risk within deciles against the observed 20-year CVD risk in the
validation data set (N=20 345 women and 11 452 men). Data are plotted among all women (A: black diamonds), women without CVD
risk factors of hypertension and hypercholesterolemia at baseline (A: white circles), and women with risk factors of hypertension and
hypercholesterolemia at baseline (A: black circles) and all men (B: black diamonds), men without CVD risk factors of hypertension and
hypercholesterolemia at baseline (B: white circles), and men with risk factors of hypertension and hypercholesterolemia at baseline (B: black

circles).

individuals with unhealthy lifestyle habits (current smoker,
BMI of 35 kg/m?, no physical activity, diet score of 0 points,
and 0 g/day of alcohol) was over 7-fold higher in women and
6-fold higher in men.

Discussion

In this study, we derived the Healthy Heart Score, an
algorithm based on modifiable lifestyle factors that effec-
tively predicts risk of CVD among men and women
>40 years of age, particularly among individuals without
HTN  or hypercholesterolemia or high cholesterol.
The Healthy Heart Score included smoking status, BMI,

physical activity levels, alcohol consumption, and dietary
intake and performed well in a validation data set, as
demonstrated by goodness of model fit, calibration, and
discrimination. To our knowledge, the Healthy Heart Score is
the first prediction model to assess CVD risk formally based
on healthy lifestyle factors.

Clinical practice focuses on the prevention of CVD through
modification and pharmacological treatment of elevated
clinical risk factors in an effort to prevent a cardiovascular
event. Physicians spend little time assessing or advising
patients on healthy lifestyle behaviors, such as physical
activity and diet, particularly among patients classified as
low-risk by the Framingham Risk Score (FRS),** and who are
the ideal population to target primordial prevention efforts.

DOI: 10.1161/JAHA.114.000954

Journal of the American Heart Association 6

HDOYVIASHY TVNIDIYO



Lifestyle-Based Risk Model and CVD Prevention Chiuve et al

Women
20-year CVD risk (%) = [1 — 0. 9660 (exp [W-6.57301)] x 100%

where W = 0.10820 x age + 0.15285 (if past smoker) + 0.90138 (if current smoker) + 0.04676
x BMI —0.01923 x grams/d of alcohol + 0.0004 x (grams/d of alcohol)?2—0.02951 x
hours/week of exercise - 0.05113 x diet score”

“Diet score (women) = (0.03326 x grams/d of cereal fiber + 0.18283 [if fruits + vegetables >3 servings/d] +
0.14522 [if nuts 0.1-1 servings/d + 0.24444 [if nuts >1 servings/d] - 0.14631 X servings/d of sugar-

Men

sweetened beverages - 0.15624 x servings/d of red and processed meats)*10

20-year CVD risk (%) = [1 - 0. 96368(exp IM-7.2437)] x 100%

where M = 0.13580 % age — 0.0005 % (age)? + 0.06979 (if past smoker) + 0.42305 (if current
smoker) + 0.07424x BMI — 0.00898 x grams/d of alcohol + 0.0001 x (grams/d of alcohol)?-
0.01755 x hours/week of exercise - 0.06691 x diet score’

"Diet score (men) = (0.01816 x grams/d of cereal fiber + 0.08819 [if fruits + vegetables >3 servings/d] —
0.00535 [if nuts 0.1-1 servings/d] + 0.14285 [if nuts >1 servings/d] - 0.14734 x servings/d of sugar-
sweetened beverages - 0.07112 x servings/d of red and processed meats)*10

Figure 2. Formula to estimate the 20-year risk of CVD based on Healthy Heart Score derived in the
full data set (N=61 025 women and 34 478 men). Serving sizes: 1 medium piece of fruit; "2 cup of
berries; 2 cup of vegetables; 1 cup of green leafy vegetables; 1 can/bottle/glass of sugar-sweetened
beverages; 4 ounces (0z) of unprocessed meat and 1.5 oz of processed meat; and 1 oz nuts or 1

tablespoon (Tbsp) of nut butter.

The prevalence of healthy behaviors in the United States is
low,*®*” and there has been little improvement in prevalence
over the past decade.*® Thus, the use of a tool such as the
Healthy Heart Score may facilitate clinicians in the assess-
ment of a limited number of critical lifestyle factors in an
effort to identify individuals at high risk for CVD. Furthermore,
this lifestyle-based tool may heighten awareness to explore
true primordial prevention through interventions on underlying
unhealthy behaviors to prevent the development of risk
factors initially, rather than treating risk factors only when
they become elevated.

The Healthy Heart Score, which identifies individuals at
high risk based on lifestyle behaviors, could be used in
combination with clinically based primary prevention models.
For adults with a high short-term risk of CVD, guidelines are in
place for the optimal course of treatment.® However, among
individuals with low short-term risk, the Healthy Heart Score
may provide additional important information about long-term
CVD risk and overall burden of CVD. The addition of a
lifestyle-based evaluation in the primary care setting may
improve risk assessment and may be particularly applicable
among middle-aged adults for whom current prediction
models underestimate CVD risk burden.'’ Ultimately,
research is needed to assess the feasibility and effectiveness
of this lifestyle-only risk assessment tool on health behavior
modification, CVD risk factor improvement, and overall CVD
risk assessment when incorporated into the clinical care

setting, particularly in combination with short-term, clinically
based risk models.

Other risk calculators, which incorporate both clinical and
lifestyle factors for CVD risk prediction are available, including
MyLifeCheck (based on Life’s Simple 7 from the AHA)*® and
Your Disease Risk (from Washington University in St Louis,
MO).>° Many traditional risk factors are downstream of
lifestyle factors and may mediate the effect of lifestyle on
CVD risk, therefore diminishing the predictive value of lifestyle
factors after the development of clinical risk factors.®’
Therefore, it may be more appropriate to develop risk models
separately for the primordial and primary prevention of CVD,
rather than developing a risk prediction model comprehensive
of lifestyle and clinical risk factors. For example, the Healthy
Heart Score performed better in the absence of clinical risk
factors, which suggests that lifestyle factors provide the most
information about CVD risk preceding the development of
clinical risk factors. Furthermore, a lack of clinical measure-
ments may increase the applicability of a lifestyle-only score
beyond the clinical setting. As a broader public health
screening tool, the risk score could be used to assess and
motivate a much larger audience who may not have labora-
tory-based measures available because of irregular checkups
or lack of health care resources.

Our diet score and final prediction model are not fully
inclusive of all lifestyle factors that are predictive of CVD.
Adults who have healthy levels of the behaviors included in
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Figure 3. Estimated 20-year risk of CVD for women (N=61 025) and men (N=34 478) across varying
lifestyle habits, relative to the healthiest lifestyle, according to the Healthy Heart Score. Healthiest lifestyle:
never smoker, BMI: 23 kg/mz, moderate exercise: 3.5 hours per week, moderate alcohol: 15 g/day in
women and 30 g/day in men, diet score: 5 points; average lifestyle: never smoker, BMI: 28 kg/m?,
moderate exercise: 1.5 hours per week, moderate alcohol: 5 g/day, diet score: 2.5 points; least healthy
lifestyle: never smoker, BMI: 35 kg/mz, moderate exercise: 0 hours per week, moderate alcohol: 0 g/day,
diet score: 0 points. BMI indicates body mass index; CVD, cardiovascular disease.

the lifestyle score likely adhere to other behaviors associated
with lower risk of CVD, such as good sleep habits,? less time
spent in sedentary behavior,”® low intake of sodium®* and
trans fat,>® and high intake of marine n-3 fatty acids.’® We
created the most parsimonious, rather than comprehensive,
model for CVD risk prediction to identify the most critical
factors necessary to assess CVD risk. Thus, the physicians
need to inquire about only 3 lifestyle factors and 6 dietary
components, avoiding the use of a long FFQ and minimizing
the burden of data collection on both the patient and clinician.

The Healthy Heart Score predicts total ischemic CVD risk,
although the underlying etiology of CHD and stroke differ.
Thus, some of the disparities in the model performance
between the cohorts may be explained by the different
distribution of the CVD endpoints. However, from a public
health perspective, the similarities for CHD and stroke
prevention provide strong rationale for the prediction of total
ischemic CVD,?® rather than developing individual prediction
models. The model performance among men was modest, and
better in women, likely because some risk factors were more

strongly associated with risk among women. Additional
studies are warranted to determine whether these differences
are an artifact of the population characteristics or true
biological difference between genders.

The NHS and HPFS are the ideal populations to develop a
lifestyle-based long-term CVD prediction algorithm given the
long and rigorous follow-up over 20 years, which is particu-
larly important in the setting of primordial prevention.
Furthermore, we have detailed assessment of numerous diet
and lifestyle factors across a broad range of values. Given the
large sample size, we were able to validate the risk scores in
an independent subset of the populations. Additionally, we
estimated CVD risk empirically as a direct function of
individual lifestyle risk factors, accounting for the impact of
all lifestyle factors simultaneously and the gradient in risk
across the full distribution of lifestyle factor levels, in contrast
to other calculators that were based on risk estimates from
the published literature, have not been independently vali-
dated in terms of CVD risk prediction and use simple
categorization of lifestyle factors.*?>°
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Our study has limitations that warrant discussion. First, we
derived these risk equations using conditional models, and
though the relative risks for the lifestyle factors are valid, we
recognize that absolute risk in these cohorts may be
overestimated. However, in contrast, the absolute risk of
CVD among these primarily Caucasian health professionals,
within a narrow socioeconomic status (SES) range, is likely
lower than the risk of CVD in the general population. To
address these concerns, we present the 20-year risk of CVD,
relative to a healthy lifestyle, in Figure 3, as well as in the
accompanying online calculator. Second, the prediction
models were developed in homogenous populations. Before
a risk tool can be used in the clinical setting, it is imperative
to evaluate its performance in external populations, partic-
ularly in populations with diversity in race, SES, and
education. Although we would expect the underlying biology
of these lifestyle factors to be similar across these demo-
graphics, simple calibration or potential re-estimation may be
required to estimate risk in more-diverse populations accu-
rately. Importantly, other clinical risk scores, such as the FRS
and Reynolds Risk Score, were developed in nonrepresenta-
tive populations, yet are commonly used. Additionally, we
lack direct measures of clinical risk factors and biomarkers
used in other clinical prediction algorithms, and thus we
cannot compare directly the predictive ability of the lifestyle
model to existing risk models in these populations. Finally,
we were unable to develop this primordial prevention risk
score among individuals with no clinical risk factors (HTN and
hypercholesterolemia or high cholesterol) as a result of the
decreased precision with fewer CVD cases.

Conclusion

Despite being the leading cause of mortality and morbidity,
CVD is largely preventable through primordial and primary
prevention.®” Current clinical practice focuses on the primary
prevention of CVD events among asymptomatic, but high-risk,
individuals. The Healthy Heart Score, based on smoking
status, BMI, physical activity, dietary intake, and alcohol
consumption, could serve as an important tool for the long-
term prevention of CVD, which is needed to achieve optimal
population-wide CV health.
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