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A B S T R A C T

Introduction and Objectives: The Healthy Heart Score (HHS) is a lifestyle-based equation for predicting

cardiovascular disease (CVD) risk and may serve as a tool in primordial prevention. However, its

performance outside North American populations is unknown. This study assessed the performance of

the HHS for estimating CVD mortality in the adult population of Spain.

Methods: We analyzed data from the ENRICA cohort, comprising 10 228 participants free of chronic

disease and representative of the Spanish population aged � 18-years, who were recruited from 2008 to

2010 and were followed up to 2020. The HHS includes body mass index, alcohol, physical activity,

smoking, and a 5-component dietary score. The HHS was calculated at baseline using the sex-specific

beta coefficients from the original development cohorts. Model discrimination was assessed using the

Harrell c-statistic and Gonen-Heller c-statistic for survival data, and calibration was evaluated through

calibration plots.

Results: After a median follow-up of 11.8 years, 110 CVD deaths were ascertained. The discrimination of

the HHS was similar for women (Harrell c, 0.91; 95%CI, 0.87-0.95; Gonen-Heller-c, 0.85; 95%CI, 0.83-

0.88) and men (Harrell c, 0.91; 95%CI, 0.88-0.94; Gonen-Heller c: 0.85; 95%CI, 0.83-0.88). After

recalibration by the sex-specific baseline survival function, the calibration became optimal for: a) all

deciles of predicted CVD risk except the highest decile, where HHS underestimated the risk, and b) all age

groups except 70 years and older, where there was an underestimation.

Conclusions: In this Spanish cohort, the HHS showed good discrimination and calibration for predicting

CVD death. The performance of HHS in other European populations and its implementation in the clinical

setting warrants further investigation.
�C 2022 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

Rendimiento y validación del Test del Corazón Saludable para la predicción de
mortalidad cardiovascular en población mediterránea a escala nacional
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R E S U M E N

Introducción y objetivos: El Test del Corazón Saludable (TCS) es una ecuación basada en el estilo de vida

para predecir el riesgo de enfermedad cardiovascular (ECV). Se desconoce su validez fuera de población

norteamericana. Este estudio evaluó el rendimiento y la validación externa del TCS para estimar la

mortalidad cardiovascular en población adulta representativa de España.

Métodos: Usamos la cohorte ENRICA, compuesta por 10.228 participantes libres de enfermedad crónica

y representativos de la población española � 18 años, reclutados en 2008-2010 y seguidos hasta 2020. El

TCS incluye ı́ndice de masa corporal, alcohol, actividad fı́sica, tabaco y dieta y se calculó utilizando los

beta-coeficientes especı́ficos para cada sexo de las cohortes de desarrollo originales. La discriminación
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of disease

burden worldwide, impacting on millions of people’s lives daily

and representing about one third of total deaths.1,2 This remains

evident despite the decline in CVD mortality over the last decades

in many countries, due to improved primary prevention and

management.3 The latter usually means prescribing drug therapy;

however, this is costly, has well recognized adverse effects, and

does not completely eliminate the detrimental effects of having

developed biological risk factors.4Moreover, a certain deceleration

in CVD decline is being observed in a number of regions, which may

be partially due to the obesity epidemic.3Given that obesity mostly

results from unhealthy behaviors, and the long-term effectiveness

of treatment for obesity is unclear, progress in CVD control requires

a greater focus on primordial prevention through lifestyle

intervention.

There are many tools for estimating CVD risk based on risk

factors (eg, smoking, blood pressure, and blood lipids), including

the Framingham, FRESCO, GLOBORISK, SCORE, or Pooled Cohort

equations.5–12 The European Society of Cardiology, the American

Heart Association, and the American College of Cardiology support

this type of tool in their clinical practice guidelines. However,

atherosclerosis, a precursor to CVD, develops over decades,13 and

biological risk factors in mid-adulthood are associated with a

substantial short-term risk of CVD.14,15 By contrast, risk models

that include only lifestyle behaviors are scarce, focus on the long-

term CVD risk, and are better suited for primordial CVD prevention.

The Healthy Heart Score (HHS) is a tool for predicting the 20-year

risk of CVD based on 9 modifiable behavioral factors: smoking,

alcohol intake, body mass index (BMI), physical activity, and

5 dietary components. This tool has been derived and validated in

2 large cohorts of health professionals (Nurses’ Health Study [NHS],

and Health Professionals Follow-up Study [HPFS]) showing good

discrimination, fit, and calibration.16Additionally, the HHS showed

moderately good performance in another external younger

population, especially among individuals without clinical risk

factors and white vs blacks17 but it did not seem to improve

prediction of mid-life CVD events beyond what is obtained by age

alone in African American individuals.18

For the HHS to be disseminated and used, it is important to

show its validity in populations beyond those in North America.

Thus, the aim of this study was to assess the performance of the

HHS for estimating CVD mortality in the adult population of Spain;

this is of interest because, unlike the US population, Spain and

other Mediterranean countries have very low CVD mortality.

Indeed, the age-standardized CVD mortality in 2019 in Spain was

107/100 000 habitants vs 157/100 000 in the United States.19

METHODS

Study design and participants

Data were collected from the participants in the ENRICA study, a

prospective cohort designed to study CVD risk factors.20 The study

comprises 13 105 individuals representative of the noninstitu-

tionalized Spanish population aged 18 years or older. Details on

study design and data collection have been reported elsewhere.20

Briefly, the sample was selected using stratified cluster sampling.20

Baseline data collection was carried out between June 2008 and

October 2010 in 3 sequential steps.20 First, trained personnel

conducted a telephone interview on sociodemographic factors,

CVD risk factors, health behaviors, and morbidity. Second, trained

nurses obtained blood and urine samples in a first home visit; and

finally, a physical examination and a face-to-face diet history were

performed in a second home visit.20

Healthy Heart Score

The HHS was developed to predict 20-year risk of CVD

separately for women and men.16 This tool was the most

parsimonious, rather than comprehensive, model for predicting

CVD risk and the 9 components selected were: smoking status,

BMI, physical activity, intake of cereal fiber, fruit and vegetables,

red and processed meat, nuts, sugar-sweetened beverages, and

alcohol consumption (figure 1 of the supplementary data). All data

required deriving the original sex-specific beta coefficients in

ENRICA, which were measured at baseline (2008-2010). The

dietary components of HHS were estimated from food consump-

tion over the preceding year obtained with a validated electronic

diet history,21 where participants could report up to 861 foods and

recipes commonly consumed in Spain. Portion sizes were

estimated with the help of 127 digitized photographs and

household measures. Leisure-time physical activity was assessed

with the Spanish-validated version of the EPIC-cohort question-

naire,22which we used to calculate moderate-to-vigorous physical

activity (3 to 6 metabolic equivalent tasks). BMI was calculated as

weight (in kilograms) divided by height (in meters) squared.

del modelo se evaluó utilizando el estadı́stico C-Harrell y C-Gonen, y la calibración se evaluó mediante

gráficos de calibración.

Resultados: Tras 11,8 años de seguimiento, se determinaron 110 muertes por ECV. La discriminación del

TCS fue similar para mujeres (C-Harrell = 0,91; IC95%, 0,87-0,95; C-Gonen-Heller = 0,85; IC95%, 0,83-

0,88) y hombres (C-Harrell = 0,91; IC95%, 0,88-0,94]; C-Gonen-Heller = 0,85; IC95%, 0,83-0,88). Después

de recalibrar por la supervivencia basal especı́fica de nuestra población, la calibración fue óptima para: a)

todos los deciles de riesgo de ECV pronosticado excepto el más alto, donde TCS subestimó el riesgo y b)

todos los grupos de edad excepto para 70 o más años, donde hubo una subestimación.

Conclusiones: En esta cohorte española, el TCS mostró una buena discriminación y calibración para

predecir muerte por ECV. Su rendimiento en otras poblaciones europeas y su implementación en el

entorno clı́nico requiere investigación.
�C 2022 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Abbreviations

BMI: body mass index

CVD: cardiovascular disease

HHS: Healthy Heart Score

METs: metabolic equivalent tasks
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Grams of alcohol consumed were estimated from the diet history

using standard food composition tables.21 Self-reported informa-

tion on age, sex, and smoking status was collected during the

telephone interview. Finally, a higher overall HHS indicated higher

risk for CVD.

Ascertainment of cardiovascular mortality

The main outcome of this study was CVD death; a secondary

outcome was all-cause death. Vital status and date of death were

retrieved from the National Death Index of Spain, while cause of

death was obtained from death certificates collected by the

National Institute of Statistics of Spain23; the causes of death were

coded by trained nosologists according to the International

Classification of Diseases, 10th revision.24 We considered deaths

coded from I00 to I99 as deaths from CVD. Matching to the

databases was made by investigators blinded to the predictor data

using combinations of first and last names, birthdates, and national

identity card numbers.25 Length of follow-up was time between

the telephone phone interview and date of death or administrative

censoring (December 31st, 2020, for CVD mortality; January 31st,

2022 for all-cause mortality), whichever came first.

Statistical methods

We followed a complete-case analysis approach using all

available observations with complete data on outcomes and

predictors. Thus, of the 13 105 participants, those with missing

data on smoking status (n = 43), BMI (n = 952), alcohol consump-

tion (n = 111) or energy intake (n = 58) were sequentially excluded,

leaving a first analytical sample (hereinafter overall cohort) of 11

941 participants (figure 2 of the supplementary data). A second

analytical sample was obtained by additionally excluding those

with chronic conditions at baseline (type 2 diabetes [n = 790], CVD

[n = 192], lung disease [n = 642], cancer [n = 89]), leaving 10

228 participants (4794 men, 5434 women) (figure 2 of the

supplementary). Participant characteristics were summarized

using descriptive statistics including the mean � standard devia-

tion (SD) for continuous variables, and absolute and relative

frequencies for categorical variables.

The performance of the HHS in ENRICA participants to predict

12-year CVD mortality was estimated using sex-specific beta-

coefficients (figure 1 of the supplementary), and assuming half of

the baseline hazards, derived within the NHS (women) and HPFS

(men), due to the difference in follow-up (12 years vs 20 years).

Evaluation of performance was based on the discrimination and

calibration of the model. Model discrimination was assessed using

the Harrell c-statistic for survival data and its 95% confidence

interval, with values between 0 and 1 (values closer to 1 indicated

better discrimination). We also calculated the Gonen-Heller c-

statistic with its 95% confidence interval to account for possible

bias due to the censoring pattern, as has been previously

suggested.26 Model calibration was assessed using calibration

slopes and visualized through calibration plots representing the

average predicted risk against the observed risk in deciles. Since

the HHS model was developed for a longer-term risk (20 years), for

CVD incidence, and in a population with baseline hazard different

to that in Spain, we considered the recalibration based on the

baseline hazard risk of our population without modifying the

specific beta coefficients (figure 3 of the supplementary). We

estimated model calibration and discrimination of the calibrated

HHS using the same procedures. Finally, we evaluated the

calibration performance of the HHS and HHS-cardiovascular

disease model (CVDm) by age groups.

We conducted several sensitivity analyses: we evaluated the

calibration performance of the HHS and HHS-CVDm by categories

of risk defined by the European Society of Cardiology Guidelines.27

Because the baseline CVD-free survival at 12 years in the original

HHS was unknown, we estimated model performance for several

scenarios, assuming that a) all events occurred in the first 12-years

of follow-up (ie, the same baseline CVD-free survival at 12 years as

at 20 years [0.966 for women and 0.964 for men]), and b) all events

occurred beyond 12 years of follow-up (ie, baseline CVD-free

survival at 12 years was close to 1). Finally, we repeated all

described procedures to evaluate the predictive performance of the

HHS on all-cause mortality.

Analyses were performed using Stata version 16.0 (Stata-Corp

LLC, College Station, United States). All P-values were considered

statistically significant at P < .05 (2-sided).

Ethics

The study was approved by the Clinical Research Ethics

Committee of La Paz University Hospital in Madrid (Trial

registration: NCT02804672), and study participants gave written

informed consent.

RESULTS

Baseline characteristics

Baseline characteristics of the 11 941 overall participants, the

10 228 participants without chronic diseases, and the excluded

participants are presented in table 1. The mean age at baseline was

47.1 � 16.5 years for men and 47.7 � 16.9 years for women in the

overall cohort and was 45.3 � 15.8 years and 46.1 � 16.3 years,

respectively, in the participants without chronic diseases. In both

analytic samples, �53% were women. Overall, the participants

without chronic diseases were younger and had a slightly lower

HHS (better) than the overall cohort. No major significant differences

were found between included and excluded participants. Compared

with the original cohorts in which the HHS was developed, our

participants were younger, with higher BMI, higher consumption of

cereal fiber, and lower consumption of fruits and vegetables (table

1 of the supplementary data). In addition, men were more physically

active and more likely to be current smokers. The main baseline

differences between other cohorts where the HHS has been validated

(CARDIA17 and the Jackson Heart Study18) and the ENRICA cohort are

presented in table1 of the supplementary data.

Healthy Heart Score model validation

After a median follow-up of 11.8 [range 0.9-13.4] years, there

were 211 CVD deaths (112 men, 99 women). In those without

chronic diseases, 110 CVD deaths (59 men, 51 women) were

ascertained. The discrimination of the HHS was similar for women

(Harrell c-statistic, 0.91; 95%CI, 0.88-0.94) and men (Harrell c-

statistic, 0.89; 95%CI, 0.87-0.91) in the overall cohort; however,

discrimination was the same for men and women without chronic

diseases (Harrell c-statistic, 0.91; 95%CI, 0.88-0.94 for men, and

Harrell c-statistic, 0.91; 95%CI, 0.87-0.95 for women) (table 2). The

Gonen-Heller c-statistic followed the same pattern but was

consistently lower in all cases (Gonen-Heller c-statistic, 0.85;

95%CI, 0.83-0.88 for men, and Gonen-Heller c-statistic, 0.85; 95%CI,

0.83-0.88) for women (table 2). The original HHS had a poor

calibration performance in both the overall cohort (slope, 1.48;

95%CI, 1.25-1.71 for men, and slope, 1.28 95%CI, 1.10-1.46 for

women) and in those without prior chronic diseases (1.61; 95%CI,
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1.30-1.92 for men, and 1.28 95%CI, 1.04-1.52 for women) (table 2).

It consistently overestimated the risk of CVD mortality for men and

women, particularly among the highest deciles of predicted risk

(figure 1).

We recalibrated the HHS using our sex-specific baseline CVD

survival function (HHS-CVDm) (figure 3 of the supplementary

data). The HHS-CVDm calibration became optimal for all but the

highest decile of predicted CVD risk of both men and women,

where the calibrated HHS underestimated the risk (figure 2).

Additionally, the observed and predicted risks of the HHS-CVDm

were similar across all age groups except for those > 70 years

where there was an underestimation, especially in women (figure

3).

In addition, the mean predicted risks became closer to the

observed risks for both risk categories (< 2.5% and � 2.5%) when

using the HHS-CVDm (table 3).

Sensitivity analysis

In sensitivity analysis, we assessed the performance of the HHS

in our population assuming alternative extreme scenarios of

survival function of CVD at 12 years (figure 4 and 5 of the

supplementary data). Similar results were observed when we used

the HHS to predict all-cause mortality over a median 12.9 years of

follow-up with 938 all-cause deaths (525 men, 413 women).

Although the original HHS showed good discrimination for men

and women in both the overall cohort and in those without chronic

diseases (table 2 of the supplementary data), its calibration

performance was poor across most deciles of predicted risk (figure

6 of the supplementary data) but improved to optimal when offset

by the baseline survival hazard (figure 7 of the supplementary

data).

DISCUSSION

In this nationally representative cohort of Spanish adults, the

HHS for estimating 12-year CVD mortality showed good discrimi-

nation in the overall cohort and among those free of important

chronic diseases, which was comparable to that in the original

derivation cohorts (ENRICA c-statistic for men 0.89 and for women

0.91; HPFS, 0.72; NHS, 0.77)16 or for other well-known CVD risk

scores (eg, ESC-SCORE-2 C-indices ranged from 0.67 to 0.81;

Framingham-REGICOR: 0.78 in men and 0.82 in women).28–31 A

potential explanation is that our study was based on 12-year

prediction, which may naturally render better results than those

from 20-year prediction. Using the same original baseline survival

Table 1

Baseline characteristics of ENRICA cohort participants by sexa

Overall cohort Participants without prior chronic diseasesb Excludedc

Total Men Women Total Men Women Total

Participants 11 941 (100) 5649 (47) 6292 (53) 10 228 (100) 4794 (47) 5434 (53) 1164 (100)

Age, y 47.4 � 16.7 47.1 � 16.5 47.7 � 16.9 45.7 � 16.1 45.3 � 15.8 46.1 � 16.3 45.8 � 17.4

Smoking

Never 5687 (48) 2185 (39) 3502 (56) 4888 (48) 1928 (40) 2960 (54) 520 (45)

Past 3024 (25) 1818 (32) 1206 (19) 2492 (24) 1426 (30) 1066 (20) 263 (23)

Current 3230 (27) 1646 (29) 1584 (25) 2848 (28) 1440 (30) 1408 (26) 338 (29)

Body mass index, kg/m2 26.8 � 4.7 27.5 � 4.0 26.2 � 5.1 26.5 � 4.5 27.2 � 3.9 25.9 � 4.8 27.2 � 5.1

Physical activity, h/wk 3.0 � 3.6 4.2 � 4.2 1.9 � 2.3 3.1 � 3.6 4.4 � 4.2 1.9 � 2.3 2.8 � 3.6

Alcohol, g/d 8.8 � 15.5 13.6 � 19.0 4.4 � 9.6 8.7 � 15.3 13.5 � 18.9 4.5 � 9.5 8.9 � 22.3

Dietary components, serving/d

Fruit and vegetables 3.1 � 1.7 3.0 � 1.7 3.1 � 1.6 3.0 � 1.6 3.0 � 1.7 3.0 � 1.6 -

Sugar-sweetened beverages 0.6 � 1.0 0.6 � 1.1 0.5 � 0.9 0.6 � 1.0 0.6 � 1.1 0.5 � 0.9 -

Red and processed meats 1.4 � 1.1 1.7 � 1.3 1.2 � 1.0 1.4 � 1.1 1.7 � 1.3 1.2 � 0.9 -

Cereal fiber, g/d 8.5 � 4.5 9.1 � 4.4 8.0 � 4.5 8.6 � 4.5 9.2 � 4.4 8.1 � 4.5 -

Nuts 0.2 � 0.5 0.2 � 0.5 0.2 � 0.5 0.2 � 0.5 0.2 � 0.5 0.2 � 0.5 -

Dietary score 0.8 � 2.7 0.1 � 2.2 1.5 � 2.9 0.8 � 2.7 0.1 � 2.2 1.5 � 2.9 -

Healthy Heart Score 6.8 � 1.7 7.2 � 1.5 6.5 � 1.9 6.6 � 1.7 7.0 � 1.5 6.3 � 1.8 -

Chronic conditions

Type 2 diabetes 790 (6.6) 459 (8.1) 331 (5.3) - - - 80 (6.9)

Cardiovascular disease 260 (2.2) 135 (2.4) 125 (2.0) - - - 26 (2.2)

Lung disease 728 (6.1) 308 (5.5) 420 (6.7) - - - 76 (6.5)

Cancer 126 (1.1) 56 (1.0) 70 (1.1) - - - 14 (1.2)

Other CVD risk factors

Systolic blood pressure, mmHg 128.7 � 17.6 133.9 � 15.8 124.0 � 17.9 127.5 � 17.0 133.0 � 15.1 122.6 � 17

Diastolic blood pressure, mmHg 75.9 � 10.0 78.0 � 10.2 74.0 � 9.5 75.7 � 10.0 78.0 � 10.1 73.7 � 9.5

Total cholesterol, mg/dL 197.3 � 38.1 195.2 � 38.7 199.1 � 37.5 197.7 � 37.9 196.5 � 38.3 198.7 � 37.5

HDL cholesterol, mg/dL 53.4 � 14.4 46.9 � 11.4 59.2 � 14.3 53.8 � 14.3 47.2 � 11.1 59.6 � 14.2

LDL cholesterol, mg/dL 122.0 � 31.7 123.2 � 31.9 120.9 � 31.5 122.6 � 31.6 124.6 � 31.6 120.8 � 31.4

a The data are expressed as mean � standard deviation or No. (%).
b Participants free of type 2 diabetes, cardiovascular disease (myocardial infarction, heart failure, stroke), lung disease (asthma, chronic obstructive pulmonary disease),

and cancer at baseline.
c Participants with missing data on outcome or predictors.
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and sex-specific beta coefficients for the cohorts on which the HHS

was developed, the calibration was poor but substantially

improved when we offset the baseline survival function to our

population (figure 4). This result was expected, given that baseline

CVD risk differs between populations. In this regard, the calibration

of risk prediction tools in other populations have also used the

baseline survival function for the population under study.6 Indeed,

life expectancy at birth was 83.2 years in Spain and was 78.4 years

in the United States32; in addition, Spanish age-standardized CVD

mortality rates are among the lowest in Europe33 and much lower

than in United States.19 Thus, it is not surprising that the original

HHS overestimated the risk in our population similar to other risk

equations developed in Anglo-Saxon countries, such as the

Framingham equation, which overestimated the risk in the

southern European/Mediterranean populations.6 In addition,

although the original HHS was developed to estimate CVD

incidence but not CVD mortality, and the former is more frequent

than the latter, it is known that most of the HHS components are

risk factors for both CVD and CVD deaths and even other chronic

diseases. Nonetheless, the calibration results were very good when

we offset the baseline hazard. In addition, the performance was

good even among persons classified as low CVD risk (< 2.5%). This

is important because even when the mid-term risk is low, the long-

term CVD risk can be high, which corresponds to most people who

should be targeted for primordial prevention.

Of note is that after recalibrating by the sex-specific baseline

survival function, the calibration became good for a) all but the

highest decile of predicted CVD risk, where the calibrated HHS

underestimated the risk, and b) all age groups except in those

aged > 70 years where there was an underestimation. In general,

CVD risk prediction becomes increasingly difficult as age increases,

because age is progressively more important than lifestyle

Table 2

Performance of the HHS in CVD mortality prediction at median follow-up (12 years) in the ENRICA cohort

Men Women

Total (n = 5649) Total (n = 6292)

Overall cohort

CVD mortality 112 (1.98) 99 (1.57)

HHS association 4.38 (3.49-5.50) 3.60 (3.00-4.32)

Calibration

Slope 1.48 (1.25-1.71) 1.28 (1.10-1.46)

Discrimination

Harrel c-statistic 0.89 (0.87-0.91) 0.91 (0.88-0.94)

Gonen & Heller smoothed c-statistic 0.85 (0.83-0.87) 0.86 (0.84-0.87)

Participants without prior chronic diseases* Total (n = 4794) Total (n = 5434)

CVD mortality 59 (1.23) 51 (0.94)

HHS association, HR (95%CI) 5.01 (3.68-6.81) 3.59 (2.81-4.59)

Calibration

Slope 1.61 (1.30-1.92) 1.28 (1.04-1.52)

Discrimination

Harrel c-statistic 0.91 (0.88-0.94) 0.91 (0.87-0.95)

Gonen & Heller smoothed c-statistic 0.85 (0.83-0.88) 0.85 (0.83-0.88)

95%CI, confidence interval; CVD, cardiovascular disease; HHS, Healthy Hearth Score; HR, hazard ratio.

Unless otherwise indicated, the data are expressed as No. (%) or as c-statistic (95%CI).
* Participants free of type 2 diabetes, cardiovascular disease (myocardial infarction, heart failure, stroke), lung disease (asthma, chronic obstructive pulmonary disease),

and cancer at baseline.

Figure 1. Calibration plots (95%CI) of HHS for the prediction of CVD mortality among ENRICA participants (median follow-up of 12 years) assuming the baseline

survival function at 12 years in the original development cohorts is half than that at 20 yearsa.
aParticipants free of type 2 diabetes, cardiovascular disease (myocardial infarction, heart failure, stroke), lung disease (asthma, chronic obstructive pulmonary

disease), and cancer at baseline.
bn = 211 / n = 11 941 (men 112/5649, women 99/6292).
cn = 110 / n = 10 228 (men 59/4794, women 51/5434). Baseline survival function for men, 0.98184; Baseline survival function for women 0.983.

95%CI, 95% confidence interval; CVD, cardiovascular disease; CVDm, cardiovascular disease model; HHS, Healthy Hearth Score.
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behaviors as a risk factor; moreover, many older indivuals are

frequently under drug treatment to lower blood pressure or

cholesterol levels; in this context, the ability of lifestyle to predict

CVD death can be diminished by risk factor therapy.

External validation of the HHS is a required first step toward

acceptance of a model in clinical or public health practice.34

Although the HHS was internally validated in the NHS and HPFS

cohorts, currently its performance has been externally assessed in

younger populations17 and in African Americans.18 This is the first

time that the HHS has been validated in a population outside North

America. The fact that we did not adjust the beta coefficients, nor

the variables selected, allows for the broader use of the original

HHS model; failing in the validation process would have required

creating a different score, which reduces the simplicity of using a

single score across the population and even outcomes. Indeed,

previous research has shown that the HHS has been associated

with multiple outcomes beyond CVD including diabetes, hyper-

cholesterolemia, hypertension,35 all-cause, CVD and cancer

death,36 and frailty.37 Hence, it is not surprising that the HHS

also predicted all-cause mortality in our cohort. These results

provide evidence that many of the behaviors that increase CVD risk

are also underlying risk factors for other diseases, which is

clinically important because an individual can be advised to adopt

a set of behaviors to prevent a number of different adverse health

outcomes and not only CVD.

Clinical application

One of the strengths of the HHS vs other risk equations is that it

only includes modifiable lifestyle factors and there is no need for

laboratory measurements to calculate risk. This is a strategic

Figure 2. Calibration plots (95%CI) of the HHS-CVDm for the prediction of CVD mortality at median follow-up (12 years) among the overall ENRICA cohort and for a

subset of participants without chronic diseasesa recalibrating by the baseline survival function of the ENRICA cohort.
aParticipants free of type 2 diabetes, cardiovascular disease (myocardial infarction, heart failure, stroke), lung disease (asthma, chronic obstructive pulmonary

disease), and cancer at baseline.
bn = 211 / N = 11 941 (men 112/5649, women 99/6292).
cn = 110 / N = 10 228 (men 59/4794, women 51/5434). Baseline survival function for men, 0.9999935; Baseline survival function for women 0.9999937.

95%CI, confidence interval; CVD, cardiovascular disease; CVDm, cardiovascular disease model; HHS, Healthy Hearth Score.

Figure 3. Calibration of the HHS-CVDm across different age groups in men and women. HHS, Healthy Hearth Score; CVDm, cardiovascular disease model.
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advantage for its usefulness in the clinical setting, particularly in

low- and middle-income countries with poor access to laboratory

services. In addition, the HHS focuses on the most critical health

behaviors that can be individually monitored to help improve CVD

health, either in nonclinical settings or within health promotion

clinics, including in routine work-related health checkups. In

addition, while some of the barriers for implementing tools in

clinical practice is ‘‘time’’, a previous qualitative study to assess the

strengths, weaknesses and clinical usefulness of this tool among

patients and health providers reported an average of 4 minutes to

finalize the assessment and the results supported the use of the

HHS as a CVD primordial prevention tool.38

Table 3

Calibration performance of the HHS and HHS-CVDm mortality prediction at median follow-up (12 years) in the overall ENRICA cohort and in participants without

prior chronic disease by risk categories from the calibrated HHS

Low risk (< 2.5%) High risk (� 2.5%)

Men Women Men Women

Overall cohorta

Events/participants 12/4023 13/5101 100/1626 86/1191

Observed risk 0.3 (0.2-0.6) 0.3 (0.2-0.4) 7.1 (5.8-8.6) 8.6 (7.0-10.7)

Mean predicted risk

HHS 2.8 (2.75-2.91) 3.7 (3.6-3.8) 20.5 (20.0-21.0) 38.4 (37.3-39.4)

HHS-CVDm 0.71 (0.69-0.73) 0.5 (0.49-0.52) 5.6 (5.5-5.8) 6.9 (6.6-7.2)

Discrimination

Harrel c-statistic 0.85 (0.79-0.91) 0.77 (0.66-0.88) 0.70 (0.65-0.75) 0.74 (0.68-0.79)

Gonen & Heller smoothed c-statistic 0.84 (0.77-0.92) 0.76 (0.66-0.86) 0.66 (0.62-0.69) 0.68 (0.65-0.72)

Participants without prior chronic diseaseb

Events/participants 7/3699 8/4609 52/1125 43/825

Observed risk 0.2 (0.1-0.4) 0.2 (0.1-0.4) 5.2 (3.9-6.8) 6.3 (4.6-8.5)

Mean predicted risk

HHS 2.73 (2.65-2.81) 3.5 (3.4-3.6) 19.4 (18.9-19.9) 37.1 (35.9-38.3)

HHS-CVDm 0.68 (0.66-0.71) 0.48 (0.46-0.49) 5.3 (5.1-5.5) 6.6 (6.2-6.9)

Discrimination

Harrel c-statistic 0.86 (0.78-0.94) 0.72 (0.57-0.88) 0.74 (0.67-0.80) 0.74 (0.67-0.82)

Gonen & Heller smoothed c-statistic 0.85 (0.76-0.94) 0.72 (0.58-0.87) 0.67 (0.62-0.71) 0.68 (0.64-0.73)

95%CI, confidence interval; CVD, cardiovascular disease; CVDm, cardiovascular disease model; HHS, Healthy Hearth Score.

The data are presented as % (95%CI) or c-statistic (95%CI).

Risk categories based on the cutoff proposed by European Society of Cardiology Guidelines28

a Male (n = 5649), female (n = 6292).
b Male (n = 4794), female (n = 5434).

Figure 4. Central illustration. The Healthy Heart Score is a lifestyle CVD risk prediction model that includes a set of modifiable lifestyle behaviors, namely smoking

status, body mass index, physical activity, and a 5-component dietary score. The beta coefficients are sex-specific and were originally developed and validated in the

Nurses’ Health Study and Health Professional follow-up. Using the original sex-specific beta coefficients, the performance in an external, representative Spanish

population, showed good discrimination but poor calibration. After adjustment for the Spanish baseline survival, the HHS showed adequate calibration.

CVD, cardiovascular disease; HHS, Healthy Hearth Score.

M. Sotos-Prieto et al. / Rev Esp Cardiol. 2023;76(6):444–452450



Limitations

There were differences in the follow-up time (20 years in the

developmental cohorts vs 12-years in our cohort) and outcome

(CVD incidence vs CVD deaths) between de NHS and HPFS cohorts

in the United States and the ENRICA cohort in Spain. However, we

simulated different scenarios with different baseline hazards and,

when we additionally offset the baseline survival function, a good

HHS performance in the ENRICA cohort was achieved without

requiring further adjustments. Furthermore, although information

on more than 90% of the total cohort participants was analyzed,

most of the exclusions were due to missing data on BMI. Since this

is an important risk factor for CVD incidence and mortality, by

excluding these participants, we could have introduced some bias

in our estimates; however there were no major differences

between included and excluded participants. Finally, the resulting

limited number of CVD deaths might reduce the precision of our

estimates.

CONCLUSIONS

In this cohort, representative of the adult population of Spain,

the locally-calibrated HHS based on 9 modifiable lifestyle

behaviors, showed good discrimination and acceptable calibration

for predicting CVD mortality. Thus, this tool might be useful within

the context of a primordial CVD prevention strategy in Spain.

Nevertheless, its performance in other European populations and

the HHS implementation in the clinical setting warrants further

investigation.
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WHAT IS KNOWN ABOUT THE TOPIC?

- The HHS is a lifestyle CVD prediction model that showed

good calibration and validation in the Nurseś Health

Study and Health Professionals Follow-up (North

America)

- The HHS has been associated with multiple other

outcomes including frailty, diabetes, hypertension, high

blood cholesterol, and mortality.

WHAT DOES THIS STUDY ADD?

- This is the first time the HHS has been validated in an

external, Mediterranean population. The HHS showed

good discrimination and calibration for predicting CVD

death in a Spanish population

- External validation of the HHS is the first step for its

dissemination and translation to clinical practice.

- The HHS does not need laboratory measurements to

calculate risk, supporting its usefulness in the clinical

setting.

APPENDIX. SUPPLEMENTARY DATA

Supplementary data associated with this article can be found in

the online version, at https://doi.org/10.1016/j.rec.2022.10.009

REFERENCES

1. Roth GA, Johnson C, Abajobir A, et al. Global, Regional, and National Burden of
Cardiovascular Diseases for 10 Causes, 1990 to 2015. J Am Coll Cardiol. 2017;70:1–
25.

2. IHME Viz Hub. GBD Compare. 2022. Available at: http://vizhub.healthdata.org/
gbd-compare. Consulted 14 Oct 2022.

3. Goff DC, Khan SS, Lloyd-Jones D, et al. Bending the Curve in Cardiovascular Disease
Mortality: Bethesda + 40 and Beyond. Circulation. 2021;143:837–851.

4. Castellano Vázquez JM, Fernández Alvira JM, Fuster V. Primordial prevention:
paramount in cardiovascular prevention. Rev Esp Cardiol. 2020;73:194–196.

5. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, May M, Brindle P. Derivation
and validation of QRISK, a new cardiovascular disease risk score for the United
Kingdom: prospective open cohort study. BMJ. 2007;335:136.

6. Conroy RM, Pyorala K, Fitzgerald AP, et al. Estimation of ten-year risk of fatal
cardiovascular disease in Europe: the SCORE project. Eur Heart J. 2003;24:987–
1003.

7. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB.
Prediction of coronary heart disease using risk factor categories. Circulation.
1998;97:1837–1847.

8. D’Agostino RB, Vasan RS, Pencina MJ, et al. General cardiovascular risk profile for
use in primary care: the Framingham Heart Study. Circulation. 2008;117:743–753.

9. Ridker PM, Buring JE, Rifai N, Cook NR. Development and validation of improved
algorithms for the assessment of global cardiovascular risk in women: the Rey-
nolds Risk Score. JAMA. 2007;297:611–619.

10. Marrugat J, Subirana I, Ramos R, et al. Derivation and validation of a set of 10-year
cardiovascular risk predictive functions in Spain: the FRESCO Study. Prev Med.
2014;61:66–74.

11. Gabriel R, Brotons C, Tormo MJ, et al. The ERICE-score: the new native cardiovas-
cular score for the low-risk and aged Mediterranean population of Spain. Rev Esp
Cardiol. 2015;68:205–215.

12. Ueda P, Woodward M, Lu Y, et al. Laboratory-based and office-based risk scores and
charts to predict 10-year risk of cardiovascular disease in 182 countries: a pooled
analysis of prospective cohorts and health surveys. Lancet Diabetes Endocrinol.
2017;5:196–213.

13. Goff DC, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA guideline on the
assessment of cardiovascular risk: a report of the American College of Cardiolo-
gy/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol.
2014;63:2935–2959.

14. Miura K, Daviglus ML, Dyer AR, et al. Relationship of blood pressure to 25-year
mortality due to coronary heart disease, cardiovascular diseases, and all causes in
young adult men: the Chicago Heart Association Detection Project in Industry. Arch
Intern Med. 2001;161:1501–1508.

M. Sotos-Prieto et al. / Rev Esp Cardiol. 2023;76(6):444–452 451

http://dx.doi.org/10.1016/j.rec.2022.10.009
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0195
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0195
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0195
http://vizhub.healthdata.org/gbd-compare
http://vizhub.healthdata.org/gbd-compare
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0205
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0205
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0210
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0210
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0215
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0215
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0215
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0220
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0220
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0220
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0225
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0225
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0225
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0230
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0230
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0235
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0235
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0235
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0240
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0240
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0240
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0245
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0245
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0245
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0250
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0250
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0250
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0250
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0255
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0255
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0255
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0255
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0260
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0260
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0260
http://refhub.elsevier.com/S1885-5857(22)00294-8/sbref0260


15. Stamler J, Daviglus ML, Garside DB, Dyer AR, Greenland P, Neaton JD. Relationship
of baseline serum cholesterol levels in 3 large cohorts of younger men to long-term
coronary, cardiovascular, and all-cause mortality and to longevity. JAMA.
2000;284:311–318.

16. Chiuve SE, Cook NR, Shay CM, et al. Lifestyle-based prediction model for the
prevention of CVD: the Healthy Heart Score. J Am Heart Assoc. 2014. http://
dx.doi.org/10.1161/JAHA.114.000954.

17. Gooding HC, Ning H, Gillman MW, et al. Application of a Lifestyle-Based Tool to
Estimate Premature Cardiovascular Disease Events in Young Adults: The Coronary
Artery Risk Development in Young Adults (CARDIA) Study. JAMA Intern Med.
2017;177:1354–1360.

18. Sotos-Prieto M, Zhao S, Kline D, et al. Application of a Lifestyle-Based Score to
Predict Cardiovascular Risk in African Americans: The Jackson Heart Study. J Clin
Med. 2021;10:2252.

19. Our World in Data. Death rate from cardiovascular disease. 2019. Available at:
https://ourworldindata.org/grapher/age-standardized-death-rate-cardiovascular-
disease. Consulted 14 Oct 2022.

20. Rodriguez-Artalejo F, Graciani A, Guallar-Castillon P, et al. Rationale and methods
of the study on nutrition and cardiovascular risk in Spain (ENRICA). Rev Esp Cardiol.
2011;64:876–882.

21. Guallar-Castillon P, Sagardui-Villamor J, Balboa-Castillo T, et al. Validity and
reproducibility of a Spanish dietary history. PLoS One. 2014. http://dx.doi.org/
10.1371/journal.pone.0086074.
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