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Abstract

Background and Aims: Despite the high burden of cardiovascular disease (CVD) in Latin America and the Caribbean
(LAC), risk prediction models adapted for use in LAC populations remain limited. The aim of this study was to
recalibrate the Systematic COronary Risk Evaluation 2 (SCORE2) risk models for estimating 10-year CVD risk in
individuals without prior CVD or diabetes mellitus in LAC, resulting in the SCORE2 Latin America and the Caribbean
(SCORE2-LAC) models.

Methods: Sex-specific, competing risk-adjusted SCORE2 models were recalibrated to contemporary CVD incidence
across four risk regions, defined by country-level age- and sex-standardized CVD mortality rates, using region-
specific risk factor distributions. Cardiovascular disease incidence was estimated from CVD mortality data and ratios
of the total first-to-fatal CVD events, derived from 40237 152 individuals (1261329 CVD events). External validation
included 132512 individuals without prior CVD or diabetes from 11 cohorts across seven countries (3938 CVD
events). Discrimination was assessed using Harrell’s C-index.

Results: In the external validation datasets, the pooled C-index of SCORE2-LAC was .740 [95% confidence interval (CI)
.716-.763], with cohort-specific C-indices ranging from .674 (95% Cl .588-.761) to .789 (95% CI .747-.831). Estimated
CVD risk varied several-fold across the four LAC risk regions. For a 50-year-old non-smoker with a systolic blood
pressure of 140 mmHg, total cholesterol of 213 mg/dL (5.5 mmol/L), and HDL cholesterol of 50 mg/dL (1.3 mmol/L),
the predicted risk ranged from 3% in low-risk countries to 10% in very-high-risk countries for women, and from 4%
to 10% for men.
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Conclusions: The SCORE2-LAC models provide region-specific contemporary estimates of 10-year CVD risk
in apparently healthy individuals, enabling identification of individuals at high CVD risk across LAC. Structured

Graphical Abstract.

Keywords: Risk estimation; Cardiovascular disease; Risk factors; Prospective studies.; Latin America and the

Caribbean.

Introduction

Cardiovascular diseases (CVDs), particularly ischaemic
heart disease and stroke, are the leading causes of death
worldwide, accounting for an estimated 8.9 million and 6.8
million deaths in 2023, respectively.! Guidelines recommend
the use of CVD risk prediction models to identify individuals
at elevated CVD risk and to guide preventive treatment
decisions.** These models integrate information on clinical
risk factors to typically estimate an individual’s 10-year
risk of fatal and non-fatal cardiovascular events, thereby
identifying those at elevated risk who are most likely to
derive absolute benefit from lifestyle modifications and early
risk factor treatment.>® For apparently healthy individuals,
the Systematic COronary Risk Evaluation 2 (SCORE2)
models were implemented in the 2021 European Society of
Cardiology (ESC) CVD prevention guidelines.2> Key strengths
of SCORE2 are its competing-risk adjustment and systematic
recalibration using population-level aggregate data. In this
recalibration approach, the original SCORE2 coefficients are
retained, while predicted risks are adapted to reflect local
CVD event rates and risk factor distributions. This approach
was initially applied across European risk regions and was
more recently used to develop the SCORE2 Asia-Pacific
models.>Z The broader validity of this modelling framework is
supported by a recent large multinational external validation,
in which SCORE2 showed generally good performance across
diverse geographical regions and clinical settings.®

In Latin America and the Caribbean (LAC), the burden of
CVD remains high, with premature mortality from ischaemic
heart disease continuing to rise over the past two decades.t
Despite this high burden of CVD, most existing risk prediction
models have been developed and validated primarily in
European or North American populations, with relatively
few data from LAC populations.”"" Since CVD event rates,
case fatality, and average risk factor levels vary over time and
across populations, models developed in one setting may
over- or underestimate risk when applied elsewhere. 1213
These differences are not fully captured by risk predictors, as
they also reflect broader variation in regional and population
characteristics, such as socioeconomic context, genetic
background, and healthcare systems.** Recalibration using
representative data is therefore required to ensure that
predicted risks accurately reflect contemporary CVD risk in
the target population.

The two regionally adapted CVD risk prediction models
currently available for use in LAC are the World Health
Organization (WHO) CVD risk charts and Globorisk-LAC.121>
SCORE2 Latin America and the Caribbean (SCORE2-LAC)
extends these existing approaches by applying the SCORE2

Arq Bras Cardiol. 2026; 123(9):e20260711

recalibration framework to contemporary CVD incidence
rates derived from large-scale data sources across LAC.
Rather than deriving a new prediction model, the original
SCORE2 coefficients were retained, while CVD risk estimates
were adapted to reflect differences in the underlying CVD
burden and risk factor distributions across LAC populations.
The framework also accounts for the competing risk of non-
CVD death, thereby limiting the potential overestimation
of CVD risk, particularly among older individuals and in
populations with high non-CVD mortality. In addition,
the availability of data from multiple LAC cohorts allowed
extensive external validation of the resulting models in local
populations.

The aim of this study was to recalibrate the SCORE2
models using age- and sex-specific CVD incidence and
risk factor distributions in LAC and to externally validate
the resulting SCORE2-LAC models for 10-year CVD risk
estimation in individuals without prior CVD or diabetes
mellitus.

Methods

Study design

The SCORE2-LAC project involved several stages (Figure 1).
First, four risk regions within LAC were defined based on
2019 WHO age- and sex-standardized CVD mortality
rates, serving as the basis for subsequent recalibration
of the SCORE2 models. Second, the original SCORE2
models were recalibrated within each risk region to
reflect contemporary circumstances in LAC using age- and
sex-specific CVD incidence and risk factor distributions.
Third, external performance of the recalibrated models
was assessed using individual participant data from cohort
studies. Performance was also compared with two existing
risk prediction models: the WHO CVD risk charts and
Globorisk-LAC.1%1> Fourth, risk charts were constructed by
estimating the CVD risk for specified risk factor profiles,
illustrating variation across risk regions. Finally, to illustrate
variation in CVD risk across LAC countries, the models were
applied to contemporary, country-specific risk factor levels
to estimate 10-year risk distributions and the proportion
of individuals in each risk category.

The original SCORE2 models were derived using individual-
participant data from 44 cohorts in the Emerging Risk Factor
Collaboration and the UK Biobank.2 For SCORE2-LAC, the
original SCORE2 model coefficients were recalibrated to LAC,
and no new model derivation was performed. The original
SCORE2 models are sex specific and estimate the 10-year risk
of a first non-fatal or fatal CVD event in individuals without
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Structured Graphical Abstract

Key Question
How can the 10-year cardiovascular disease (CVD) risk estimation for individuals without prior CVD or diabetes mellitus be improved
in Latin America and the Caribbean (LAC)?

Key Finding

The SCORE2 Latin America and the Caribbean (SCORE2-LAC) models were recalibrated to reflect sex-specific and competing risk-
adjusted CVD incidence in four LAC regions, resulting in a pooled C-index of 0.740. Risk varied significantly across LAC risk regions,
highlighting regional differences in CVD risk.

Take Home Message
The recalibrated SCORE2-LAC models provide region-specific and contemporary estimates of 10-year CVD risk in apparently healthy
individuals, thereby enabling the identification of individuals at higher CVD risk to guide cardiovascular prevention.

SCORE2-LAC

Individual examples
50 years old
Smoker
SBP: 140 mmHg
- Use of original SCORE? coefficients Cholesterol: 5.5 mmol/L or 213 mg/dL

« LAC countries are grouped in four risk

(1 HDL-c: 1.3 mmol/L or 50 mg/dL ‘
regions based on standardized CVD PR
mortality rates (WHO GHE) r—r_lj—w (—(_‘T—W
« Recalibration to risk regions using
aggregated-level data (derived using
data on ~40.2 million individuals) @ 6% . @ @ 9% . @

« External validation using LAC data

Low  Moderate High  Veryhigh Low  Moderate High  Veryhigh

Key Features

Estimate the 10-year risk of el sl e
fatal and non-fatal CVD events ﬁ e e ot
across the LAC region

Example of the SCORE2-

LAC models recalibrated to Can be easily updated
all four risk regions in LAC, to reflect future CVD
highlighting the regional incidence and risk

difference in cardiovascular factor profiles
disease risk profiles

individuals without prior CVD or
diabetes from 11 cohort studies
(3938 CVD events)

« Pooled C-index 0.740
(95% CI 0.716-0.763)

« Comparable C-index across risk
regions and in males vs females

« External validation with 132 512 i

Arq Bras Cardiol. 2026; 123(9):e20260711

Example of the SCORE2-LAC models recalibrated to all four risk regions in LAC, highlighting the regional difference in cardiovascular
disease risk profiles. Cl: confidence interval; CVD: cardiovascular diseases; HDL-c: high-density lipoprotein cholesterol; LAC: Latin
America and the Caribbean; SBP: systolic blood pressure; WHO GHE: World Health Organization Global Health Estimates. Font:
Bijker S, et al. European Heart Journal.

Arq Bras Cardiol. 2026; 123(9):e20260711
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Classification of countries
into four risk regions based
on WHO age- and sex-
standardized CVD mortality
rates

Recalibration of SCORE2
to Latin American and
Caribbean risk regions

Predicted CVD risk
Based on original SCORE2 coefficients and region-specific
mean risk factor levels by age and sex

Expected CVD risk
Age- and sex-specific incidence calculated by rescaling
country-specific WHO CVD mortality data from 32 countries
and age- and sex-specific multipliers calculated using registry
and cohort data on 40.2 million individuals with 1.26 million

CVD events

v (

External validation ]4—

132 512 individuals aged 40-69 years without prior CVD or

External contemporary cohorts

diabetes mellitus from 11 cohorts

Figure 1 - Study design. Created with BioRender.com.

prior CVD, accounting for non-CVD death as a competing risk
using Fine and Gray models. Predictors include age, current
smoking status, systolic blood pressure (SBP), and total and
HDL cholesterol. Throughout this study, sex was used as
recorded in the original data sources and was categorized as
female or male. Interactions with age were included for all
predictors to account for declining relative risk associations
with CVD occurrence at older ages'> (see Supplementary
Methods, Table S1, for original SCORE2 coefficients). Although
SCORE?2 is not intended for use in individuals with diabetes
mellitus, participants with diabetes were included during
model derivation, with adjustment for diabetes status. This
was necessary because the population-level mortality rates
and risk factor distributions used for recalibration were
available only at the aggregate level and could therefore not
be restricted to individuals without diabetes. Coefficients of
predictors have been shown to be stable over time and across
geographic regions 212

Data sources and procedures

Latin America and the Caribbean countries were grouped
into four risk regions according to age- and sex-standardized
CVD mortality rates per 100000 population using the
2019 WHO Cilobal Health Estimates (GHE) (International
Classification of Diseases, 10th revision, Chapter IX,
100-199).1¢ The same cut-off values as in the European and
Asia-Pacific SCORE2 models were applied to define risk
regions: low risk (<100 CVD deaths per 100 000), moderate
risk (100 to <150), high risk (150 to <300), and very high
risk (=300) (Figure 2; Supplementary data online, Table
S17). Mortality data were unavailable for French Guiana

Arq Bras Cardiol. 2026; 123(9):e20260711

and several small islands shown in grey in Figure 2 and
Supplementary data online, Table S7.

The original SCORE2 models were derived using individual-
participant data from 44 cohorts in the Emerging Risk Factor
Collaboration and the UK Biobank.> For SCORE2-LAC, the
original SCORE2 model coefficients were recalibrated to LAC,
and no new model derivation was performed. The original
SCORE2 models are sex specific and estimate the 10-year risk
of a first non-fatal or fatal CVD event in individuals without
prior CVD, accounting for non-CVD death as a competing risk
using Fine and Gray models. Predictors include age, current
smoking status, systolic blood pressure (SBP), and total and
HDL cholesterol. Throughout this study, sex was used as
recorded in the original data sources and was categorized as
female or male. Interactions with age were included for all
predictors to account for declining relative risk associations
with CVD occurrence at older ages™ (see Supplementary
Methods, Table 51, for original SCORE2 coefficients). Although
SCORE?2 is not intended for use in individuals with diabetes
mellitus, participants with diabetes were included during
model derivation, with adjustment for diabetes status. This
was necessary because the population-level mortality rates
and risk factor distributions used for recalibration were
available only at the aggregate level and could therefore not
be restricted to individuals without diabetes. Coefficients of
predictors have been shown to be stable over time and across
geographic regions.212

Data sources and procedures

Latin America and the Caribbean countries were grouped
into four risk regions according to age- and sex-standardized
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. Low risk region
Moderate risk region

High risk region
Very high risk region

Excluded from current analysis

Figure 2 - Risk regions based on age- and sex-standardized cardiovascular disease mortality rates. Countries were grouped based
on age- and sex-standardized cardiovascular disease mortality rates from the World Health Organization Global Health Estimates:
low risk (<100 cardiovascular disease deaths per 100000), moderate risk (100 to <150), high risk (150 to <300), and very high
risk (>300). Countries and territories without sufficient data for risk region assignment, or outside the region of interest, are

shown in grey.

CVD mortality rates per 100000 population using the
2019 WHO Clobal Health Estimates (GHE) (International
Classification of Diseases, 10th revision, Chapter IX,
100-199).1¢ The same cut-off values as in the European and
Asia-Pacific SCORE2 models were applied to define risk
regions: low risk (<100 CVD deaths per 100000), moderate
risk (100 to <150), high risk (150 to <300), and very high
risk (=300) (Figure 2; Supplementary data online, Table S7).
Mortality data were unavailable for French Guiana and several
small islands shown in grey in Figure 2 and Supplementary
data online, Table S7.

For recalibration to LAC, predicted 10-year CVD risks from
the original SCORE2 models were aligned with expected
10-year CVD incidence across risk regions, stratified by age
and sex (see Supplementary Methods for details). Predicted
10-year risks were obtained by applying the original SCORE2
coefficients to age- and sex-specific mean risk factor levels
(smoking and diabetes prevalence, SBP, and total and HDL

cholesterol), derived from LAC representation in the Non-
Communicable Disease Risk Factor Collaboration (NCD-
RisC)."-2* Expected 10-year CVD incidence was estimated
by converting country-specific CVD mortality rates from the
WHO GHE 2019, available for 32 LAC countries as detailed
in Supplementary data online, Table S7, into total CVD
incidence (fatal and non-fatal) using age- and sex-specific
multipliers within each risk region.*t These multipliers were
derived from total first-to-fatal CVD event ratios calculated
using data from the Chilean Ministry of Health dataset, the
Barbados National Registry for Chronic Noncommunicable
Diseases (BNR-Stroke and BNR-Heart),2 and the 100 Million
Brazilian Cohort study? (see Supplementary data online,
Table S2 and Appendix S17). Together, these data sources
included 40237152 LAC individuals and 1261329 CVD
events, providing region-specific information on fatal and
non-fatal CVD events among individuals without prior CVD.
Multipliers from the European and Asia-Pacific SCORE2
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recalibrations were incorporated into the modelling process
to improve the stability of the estimated relationships across
age groups. Further details of the data sources and methods
are provided in Supplementary Methods, Figures ST and S2,
and Table S2.

External validation of the SCORE2-LAC models was
performed using data from 132512 individuals and 3938
CVD events from 11 cohorts that did not contribute
to model derivation and recalibration. The following
individual studies were included for external validation: the
Maule cohort MAUCO, Chile),2 the Center of Excellence in
Chronic Diseases cohort (CRONICAS, Peru),?* the National
Health Survey (Chile),2 the CESCAS study (Chile, Uruguay,
and Argentina), 2 the Fundacién Santa Fe de Bogota
cohort (FSFB, Colombia),?Z the Eventos Cardiovasculares
cohort (Argentina),2® the Mexico City Prospective Study
(MCPS),2 the Rauch city cohort (RAUCH, Argentina),
ELSA-Brasil (Brazil),** the Mendoza cohort (Argentina),32
and the Grupo de Analisis de Riesgo cardiovascular y Datos
Epidemiolégicos Longitudinales—Uruguay (GARDEL-UY,
Uruguay). Details and geographical distribution of the
cohorts across LAC are provided in Supplementary data
online, Appendix S1.2, and Figure S71.%3-32 In alignment with
the original SCORE2 model, individuals aged 40-69 years
without prior CVD or diabetes mellitus were included for
external validation (ICD codes used to define prior CVD
are provided in Supplementary data online, Table S3).
Cohorts were included if they had baseline measurements
of risk factors (predictor information and medical history)
and provided at least 1 year of follow-up for CVD events.
Cardiovascular disease was defined as a composite of
cardiovascular mortality, non-fatal myocardial infarction,
and non-fatal stroke. Cardiovascular mortality was defined
as death due to coronary heart disease, heart failure,
stroke, or sudden death.2 Follow-up was until the first
occurrence of CVD or the end of the registration period.
Deaths from non-CVD causes were treated as competing
events. Details of ICD-10 codes included in the fatal and
non-fatal components of the endpoint are provided in
Supplementary data online, Table S4.

Statistical analysis

Details of the statistical analysis and recalibration process
are provided in the Supplementary Methods. Risk models
were recalibrated to risk regions using age- and sex-specific
mean risk factor levels and CVD incidence.’2 Cardiovascular
disease incidence was estimated from country-specific
mortality rates by applying age-, sex-, and region-specific
multipliers. The competing risk of non-CVD death was
accounted for using a life-table approach. Subsequent
calibration of the SCORE2-LAC models was assessed by
comparing predicted and estimated 10-year risks across
5-year age groups within each risk region. In addition,
calibration was evaluated among individuals without prior
CVD in the Chilean Ministry of Health dataset with predicted
risks derived using Chilean age- and sex-specific mean risk
factor levels from NCD-RisC."7-2° Calibration was assessed by
comparing mean predicted risks with observed 10-year risks
based on cumulative incidence across 5-year age groups, as

Arq Bras Cardiol. 2026; 123(9):e20260711

this best reflects the method of recalibration. Calibration of
the SCORE2-LAC models was also visually compared with
that of the WHO CVD risk charts and Globorisk-LAC using
the same approach in this dataset.’%* This comparison was
performed using the appropriate recalibrated region- or
country-specific version of each model, with observed risks
defined according to the SCORE2 endpoint. No formal
statistical testing was performed on the calibration because
the modified Nam-D’Agostino test has no extension to the
competing-risk setting and because these tests are inherently
power dependent.

Discriminative performance, reflecting the ability of
the model to distinguish between individuals who did and
did not develop the CVD event of interest, was assessed
in the external validation cohorts using Harrell’s C-index
with adjustment for competing risks, using all observed
follow-up within each cohort.?* C-indices were estimated
separately for each cohort overall and by sex. Cohort-
specific C-indices were pooled using inverse-variance-
weighted random-effects meta-analysis. Pooled estimates
were calculated overall and separately by risk region and
sex. Sensitivity analyses were performed by restricting the
calculation of pooled estimates to cohorts with a median
follow-up of at least 8 years and separately by pooling
cohorts assessing the full composite CVD endpoint vs
those assessing fatal CVD events only. Discriminative
performance of SCORE2-LAC in the external validation
cohorts was compared with that of the WHO CVD risk
charts and Globorisk-LAC. These analyses were restricted
to individuals for whom risk could be estimated by all
models, thereby ensuring that model performance was
compared in the same individuals. For example, although
the WHO CVD risk charts can be applied across a broader
age range than SCORE2-LAC, analyses were restricted to
the age range covered by all models. No direct comparison
of discrimination with the original European SCORE2
models was made, as recalibration does not alter the
model coefficients and therefore has little impact on
discrimination. C-indices were compared within each
cohort as the difference between SCORE2-LAC and
each comparator model with 95% confidence intervals
(Cls) obtained by bootstrap resampling of individuals
repeated 1000 times. Calibration was assessed only within
the recalibration data sources and not in the external
validation cohorts, because cohort-specific event rates
were unlikely to be representative for various reasons,
including selected participant groups, non-contemporary
baseline recruitment, or incomplete alignment between
observed outcomes and those predicted by the models.122

To construct the CVD risk charts for each risk region,
predicted risks were estimated using the recalibrated models
for specified risk factor profiles. Although the underlying
model includes total cholesterol and HDL cholesterol, charts
are displayed according to non-HDL cholesterol for practical
and presentational purposes. To compare the proportion
of the population across CVD risk categories according to
the SCORE2-LAC models, predicted risk distributions were
estimated for each LAC country using country-specific
population structures and age- and sex-specific risk factor
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means and prevalences from NCD-RisC. Correlations
between risk factors were assumed to be similar to those
observed in the MCPS (see Supplementary Methods S7.3).2
In a sensitivity analysis, these estimates were recalculated
using the risk factor correlation structure observed in the
CESCAS study.2®

Approaches used to handle missing data are described
in the Supplementary Methods. For analytical approaches
and reporting standards, the PROBAST guidelines and
TRIPOD were used.?*3Z Analyses were performed with R
statistical software (version 4.3.2, R Foundation for Statistical
Computing, Vienna, Austria) and Stata (version 15.1,
StataCorp, College Station, TX, USA).

Results

Model recalibration

Characteristics of the data sources used to derive regional
age- and sex-specific multipliers for converting CVD
mortality rates into total CVD incidence rates, including
non-fatal CVD events among individuals without prior
CVD, are presented in Supplementary data online, Table
$2. The resulting multipliers for each LAC risk region were
generally higher in women than in men and decreased with
increasing age (see Supplementary data online, Figure S2,
and Table S5). In addition, multipliers tended to be lower
in higher-risk regions than in low- or moderate-risk regions,
consistent with patterns previously observed in Europe
and Asia-Pacific.>Z Ten-year cumulative incidence of CVD
mortality and the resulting total CVD incidence across risk
regions are presented in Supplementary data online, Figure S3.
Age- and sex-specific mean risk factor levels used for
recalibration are presented by risk region in Supplementary
data online, Figure S4. Across ages, higher-risk regions
generally had higher mean SBP, total, and HDL cholesterol
levels than lower-risk regions, whereas patterns for
smoking and diabetes were less consistent. Despite these
differences, application of the original SCORE2 models to
these mean risk factor levels resulted in relatively similar
predicted risks across risk regions, which did not reflect the
differences in expected CVD incidence (see Supplementary
data online, Figure S5). After recalibration, predicted 10-
year CVD risks were well aligned with the estimated total
CVD incidence across risk regions (see Supplementary
data online, Figure S5). Compared with SCORE2-LAC,
the corresponding European SCORE2 models generally
underestimated expected CVD incidence, particularly
among men. Conversely, among older women in the
high- and very-high-risk regions, the European SCORE2
models tended to overestimate expected CVD incidence
(see Supplementary data online, Figure S6).

In the Chilean Ministry of Health dataset, predicted 10-
year risks showed good agreement with observed CVD risk
among women (observed-to-expected ratio 1.03), whereas
predicted risks were lower than observed risks among
men (observed-to-expected ratio 1.26; Supplementary
data online, Figure S7). The WHO CVD risk charts and
Globorisk-LAC underestimated observed CVD incidence to

a larger extent than SCORE2-LAC, although calibration of the
WHO CVD risk charts was similar to that of SCORE2-LAC
among women (see Supplementary data online, Figure S8).
Compared with SCORE2-LAC, the corresponding European
SCORE2 models showed greater underestimation of
observed CVD risk among men, particularly at older ages,
whereas calibration among women was more comparable
(see Supplementary data online, Figure S9).

SCORE2-LAC models across risk regions

The SCORE2-LAC risk charts for CVD risk estimation
across the four risk regions are presented in Figure 3. The
estimated absolute risk for a given age and combination of
risk factor levels differed substantially across risk regions
as a result of recalibration. For example, the estimated
10-year CVD risk for a 50-year-old smoker with a SBP of
140 mmHg, total cholesterol of 213 mg/dL (5.5 mmol/L),
and HDL cholesterol of 50 mg/dL (1.3 mmol/L) ranged from
7% in the low-risk region to 16% in the very-high-risk region
for men and from 5% in the low-risk region to 15% in the
very-high-risk region for women (see Supplementary data
online, Figure S10).

External validation of the SCORE2-LAC models

External validation of the SCORE2-LAC models was
performed using data from 11 cohorts from seven LAC
countries, including only individuals without previous CVD
or diabetes mellitus at baseline. Geographical distribution,
baseline characteristics, and a summary of missingness of the
external validation cohorts are presented in Supplementary
data online, Figure S1, Table 56, and Table S7, respectively.
The overall pooled C-index was .740 (95% Cl .716-.763)
and cohort-specific C-indices ranged from .674 (95% ClI
.588-.761)t0.789 (95% Cl .747-.831), indicating moderate-
to-good discrimination (Figure 4). Moderate between-cohort
heterogeneity was observed (I = 52%; 1> = .0184 on the logit
scale; Cochran’s Q =21.4, df =12, P=.044). The C-indices
for the SCORE2-LAC models were broadly similar for women
and men and across the risk regions (see Supplementary data
online, Figures S11 and S72). Among the six cohorts with a
median follow-up of at least 8 years, the pooled C-index of
.740 (95% Cl .695-.780) was similar to the overall estimate,
with substantial between-study heterogeneity (1> =66%;
tau?=0.0263 on the logit scale; Cochran’s Q =12.4,
df =5, P=.028). In a sensitivity analysis in which pooled
C-index estimates were calculated separately according to
endpoint definition, the pooled C-index was .741 (95% Cl
.710-.770) among the 11 cohorts assessing the full composite
endpoint of fatal and non-fatal CVD events and .727 (95%
Cl .647-.794) among the two cohorts assessing fatal CVD
events only. Discriminative performance was comparable
between the SCORE2-LAC models, Globorisk-LAC laboratory
and non-laboratory models, and the WHO CVD risk charts
laboratory and non-laboratory models across cohorts (see
Supplementary data online, Figures S13 and S74). The
SCORE2-LAC models showed a slightly higher C-index
than the WHO CVD risk charts laboratory models, with a
difference in C-index of .006 (95% CI .002-.010).
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Risk distribution across Latin America and the Caribbean
populations

When the recalibrated SCORE2-LAC models were applied
to age- and sex-specific risk factor profiles, the proportion of
individuals aged 40-69 years with an estimated 10-year CVD

risk of >10% varied across risk regions, from 14% in countries
in the low-risk region to 60% in countries in the very-high-
risk region among men and from .3% to 54% among women
(Figure 5 and Supplementary data online, Table S8 for used
rescaling factors). The proportion of individuals classified

SCORE2-LAC
10-year risk of fatal and non-fatal CV'
events in populations at low CVD risk
\ Women \ \ Men
Non-smoking Smoking Age Nao fumantes
160179 (8 9 9 9 ST28N 1B S 3] 14 15 16 18
140-159 | ZEN7E SRS 10 10 11 11 12 12 14 15 17
120-139 (GRS 9 9 9 md 65-69 10 10 11 12 14 15 16 18
100-119 | RRO RO 788 8 8 9 9 iR Gk i
160-179 [ORE7ARS/ENNS 10 10 11 11 1 12 13 14 16 18
140-159 [ 5 6 6 6 8 9 9 ¥ 9 ORI 13 15 16 18
ety s 5 5 sl 7 o0 @ 60641 ; 5 9 1o||n 2 1 1
21019 | 4 4 4 4 B6G 6 7 G B 7 8 9 ORI
E 160-179 |ESEENSEENGENNG 810 O I 8 9 REERY 13 15 17 19
S Mo1se |44 5 5 77 8 8|grgg|6 7 &8 9|11 12 14 16
‘a' 120139 | 3 4 4 4 B.6G 6 7 bR OE 7, 9 ORI
$ 100-119 (NS Sl 115 0] S5 6 7 8 98
;i w0179 [ 4 4 5 5 RN a0 6 7 8 10||11 13 15 17
E 140159 | 3 3 4 4 B0 6.7 50-54 SEE6I 78 9 ORI
ﬁ 120139 | 3 3 3 3 - BB 6 EEN 5 6 7 8 9 Wy
S 100119 |22 2 3 4 4 4 5 BTN 5 SiFaiy
i 160-179 | 3 3 4 4 By o 5 .67 8 9 [
@ w0159 [2 3 3 3 S iSiEG 45-49 EEEN 5 6 7 & Hap
120139 | 2 2 2 3 4 4 4 5 BN 5 ISEE 0 TN 29!
100119 | 2 2 2 2 3 3 g & 2. A 8 & S 67
160-179 | 2 3 3 3 58606 E 5 7 7 9 g
140-159 [ 2 2 2 2 BTN 5 40-44 BN 5 Bleifhieatdel
120139 | 1 2 2 2 3 3 4 4 2 2 8 & N 5 6 7
100119 |1 1 1 2 223 B i 2 2 3 BRI 5
115- 155 190- 235- 115- 155- 190- 235- 115- 155- 190- 235- 115- 155- 190- 235

154 189 234 270 154 189 234 270 154 189 234 270 154 189 234 270

Non-HDL cholesterol (mg/dL) 353940-49 5059 6069

mmol/L

SCORE2-LAC
10-year risk of (fatal and non-fatal)
CV events in populations at
moderate CVD risk
\ Women \ | Men \
[ Non-smoking | [ Smoking | Age [ Non-smoking | |
wo17e [10 11 11 12|[15 16 17 17 17 19 20M2a
mo1s9 | 9 9 10 10(|13 13 14 15 14 15 17 18
pos |7 8 8 8|1 1 o1 12|96 |n 3o s
wons | 6 7 7 7 (|9 10 10 10 9 10 11 12
wo19 [ 8 8 9 9|13 13 14 15 13 14 16 18
moess | 7 7 7 8 (|10 11 12 12 10 12 13 14|17
_ 119 (5 6 6 6([9 9 10 10 60-64 | 5 o 10 1|3
CET N S 5 5 S5 8 8 @ 7 7 8 9 | |[HNEY
Ewoars (6 7 7 8[|10 1 12 13 10 11 13 15|17 19
% moass | 5 5 6 6|8 9 10 10| ppg |8 9 10 1113 15
Swowms |4 4 5 5|7 7 8 8 6 7 8 9 || HOEEEESEE
fwous |3 3 4 4|6 6 6 7 5 5 6 7|8 o |
_‘5 w19 [ 5 5 5 6|8 9 10 11 7 9 10 12|]|13 16 138 Bl
Smewse |44 4l 5|7 7 8 9|06 7 8 9|10 12 14 16
S pews (33 3 4|5 6 6 7 Bl s s 7| s 9 IR
Zwems [2 3 3 3[[4 5 5 6 BN s | 6 7 s [0
G179 [3 4 4 s5||7 8 8 9 s 7 & [Hil EEEEESRES
“ 019 [3 3 3 4|5 6 7 7 Bl s 6 7 || s [10012 14
e (202 3 3| AN s s 6|44 [Smmmn 5|6 7 9 10
wons | 2 2 2 2|3 4 a4 4 el Bl s s s
w179 [3 3 3 4|6 6 7 8 Bl s ¢ 3 || 9o IEINEIEG
o9 |2 2 3 3([4 5 5 6 BN s 6| 6 s (10012
wows [2 2 2 2|3 a5 404415 3 gl 6 7 o
wens |1 1 2 2|3 3 3 4 e El - <
115- 155- 190- 235 115~ 155~ 190- 235- 115- 155- 190- 235~ 115~ 155~ 190- 235-
154 189 234 270 154 189 234 270 154 189 234 270 154 189 234 270

Non-HDL cholesterol (mg/dL) 3539 40-49 5,059 6069

mmol/L

< 5%
SCORE2-LAC S
5-10%
q 10-20%
10-year risk of (fatal and non-fatal) CV 20 30,%';
events in populations at high CVD risk p
e o >30%
[ Women ] [ Men ]
Non-smoking Smoking Age
o9 (14 14 15 15 | [ 19 [20NN2aNNZN|
mowse |12 12 13 13|17 17 18 18| oo oo
120439 |10 10 11 11|14 15 15 16 a
wes | 8 9 9 9 ||12 13 13 14
w79 [ 11 11 12 12|16 17 18 19
o9 | 9 9 10 10|14 14 15 16| o0 e
Swzewe | 7 8 8 9|11 12 13 13 a 1 12 13 14
Twews |6 7 7 7([10 10 1 1 9 10 11 12
Eweam |8 9 9 10|[13 14 15 16 12 14 16 18
@ mos9 | 7 7 8 8 |[11 12 13 13 0 11 13 14
2 55-59
210189 |6 6 6 7|[9 10 10 11 8 9 10 11
Swons |5 5 5 6(|7 8 9 9 Bl D
Swew |6 7 7 8|11 12 13 14 9 11 13 15
S
Smewse |5 6 6 7|9 10 10 11|00, 7 9 10 1
Lwewe |4 4 5 5((7 8 9 9 6. 7 8 9
Swowe |3 4 4 4|6 6 7 7 56
Sweeam |5 5 6 6|[9 10 11 12 7 9 HIlEP
Mo | 4 4 5 5|7 8 9 10 .7 B 9
owe |3 3 WAl |6 6 7 s |¥YV s 6
we19 | 2 3 3 3 5806006 B 5 S
w179 [ 4 4 5 5|8 8 9 10 ¢ 7 s
Mo | 3 3 4 4|6 7 7 8 EN 5 6 7 || s f1000120 15
peme |2 3 3 3|5 s 6 6|43 s|l6 7 o n
weus |1 2 2 2|4 4 4 5 PR | s 6 7 s
115 155 190- 235- 115 155- 190- 235 115 155 190- 235- 115 155- 190- 235
154 189 234 270 154 189 234 270 154 189 234 270 154 189 234 270

Non-HDL cholesterol (mg/dL) 353.940-49 50-59 6069

mmol/L

SCORE2-LAC

10-year risk of (fatal and non-fatal
CV events in populations at
very high CVD risk

[ Women ] [ Men

Non-smoking Smoking Age Non-smoking

160-179 30 31
140-159
120138 65-69
100-119
160-179
140-159
S 120139 60-64
£
£ 100-119
E 160179
£ 140-159
7 120139 55-59
8
5 100-119
g 160-179
2 10159 18
a -
£ 120139 50-54 15
w0198 9 9 10 9 13
& 1079 [11 11 12 13 14 19
140159 | 9 10 10 11 il 16
2oss |8 8 9 9|1 13 14 154549 9 13
wens | 7 7 7 8 [|10 11 12 12 7 10 12
60179 [ 9 10 10 11[|14 16 17 18 1 16 19
mowss | 7§ 9 9|12 13 W 15| 0., 9 13 15
o139 (6 7 7 8 (|10 11 12 13| 7 ) 10 12
o119 [5 6 6 7 || 9 9 10 11 6 7 8|38 [N
115- 155- 190- 235~ 115~ 155~ 190- 235 115- 155 190- 235 115~ 155~ 190- 235~
154 189 234 270 154 189 234 270 154 189 234 270 154 189 234 270

Non-HDL cholesterol (mg/dL) 35394049 5059 6069

mmol/L

Figure 3 — Systematic COronary Risk Evaluation 2 Latin America and the Caribbean risk charts for the prediction of 10-year risk in

four Latin American and Caribbean risk.
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into higher 10-year CVD risk categories increased with age
and was greater in higher-risk regions (see Supplementary
data online, Figure S15). No notable differences in these risk
distributions were observed when the alternative risk factor
correlation structure from the CESCAS study was used (see
Supplementary data online, Figure S16).

Discussion

In the current study, the SCORE2 models were recalibrated
and externally validated for 10-year CVD risk prediction in
LAC. Using the original SCORE2 coefficients, CVD risk
estimates were recalibrated to reflect contemporary CVD
incidence rates and risk factor distributions across LAC. The
resulting SCORE2-LAC models provide region-specific and
contemporary risk estimates for individuals without prior
CVD or diabetes mellitus and enable the identification
of individuals at higher CVD risk to guide cardiovascular
prevention (Structured Graphical Abstract).

Cardiovascular disease risk prediction in LAC has largely
been based on models developed for use in European or
North American populations.2* The main existing regionally
adapted approaches include the WHO CVD risk charts and
Globorisk-LAC.1%15 Although the WHO CVD risk charts
were originally derived using data that partly overlapped

with those used for SCORE2 and included broadly similar
predictors, they differ in their recalibration approach. The
WHO CVD risk charts were recalibrated for geographically
defined regions, which may not fully reflect between-country
heterogeneity in CVD incidence. For example, Chile and
Argentina were assigned to the same Southern Latin America
region in the WHO CVD risk charts, while SCORE2-LAC
classified Chile in the low-risk region and Argentina in the
high-risk region based on their underlying CVD mortality
rates. Accordingly, SCORE2-LAC resulted in substantially
different CVD risk estimates for Chile and Argentina, despite
these countries being grouped within the same WHO region,
as illustrated by the country-specific risk distributions in
Figure 5. Globorisk-LAC was developed using LAC cohort
data and performed country-level recalibration 1238 However,
total CVD incidence was estimated by converting country-
specific CVD mortality rates using previously derived total-
to-fatal CVD incidence ratios from geographically proximate
countries. The current findings suggest that geographical
proximity alone may not fully capture between-country
differences in total CVD incidence, as the relationship
between CVD mortality and total first CVD incidence varied
across SCORE2-LAC risk regions.

SCORE2-LAC extends these existing approaches through
risk-region-specific recalibration of absolute CVD risk

Country N Events

Low risk region

CESCAS Chile 1203 15
CRONICAS Peru 1660 16
National Health Survey Chile 5945 139
MAUCO Chile 7037 89
GARDEL-UY Uruguay 620 29
CESCAS Uruguay 903 31
Fundacién Santa Fe de Bobotad Colombia 1468 47
RAUCH city Argentina 542 31
Eventos Cardiovasculares Argentina 1259 64
CESCAS Argentina 2685 43
Mendoza Cohort* Argentina 12645 96
ELSA-Brasil Brazil 10831 87
Mexico City Prospective Study*  Mexico 85714 3,25

Pooled estimate

C-index [95% CI]

= 0.775 [0.650-0.899]
= 0.724 [0.598-0.850]

—— 0.789 [0.747-0.831]

—i 0.782 [0.741-0.823]
b 0.766 [0.683-0.849]

P 0.689 [0.591-0.788]
e i B 0.764 [0.689-0.839]
. 0.744 [0.668-0.820]
—. 0.668 [0.605-0.731]
P S 0.674 [0.588-0.761]
— 0.754 [0.703-0.805]
—_— 0.747 [0.696-0.798]

- 0.726 [0.717-0.734]

- 0.740 [0.716-0.763]

0.5 0.6 0.7 0.8 0.9
C-index

Figure 4 - Discriminative performance of Systematic Coronary Risk Evaluation 2 Latin America and the Caribbean in external validation
cohorts. C-index upon assessing the ability of the Systematic COronary Risk Evaluation 2 Latin America and the Caribbean models to

discriminate cardiovascular disease in external validation cohorts. Analyses included individuals aged 40-69 years without a history

of cardiovascular disease or diabetes mellitus at baseline. Pooled estimate is the result of pooling all cohort-specific C-index using
random-effects meta-analysis. *Only fatal events were assessed. Abbreviation: Cl: confidence interval.
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Figure 5 - Distribution of 10-year cardiovascular disease risk according to Systematic COronary Risk Evaluation 2 Latin America and
the Caribbean models across Latin American and Caribbean countries. The proportion of individuals expected in each risk category
was estimated to reflect the age- and sex-specific risk factor values and population structure of each country (see Supplementary
Methods S1.3). Estimates were derived from country-specific Non-Communicable Disease Risk Factor Collaboration risk factor means
and prevalences and an assumed risk factor correlation structure derived from the Mexico City Prospective Study cohort. Risks were
estimated for individuals aged 40-69 years without prior cardiovascular disease or diabetes mellitus. Abbreviations: MCPS: Mexico
City Prospective Study; NCD-RisC: NCD Risk Factor Collaboration.
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estimates using contemporary data from LAC populations
while having discrimination at least as good as local models.
The recalibration was informed by large-scale data sources
from LAC, including more than 40 million individuals,
in which fatal and non-fatal CVD events were directly
observed. These data were used to estimate risk-region-
specific relationships between CVD mortality and total
CVD incidence, allowing mortality rates to be converted to
total CVD incidence according to underlying CVD burden
rather than geographical location alone. This approach also
enabled incidence estimates to be specified for first CVD
events among individuals without prior CVD, thereby aligning
predicted risks more closely with the target population for
primary prevention.

In addition, SCORE2-LAC accounts for the impact
of competing risks of non-CVD mortality. This statistical
adjustment may prevent the overestimation of absolute CVD
risk, particularly in older individuals and in populations with
higher risks of non-CVD mortality.2#32 By accounting for the
competing risks, the SCORE2-LAC models may therefore
provide more accurate estimates of 10-year CVD risk
and the potential benefit of preventive treatment in these
populations.®

Similar recalibration methods have previously been
applied in Europe and Asia-Pacific, and recent multinational
external validation findings have provided further support
for the robustness of the SCORE2 framework across diverse
settings.® Although the same age- and sex-standardized
CVD mortality cut-offs were used to define risk regions as
in previous SCORE2 recalibration efforts, predicted risks
differed across the same risk regions. Applying the European
SCORE2 models in LAC populations generally resulted in
predicted risks below the expected CVD incidence, whereas
predicted risks tended to exceed expected incidence
among older women in the higher-risk regions. These
findings illustrate the potential importance of adapting
CVD risk prediction models to the populations in which
they are intended to be used, even when broad risk-region
categories appear comparable across world regions. At the
population level, the regional CVD incidence rates and risk
factor distributions used for recalibration may reflect not
only conventional risk factor patterns but also the influence
of wider social and healthcare determinants. Therefore,
SCORE2-LAC may indirectly account for differences in
socioeconomic circumstances, healthcare access, and the
availability of preventive treatment, although these factors
are not explicitly included as individual-level predictors.

The SCORE2-LAC recalibration approach is also designed
to be updated as more detailed or contemporary data
become available. WHO GHE mortality rates are updated
every 3—4 years, while NCD-RisC risk factor estimates are
updated regularly as new survey data and analyses are
conducted.4? |n addition, the individual-level data used to
estimate total first-to-fatal CVD incidence ratios have ongoing
follow-up, allowing these estimates to be updated to reflect
contemporary incidence patterns. Periodic incorporation of
these data would allow SCORE2-LAC to remain aligned with
changes in CVD incidence and risk factor patterns across
LAC. Beyond such temporal updates, more detailed age- and

sex-specific data on CVD incidence, mortality, and risk factor
distributions could support further refinement for individual
countries or subnational regions. This may be particularly
relevant for large countries with substantial within-country
variation, where a country-level approach may still not fully
capture the heterogeneity in CVD burden 2! Such extensions
would, however, require high-quality data on both CVD risk
factors and incidence for the intended populations to ensure
adequate calibration of risk models.

Similar to SCORE2 Europe and Asia-Pacific, SCORE2-
LAC can be used in a simplified form via the 2D risk charts
as provided in Figure 3. In clinical practice across LAC, the
appropriate SCORE2-LAC risk chart can be selected by using
the map in Figure 3 to identify the risk region to which an
individual’s country is assigned. However, because risk charts
require risk factors to be grouped into categories, greater
precision may be achieved through online calculators.*
Therefore, the SCORE2-LAC models will be integrated into
online calculators, such as the ESC CVD risk prediction app
and the CE-marked U-Prevent medical device, available
at www.U-Prevent.com. These digital implementations
would also allow future SCORE2-LAC model updates to
be incorporated efficiently and made available for use in
clinical practice. Because integration into these clinical
platforms requires implementation time, the SCORE2-LAC
models are currently available through an R Shiny application
(https://bijkerks.shinyapps.io/SCORE2-LAC/) and through
an extension of the U-Prevent platform (https://feasibility.u-
logiq.com/calculators/score2Lac).

The SCORE2-LAC risk charts are presented with colours
corresponding to categories of predicted 10-year CVD risk.
These categories should not be interpreted as fixed treatment
thresholds, as treatment decisions depend on local CVD
burden, clinical practice guidelines, healthcare resources,
socioeconomic circumstances, and regional risk enhancers.
Risk thresholds and corresponding clinical decisions need
to be defined at a national or regional level and may be
age specific, as in the 2021 ESC prevention guidelines, or
independent of age.2% Beyond predicted CVD risk, decisions
about preventive treatment should also consider patient
and physician preferences, expected treatment benefit and
potential harms, comorbidities, other individual clinical
factors, and the local availability, coverage, and affordability
of preventive treatment. To support national and regional
guideline development, estimated proportions of individuals
in specific risk categories across countries are presented in
Figure 5. The estimates for the very-high-risk region should,
however, be interpreted cautiously, as no contemporary
individual-level data from countries in this region were
available.

Discriminative performance reflects the ability of a model
to distinguish between individuals who do and do not
develop CVD and may therefore provide insight into whether
the relative associations between predictors and CVD risk are
transportable across populations.’2'3 Because the SCORE2
coefficients were retained without re-estimation and no LAC
data were included in the original model derivation, external
validation provided an assessment of their transportability to
LAC populations. Adequate discriminative performance was
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observed for SCORE2-LAC across risk regions and in both
sexes. In direct comparisons, the discriminative performance
of the SCORE2-LAC models was similar to that of Globorisk-
LAC, which was developed using LAC cohort data. Together
with the broadly consistent discrimination estimates, these
findings provide some confirmatory evidence that the
SCORE2 model coefficients are broadly applicable to LAC
populations, which is consistent with previous evidence
that CVD risk model coefficients are relatively stable across
geographical regions.'>

Accurate calibration is a key requirement for CVD risk
prediction models intended to guide clinical decision-
making, as treatment recommendations are typically based
on estimated absolute risk rather than relative ranking
of individuals.#* Ideally, calibration would be assessed in
nationally representative external validation data sources,
such that observed event rates reflect contemporary
population-level CVD incidence. However, cohorts generally
have some form of selection due to their recruitment
strategies or have incomplete risk factor data and/or follow-
up of both fatal and non-fatal outcomes. These challenges
are not unique to the current study and reflect the scarcity
of these data sources worldwide, especially in lower- and
middle-income countries. External calibration assessment
against independent observed CVD incidence was available
only in the Chilean Ministry of Health data, representing
the low-risk region. In these data, predicted risks were
compared on a population level rather than a cohort
level, using national risk factor and CVD incidence data.
SCORE2-LAC-predicted risks were generally well aligned
with observed national CVD incidence, particularly among
women, although some underestimation remained among
men. This may partly reflect the hospital-based registry
population, which may have had a higher baseline CVD risk
than the general population. As comparable contemporary
CVD incidence data become available in the moderate-,
high-, and very-high-risk regions, further external validation
will be important to evaluate calibration across the full range
of populations for which SCORE2-LAC is intended and to
further strengthen confidence in its applicability throughout
the region.

The SCORE2-LAC models are not intended for use in
individuals with diabetes mellitus, similar to the original
European SCORE2 models. For this population subgroup,
dedicated models, such as SCORE2-Diabetes, have
previously been developed to estimate CVD risk.% Future
validation studies should verify whether the SCORE2-LAC
recalibration scales enable accurate risk prediction in
individuals with diabetes mellitus in the LAC region, or
whether additional recalibration efforts are required.

Several potential limitations of the SCORE2-LAC models
need to be considered. First, although contemporary
individual-level data used to inform recalibration and
external validation were available for the low-, moderate-,
and high-risk region countries, only a subset of countries
within each region was represented. Findings on model
performance are, therefore, extrapolated to some extent
to other countries within the same risk region for which no
individual-level data were available. This limitation is greatest

Arq Bras Cardiol. 2026; 123(9):e20260711

for the very-high-risk region, comprising Haiti and Guyana,
for which no individual-level data were available to inform
recalibration or external validation. Although population-
level data on cause-specific CVD mortality and risk factor
distributions were available for both countries, the underlying
mortality data were of lower quality, particularly for Haiti. In
addition, total first-to-fatal CVD incidence ratios had to be
extrapolated from populations with similar age-standardized
CVD mortality rates. Absolute risk estimates for the very-
high-risk region should therefore be interpreted cautiously.
Further validation and refinement of these estimates in these
and other underrepresented settings remain important as
additional longitudinal data become available.2¢

Data on medication use, family history, socioeconomic
position, nutrition, physical activity, renal function, and
ethnic background were not included in the original SCORE2
models, as these variables were not consistently available
across the cohorts and registries used for model derivation.>
Interpretation of risk estimates therefore requires clinical
judgement, especially for individuals in whom these factors
may be relevant (e.g. those receiving lipid- or blood pressure-
lowering therapy; those with previous tobacco exposure, a
family history of CVD,% chronic kidney disease®; or those
from socioeconomically disadvantaged or higher-risk ethnic
groups®). For individuals with several of these risk modifiers,
approaches have been developed to incorporate such factors
alongside existing CVD risk prediction models.#842

For risk estimation using SCORE2-LAC, laboratory
measurements, including cholesterol levels, are required.
This could limit applicability in some resource-limited
settings, particularly compared with non-laboratory models,
such as the WHO CVD risk charts and Globorisk-LAC,
for which versions without laboratory measurements are
available. 121> However, previous studies have shown that
imputation strategies using individual-level data can provide
risk estimates with good predictive performance when
laboratory measurements are unavailable.®® As access to
electronic health records and routinely collected healthcare
data continues to increase across the region, such approaches
may help facilitate implementation of laboratory-based risk
prediction models in settings where complete risk factor
information is not consistently available.

In conclusion, the SCORE2-LAC models provide region-
specific and contemporary estimates of 10-year CVD
risk in individuals without prior CVD or diabetes mellitus
across LAC. As part of the SCORE2 family of risk prediction
models, SCORE2-LAC uses contemporary methodology
and regionally relevant data to support cardiovascular risk
assessment and primary prevention in the region.
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