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Summary
Background Risk scores are essential tools for implementing cardiovascular disease (CVD) prevention. Validating risk
scores considering regional diversities and disparities is critical for reducing the burden of CVD on global morbidity
and mortality. We aimed to validate two cardiovascular risk scores (laboratory and non-laboratory-based) to predict
major adverse cardiovascular events in the Brazilian cohort of the PURE study.

Methods We validated two risk scores derived from the INTERHEART study, the non-laboratory INTERHEART risk
score (NL-IHRS) and the laboratory fasting cholesterol INTERHEART risk score (FC-IHRS) using data from 4623
(urban areas) and 1415 (rural areas) participants without CVD in the Brazilian cohort of the PURE study enrolled
in 2004 and 2005 and followed up to September 2021. The endpoint was major cardiovascular events (MACE),
defined as the composite of myocardial infarction, stroke, heart failure, or death from cardiovascular causes. We
evaluated the model performance of IHRS through c-statistic and calibration methods.

Findings After a mean follow-up of 8.8 years (range, 0.28–15.1 years), there were 312 cardiovascular events,
corresponding to an incidence rate of 0.58% per year (0.56% per year in urban versus 0.64% per year in rural
areas). For the NL-IHRS, the c-statistic was 0.69 (95% confidence interval, CI, 0.66–0.72) in the overall cohort,
0.68 (95% CI, 0.64–0.72) in the urban cohort, and 0.72 (95% CI, 0.66–0.78) in the rural cohort. C-statistic values
for the recalibrated FC-IHRS were 0.71 (95% CI, 0.67–0.74), 0.71 (95% CI, 0.67–0.75), and 0.70 (95% CI,
0.64–0.76) in the overall, urban, and rural cohorts, respectively.

Interpretation In this Brazilian community-based prospective cohort, both NL-IHRS and FC-IHRS-based models
performed with reasonable discriminative accuracy on the risk estimation of long-term risk of major CVD. A non-
laboratory-based CVD risk score may be instrumental in Brazilian communities with limited access to medical resources.
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Introduction
In the past decades, progressive urbanization across
South America has resulted in lifestyle changes and an
increase in the prevalence of cardiometabolic risk fac-
tors in the population, consequently enhancing the
*Corresponding author. International Research Center, Hospital Alemão Osw
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contribution of non-communicable diseases to popula-
tional morbidity and mortality.1,2 Cardiovascular disease
(CVD) is the leading cause of death in Brazil. None-
theless, additional data are required to estimate the
impact of CVD and death rates according to different
aldo Cruz, Av. Paulista, 500, 5º andar, São Paulo, SP 01310-000, Brazil.
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Research in context

Evidence before this study
Risk scores are essential tools for implementing cardiovascular
disease (CVD) prevention. Validating risk scores considering
regional diversities and disparities is critical for reducing the
burden of CVD on global morbidity and mortality. Despite
that, few studies have evaluated the performance of
cardiovascular risk scores in Latin American populations. The
non-laboratory INTERHEART risk score (NL-IHRS) and the
fasting-cholesterol INTERHEART risk score (FC-IHRS) had been
externally validated in other regions worldwide and showed a
reasonable discriminatory capacity. In PubMed or Google
Scholar, we searched for longitudinal studies in the adult
population validating cardiovascular risk scores in the Latin
American or Brazilian population. Four studies, including Latin
American cohorts ranging from 918 to 376,177 participants,
were of interest that validated different cardiovascular risk
scores (ACC/AHA ASCV score, Globo-risk-LAC, and WHO CVD
score). One Brazilian study has externally validated five

cardiovascular risk scores (Framingham General Risk, Pooled
Cohort Equations, WHO CVD score, Globorisk-LAC, and the
Systematic Coronary Risk Evaluation 2 score) in 12,155
participants from the Brazilian Longitudinal Study of Adult
Health-ELSA Brasil.

Added value of this study
We externally validated the office-based tool NL-IHRS and a
laboratory-based tool FC-IHRS in the urban and rural Brazilian
cohorts of the PURE study. Both risk scores showed moderate
to good discrimination capacity in the Brazilian population.

Implications of all the available evidence
The NL-IHRS and FC-IHRS were suitable for the Brazilian
population and can be used as potential new tools for CVD
risk stratification in this population. A non-laboratory-based
CVD risk score may be particularly useful in Brazilian
communities with limited access to medical resources.
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regions and their contributing risk factors.3 The
assessment of risk factors associated with CVD and
their impact on mortality at a regional level can help
develop prevention strategies, considering specific par-
ticularities of each region or country, such as income,
social, and cultural factors.4,5

In low and middle-income countries, the World
Health Organization (WHO) recommends implement-
ing cardiovascular risk assessment to guide the initia-
tion of primary prevention treatments based on available
resources. In most regions of the world, a significant
barrier to this approach is the scarcity of locally validated
risk prediction tools and the requirement of laboratory
tests (e.g., lipid parameters) for risk estimation, limiting
their use in communities where laboratory facilities are
not widely available.6

The Prospective Urban and Rural Epidemiological
(PURE) study7–9 offers a unique opportunity to provide
information on cardiovascular risk, presenting contem-
porary and standardized data and conducting ongoing
follow-up with validation of clinical events. In this study,
we aimed to validate two cardiovascular risk scores
(laboratory-based and non-laboratory-based) to predict
major adverse cardiovascular events in the Brazilian
cohort of the PURE study.

Methods
Study design
The methodology of the PURE study has been published
elsewhere.7 Briefly, PURE is a large, community-based
cohort study that collected data on CVD risk factors
and outcomes across various resource settings. The
global study has enrolled 225,000 community-dwelling
participants between 35 and 70 years of age from over
1000 urban and rural communities in 27 high, middle,
and low-income countries. PURE was established to
investigate associations between social, behavioral,
genetic, and environmental factors and cardiovascular
diseases. Information of non-fatal and fatal events have
been obtained from participants or their family mem-
bers during long-term follow-up and reviewed centrally
within each country with available supporting docu-
mentation (including death certificate, verbal autopsy,
and medical records) using standardized definitions.
The demographics of the study population are broadly
consistent with national data. Within each community,
families and individuals were selected using sampling
strategies that minimize the selection of individuals that
could influence any association between risk factors and
outcomes. We previously defined urban community as
located in urbanized areas or not, corresponding to
cities (municipal headquarters), villages (district head-
quarters), or isolated urban areas, and rural community
as located outside the limits of the urban group,
including rural-urban extension clusters, towns, and
even smaller communities, and owning at least 70% of
the household income from agricultural activity.

Ethics
Ethics approval for the PURE study was obtained
through local and national committees, and all partici-
pants provided informed consent. The Ethics Commit-
tee of Hospital Alemão Oswaldo Cruz (National
Coordinating Center) gave ethical approval in Brazil.

Study population
The current study involves data analysis from the
Brazilian cohort recruited into the PURE study between
www.thelancet.com Vol 43 March, 2025
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2004 and 2005 and followed up to September 2021
(mean follow-up of 8.8 years). This cohort included 6038
participants without a history of cardiovascular disease
at enrollment.

Data acquisition
This dataset was captured on unified questionnaires
(electronic case report forms) based on standardized
interviews to collect detailed information from the
community, family, and individual, such as demog-
raphy, psychosocial factors, medical history, access to
healthcare services, and lifestyles. Physical measure-
ments were also obtained to provide essential informa-
tion on anthropometry, skinfolds, waist circumference,
hip circumference (waist-hip ratio), non-invasive blood
pressure, weight, and height (body mass index).

To ensure standardization and high-quality data, we
used a comprehensive operations manual, periodic
training workshops, training DVDs, and regular
communication with study personnel. We entered all
data in a customized database programmed with range
and consistency checks. We transmitted electronically to
the Project Office at the Population Health Research
Institute in Hamilton (ON, Canada), where further
quality control measures were implemented. We
collected national, community, household, and individ-
ual data with standardized questionnaires. Questions
about age, sex, education, smoking status, hypertension,
diabetes, and obesity were identical to those in the
INTERHEART and INTERSTROKE studies.10,11 We
assessed histories of cardiovascular and other diseases
from every participant with standardized question-
naires. Coronary heart disease was ascribed based on
self-reported myocardial infarction (MI), coronary artery
bypass graft surgery, percutaneous coronary interven-
tion with coronary stent implantation, or angina (cate-
gories were not identified separately). Stroke and heart
failure (HF) were ascribed based on self-reports.
Cardiovascular outcomes during follow-up were
assessed, adjudicated, and validated using prespecified
study definitions, guidelines, and the international
classification of diseases’ coding system.12–14 We fol-
lowed the transparent reporting of a multivariable pre-
diction model for individual prognosis or diagnosis
(TRIPOD) statements. The TRIPOD checklist is shown
in Supplementary Table S3.

Long-term follow-up, cardiovascular outcomes, and
adjudication
Annual follow-up has been performed to capture clinical
outcomes through validated questionnaires. The adju-
dication of events has been assessed in each country,
and periodically, a central adjudication committee is
responsible for clinical event validation with quality
control and cross-validation metrics. The cut-off for the
time points of complete adjudication and validation of
cardiovascular outcomes for this analysis was set as of
www.thelancet.com Vol 43 March, 2025
September 2021. Therefore, this analysis aims to pro-
vide information on the accuracy of the risk model
(non-laboratory versus laboratory-based) that could pre-
dict the first occurrence of fatal or non-fatal cardiovas-
cular events in the PURE Brazil cohort.

Cardiovascular risk estimation tools
This current report represents the analysis of the per-
formances of two risk prediction models derived from
the INTERHEART study in the Brazilian cohort of the
PURE study: the laboratory-based fasting cholesterol
INTERHEART risk score (FC-IHRS) model, which
required blood testing, and the non-laboratory-based
model (NL-IHRS), which required only medical history
and physical examination measurements.15 The
NL-IHRS and the FC-IHRS models were previously
developed using the INTERHEART case-control study,
which examined risk factors for incident MI in 27,043
participants (14,605 cases and 12,438 controls) across
52 countries.10 The two scores, FC-IHRS and NL-IHRS,
had already been validated for the MACE outcomes in
prospective cohorts of the PURE study and showed
moderate/good discrimination.16,17

The FC-IHRS model included the following variables
collected from the Brazilian cohort of the PURE study at
baseline: sex, age, history of hypertension and/or dia-
betes, smoking status (former smoker, active smoker of
1–5 cigarettes/day or 6–10 cigarettes/day or 11–15 cig-
arettes/day or 16–20 cigarettes/day or >20 cigarettes/
day), passive smoking, low-density lipoprotein (LDL)
cholesterol and high-density lipoprotein (HDL)
cholesterol.

The NL-IHRS model included the following variables
collected from the Brazilian cohort of the PURE study at
baseline: sex, age, smoking status (former smoker,
active smoker of 1–5 cigarettes/day or 6–10 cigarettes/
day or 11–15 cigarettes/day or 16–20 cigarettes/day or
>20 cigarettes/day), passive smoking, history of hyper-
tension and/or diabetes mellitus, familiar history of
cardiovascular disease, stress and depression experience
in the last 12 months, degree of physical activity in
leisure time, diet (fruit consumption, vegetable con-
sumption, fried food or trans/saturated fat consump-
tion, salty food and read meat/poultry consumption)
and body-mass index or waist-hip ratio. As per stan-
dardized data collection in the PURE study, all partici-
pants who reported current smoking status were not
asked about passive smoking and, therefore, were
classified as not having second-hand smoking exposure.

Variables related to socioeconomic factors, such as
education level, employment, and socioeconomic status,
were also collected.

Endpoint
The endpoint was the composite of major adverse car-
diovascular events (MACE), defined as MI, stroke, HF,
or death from cardiovascular causes. Using the
3
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multinational INTERHEART case-control study, four
risk prediction tools have been developed and validated
to predict the risk of MI and coronary artery disease
(CAD) development. The NL-IHRS was shown to pre-
dict CAD risk based solely on clinical history and simple
physical measurements, making it well-suited for use
across various geographic regions and resource settings.
However, since the score was developed in a case-
control study of MI, we aimed to evaluate its perfor-
mance across a broad range of significant CVD
endpoints (i.e., stroke, HF, fatal CVD) in a prospective
cohort study.

Statistical analysis
We described the frequencies and percentages for
categorical variables and means and standard deviations
(SD) for continuous variables. All analyses were con-
ducted with complete data, and the frequency of valid
numbers was reported. Baseline characteristics and
prevalence of cardiovascular risk factors are shown
through descriptive analyses. To determine the impact
of missing data, sensitivity analyses were performed
following the imputation of missing variables using the
multiple imputations by chained equation (MICE)
method, as described by Vergouwe et al.18 All analyses
were performed using the R statistics (Rstudio
2023.12.0), and p-values < 0.05 were considered signif-
icant results.

Assessment of predicting variables in the NL-IHRS
and FC-IHRS
Associations between single variables and incident CVD
were calculated using simple logistic regression analysis
of the NL-IHRS and FC-IHRS predicting variables.
Results are presented as regression coefficients
(β-coefficient) and odds ratios (OR) with 95% confidence
intervals (CI), with a two-sided p-value of <0.05
considered statistically significant.

Discrimination and calibration of the NL-IHRS and
FC-IHRS
From the 6038 participants included in the study, after
excluding those with missing data, 4936 were included
in the NL-IHRS analysis and 5201 in the FC-IHRS
analysis. The performance of the INTERHEART risk
scores was first evaluated using the original logistic
regression model developed in the INTERHEART
study. Discrimination reflects the ability of the logistic
regression model to differentiate participants who had a
cardiovascular event from those who did not and
measured by applying the c-statistic.18–20 Calibration
measures how closely a model’s estimate of predicted
risk agrees with observed outcomes. Model calibrations
were assessed by fitting a simple logistic regression
model of the CVD outcome with the prognostic index
(PI) as the only covariable. The PI was the weighted sum
of the variables in each model, where weights are the
original regression coefficients of the INTERHEART
model (Supplementary data).21 For each calibration
measure, 95% CI was calculated, and deviations of the
intercept (α) from 0 (a systematic overestimation or
underestimation of risk) or the slope (β) from one
indicated miscalibration.

Recalibration estimates of the CVD risk were calcu-
lated according to the following equation: pˆ= 1/1 + exp
[−{α +̂βˆ × (estimated PI)}] where αˆ and βˆ are the
respective point estimates of the intercept and slope
for the original NL-IHRS and FC-IHRS equation.22 Non-
parametric methods, as described by DeLong et al., were
applied to compare areas under the ROC curve of the
two recalibrated models.23 INTERHEART score models
were recalibrated after assessment of the overestimation
bias of the original equation by using new intercepts
and slopes precisely calculated for the entire population
and by area of residence. The recalibrated model was
then applied to categorize the participants into three
levels of cardiovascular risk based on MACE incidence:
low (annual risk <1%), intermediate (annual risk 1%–

2%), and high (annual risk >2%). We opted to analyze
the annual risk since the mean follow-up of our cohort
was 8.8 years (lower than the usual 10-year risk
estimated in other risk scores like the Framingham risk
score).24

Incidence rates (observed occurrence) of cardiovas-
cular events (MACE) per year were described for the
overall cohort, residence area, and risk stratification
(expected occurrence) up to September 2021 (mean
follow-up 8.8 years). The annual incidence was calcu-
lated by dividing the number of new cases (numerator)
and the person-year denominator, that is, the sum of the
time free from CV events for each subject in the cohort
divided by 365 days. The results were then multiplied by
100 to present the annual incidence per 100 person-
years or % per year.

The Net Reclassification Index (NRI) between NL-
IHRS and FC-IHRS was calculated using predicted
CVD risk thresholds of 1%/year and 2%/year (to identify
low-risk, intermediate-risk, and high-risk groups).25,26

Summary of the statistical approach
To clarify the statistical approach to evaluate the per-
formance of the IHRS scores in the Brazilian cohort, we
summarize in a step-by-step manner as follows:

1. Application of the IHRS scores (original equation)
in the Brazilian population—PURE cohort.

2. The score obtained was analyzed in a simple logistic
model. CV events were observed up to 9 years as the
dependent variable, and the score (or PI Prognostic
Index—see equations in the Supplementary material)
as the only predictive (or independent) variable.

3. The logistic model’s results revealed a miscalibra-
tion of the original equation when applied to the
Brazilian population.
www.thelancet.com Vol 43 March, 2025
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4 The recalibration process was conducted based on
the following equations: estimated PI = −1.45 +
0.2875 × IHRS total points/2 and then, pˆ = 1/
1 + exp [−{α +̂βˆ × (estimated PI)}], where αˆ and βˆ
are derived from a simple logistic model, with the
cardiovascular events observed in the Brazilian
population as the dependent variable and the PI
from the original IHRS equation as the only pre-
dictor (or independent) variable. The measure (pˆ)
represents the cardiovascular risk estimate over 9
years and was annualized by dividing by 9. Both
estimates are presented as percentage risk.

5 A recalibrated PI was presented using the equation
updated PI = estimated α + estimated β × PI, where
estimated α and β were obtained through a simple
logistic model, with CV events observed in the
Brazilian population and the score (pˆ) (step 4) as
the only predictor (independent) variable.

6 Steps 2, 3, 4, and 5 were applied to the general
population and according to place of residence
(rural or urban).

Role of the funding source
The Population Health Research Institute was respon-
sible for the collection, analysis, and interpretation of
the data, for writing the report, and for the decision to
submit the article for publication.

Novartis Biociências S.A. was not involved in the
collection, analysis, interpretation of the data, writing of
the report, or the decision to submit the article for
publication.
Urban (4623) Rural (1415) Total (6038)

Age

Mean (SD) 52.6 (9.3) 50.6 (9.7) 52.1 (9.4)

Sex

Male 2014 (43.6) 694 (49.0) 2708 (44.8)

Female 2609 (56.4) 721 (51.0) 3330 (55.2)

Education

None 421 (9.1) 321 (22.7) 742 (12.3)

Primary 1142 (24.7) 963 (68.1) 2105 (34.9)

Secondary/High School/Higher 1144 (24.7) 106 (7.5) 1250 (20.7)

Trade School 277 (6.0) 13 (0.9) 290 (4.8)

College/University 1639 (35.5) 12 (0.8) 1651 (27.3)

Employed

No 1409 (38.4) 622 (71.0) 2031 (44.7)

Yes 2258 (61.6) 254 (29.0) 2512 (55.3)

Missing data (n = 1495)

Community socioeconomic status

Low 2853 (61.7) 1415 (100.0) 4268 (70.7)

Middle 1511 (32.7) 0 1511 (25.0)

High 259 (5.6) 0 259 (4.3)

SD, standard deviation.

Table 1: Baseline demographic and sociocultural characteristics of the study participants.
Results
The analysis included 4623 and 1415 participants from
urban and rural areas, respectively. We excluded those
without information on clinical outcomes during follow-
up or those with follow-up shorter than 90 days. Mean
age was 52.1 (SD, 9.4) years, and there was a slight
predominance of women (3338; 55.2%). Low education
levels and high unemployment rates were frequently
observed, especially in those from rural areas. As shown
in Table 1, most individuals (4619; 76.5%) were
recruited from urban areas, and 4269 (70.7%) were
categorized as having low socioeconomic status. The
prevalence of both cardiometabolic and lifestyle risk
factors was high, with high consumption of saturated fat
in 5018 (84.6%) participants, salty foods in 3164 (52.4%)
participants, and red meats in 2958 (49%) participants
(Table 2).

After a mean follow-up of 8.8 years (range 0.28–15.1
years), there were 312 cardiovascular events (composite
endpoint of MACE), corresponding to an incidence rate
of 0.58% per year (0.56% per year in urban versus 0.64%
per year in rural areas). The incidence rates of the
MACE components were the following: acute MI (149;
0.28% per year), stroke (111; 0.21% per year), heart
www.thelancet.com Vol 43 March, 2025
failure (54; 0.10% per year), and cardiovascular death
(167; 0.31% per year). Out of 11 risk factors of the non-
laboratory (NL-IHRS) model, five were significantly
associated with the primary composite endpoint. Diet,
passive smoking, depression, stress, and family history
of CVD did not show a significant association with the
endpoint. Smoking, diabetes, and hypertension had
significant associations with cardiovascular events
(Table 3). Among the seven risk factors in the
laboratory-based risk score (FC-IHRS), we found no
significant associations between passive smoking and
LDL-cholesterol levels with the primary endpoint
(Table 4).

The original performances before recalibration of
the NL-IHRS and FC-IHRS are shown in Table 5. The
c-statistic for the NL-IHRS was 0.69 (0.66–0.72) in the
overall cohort, being 0.68 (95% CI 0.64–0.72) in the
urban cohort and 0.72 (95% CI 0.66–0.78) in the rural
cohort, and the c-statistic for the FC-IHRS was 0.71
(95% CI 0.67–0.74), 0.71 (95% CI 0.67–0.75) and 0.70
(95% CI 0.64–0.76) for the overall, urban, and rural
cohorts, respectively. After applying the multiple
imputation method, sensitivity analyses including 6038
participants did not reveal any significant increase in the
discriminative accuracy of the risk model (data not
shown). Calibration measures suggested a systematic
overestimation of cardiovascular risk according to the
NL-IHRS. This overestimation bias was also seen in
both rural and urban cohorts. After this recalibration
process, we found no significant change in the NL-IHRS
performance. Nevertheless, both risk scores (NL-IHRS
5
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Urban
(n = 4623)

Rural
(n = 1415)

Total
(n = 6038)

Age, n (%)

Male ≥ 55 years or female ≥ 65 years of age 1043 (22.6) 294 (20.8) 1337 (22.1)

Smoking, n (%)

Never smoked 2446 (52.9) 757 (53.5) 3203 (53.1)

Former smoker 1323 (28.6) 329 (23.3) 1652 (27.4)

1–5 cigarettes/day 162 (3.5) 103 (7.3) 265 (4.4)

6–10 cigarettes/day 180 (3.9) 84 (5.9) 264 (4.4)

11–15 cigarettes/day 102 (2.2) 34 (2.4) 136 (2.3)

16–20 cigarettes/day 279 (6.0) 85 (6.0) 364 (6.0)

>20 cigarettes/day 130 (2.8) 23 (1.6) 153 (2.5)

Passive smoking, n (%)

Yes 1584 (34.6) 592 (42.3) 2176 (36.4)

Diabetes, n (%)

Yes 480 (10.4) 99 (7.0) 579 (9.6)

Hypertension, n (%)

Yes 2260 (53.2) 664 (51.0) 2924 (52.7)

Non-premature CVD family history, n (%)

Yes 2331 (50.5) 702 (49.8) 3033 (50.3)

Waist-hip ratio (WHR), n (%)

WHR first quartile (<0.873 cm) 1260 (29.7) 282 (21.7) 1542 (27.8)

WHR second quartile (0.873–0.917 cm) 783 (18.4) 310 (23.8) 1093 (19.7)

WHR third quartile (0.918–0.963 cm) 926 (21.8) 325 (25.0) 1251 (22.6)

WHR upper quartile (>0.963 cm) 1275 (30.0) 384 (29.5) 1659 (29.9)

Missing data (n = 493)

Stress, n (%)

Never or some periods 2823 (63.0) 883 (68.7) 3706 (64.3)

Several periods or permanent stress 1660 (37.0) 402 (31.3) 2062 (35.7)

Depression, n (%)

Yes 1424 (30.8) 350 (24.8) 1774 (29.4)

Dietary factors, n (%)

High salty food consumption ( ≥ 1 time/day) 2489 (54.1) 663 (47.0) 3152 (52.4)

High fried food/trans saturated fat consumption
( ≥ 3 times/week)

3917 (85.1) 1175 (83.2) 5092 (84.6)

Low fruit consumption (<1 time/day) 696 (15.1) 349 (24.7) 1045 (17.4)

Low vegetable consumption (<1 time/day) 45 (1.0) 10 (0.7) 55 (0.9)

Red meat/poultry consumption ≥ 2 times/day 2511 (54.5) 434 (30.7) 2945 (49.0)

Physical activity, n (%)

Low physical activity (MET score <600) 508 (11.5) 117 (9.0) 625 (10.9)

LDL-Cholesterol, n (%)

Quartile 1 (<46 mg/dL) 980 (24.4) 328 (26.5) 1308 (24.9)

Quartile 2 (46–57 mg/dL) 1093 (27.2) 365 (29.5) 1458 (27.8)

Quartile 3 (58–70 mg/dL) 1210 (30.2) 327 (26.4) 1537 (29.3)

Quartile 4 (>70 mg/dL) 730 (18.2) 217 (17.5) 947 (18.0)

HDL-Cholesterol, n (%)

≥18 mg/dL 3257 (78.6) 879 (67.9) 4136 (76.1)

<18 mg/dL 886 (21.4) 416 (32.1) 1302 (23.9)

Notes: Missing data: Smoking (n = 1); Passive smoking (n = 55); Hypertension (n = 489); Waist-hip ratio
(n = 493); Stress (n = 270); Depression (n = 13); Dietary factors (n = 22); Physical activity (n = 308); LDL-
Cholesterol (n = 788); HDL-Cholesterol (n = 600). CVD, cardiovascular disease; WHR, waist-hip ratio; MET,
metabolic equivalent; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Table 2: Baseline prevalence of risk factors in the study population according to INTERHEART risk
score.
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and FC-IHRS) performed reasonably well, with NL-
IHRS c statistics of 0.69 (95% CI 0.66–0.72), 0.68
(95% CI 0.64–0.72) and 0.72 (95% CI 0.66–0.78) for the
overall, urban, and rural cohorts, respectively. C-statistic
values for the recalibrated FC-IHRS were very close to
those observed for the NL-IHRS, with 0.71 (95% CI
0.67–0.74), 0.71 (95% CI 0.67–0.75) and 0.70 (95% CI
0.64–0.76) for the overall, urban, and rural cohorts,
respectively. Comparison of areas under receiver oper-
ating characteristic (ROC) curves of C-statistic values
revealed non-significant differences between the
discriminative models, with p-values for overall, urban,
and rural locations of 0.456, 0.323, and 0.664, respec-
tively (Fig. 1 and Table 6).

Table 7 shows the annual observed incidence of the
composite outcome based on predicted risk from non-
laboratory INTERHEART risk score. There was a
gradual increase in the incidence rate according to the
cardiovascular risk score, which emphasizes the pre-
dictive accuracy and the adequate adjustment of the risk
model after recalibration. The distribution of the pre-
dicted risk according to the total score observed in each
estimation tool is shown in Supplementary Tables S1
and S2 (Supplementary Material). Comparison of areas
under receiver operating characteristic (ROC) curves
revealed non-significant differences between the
discriminative models, with p-values for overall, urban,
and rural locations of 0.113, 0.103, and 0.895, respec-
tively (Fig. 1). Reclassification with the NL-IHRS was
relatively small when compared with the FC-IHRS: Net
Reclassification Index (NRI) = 0.158 (0.08–0.23) and
Integrated Discrimination Improvement (IDI) 0.004
(0.003–0.005).

Discussion
In this study, we aimed to validate laboratory- and non-
laboratory cardiovascular risk stratification scores using
data from the Brazilian cohort of the PURE study. We
tested how well each risk model predicted the first
occurrence of cardiovascular events in the Brazilian
cohort of the international prospective community-
based cohort PURE study. The c-statistic discrimina-
tion values varied from 0⋅68 (NL-IHRS) to 0⋅73
(FC-IHRS) for the overall cohort, thus yielding close
results between the non-laboratory-based and
laboratory-based models, respectively. The discrimina-
tion capacity of the NL-IHRS and FC-IHRS in our
population was similar to the other two studies, which
evaluated these scores in other regions worldwide.16,17

The principal CVD risk scores used worldwide to
predict cardiovascular events are based on North
American and European cohorts with a predominantly
Caucasian population, such as the Framingham Risk
Score, Score, and Pooled Cohorts Equation
www.thelancet.com Vol 43 March, 2025
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CVD eventsb/N OR (95% CI) p-value

Age

Male ≥ 55 years or female ≥ 65 years 118/1142 2.01 (1.51–2.68) <0.0001

Smoking

Former smoker 79/1355 1.36 (0.99–1.88) 0.060

1–5 cigarettes/day 16/211 2.90 (1.61–5.22) <0.0001

6–10 cigarettes/day 13/211 2.41 (1.28–4.55) 0.007

11–15 cigarettes/day 8/110 2.72 (1.24–5.99) 0.013

16–20 cigarettes/day 31/293 3.99 (2.49–6.41) <0.0001

>20 cigarettes/day 18/131 4.55 (2.51–8.26) <0.0001

Passive smoking

Yes 82/1789 1.15 (0.84–1.57) 0.390

Diabetes

Yes 64/484 2.36 (1.71–3.25) <0.0001

Hypertension

Yes 205/2614 2.62 (1.88–3.63) <0.0001

Family history of cardiovascular disease

Yes 123/2505 0.90 (0.69–1.17) 0.442

Waist-hip ratio

WHR second quartile (0.873–0.917 cm) 38/969 1.52 (0.92–2.52) 0.099

WHR third quartile (0.918–0.963 cm) 56/1102 1.61 (1.00–2.58) 0.048

WHR upper quartile (>0.963 cm) 135/1502 2.01 (1.29–3.14) 0.002

Stress

Several periods or permanent stress 92/1747 1.16 (0.87–1.55) 0.320

Depression

Yes 70/1478 0.89 (0.65–1.22) 0.474

Dietary factors

High salty food (≥ 1 time/day) 139/2586 1.18 (0.89–1.56) 0.240

High fried food/trans and saturated fat
(≥ 3 times/week)

213/4191 0.85 (0.59–1.22) 0.368

Low fruit consumption (<1 time/day) 53/858 1.18 (0.84–1.64) 0.343

Low vegetable consumption (<1 time/day) 2/43 0.60 (0.13–2.65) 0.497

Red meats or poultry meat consumption
(≥ 2 times/day)

119/2460 0.82 (0.62–1.07) 0.143

Physical activity

Low PA (MET score <600) 44/529 1.38 (0.96–1.97) 0.080

Notes: NL-IHRS, Non-laboratory INTERHEART risk score; CVD, Cardiovascular; CI, confidence interval; WHR,
waist-hip ratio; OR, odds ratio, PA, physical activity; MET, metabolic equivalent. Simple logistic regression
models were performed. Reference category: Age (Male <55 years or female <65 years); Smoking (Never
smoked); Passive smoking (No)/Diabetes (No)/Hypertension (No)/Family history of CVD/Depression (No);
Waist-hip ratio (WHR first quartile (<0.873 cm)); Stress (Never or some periods); High salty food (<1 time/day);
High fried food/trans and saturated fat (<3 times/week); Fruit consumption (1 ≥ time/day); Vegetable
consumption (≥1 time/day); Red meats or poultry meat consumption (<2 times/day); Physical activity
(moderate or high PA, MET score ≥ 600). aAnalysis sample (n = 4936). bCVD events (n = 258).

Table 3: Associations of the composite outcome with each predictor included in the NL-IHRS.a

Articles
Calculator.27–30 Few studies have validated cardiovascular
risk scores focused on the Latin American population,
which is characterized by diversity in ethnic, cultural,
and socio-economic aspects. Rodríguez-Ariza et al.
analyzed the performance of the ACC/AHA ASCVD
score to predict the 10-year risk of major cardiovascular
events in a primary prevention cohort of 918 patients
followed in a Colombian hospital, showing an area un-
der the ROC curve of 0.782 (95% CI 0.71–0.85).31

However, unlike our analysis, this study design was
based on a retrospective cohort, and cardiovascular
death was not included in the primary composite
endpoint. The Globorisk LAC study encompassed data
from cohorts participating in the Cohort Consortium of
Latin America and the Caribbean (CC-LAC) with 21,378
participants and 1202 events (coronary events and
stroke) and developed a CVD risk score.32 Similar to our
analysis, the Globorisk LAC study validated two models,
one laboratory-based (systolic blood pressure, total
cholesterol, diabetes, and smoking) and one office-based
(body mass index replaced total cholesterol and dia-
betes), and showed good performance in both models
with a c-statistics of 0.72 (95% CI 0.70–0.74) for the
laboratory-based model and 0.71 (95% CI 0.69–0.72) for
the office-based model. In a critical initiative led by the
WHO, cardiovascular disease risk prediction charts
were developed using data from 85 cohorts from 21
different regions of the world, using 10-year risk pre-
diction models. The risk model derivation involved
376,177 individuals and 19,333 incident cardiovascular
events recorded; however, only data from Uruguay were
incorporated in the South American region.33 A recently
published study examined the performance of five
widely used cardiovascular risk scores (Framingham
General Risk, Pooled Cohort Equations, WHO CVD
score, Globorisk-LAC, and the Systematic Coronary Risk
Evaluation 2 score) in 12,155 public servants from
higher education and research institutes from the Bra-
zilian Longitudinal Study of Adult Health. They found
that Framingham General Risk and Pooled Cohort
Equations demonstrated the highest overestimation and
that the WHO CVD score showed the best calibration,
but the risk discrimination was poor in women.34

When choosing and broadly applying a simpler
scoring model to provide risk stratification, some
essential requirements are validating and calibrating
clinical tools in different countries, mainly those with
wide diversity and less favourable socioeconomic status.
The PURE study offers a unique opportunity to test the
performance of either risk model based on the large
sample size, long-term follow-up, standardized data
collection, and adjudication of outcomes with excellent
quality control metrics. In addition to the overall pre-
dictive discrimination between adding lab tests versus
not requesting blood samples for lipid measurements,
in large developing countries such as Brazil, relevant
issues include individual costs, availability, and
www.thelancet.com Vol 43 March, 2025
affordability of standard diagnostic tests to be widely
used as cardiovascular screening and preventive strate-
gies. Adopting a cheaper, easy-to-obtain, and widely
available clinical tool for risk stratification, the NL-IHRS
may be as helpful as the FC-IHRS laboratory-based
model, thus being cost-effective and economically
attractive, especially in lower-income countries.

Moreover, our study showed that five main variables
were independently associated with a higher risk of
MACE in NL-IHRS after replacing cholesterol levels
with anthropometric measurements such as BMI and
7
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CV eventsb/N OR (95% CI) p-value

Age

Male ≥ 55 years or female ≥ 65 years of age 116/1165 2.20 (1.68–2.88) <0.0001

LDL-cholesterol

Quartile 2 (46–57 mg/dL) 56/1437 0.87 (0.60–1.27) 0.483

Quartile 3 (58–70 mg/dL) 82/1528 1.24 (0.88–1.75) 0.221

Quartile 4 (>70 mg/dL) 56/940 1.21 (0.82–1.77) 0.339

HDL-cholesterol

<18 mg/dL 83/1157 1.33 (1.00–1.77) 0.053

Smoking

Former smoker 77/1412 1.36 (0.99–1.86) 0.058

1–5 cigarettes/day 18/230 3.13 (1.79–5.47) <0.0001

6–10 cigarettes/day 15/224 2.66 (1.46–4.83) 0.001

11–15 cigarettes/day 8/117 2.55 (1.17–5.55) 0.019

16–20 cigarettes/day 33/303 4.40 (2.79–6.94) <0.0001

>20 cigarettes/day 16/129 4.14 (2.26–7.60) <0.0001

Diabetes

Yes 67/496 2.71 (1.98–3.70) <0.0001

Hypertension

Yes 206/2696 2.82 (2.07–3.84) <0.0001

Notes: FC-IHRS, fasting-cholesterol INTERHEART risk score; CV, cardiovascular; LDL, low-density lipoprotein;
HDL; high-density lipoprotein; OR, odds ratio; CI, confidence interval. Multivariate logistic regression models
were performed. Reference category: Age (Male < 55 years or female < 65 years); Smoking (Never smoked);
Diabetes (No)/Hypertension (No); LDL-cholesterol (<46 mg/dL); HDL-cholesterol (>18 mg/dL). aAnalysis sample
(n = 5201). bCV events (n = 264).

Table 4: Associations of the composite outcome with each predictor included in the FC-IHRS.a

C-stat

NL-IHRS

Overall 0.69 (

Urban 0.68 (

Rural 0.72 (

FC-IHRS

Overall 0.71 (

Urban 0.71 (

Rural 0.70 (

NL-IHRS, non-laboratory INT
confidence interval.

Table 5: Performance (dis
endpoint prediction.
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waist-hip ratio for assessing abdominal obesity. Indeed,
our findings are consistent with the INTERHEART and
INTERSTROKE studies, in which a stronger association
between waist-hip ratio and risk of MI and stroke was
observed, as compared with the odds ratio for MI
observed when assessing global obesity with BMI. Diet,
passive smoking, depression, stress, and family history
of CVD did not show a significant association with the
endpoint. This observation does not necessarily mean
that these risk factors were not associated with a higher
risk of developing cardiovascular events. All of them
have been identified as independent risk factors in the
istic (95% CI) Intercept (95% CI) Slope (95% CI)

0.66–0.72) −3.52 (−3.73 to −3.33) 0.83 (0.68–0.98)

0.64–0.72) −3.56 (−3.80 to −3.34) 0.80 (0.63–0.98)

0.66–0.78) −3.40 (−3.83 to −3.03) 0.94 (0.63–1.27)

0.67–0.74) −3.35 (−3.52 to −3.18) 1.33 (1.11–1.56)

0.67–0.75) −3.43 (−3.64 to −3.24) 1.35 (1.09–1.62)

0.64–0.76) −3.11 (−3.44 to −2.81) 1.35 (1.09–1.62)

ERHEART risk score; FC-IHRS, fasting cholesterol INTERHEART risk score; CI,

crimination and calibration) of the original NL-IHRS and FC-IHRS for
Fig. 1: ROC curves for the overall, urban, and rural population for
non-laboratory INTERHEART risk score (NL-IHRS) and fasting-
cholesterol INTERHEART risk score (FC-IHRS).

www.thelancet.com Vol 43 March, 2025
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C-statistic (95% CI) Intercept (95% CI) Slope (95% CI)

NL-IHRS

Overall 0.69 (0.65–0.72) 0.00 (−0.51 to 0.50) 1.00 (0.82–1.18)

Urban 0.68 (0.64–0.72) 0.00 (−0.61 to 0.59) 1.00 (0.79–1.21)

Rural 0.72 (0.66–0.78) 0.00 (−0.90 to 0.88) 1.00 (0.67–1.34)

FC-IHRS

Overall 0.71 (0.67–0.74) 0.00 (−0.47 to 0.47) 1.00 (0.83–1.17)

Urban 0.71 (0.67–0.75) 0.00 (−0.56 to 0.55) 1.00 (0.81–1.20)

Rural 0.70 (0.64–0.76) 0.00 (−0.87 to 0.86) 1.00 (0.67–1.34)

NL-IHRS, non-laboratory INTERHEART risk score; FC-IHRS, fasting cholesterol INTERHEART risk score; CI
confidence interval.

Table 6: Performance of recalibrated INTERHEART risk score for endpoint prediction.

Risk Fraction (%) Outcome/N Annual observed
incidence (100
person-year)

Population

NL-IHRS riska

Overall

Low 81.9 147/4044 0.40

Intermediate 14.3 81/706 1.34

High 3.8 30/186 1.98

Urban

Low 80.9 109/3149 0.40

Intermediate 16.2 66/629 1.26

High 2.9 20/112 2.26

Rural

Low 77.3 32/809 0.40

Intermediate 17.2 20/180 1.19

High 5.5 11/57 2.03

aNL-IHRS risk as low (probability of MACE < 1% per year), intermediate (probability of MACE between 1% and
2% per year), and high (probability of MACE >2% per year). MACE, major adverse cardiovascular event.

Table 7: The annual observed incidence of the composite endpoint based on predicted risk from
non-laboratory INTERHEART risk score (NL-IHRS).

Articles
INTERHEART and INTERSTROKE studies, which
involved several countries and many events. Therefore,
our study may not have the statistical power to detect
significance for these variables in the multiple logistic
regression models. On the other hand, we found that
age, smoking status, diabetes, hypertension, and waist-
hip ratio assessing abdominal obesity were indepen-
dently associated with a higher risk of cardiovascular
outcomes. These variables had greater effect size and
concordance with metabolic and behavior pathways in
atherosclerotic diseases. Other studies with the same
objective of comparing laboratory-versus non-laboratory
risk estimation tools did not measure HDL cholesterol.
They used body mass index to evaluate obesity, which
contrasted with our study, as we included HDL in the
laboratory-based prediction model and calculated the
waist-hip ratio.35,36

In this cohort, we found that nearly one-fifth of
participants were classified as having an intermediate/
high cardiovascular risk at the time of enrollment into
the PURE study. An interesting and somewhat unex-
pected observation was the relatively higher proportion
of participants from rural areas at high risk (22%) than
those from urban areas (19%). Our findings differ from
other studies. The Brazilian Longitudinal Study of Adult
Health (ELSA-Brasil)37 enrolled 15,105 civil servants
from universities or research institutes; therefore, only
people from urban areas were recruited, which did not
allow for an assessment of health determinants in the
settings of the rural environment and of multiple com-
munities and different socioeconomic profiles. More-
over, the proportions of some risk factors such as
hypertension, obesity, and current smoking were higher
in our study as compared with those from ELSA-Brasil.
Regarding the derivation and recalibration of both
models, there was a gradual increase in the cardiovas-
cular risk and incidence rates of events according to
scoring points, which emphasizes the predictive accu-
racy and the adequate adjustment of either FC-IHRS or
NL-IHRS after recalibration.

The current study is the first prospective community-
based study conducted in Brazil with individuals from
urban and rural areas. It represents one of the largest
follow-up cohorts, still ongoing towards 2030. In addi-
tion, continuous structured data collection of all-cause
hospitalizations and non-fatal or fatal events, along
with standardized adjudication of major non-
communicable diseases, specifically acute MI, stroke,
heart failure, and death, provide clinically and scientifi-
cally relevant real-world evidence from individuals living
in urban or rural areas. The analyses offer contemporary
and reliable estimates of an individual’s risk for devel-
oping major cardiovascular events.

We recognize several limitations. We may assume
that longer study duration with regional variations in
socioeconomic and political aspects might impact
ascertainment bias and loss-to-follow-up numbers over
www.thelancet.com Vol 43 March, 2025
time. The difference between the mean and maximum
follow-up indicates that not all individuals have com-
plete follow-up, which would be ideal for logistic
regression. Furthermore, 1102 participants in the NL-
IHRS and 831 participants in the FC-IHRS analyses
were excluded due to at least one missing variable, a
common challenge in risk score development and vali-
dation studies. However, in our sensitivity analysis us-
ing imputed data, the discrimination performance of
both scores was similar in the overall study cohort. As
the original equations for the FC-IHRS and NL-IHRS
were based on data from the case-control study
INTERHEART, one limitation could be their use to
validate this score in a prospective cohort. Indeed,
despite the analysis of time-dependent variables in the
analysis and treating the MACE composite outcome as a
time-to-event variable, we kept unconditional logistic
regression analysis and considered only the baseline
measures of the time-varying variables to adhere to the
9
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original statistical methods used to derive the NL- and
FC-IHRS equations in the INTERHEART study.

However, the performance of these INTERHEART
scores in two other studies was adequate for other
populations of the PURE study.16,17 The analysis did not
include ethnicity, which might have influenced the
prediction performance. In Brazil, the multiethnicity
and the miscegenation patterns of the population make
it difficult to assert the exact ethnic phenotype in many
participants.

Conclusions
In this Brazilian community-based prospective cohort,
both the NL-IHRS and FC-IHRS-based models can be
clinically useful in estimating the long-term risk of non-
fatal or fatal cardiovascular events in individuals without
a previous history of atherosclerotic cardiovascular dis-
ease. These simple, validated, and broadly applicable
risk scores can be easily integrated into CVD primary
prevention strategies, aiming to reduce the burden of
CVD in Brazil. A non-laboratory-based CVD risk score
may be particularly useful in Brazilian communities
with limited access to medical resources.
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