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External Validation of Cardiovascular Risk Scores in the Southern Cone
of Latin America: Which Predicts Better?

Validacion externa de ecuaciones de riesgo cardiovascular en el Cono Sur de Latinoamérica:
¢cual predice mejor?

PABLO E. GULAYIN'?, GOODARZ DANAEF, LAURA GUTIERREZ', ROSANA POGGIO', JAQUELINE PONZO®, FERNANDO LANAS?,
ADOLFO RUBINSTEIN®, VILMA IRAZOLA'

ABSTRACT

Background: Inaccurate estimates of demographic cardiovascular risk may lead to an inadequate management of preventive medical
interventions such as the use of statins.

Objectives: The aim of this study was to evaluate the external validity of cardiovascular risk equations in the general population of
the Southern Cone of Latin America.

Methods: Equations including variables evaluated in the CESCAS cohort study and that estimate overall cardiovascular mortality
(CUORE, Framingham, Globorisk and Pooled Cohort Studies) were assessed. For each equation, an independent analysis was per-
formed taking into account the cardiovascular events originally considered. Discrimination of each equation was evaluated through
C-statistic and Harrell’s C-index. To assess calibration, a graph was built for each equation with the proportion of observed events
vs. the proportion of estimated events by risk quintiles and the f slope of the resulting linear regression was calculated. Sensitivity
and specificity were determined for the detection of people at high cardiovascular risk.

Results: The median follow-up time of the cohort at the time of the analysis was 2.2 years, with an interquartile range of 1.9 to 2.8
years. Sixty cardiovascular events were incorporated into the analysis. All C-statistic and Harrell’s-C index values were greater than
0.7. The value of the f slope farthest from 1 was that of the Pooled Cohort Studies score.

Conclusions: Although the external validation parameters evaluated were similar, CUORE, Globorisk and the Framingham equa-
tions showed the best global performance for cardiovascular risk estimation in our population.
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RESUMEN

Introduccion: La estimacion inexacta del riesgo cardiovascular poblacional puede llevar a un manejo inadecuado de las interven-
ciones médicas preventivas, como, por ejemplo, el uso de estatinas.

Objetivo: Evaluar la validez externa de ecuaciones de prediccién de riesgo cardiovascular en poblacién general del Cono Sur de
Latinoamérica.

Material y métodos: Se evaluaron ecuaciones que incluyen variables evaluadas en el estudio CESCAS y que predicen tanto mor-
bilidad como mortalidad cardiovascular global (CUORE, Framingham, Globorisk y Pooled Cohort Studies Equations). Para cada
ecuacion se realiz6 un anélisis independiente en el que se tuvieron en cuenta los eventos cardiovasculares relevados. Se evalué la
discriminacién de cada ecuacion a través del célculo del estadistico-C y el indice Harrell C. Para evaluar la calibracion se grafico la
proporcién de riesgos observados vs. estimados por quintilos de riesgo para cada ecuacién y se calculé la pendiente B de regresion
lineal para las estimaciones. Se calcul6 sensibilidad y especificidad para la detecciéon de personas con elevado riesgo cardiovascular.
Resultados: La mediana del tiempo de seguimiento de la cohorte al momento del andlisis es de 2,2 ahos, con un rango intercuartilo
de 1,9 a 2,8 anos. Se incorporaron a los andlisis 60 eventos cardiovasculares. Todos los valores de estadistico-C y del indice de Harrell
fueron superiores a 0,7. El valor de la pendiente  més alejado de 1 fue el de Pooled Cohort Studies Euations.

Conclusiones: Si bien los parametros de validacién externa evaluados fueron similares, CUORE, Globorisk y el indice de Framing-
ham fueron las ecuaciones con mejores indicadores globales de prediccién de riesgo cardiovascular.
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Abbreviations

cv Cardiovascular
CVD Cardiovascular disease

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of
death both in developed and in developing countries.
Approximately 80% of deaths of CV origin occur in
low and middle income countries (1, 2) The INTER-
HEART study showed that nine measurable and po-
tentially modifiable risk factors are responsible for
90% of acute myocardial infarctions. (3) Most of these
CV risk (CVR) factors also represent the main causes
of disease burden worldwide. (4) It is critical for de-
veloping countries to improve their ability to detect
individuals at high CVR in order to benefit from more
intense medical interventions.

In recent years, the estimation of CVR has assumed
a central role in CV primary prevention, and research
in the field of risk prediction has become subject of
profound study. (5) The estimation of future CVR not
only aids global clinical management as basis for indi-
vidual therapeutic decision-making but also as a tool
to evaluate the risk profile at the population level. (6)
Decisions in CV prevention should be adopted after
an adequate estimation of CVR; for example, medical
treatment with statins in individuals at high CVR. (7)
In turn, the calculation of CVR is not only an essential
support tool for clinical decision-making, but also aids
with the communication and diffusion of information
to patients. (5)

Cardiovascular risk prediction scores are practical,
easy to use tools at the level of primary care. Most
models of CVR prediction have been built in devel-
oped countries using databases with different socio-
demographic, epidemiological and nutritional realities
than those found in the South Cone of Latin America
regions. (5) In this context, inaccurate risk prediction
may lead to inadequate onset of medical interventions
in individuals at lower real risk than that predicted by
equations created in different populations. (8, 9)

The aim of this study was thus to evaluate the ex-
ternal validity (calibration, discrimination, sensitiv-
ity and specificity) of CVR prediction equations built
in developed countries, in the first follow-up data of
the Center of Excellence in Cardiovascular Health
for South America (CESCAS) cohort, a representa-
tive general population sample of four cities in the
South Cone of Latin America (Argentina, Chile and
Uruguay). To our knowledge, this is the first study
that evaluates and compares different CVR prediction
equations in populations belonging to the South Cone
of Latin America. (9-11).

METHODS
Selected prediction equations
The selection of CVR prediction equations was based on mod-

CVR Cardiovascular risk

els presented in the 2016 European guidelines on CVD pre-
vention in clinical practice. (12) The equations incorporated
for the analysis were selected following two steps: Firstly,
prediction models whose variables had all been evaluated in
the Southern Cone of Latin America CESCAS cohort were
included and then, equations predicting only CV mortality
or coronary events were finally excluded. The models evalu-
ated were: ASSIGN-SCORE, (13) QRISK1 (14) & QRISK2
(15), SCORE, (16) PROCAM, (17) Pooled Cohort Studies
Equations, (18) Framingham, (19) CUORE (20) and Globo-
risk. (21). Equations selected for evaluation corresponded to
the last four risk models. Figure 1 depicts the selection pro-
cess and Table 1 describes the final events predicted by these
equations, the variables included in the models and the age
ranges evaluated.

The CESCAS cohort

The details of the analysis and sampling method of the CES-
CAS cohort study have been previously published. (22-23).
Essentially, CESCAS is a prospective cohort study including
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Fig. 1. Selection process of cardiovascular risk equations
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Table 1. Characteristics of the models evaluated*

CUORE Framingham Globorisk Pooled Cohort Studies
Equations
Variables included in Sex Sex Sex Sex
the models Age Age Age Age
Total cholesterol Total cholesterol Total cholesterol Total cholesterol
HDL-C HDL-C e HDL-C
SMK SMK SMK SMK
SBP SBP SBP SBP
——————————————————————— DBT DBT DBT
Antihypertensive treatment Antihypertensive treatment ~ —m--eeemmeemeemeeeeee Antihypertensive treatment
Age range 35-69 35-69 35-69 35-69

¥ SMK: Smoking. SBP: Systolic blood pressure. DBT: Diabetes. HDL-C: HDL-cholesterol

7,524 adults (3,165 men and 4,359 women) from 35 to 74
years of age, recruited between December 2010 and Decem-
ber 2012. The sample originates from polystage sampling
representative of the general population of four cities of the
Southern Cone of Latin America: Bariloche and Marcos Paz
(Argentina), Temuco (Chile) and Canelones (Uruguay). The
global response rate was 73.4% and was similar in men and
women across cities.

Study data were collected during a home visit and in an-
other visit to a medical center. Socio-demographic informa-
tion (age, sex, education and occupation) was obtained dur-
ing the home survey. Anthropometric measurements were
obtained by certified, trained staff using standardized proto-
cols and techniques. Blood pressure was measured with the
participant seated after a 5-minute rest, using a standard
mercury or aneroid sphygmomanometer, and the average of
three readings was considered for the analysis. Body weight,
height and waist circumference were measured twice during
the evaluation, and their average was used in all the analy-
ses.

A fasting blood sample was withdrawn to assess lipo-
proteins, creatinine and blood sugar levels. The fasting in-
terval was verified before blood withdrawal and no blood
sample was taken if fasting was below 10 hours. Standard
methods were used to determine blood glucose, total cho-
lesterol, HDL-cholesterol, triglycerides and creatinine. LDL-
cholesterol concentration was calculated using Friedewald’s
equation when triglycerides were <400mg/dL. (24) Diabetes
was defined as blood sugar levels > 126 mg/dL and/or self-re-
ported history of diabetes and/or its current treatment with
insulin or oral anticoagulants.

Cardiovascular events (angina, fatal and non-fatal myo-
cardial infarction, fatal and non-fatal stroke, coronary artery,
carotid or peripheral revascularization procedure, heart fail-
ure and sudden death) in this first follow-up evaluation were
confirmed by a specialist in internal medicine or a cardiolo-
gist after verifying the event-specific record. Of importance,
the CESCAS cohort did not reveal intermittent claudication,
one of the Framingham equation endpoints.

Statistical analysis: external validation of the models

The regression coefficients of the original publications were
obtained for each selected model. Together with these coef-
ficients, all the equations were recalibrated to the CESCAS
population with the following exponential equation: (19)

p=1-5,(t exp(ZE, Bii~Ef Bif)

where S, (t) is survival at the specific follow-up time; f;
are the estimated coefficients of regression (Log hazard ra-
tio); X is the sl_)eciﬁc value of each risk factor considered for
the equation; X refers to the mean value of each risk factor
in the CESCAS population at baseline and p corresponds to
the number of risk factors for each equation.

A different “endpoint” variable for each equation was
created in the database (Tablel), specifically including the
events for which they were designed as prediction tools.

The discrimination of each equation was assessed
through the calculation of the C-statistic (Area under the
ROC curve, AUROC) and Harrell’s C-index. The C-statistic
is the most commonly used measurement for the discrimina-
tion of CV prediction models. It reflects the ability of this
index to discriminate between individuals presenting or not
events. Namely, it expresses the probability that a randomly
selected case (event) has a risk score above a randomly se-
lected non-case (without event). (5) Harrell’s C-index is an-
other similar statistical tool to compare the discrimination
of a model, but allows the addition of follow-up time, which
measures its capacity to assign high risk to individuals with
short time to the event. (25, 26) Calibration was analyzed
comparing predicted and observed events per risk quintile.
In addition, the P slope of the linear regression estimates
was calculated, where values close to 1 indicate better model
calibration.

For the calculation of sensitivity and specificity, the
American guidelines suggest a cut-off point of 7.5% risk at
10 years. Since the follow-up time of the present cohort is
lower, the cut-off point was estimated as 3% risk. This adap-
tation was performed using the following formula: 1 — Exp
(-1*average annual incidence of events*follow-up time for
the 95% cohort percentile). Sensitivity was calculated as
true positives (TP)/(TP + false negatives) *100. Specificity
was calculated as true negatives (TN)/TN + false positives)
*100.

Ethical considerations

This study was performed following data protection rights
guidelines of people who voluntarily participated in the
study. All CESCAS cohort participants signed an informed
consent including the authorization of data use for second-
ary analysis. Cohort protocol was approved by the Ethics
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Committees of all the centers participating in Argentina,
Chile and Uruguay.

RESULTS

Follow-up of the CESCAS cohort

After the exclusion of participants with history of
CVD at baseline cohort evaluation, and cases without
available complete baseline biochemical tests, 6,364
participants were included in the study. At the time
of analysis of the present database, median follow-up
was 2.2 years, interquartile range 1.9-2.8 years. A to-
tal of 60 primary CV events occurred during that in-
terval: 21 anginas and acute myocardial infarctions,
15 strokes, 10 heart failures, 2 coronary artery revas-
cularization procedures and 12 CV deaths.

External validation parameters
Table 2 presents the discrimination parameters alpha-
betically ordered. Table 3 summarizes the calibration

parameters analyzed and Table 4 shows the sensitiv-
ity and specificity values for the detection of individu-
als with elevated CVR.

DISCUSSION
The study assessed external validation parameters
of equations estimating CVR in a Southern Cone of
Latin America cohort. Even though current follow-up
data of the CESCAS cohort did not provide significant
differences among selected equations, we should point
out that CUORE, Framingham and Globorisk scores
had the best prediction parameters in this population.
According to the literature, ROC curves rarely ex-
ceed 0.8 values (27) in this type of validation analyses.
In this study, all the curves in the CESCAS cohort were
above 0.7, with Globorisk and CUORE presenting the
highest C-statistics. Moreover, Harrell’s C-index was
similar among the different equations. Assessment of
the degree of agreement between observed and pre-

Table 2. Discrimination parameters evaluated

Equatio CUORE Framingham Globorisk Pooled Cohort Studies
Equations

ROC H

curve H

C-statistic 0.751 0.719 0.753 0.736

Harrell's C index 0.752 0.722 0.736 0.743

Table 3. Calibration parameters evaluated

Equatio CUORE Framingham Globorisk Pooled Cohort Studies
Equations

Observed . o o

() vs.

estimated

(D) risk per I = I I

risk quintiles T T = I oo L ‘ l - . vo— o mo o m I ol w om B J

Linear o ==

regression of o

observed vs.

s oo
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estimated A D < -
00000 ""/" omoo @ >~ hd oo 102 0.0000 '/. ¢
riSk 00000 00200 00400 00500 00800  0.1000 00000 00200 0000 00600 00B00 1000  0.1200 00000 00200 00400 00600 00800 0.1000 00000 00200 00400 00500 00800 01000 0.120)
B slope y=1.012x - 0.0036 y = 1.0956x - 0.014 y = 1.3718x - 0.0066 y =0.5103x + 0.0095
CUORE Framingham Globorisk Pooled Cohort Table 4. Sensitivity and specificity
Equati for the identification of high car-
Latons diovascular risk
Sensitivity 73% 81% 75% 75%
Specificity 69% 51% 60% 58%
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dicted model values (calibration) showed that CU-
ORE, Globorisk and Framingham were the equations
with highest accordance in the comparison per risk
quintiles and with B coefficient closer to 1, whereas
the AHA Pooled Cohort Studies Equations showed
model instability in the higher risk quintiles with
coefficient farther from 1. The four equations showed
comparable sensitivity and specificity to detect indi-
viduals at elevated CV risk, the Framingham equation
evidencing the highest value for sensitivity and CU-
ORE for specificity.

Certain observations and limitations should be
mentioned about the conclusions of this study: 1) the
current follow-up time of the CESCAS cohort does not
allow a long-term prediction analysis; however, all the
analyses performed in the study were adjusted to sur-
vival according to the follow-up time; 2) future analy-
ses will have a greater number of CV events, allowing
the incorporation of equations evaluating exclusively
CV mortality such as the SCORE model; and 3) inter-
mittent claudication cases were not considered for the
evaluation of the Framingham equation, as they were
not recorded in the cohort.

Among the strengths of this study, we should first
mention that, to our understanding, no other external
validation analysis of CVR equations has been previ-
ously published in the general population of the South-
ern Cone of Latin America; second, calibration of each
equation for baseline risk of the CESCAS cohort popu-
lation was performed using prevalent risk factor data,
which would not have been possible without individual
population data for a more accurate adaptation of the
model to the population under the study (27), and;
third, independent analyses were performed for each
equation taking into account the final events they eval-
uate and the age range for which they were designed.

Current work in the CESCAS cohort will not only
increase the complexity of external validation analy-
ses of the equations developed, but will also allow the
construction of a proper regional prediction model
and the evaluation of other types of non-conventional
prediction variables as inflammation or atherogenic
biomarkers (PCR, lipoprotein A).

CONCLUSIONS

Risk prediction equations evaluated in the study
showed similar risk prediction parameters and CU-
ORE, Framingham and Globorisk equations present-
ed the best parameters. These results represent a first
approximation for the selection of the most adequate
prediction model for our population. Future cut-off
points of CESCAS cohort with longer follow-up and
higher number of events will improve the CVR clas-
sification at the population level based upon the evi-
dence resulting from data of our region.

Conflicts of interest
None declared. (See authors’ conflicts of interest forms on
the website/Supplementary material).

REFERENCES

1. Gersh BJ, Sliwa K, Mayosi BM, Yusuf S. Novel therapeutic con-
cepts: the epidemic of cardiovascular disease in the developing
world: global implications. Eur Heart J 2010;31:642-8. http://doi.org/
bdr4nb

2. The Global Burden Disease 2004 update. World Health Organi-
zation 2008: http:/www.who.int/healthinfo/global_burden_disease/
GBD_report_2004update_full.pdf. Accessed 14-Jul-2017.

3. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et
al. Effect of potentially modifiable risk factors associated with myo-
cardial infarction in 52 countries (the INTERHEART study): case-
control study. Lancet 2004;364:937-52. http://doi.org/d557rz

4. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani
H, et al. A comparative risk assessment of burden of disease and
injury attributable to 67 risk factors and risk factor clusters in 21
regions, 1990-2010: a systematic analysis for the Global Burden of
Disease Study 2010. Lancet 2012;380:2224-60. http://doi.org/j3t

5. Lloyd-Jones DM. Cardiovascular risk prediction: basic concepts,
current status, and future directions. Circulation 2010;121:1768-77.
6. Guia europea sobre prevencién de la enfermedad cardiovascular en
la practica clinica (version 2012). http://www.escardio.org/guidelines-
surveys/esc-guidelines/TranslatedGuidelinesDocuments/Guidelines-
CVD-Prevention-Spanish-2012.pdf. Accessed 07-Jul-2017.

7. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum
CB, Eckel RH,

et al. 2013 ACC/AHA guideline on the treatment of blood choles-
terol to reduce atherosclerotic cardiovascular risk in adults: a report
of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. J Am Coll Cardiol 2014;63:2889-
934. http://doi.org/cbsvj2

8. Grau M, Marrugat J. [Risk functions and the primary prevention
of cardiovascular disease]. Rev Esp Cardiol 2008;61:404-16. http://
doi.org/d3kq7r

9. Hense HW, Schulte H, Lowel H, Assmann G, Keil U. Framingham
risk function overestimates risk of coronary heart disease in men
and women from Germany--results from the MONICA Augsburg
and the PROCAM cohorts. Eur Heart J 2003;24:937-45. http://doi.
org/fbrhhk

10. Cortes-Bergoderi M, Thomas RdJ, Albuquerque FN, Batsis JA,
Burdiat G, Perez-Terzic C, et al. Validity of cardiovascular risk pre-
diction models in Latin America and among Hispanics in the United
States of America: a systematic review. Revista panamericana de
salud publica = Pan American journal of public health. 2012;32:131-
9. http://doi.org/bfqw

11. Consenso de Prevencién Cardiovascular. Rev Argent Cardiol.
2012;80.

12. Piepoli ME, Hoes AW, Agewall S, Albus C, Brotons C, Catapa-
no AL, et al. 2016 European Guidelines on cardiovascular disease
prevention in clinical practice: The Sixth Joint Task Force of the
European Society of Cardiology and Other Societies on Cardiovas-
cular Disease Prevention in Clinical Practice (constituted by repre-
sentatives of 10 societies and by invited experts) Developed with the
special contribution of the European Association for Cardiovascular
Prevention & Rehabilitation (EACPR). Eur Heart J 2016;37:2315-
81. http://doi.org/bve3

13. Woodward M, Brindle B, Tunstall-Pedoe H; SIGN group on risk
estimation. Adding

social deprivation and family history to cardiovascular risk assess-
ment: the ASSIGN score from the Scottish Heart Health Extended
Cohort (SHHEC). Heart. 2007;93:172-6. http://doi.org/fkfnx8

14. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, May M,
Brindle P.

Derivation and validation of QRISK, a new cardiovascular disease
risk score for the United Kingdom: prospective open cohort study.
BMJ. 2007;335:136. http://doi.org/d2qgmb5m

15. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, Minhas
R, Sheikh A, et al. Predicting cardiovascular risk in England and
Wales: prospective derivation and validation of QRISK2. Br Med J
2008;336:1475-82. http://doi.org/fwp7x2

16. Conroy RM, Pyorild K, Fitzgerald AP, Sans S, Menotti A, De
Backer G, et al. Estimation of ten-year risk of fatal cardiovascular
disease in Europe: the SCORE project. Eur Heart J 2003;24:987-
1003. http://doi.org/fksv94



18

ARGENTINE JOURNAL OF CARDIOLOGY /VOL 86 N° 1/ FEBRUARY 2018

17. Assmann G, Cullen B, Schulte H. Simple scoring scheme for cal-
culating the risk of acute coronary events based on the 10-year fol-
low-up of the prospective cardiovascular Miinster (PROCAM) study.
Circulation 2002;105:310-5. http://doi.org/dzrhzs

18. Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB
Sr, Gibbons R, et al; American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. 2013 ACC/AHA
guideline on the assessment of cardiovascular risk: a report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. J Am Coll Cardiol. 2014;63:2935-59.
19. D’Agostino RB Sr, Vasan RS, Pencina MdJ, Wolf PA, Cobain M,
Massaro JM, et al. General cardiovascular risk profile for use in pri-
mary care: the Framingham Heart Study. Circulation 2008;117:743-
53. http://doi.org/dthnkd

20. Donfrancesco C, Palmieri L, Cooney MT, Vanuzzo D, Panico
S, Cesana G, et al. Italian cardiovascular mortality charts of the
CUORE project: are they comparable with the SCORE charts? Eur J
Cardiovasc Prev Rehabil. 2010;17:403-9. http://doi.org/frkg7d

21. Hajifathalian K, Ueda P, Lu Y, Woodward M, Ahmadvand A, Agu-
ilar-Salinas CA, et al. A novel risk score to predict cardiovascular
disease risk in national populations (Globorisk): a pooled analysis
of prospective cohorts and health examination surveys. The lancet.
Diabetes & endocrinology. 2015;3:339-55. http://doi.org/f27m6d

22. Rubinstein AL, Irazola VE, Poggio R, Bazzano L, Calandrelli M,
Lanas Zanetti

FT, et al. Detection and follow-up of cardiovascular disease and risk
factors in the Southern Cone of Latin America: the CESCAS I study.
BMJ Open. 2011;1:e000126. http://doi.org/dgg5tq

23. Rubinstein AL, Irazola VE, Calandrelli M, et al. Multiple cardio-
metabolic risk factors in the Southern Cone of Latin America: A pop-
ulation-based study in Argentina, Chile, and Uruguay. International
journal of cardiology. Jan 27 2015;183C:82-88. http://doi.org/f66k64

24. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the con-
centration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem 1972;18:499-502.

25. Cooney MT, Dudina A, D’Agostino R, Graham IM. Cardiovas-
cular risk-estimation systems in primary prevention: do they dif-
fer? Do they make a difference? Can we see the future? Circulation
2010;122:300-10. http://doi.org/c2h5gc

26. Harrell FE, Jr., Lee KL, Mark DB. Multivariable prognostic mod-
els: issues in developing models, evaluating assumptions and ade-
quacy, and measuring and reducing errors. Statistics in medicine.
1996;15:361-87. http://doi.org/djz9fw

27. Cooney MT, Dudina AL, Graham IM. Value and limitations of
existing scores for the assessment of cardiovascular risk: a review for
clinicians. J Am Coll Cardiol 2009;54:1209-27. http://doi.org/d8g7hz



