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SUMMARY

BACKGROUND: The objective of this study was to evaluate the performance of the Framingham risk score (FRS) and risk score by the 
American College of Cardiology/American Heart Association (SR ACC/AHA) in predicting mortality of patients ten years after acute 
coronary syndrome (ACS). 

METHODS: This is a retrospective cohort study that included patients aged ≥ 18 years with ACS who were hospitalized at the Coronary 
Intensive Care Unit (ICU) of the Botucatu Medical School Hospital from January 2005 to December of 2006. 

RESULTS: A total of 447 patients were evaluated. Of these, 118 were excluded because the mortality in 10 years was not obtained. Thus, 
329 patients aged 62.9 ± 13.0 years were studied. Among them, 58.4% were men, and 44.4% died within ten years of hospitalization. The 
median FRS was 16 (14-18) %, and the ACC/AHA RS was 18.5 (9.1-31.6). Patients who died had higher values of both scores. However, 
when we classified patients at high cardiovascular risk, only the ACC/AHA RS was associated with mortality (p <0.001). In the logistic 
regression analysis, both scores were associated with mortality at ten years (p <0.001). 

CONCLUSIONS: Both FRS and SR ACC/AHA were associated with mortality. However, for patients classified as high risk, only the ACC/
AHA RS was associated with mortality within ten years.

KEYWORDS: Risk Assessment. Myocardial infarction. Angina, Unstable. Mortality.

INTRODUCTION
The ischemic heart diseases are the most com-

mon causes of death worldwide.1 Among them are 
the acute coronary syndromes (ACS), which can 
be divided into myocardial infarction with ST-seg-
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The present work is an observational retrospec-
tive cohort study that included patients aged ≥18 
years, with ACS, who were admitted to the Coronary 
Intensive Care Unit (ICU) of the Hospital das Clíni-
cas de Botucatu - UNESP, in the period from January 
2005 to December 2006, and who had the exams for 
the calculation of cardiovascular risk scores. We ex-
cluded patients whose final outcome after ten years 
was not obtained or those who refused to participate 
in the study.

For the calculation of the sample size, we used 
the Fisher and Belle formula, with the following vari-
ables: mortality ten years after AMI of 30% to 40%, 
confidence interval of 95%, and a sampling error of 
5%. The result was a minimum of 323 patients.

The clinical and demographic data and laborato-
ry examinations were collected upon admission to 
the Coronary Care Unit. The systolic blood pressure, 
blood glucose, lipid profile used were those of the first 
measurement taken at the time of admission. The FRS 
and the ACC/AHA RS were calculated and the overall 
mortality after ten years of ACS was recorded.5-7

In relation to acute coronary syndromes, they 
were classified as AMI with ST-segment elevation 
and non-ST-segment elevation ACS (AMI with no 
ST elevation and unstable angina). The diagnosis of 
the ACS was performed according to the guidelines 
by the American Heart Association.11.12

Systemic arterial hypertension (SAH) and the 
presence of diabetes mellitus (DM) were defined ac-
cording to previous studies13.14. Smoking was regard-
ed as the current use of tobacco. 

Laboratory evaluation
For the measurement of sodium, potassium, urea, 

creatinine, CT, HDL, creatine phosphokinase (CPK) 
and creatine phosphokinase-MB (CKMB), we used 
the dry chemical method (Ortho-Clinical Diagnos-
tics Vitros 950®, Johnson & Johnson). CPK and 
CKMB were dosed every six hours after admission 
and the highest value was recorded.

Framingham risk score (FRS)
We calculated the Framingham risk score. Pa-

tients were considered at high cardiovascular risk 
when they presented a risk of death greater than 
20%. For the calculation of risk, patients younger 
than 20 years old or older than 80 were classified 
into the youngest and oldest categories of age, re-
spectively.5.6

ment elevation and non-ST-segment elevation ACS. 
Despite the reduction tendency of mortality rates, 
ischemic heart diseases account for more than 1.8 
million deaths every year, approximately 20% of all 
deaths in Europe.1-4 

Thus, the identification of patients at risk of de-
veloping of coronary artery disease is crucial. The 
goal of the strategy of screening asymptomatic indi-
viduals is to have a more aggressive treatment and, 
consequently, a reduction of ischemic events and 
cardiovascular mortality. Among these scores are 
the Framingham risk score (FRS) and the score pro-
posed by the American College of Cardiology and 
the American Heart Association (ACC/AHA RS).5-7

Over the last two decades, risk scores have gone 
through significant changes in order to concentrate 
on the overall absolute risk as an important key for 
the assessment of individual risk. In addition, more 
recent studies seek to improve the performance of 
the scores already used with the introduction of 
serum markers of inflammation, heart failure, and 
myocardial injury. Until the present time, however, 
risk scores have been developed and validated al-
most exclusively in developed countries. 

In addition, the scores have been built, in their 
majority, in populations with apparently no cardio-
vascular disease, so their conclusions relate to prima-
ry prevention and do not apply to patients with diag-
nosed coronary disease. For patients post ACS, some 
instruments of risk stratification have been devel-
oped, such as the Grace, Pursuit, and Timi scores.8-10 
However, these scores assess intra-hospital mortal-
ity or, at most, the mortality after six months of an 
acute coronary event. Thus, instruments that assess 
the long-term mortality, such as the Framingham RS 
and the ACC/AHA RS, have still not been validated 
for patients with a prior coronary event.

In view of these aspects, the objective of this 
study was to evaluate the performance of the Fram-
ingham RS and the ACC/AHA RS in predicting 
mortality in patients ten years after an ACS.

METHODS

The present study was approved by the Ethics 
Committee of our institution, under the protocol 
(61090116.1.0000.5411). The Informed Consent Form 
(ICF) was waived in cases which death was identified 
in the medical or administrative records of the hos-
pital. 
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Risk score proposed by the American College 
of Cardiology and the American Heart Associ-
ation (ACC/AHA)

We calculated the risk score proposed by the 
ACC/AHA. Patients were considered at high risk for 
atherosclerotic cardiovascular disease when they had 
a percentage greater than or equal to 7.5%. For the 
calculation of risk, patients younger than 40 years 
old or older than 80 were classified into the youngest 
and oldest categories of age, respectively.7

STATISTICAL ANALYSIS

The data were presented as mean and standard de-
viation or median and percentiles of 25% and 75%. 
The categorical variables were analyzed using the c2 
test or Fisher’s exact test. Continuous variables were 
analyzed by Student’s t-test when they presented 
normal distribution and by the Mann-Whitney test 
for non-normal distribution. For the evaluation of 
score performance in relation to mortality, we used 
the ROC curve. We also used uni- and multivariate 
logistic regression analyses, adjusted for the vari-
ables, which were different in the univariate analy-
sis, except for variables that were already included 
in the scores and those with multicollinearity. The 
level of significance was 5%.

RESULTS

We evaluated 447 patients with ACS admitted 
to the coronary ICU. Of these, 118 were excluded 
since their mortality ten years after admission to 
the ICU was not obtained. Thus, 329 patients with 
an average age of 62.9±13.0 years were studied. 
Out of that total, 58.4% were men, and 44.4% died 
within ten years after hospitalization. Of these, 
63% presented non-ST-segment elevation ACS, 
while 37% had AMI with ST-segment elevation. Af-
ter comparing these two groups of ACS, mortality 
was similar (p=0.97). 

The median of the FRS was 16 (14-18%), with 17% 
of the patients classified at high cardiovascular risk. 
In relation to the ACC/AHA RS, the median was 18.5 
(9.1-31.6%), with 79% of the patients classified at high 
cardiovascular risk, according to this score.

The demographic, clinical, and laboratory data of 
the patients evaluated and their relationship with ten-
year mortality are presented in Table 1. The patients 
who died were older and had higher values of creat-

inine, urea, and potassium, and lower values of total 
cholesterol upon admission to the coronary ICU.

Furthermore, we found that the patients who pro-
gressed to death had higher scores, both on the FRS 
and the ACC/AHA RS. However, when we classified 
only patients with high cardiovascular risk, only the 
ACC/AHA RS was associated with mortality (Table 2). 
The area under the curve (AUC) of the association be-
tween the FRS and ten-year mortality in patients who 
had ACS was 0.6307, with 95% CI 0.5708-0.6905 and 
p <0.001. The cut-off point of the score that is asso-
ciated with the highest mortality is over 14.3%. With 
the cut-off point of 14.3%, sensitivity was 74.66%, 
specificity 42.62%, positive predictive 50.93%, and 
negative predictive value 67.83% (Figure 1).

The area under the curve (AUC) of the association 
between the ACC/AHA RS and ten-year mortality 

TABLE 1.  DEMOGRAPHIC AND CLINICAL DATA AND 
LABORATORY CHARACTERISTICS OF 329 PATIENTS 
WITH ACUTE CORONARY SYNDROME.

Variables Death within 10 years P-value

No (n=183) Yes (n=146)
Age, years 57.9±11.4 69.2±12.1 <0.001

Male, No. (%) 108 (59.0) 84 (57.5) 0.87

SAH, No. (%) 138 (75.4) 116 (79.5) 0.46

DM, No. (%) 64 (35.0) 56 (38.4) 0.60

Smoking, No. (%) 73 (39.9) 63 (43.2) 0.63

SBP, mmHg 130 (120-150) 130 (115-150) 0.99

TC, mg/dL 181 (154-218) 169 (143-208) 0.04

HDL, mg/dL 36 (30-46) 36 (30-47) 0.96

CPK, U/L 207 (93-1075) 222 (87-984) 0.72

CKMB, U/L 23 (11-135) 36 (14-115) 0.14

Creatinine, mg/dL 0.9 (0.8-1.11) 1.2 (0.9-1.5) <0.001

Ureia, mg/dL 34.0 (26.5-41.8) 43.0 (34.0-55.0) <0.001

Sodium, mmol/L 138 (137-141) 139 (136-141) 0.93

Potassium, mmol/L 4.1 (3.8-4.5) 4.3 (3.9-4.7) 0.02
SAH: systemic arterial hypertension; DM: diabetes mellitus; SBP: systolic blood pres-
sure; TC: total cholesterol; HDL: HDL-cholesterol; CPK: creatine phosphokinase; 
CKMB: creatine phosphokinase-MB. Data in percentages and median (25% and 75% 
percentiles).

TABLE 2. CARDIOVASCULAR RISK SCORES OF 329 
PATIENTS WITH ACUTE CORONARY SYNDROME.

Variables Death within 10 years P-value
No (n=183) Yes (146)

FRS, % 15 (13-17) 17 (14-18) <0.001
FRS > 20% 26 (14.2) 30 (20.5) 0.17
ACC/AHA RS, % 14.1 (6.2-26.1) 23.7 (15.0-40.1) <0.001
ACC/AHA RS ≥ 7,5% 125 (68.3) 136 (93.2) <0.001

FRS: Framingham risk score; AHA RS: risk score proposed by the ACC/AHA. Data in 
percentages and median (25% and 75% percentiles).
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FIGURE 1 A. ROC CURVE OF THE ASSOCIATION BETWEEN THE FRAMINGHAM RISK SCORE AND TEN-YEAR 
MORTALITY AFTER ACUTE CORONARY SYNDROME. B. ROC CURVE OF THE ASSOCIATION BETWEEN THE RISK 
SCORE PROPOSED BY THE ACC/AHA AND TEN-YEAR MORTALITY AFTER ACUTE CORONARY SYNDROME

in patients who had ACS was 0.7015, with 95% CI 
0.6455-0.7576 and p <0.001. The cut-off point of the 
score that is associated with the highest mortality is 
over 23.56%. With the cut-off point of 23.56%, sen-
sitivity was 50.00%, specificity 71.04%, positive pre-
dictive 57.94%, and negative predictive value 64.04% 
(Figure 1).

There was an association between the FRS and 
the overall mortality after ten years in the univari-
ate logistic regression (OR: 1.115; IC95%: 1.052-1.181; 
p<0.001) and in the multivariate analysis adjust-
ed for creatinine and potassium (OR: 1.127; IC95%: 
1.056-1.204, p<0.001). There was also an association 
between the ACC/AHA RS and the overall mortality 
after ten years in the univariate logistic regression 
(OR: 1.047; IC95%: 1.030-1.064; p<0.001) and in the 
multivariate analysis adjusted for creatinine and po-
tassium (OR: 1.043; IC95%: 1.025-1.060, p<0.001).

DISCUSSION

The objective of this study was to evaluate the 
performance of two known risk scores for cardio-
vascular events in predicting mortality during the 
period of ten years in post-ACS patients. Our results 
show that both the FRS and the ACC/AHA RS were 
associated with mortality after ten years, with better 
performance by the ACC/AHA RS. In addition, for 

patients classified at high risk, only the ACC/AHA 
RS was associated with mortality after ten years.

The first aspect to be considered refers to the fact 
that, even though hospital mortality is relatively low 
in ACS, the same concept does not apply for longer 
periods of observation. Thus, in a period between 
one and ten years, patients with ACS present a mor-
tality rate of around 10% and 45%, respectively.1.15 In 
our study, the mortality after ten years of follow-up 
was 44%. Our data are in line with those found in 
the literature, but they also show that, despite the ad-
vances introduced in the treatment of these patients, 
the long-term prognosis remains poor. 

It is also important to note that there was no dif-
ference in mortality after ten years among the pa-
tients who had ACS with and without ST-segment 
elevation, and the same is true n in relation to the 
CPK and CKMB markers of myocardial injury. This 
fact is in agreement with studies that show that, 
in the long term, there is no difference in mortali-
ty between patients who had ACS with or without 
ST-segment elevation.1-3

Another relevant aspect to be observed is that con-
sidering that approximately half of the patients with 
ACS will die in a period of ten years, the risk strat-
ification of these patients becomes a priority. In this 
sense, the identification of patients at higher risk of 
unfavorable outcomes after the acute episode would 
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allow for an individualized and more aggressive ap-
proach in these cases, improving the prognosis.

Taking into account the factors associated with 
ten-year outcomes, in our study, in addition to ad-
vanced age, higher values of the markers of renal 
function and potassium were also associated with 
greater mortality. This result is important because 
creatinine and potassium are not considered in most 
risk scores for coronary patients.16-18 In addition, 
there is an association between the decrease in renal 
function, associated or not to hyperkalemia, with in-
creased risk of cardiovascular events.19.20

The Framingham and ACC/AHA scores are 
well-established and used for risk stratification of 
asymptomatic individuals.21-25 It is important to em-
phasize that our study was the first to assess and 
compare these scores in a population that has already 
presented coronary events. Furthermore, the use of 
these scores, even in a population that is mostly 
treated from a perspective of controlling risk fac-
tors and comorbidities, allows for the identification 
of patients who would benefit from more aggressive 
treatment. Another interesting point is that these 
scores are quick to be calculated and use laboratory 
examinations that are cheap and already part of the 
routine evaluation of patients with ACS. 

In our study, both the FRS and the ACC/AHA 

RS were associated with mortality in ten years. Ad-
ditionally, the ACC/AHA RS had a better perfor-
mance, despite discreet. Another important finding 
was that for patients classified at high risk, only the 
ACC/AHA RS was associated with mortality after 
ten years. Our results as a whole suggest that, specif-
ically for patients with ACS, the ACC/AHA RS may 
be a better tool than the FRS for risk stratification in 
this scenario.  

Finally, our study must be interpreted consider-
ing some limitations. This is a retrospective study, 
which included patients from a single center. Fur-
thermore, the number of patients without informa-
tion related to mortality after ten years was high. 
However, despite these restrictions, we believe that 
our data provide important information about the use 
of scores for risk stratification, in the long term, for 
patients with ACS. 

CONCLUSION

Our data indicate that both the FRS and the ACC/
AHA RS were associated with mortality after ten 
years, with better performance by the ACC/AHA RS. 
In addition, for patients classified at high risk, only 
the ACC/AHA RS was associated with mortality after 
ten years.

RESUMO

OBJETIVO: Avaliar a performance do escore de risco de Framingham (ERF) e do escore proposto pela American College of Cardiology/
American Heart Association (ER ACC/AHA) em predizer a mortalidade em pacientes dez anos após síndrome coronariana aguda (SCA). 

MÉTODOS: Trata-se de um estudo de coorte retrospectivo que incluiu pacientes com idade ≥18 anos, com SCA, que estiveram internados 
na Unidade de Terapia Intensiva Coronariana (UTI) do Hospital das Clínicas de Botucatu, no período de janeiro de 2005 a dezembro 
de 2006. 

RESULTADOS: Foram avaliados 447 pacientes. Destes, 118 foram excluídos, pois a mortalidade em dez anos não foi obtida. Logo, 329 
pacientes com idade de 62,9±13,0 anos foram estudados. Dentre eles, 58,4% eram homens e 44,4% morreram no período de dez anos 
após a internação. A mediana do ERF foi de 16 (14-18)%, e do ER ACC/AHA foi 18,5 (9,1-31,6)%. Os pacientes que evoluíram a óbito 
apresentaram maiores valores dos escores. No entanto, quando classificamos os pacientes em alto risco cardiovascular, apenas o ER 
ACC/AHA foi associado com a mortalidade (p<0,001). Na análise de regressão logística, ambos os escores foram associados com a 
mortalidade em dez anos (p<0,001). 

CONCLUSÕES: Tanto o ERF quanto o ER ACC/AHA foram associados com a mortalidade. No entanto, para os pacientes classificados 
como alto risco, apenas o ER ACC/AHA foi associado com a mortalidade em dez anos.

PALAVRAS-CHAVE: Medição de risco. Infarto do miocárdio. Angina instável. Mortalidade.
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