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Abstract
The Framingham Risk Score (FRS) and ATPIII guidelines are standard tools used to assess risk of a first cardiac event and
institute primary preventive therapy. The performance of these tools for predicting the occurrence of STEMI has not been
evaluated. A retrospective analysis was performed on patients presenting with STEMI and without a history of coronary artery
disease (CAD) or equivalent at a single institution during calendar years 2004-2007. FRS was calculated based on admission
demographics and fasting lipid profiles. A total of 238 patients met study criteria. Of these, 45 (18.9%) statin pre-treated. Of the
remaining 193, 46 (23.8%) had FRS and lipid profiles meeting ATPIII criteria for pharmacotherapy: 14 (7.3%) with 10 year event
risk>20%, 28 (14.6%) with 10 year risk 10-20%, 2+ risk factors, and LDL>130mg/dl; and 4 (2.1%) with 10 year risk <10, 2+ risk
factors, and LDL>160mg/dl. Assuming all patients in the statin group had high-risk FRS, only 45/91 (49.5%) of patients meeting
criteria for lipid pharmacotherapy were appropriately treated. Of all the typical risk factors for CAD, only male sex was
significantly associated with the presence of a FRS and LDL meeting criteria for statin therapy. FRS underestimated risk in the
majority of patients with a first STEMI and without a history of CAD or equivalent. Furthermore, a large proportion of patients
who met ATPIII criteria for statin treatment were not identified and treated pre-event. Methods for better identifying patients at
risk of STEMI and facilitating institution of appropriate primary preventive therapy are needed.

INTRODUCTION

METHODS

The Framingham Risk score (FRS) and ATP III guidelines
are the standard tools used to assess the risk of a first cardiac
event and to guide the institution of primary preventive
therapy in individuals at risk of cardiovascular disease. 12
Recent literature supports the concept that FRS may be
inadequate in identifying the majority of patients who either
have sub-clinical atherosclerosis as defined by coronary
calcium assessment 3 or ultimately suffer a clinical
cardiovascular event. 4

A retrospective analysis was performed on all patients
presenting to Lehigh Valley Health Network in Allentown
PA with a first STEMI during calendar years 2004-2007.
Data regarding past medical history, prior medicine use,
admitting laboratory studies, and hospital course were
extracted from an electronic medical record database.
Patients were included in the analysis if they presented with
a first STEMI and had no prior history of coronary, cerebral,
or peripheral vascular disease by either clinical events or
abnormal diagnostic testing. Additionally, because it is
considered to represent a CAD-equivalent, patients with a
history of diabetes mellitus were not included in the study.
Patients were excluded if they had been taking non-statin
lipid-lowering agents, including fibrates, fish oil,
cholesterol-binding agents, or niacin within 1 month of
admission.

Patients who suffer ST-elevation myocardial infarction
(STEMI) represent a unique subgroup of ACS patients.
Patients presenting with STEMI tend to be younger and have
fewer traditional risk factors versus patients presenting with
other ACS. 5 How FRS performs in predicting the
occurrence of STEMI has not previously been examined. In
the present study we tested the hypothesis that FRS
underestimates cardiac risk in first-time STEMI patients who
do not have a history of coronary artery disease (CAD) or a
CAD equivalent such as diabetes mellitus or peripheral or
cerebrovascular disease, the patient demographics that the
FRS is designed to identify cardiac risk in.

All patients underwent emergent cardiac catheterization
within 2 hours of admission or transfer to the study center.
Serum lipids were assessed within 24 hours of admission, in
the fasted state. The Framingham Risk Score was calculated
using the admission history and fasting lipid profile for all
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patients not on a statin at the time of admission. For
calculation of FRS, the following definitions were used:
active smoking was considered to be the use of inhaled
nicotine products within 1 month of admission; treated
hypertension was considered to be the use of
antihypertensive therapy at the time of admission. Patients
were considered to have “high risk” profiles if they met one
of the following criteria: FRS 10 year event rate >20%; FRS
10 year event rate 10year risk 10-20% with 2 or more risk
factors and LDL>130mg/dl; or a FRS 10 year event rate less
than 10% with 2 or more risk factors and LDL>160mg/dl.
Odds ratios of risk factors for high-risk FRS were calculated
using SPSS software (Chicago, IL). The Institutional Review
Board of Lehigh Valley Hospital approved the study.

RESULTS
A total of 238 patients were identified who met the study
criteria. Demographics and admission lipid profiles are
summarized in Table I:
Figure 1

Figure 2

14 (7.3%) had 10 year event risk >20%, 28 (14.6%) had 10
year risk =10-20% with 2+ risk factors, and LDL>130mg/dl,
and 4(2.1%) had 10 year risk <10 with 2+ risk factors, and
LDL>160mg/dl.
Making the assumption that all patients in the statin
treatment group had FRS profiles meeting ATPIII criteria for
statin pharmacotherapy, a total of 91 of the 238 patients in
the study (38.2%) had admission FRS profiles that met
criteria for pharmacologic lipid lowering. Furthermore, of
these 91 patients with high risk FRS, only 45 (49.5%) were
identified and appropriately treated with statin prior to the
index STEMI (Figure I):
Figure I: Graphic breakdown of FRS/ATP categories of
study patients. The 91 “high risk” patients were categorized
as such based on prior statin use (“treated”) or FRS/ATPIII
assessment meeting criteria for hyperlipidemic treatment but
not on therapy at presentation (“untreated”).
Figure 3

Forty-five patients (18.9%) were prescribed statin therapy at
the time of presentation. Of the remaining 193 patients not
on a statin at the time of STEMI presentation, 46 (23.8%)
had FRS and lipid profiles meeting ATPIII criteria for statin
therapy (Table II):

Given the fact that prior studies have supported the concept
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that STEMI patients tend to have fewer traditional risk
factors than other ACS patients 6 , we explored the
relationship between the individual components of the FRS
and the presence of a “high risk” FRS 10-year event rate in
patients presenting with STEMI (Figure II):
Of all of the individual risk factors that are included in the
FRS calculation, only male gender was significantly
associated with a FRS mandating pharmacologic therapy
(odds ratio 3.1, 95% CI 1.2-7.9). In contrast, age >60,
tobacco use, and the presence of hypertension did not
associate significantly with a high risk FRS.

DISCUSSION
Despite significant improvements in management options
for acute coronary syndromes 78 and the resultant reduction
in CAD mortality in the past decade, the burden of CAD
mortality has remained high. (aha statement) 9 Our inability
to robustly impact the development of CAD in many of
these patients is likely due in part to the fact that our ability
to adequately identify and thus target preventive therapy to
patients at risk of coronary events has lagged behind
advancing technology in treatment. The FRS and ATP III
guidelines are the standard tool that is used to identify
patients at risk of cardiac events. 12 However, recent studies
have concluded that these methods of risk stratification may
fail to identify up to three quarters of patients who ultimately
suffer an ACS. 4
Given the fact that patients who present with acute
myocardial infarction and ST elevation represent a
population with fewer traditional risk factors versus other
ACS 6 , one would hypothesize that FRS and ATP III are
also relatively inadequate at identifying patients destined to
suffer STEMI. In the present study we assessed the
sensitivity of FRS for the identification of patients at risk of
a first STEMI by retrospectively calculating the FRS 10 year
event risk in patient presenting with a first STEMI. Less than
40% of these patients were either pre-treated with statins or
had FRS 10 year event rates that mandated antihyperlipidemic pharmacotherapy by ATP III guidelines. 2
Thus, the majority of our cohort of patients presenting with a
first STEMI would not have been identified prior to the
event as being at high risk using FRS and ATP III.
Furthermore, the majority of patients that did have high risk
clinical characteristics by FRS were not treated with statin
therapy. Taken together these data point out 2 gaps in our
primary preventative efforts in this patient population:

3 of 5

identification of at-risk patients and application of evidencebased therapy to these individuals.
A major criticism of the FRS is that it overemphasizes age as
a risk factor for the occurrence of cardiac events. 10
Surprisingly, in our cohort there was no significant
association between patients greater than 60 years of age and
the occurrence of a high risk FRS (data not shown). The only
component of FRS that was significantly associated with a
high risk 10 year event rate was male gender. This finding
confirms prior studies that have suggested that Framingham
does an inadequate job of identifying women who are at high
risk of suffering acute cardiac events and illustrates the
particular need to define methods of identifying at-risk
females beyond the FRS. 11
The present study has several obvious weaknesses. It is a
relatively small, retrospective study and needs to be
confirmed in a larger database. The FRS was calculated
using lipid data obtained in the first 24 hours after
admission, and it is possible that in this setting the LDL may
be falsely lowered due to the effects of acute medical illness
on lipid metabolism, resulting in an increase in the number
of first-STEMI patients with low FRS. However, recent data
has suggested that the effect of STEMI on fasting lipids is
not clinically significant. 12
By what means can we improve on FRS for the
identification of patients at risk of a first STEMI? An
accumulating body of data supports the use of techniques to
identify systemic inflammation using measurement of Creactive protein (CRP) or imaging techniques to define
subclinical atherosclerosis, such as coronary calcium scoring
and ultrasound measurement of carotid intima-media
thickness. 1314 In addition, a recent study suggested that
measurement of concentrations of plasma homocysteine is
superior to FRS in predicting cardiac events in older
individuals. 15 While the evidence supporting these
techniques is rapidly growing, there is a lack of data
demonstrating the specific ability of CRP assessment or
subclinical atherosclerosis imaging to identify patients at
risk of STEMI.
In conclusion, the present study demonstrates that FRS
underestimated cardiac risk in the majority of patients
presenting with a first STEMI who did not have a history of
cardiovascular disease or diabetes. Furthermore, of patients
who had a high-risk FRS, greater than 50% were not
identified and treated with appropriate preventative therapy.
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Thus, methods for better identifying patients at risk of
STEMI and institution of appropriate primary preventive
treatments are needed.

References
1. Wilson PWF, D’Agostino RB, Levy D, Belanger AM,
Silbershatz H, Kanner WB. Prediction of Coronary Heart
Disease Using Risk Factor Categories. Circulation
1998;97:1837-1847.
2. Lauer MS, Fontanarosa PB. Updated Guidelines for
Cholesterol Management. JAMA 2001;285:2508-2509.
3. Nasir K, Michos ED, Blumenthal RS, Raggi P. Detection
of High-Risk Young Adults and Women by Coronary
Calcium and National Cholesterol Education Program Panel
III Guidelines. J Am Coll Cardiol 2005;46:1931-1936.
4. Akosah KO, Schaper A, Cogbill C, Schoenfeld P.
Preventing Myocardial Infarction in the Young in the First
Place: How do the National Cholesterol Education Panel III
Guidelines Perform? J Am Coll Cardiol 2003;41:1475-1479.
5. Berry J, Lloyd-Jones D, Garside P, Greenland P.
Framingham Risk Score and Prediction of Coronary Heart
Disease Death in Young Men. Am Heart J 2007;154:80-86.
6. Montelescot G, Dallongeville J, Van Belle E, Rouanet S,
Baulac C, Degrandsart A, Vicaut E. STEMI and NSTEMI:
Are They so Different? One Year Outcomes in Acute
Myocardial Infarction as Defined by the ESC/ACC
Definition (the OPERA Registry). European Heart J
2007;28:1409-1417.
7. McGovern PG, Jacobs DR, Shahar E, Duval S, Blackburn
H, Luepker RV. Trends in Acute Coronary Heart Disease
Mortality, Morbidity, and Medical Care From 1985 Through
1997: the Minnesota Heart Survey. Circulation
2001;104:19-24.

4 of 5

8. Rautio A, Messner T, Nasic S, Stegmayr B, Eliasson M.
Favourable Trends in the Incidence and Outcome of
Myocardial Infarction in Nondiabetic But Not in Diabetic
Subjects: Findings from the MONICA Myocardial Infarction
Registry in Northern Sweden in 1989-2000. J Internal Med
2005:369-377.
9. Rajagopal V, Bhatt DL. Acute Coronary Syndrome
Statistics: What You Don’t See Can Hurt You. Am Heart J
2005;149:955-956.
10. Koller M, Steyeberg E, Wolbers M, Stijnen T, Bucher H;
C, Hunink MG, Witteman JC. Validity of the Framingham
Point Scores in the Elderly: Results from the Rotterdam
Study. Am Heart J 2007;154:87-93.
11. Michos E, Nasir K, Braunstein J, Rumberger JA, Budoff
MJ, Post WS, Blumenthal RS. Framingham Risk Equation
Underestimates Subclinical Atherosclerosis Risk in
Asymptomatic Women. Atherosclerosis 2006;184:201-206.
12. Pitt B, Loscalzo J, Ycas J, Raichlen JS. Lipid Levels
After Acute Coronary Syndromes. J Am Coll Cardiol
2008;51(15):1440-1445.
13. Greenland P, LaBree L, Azen SP, Doherty TM, Detrano
RC. Coronary Artery Calcium Score Combined with
Framingham Score for Risk Prediction in Asymptomatic
Individuals. JAMA 2004;291:210-215.
14. Lim T, Lim E, Dwivedi G, Kooner J, Senior R. Normal
Value of Carotid Initimal-Media Thickness, a Surrogate
Marker of Atherosclerosis: Quantitative Assessment by BMode Carotid Ultrasound. JASE 2008;21:112-116.
15. de Ruijter W, Westendorp RGJ, Assendelft WJJ, den
Elzen WPJ, de Craen AJM, le Cessie S, Gussekloo J. Ue of
the Framingham Risk Score and New Biomarkers to Predict
Cardiovascular Mortality in Older People: Population Based
Observational Cohort Study. BMJ
2008;337:a3083doi:10.1136/bmj.a3083.

Framingham Risk Score Inadequately Identifies Patients at Risk of a First ST Elevation Myocardial
Infarction

Author Information
Bertrand Mukete, MD
Cardiovascular Research Institute, Lehigh Valley Hospital and Health Network Allentown PA
Sherrine Eid, MPH
Cardiovascular Research Institute, Lehigh Valley Hospital and Health Network Allentown PA
Lynn Moran, DO
Cardiovascular Research Institute, Lehigh Valley Hospital and Health Network Allentown PA
Yufei Xiang, MD
Cardiovascular Research Institute, Lehigh Valley Hospital and Health Network Allentown PA
Tyler Fugate, DO
Cardiovascular Research Institute, Lehigh Valley Hospital and Health Network Allentown PA
Martin E. Matsumura, MD
Cardiovascular Research Institute, Lehigh Valley Hospital and Health Network Allentown PA

5 of 5

