
iven the dramatic progress
made in understanding the
genesis and consequences
of atherosclerotic plaque

development and vessel occlusion,
it is not surprising that multiple
potentially beneficial therapies
have been developed to prevent the
consequences of plaque progression
and rupture. However, as with most
medical therapies, our portfolio of
treatments is not curative. We have
succeeded in developing effective
strategies for delaying the progres-
sion of the disease and for amelio-
rating some of its consequences,
but not for absolutely preventing it.
Furthermore, these approaches to
prevention and treatment come at
a cost. Given the global nature of
the disease and its enormous
consequences,1 we cannot afford
to use every possible medical
approach. Rather, we must attempt
to define the risk to patients over
time and then apply the level of
intervention that is appropriate to
the level of risk.

RISK
STRATIFICATION

Before discussing risk factors, it is
important to define what is being
predicted by the risk factors. 
This issue may be considered from
the point of view of pathophysiology
or clinical outcome. We would like
to be able to identify patients at
risk of progression of underlying
atherosclerosis, of a plaque event
(disruption of the plaque causing
unstable angina or myocardial

necrosis), of adverse remodeling of
the left ventricle causing heart
failure, or of sudden ventricular
dysrhythmia. While a construct for
how these events occur is necessary
for devising new risk factors, in the
practical application of risk predic-
tion we must keep in mind the
primary patient desires: living longer,
feeling better, avoiding unpleasant
events, and spending less money.
From this perspective the major
events to predict are death,
myocardial infarction, heart failure,
sudden death, and symptomatic
angina, which are the clinical
consequences of the pathophysio-
logic processes mentioned above.
While much progress has been
made in predicting clinical events,
our efforts to predict quality of life
in its multiple dimensions are
rudimentary. This perspective on
clinical events and quality of life
also emphasizes the importance of
identifying patients at risk who can
be treated preemptively to avoid
the cost of expensive procedures
such as revascularization.

The etiology of atherosclerosis is
complex, and epidemiological
studies have been unable to identify
a single “smoking gun” that can
predict risk. Rather, the risk of
cardiac events appears to be
multifactorial, reflecting multiple
ways to reach the same end of a
symptomatic cardiac event as a
consequence of dynamic alterations
of atherosclerotic plaque, 
the neurohormonal environment,
the propensity for thrombosis, 
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Successful strategies are needed to
prevent atherosclerotic plaque
development and vessel occlusion
and their consequences in terms 
of cardiac events.“Traditional”
risk stratification has used various
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and inflammation. Because of this
complexity, we cannot know in
advance if a pair of risk factors will
be additive or multiplicative (syner-
gistic), or whether they are simply
providing redundant information
about risk. Empirical observations
are necessary to sort out these
complex relationships.

Critical to the modern understanding
of risk stratification is the concept
of matching the intensity of
intervention to the level of risk. 
In general, effective therapies exert
a proportional reduction in the risk
of events so that, for the same risk
reduction, the therapy will prevent
more events per treated patient 

in higher-risk patients. Thus,
bypass surgery has greater absolute
benefit in patients with more severe
coronary heart disease (CHD),
statins save more lives per 
100 patients treated in patients
with high low-density lipoprotein
(LDL) cholesterol, and angiotensin-
converting (ACE) inhibitors save

Figure 1. Coronary heart disease risk factor prediction chart: patients without known coronary artery disease. 

Abbreviations and symbols: *, zero points for each “No”; ECG-LVH, electrocardiographic left ventricular hypertrophy; f, female; HDL-C, high-density
lipoprotein cholesterol; m, male; Pts, points; SBP, systolic blood pressure; Total-C, total cholesterol.

Reproduced with permission from ref 2: Califf RM, Armstrong PW, Carver JR, D'Agostino RB, Strauss WE. 27th Bethesda Conference: matching the
intensity of risk factor management with the hazard for coronary disease events. Task Force 5. Stratification of patients into high, medium and low risk
subgroups for purposes of risk factor management. J Am Coll Cardiol. 1996;27:1007-1019. Copyright © 1996, American College of Cardiology.

1. Find points (Pts) for each risk factor

Women Men
Age Pts Age Pts Age Pts Age Pts HDL-C Pts Total-C Pts SBP Pts Other Pts*
(y) (y) (y) (y) (mg/dL) (mg/dL) (mm Hg)

30 -12 47-48 5 30 -2 57-59 13 25-26 7 139-151 -3 98-104 -2 Cigarettes 4
31 -11 49-50 6 31 -1 60-61 14 27-29 6 152-166 -2 105-112 -1 Dabetic (m) 3
32 -9 51-52 7 32-33 0 62-64 15 30-32 5 167-182 -1 113-120 0 Diabetic (f) 6
33 -8 53-55 8 34 1 65-67 16 33-35 4 183-199 0 121-129 1 ECG-LVH 9
34 -6 56-60 9 35-36 2 68-70 17 36-38 3 200-219 1 130-139 2
35 -5 61-67 10 37-38 3 71-73 18 39-42 2 220-239 2 140-149 3
36 -4 68-74 11 39 4 74 19 43-46 1 240-262 3 150-160 4
37 -3 40-41 5 47-50 0 263-288 4 161-172 5
38 -2 42-43 6 51-55 -1 289-315 5 173-185 6
39 -1 44-45 7 56-60 -2 316-330 6
40 0 46-47 8 61-66 -3
41 1 48-49 9 67-73 -4

42-43 2 50-51 10 74-80 -5
44 3 52-54 11 81-87 -6

45-46 4 55-56 12 88-96 -7

2. Sum points for all risk factors (subtract minus points from total)

————— + ————— + ————— + ————— + ————— + ————— + ————— = —————
Age HDL-C Total-C SBP Smoker Diabetes ECG-LVH Point total

3. Look up risk corresponding to point (Pts) total 4. Compare with average
10-year risk

Probability Probability

Pts 5 y 10 y Pts 5 y 10 y Pts 5 y 10 y Pts 5 y 10 y Age (y) Women Men

�1 <1% <2% 10 2% 6% 19 8% 16% 28 19% 33% 30-34 <1% 3%
2 1% 2% 11 3% 6% 20 8% 18% 29 20% 36% 35-39 <1% 5%
3 1% 2% 12 3% 7% 21 9% 19% 30 22% 38% 40-44 2% 6%
4 1% 2% 13 3% 8% 22 11% 21% 31 24% 40% 45-49 5% 10%
5 1% 3% 14 4% 9% 23 12% 23% 32 25% 42% 50-54 8% 14%
6 1% 3% 15 5% 10% 24 13% 25% 55-59 12% 16%
7 1% 4% 16 5% 12% 25 14% 27% 60-64 13% 21%
8 2% 4% 17 6% 13% 26 16% 29% 65-69 9% 30%
9 2% 4% 18 7% 14% 27 17% 31% 70-74 12% 24%
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more lives in patients with more
depressed left ventricular function.
Thus, in addition to informing
patients about what to expect, 
a critical goal is to identify patients
in whom the benefit of intervening
exceeds the risk of intervening at
an acceptable cost.

Defining risk of atherosclerotic
cardiovascular disease can be
considered in several dimensions:
stage of disease, time within the
stage of disease, and type of risk
factor. The quantification of risk must
begin with simple measurements
that can be made in the course of a
routine encounter, but more
expensive measures must be used
when they can target patients with
the most to gain from intervention.
Patients who have already experi-
enced a manifestation of athero-
sclerosis are at much higher risk in
general than those with no apparent
clinical manifestation of the disease.
In defining the risk of individuals in
these categories, risk factors may
be divided into “traditional” risk
factors and novel risk factors, which
are in the process of being defined.

“TRADITIONAL”
RISK FACTORS

The most useful information about
defining risk in individuals without
a previous manifestation of CHD
comes from the Framingham Heart
Study. Over the course of many
years, the Framingham investigators
have measured multiple risk factors
and quantified their relationship 
to clinical events during follow-up.
Figure 1 depicts the “classic”
Framingham risk model.2

By knowing the age, sex, high-densi-
ty lipoprotein (HDL) cholesterol,
total cholesterol, systolic blood
pressure, smoking status, diabetes
status, and whether left ventricular
hypertrophy is present on the elec-
trocardiogram, a prediction can be
made for the individual person
about the risk of a future cardiac
event. These equations have been
applied in a variety of populations,
and they predict outcomes effective-
ly regardless of the culture or
geographic location. However, 
only a portion of the attributable
risk is defined by these risk factors,
and much more needs to be known.

In patients with documented CHD,
the risk of future events can be
more precisely defined, and much of
cardiovascular clinical practice has
been dedicated to using technology
to estimate this risk. The risk assess-
ment begins with the standard risk
factors enumerated above.
Unfortunately, once a patient has
been identified as having the
disease, these “traditional” risk
factors are much less important
than the extent of the disease at
that time point. Once a CHD event
has occurred, the patient may be
considered to be in one of several
disease states: stable CHD, 
acute coronary syndrome with or
without ST-segment elevation,
post–coronary revascularization, 
or heart failure/left ventricular
dysfunction. Each of these disease
states has its own particular
characteristics associated with
specific risks of poor outcomes.

Substantial work, as demonstrated
in Figure 2,2 has been done to
elucidate the prognosis of patients
with chronic, stable CHD. 
The traditional risk factors add only
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Total points = ——

Figure 2. Nomogram for predic-
tion of 1-year survival based on
clinical, physical examination,
and cardiac catheterization
findings. 

Abbreviations: Asymp, asympto-
matic; CAD, coronary artery
disease; MI, myocardial
infarction; Symp, symptomatic. 

Reproduced with permission from
ref 2: Califf RM, Armstrong PW,
Carver JR, D'Agostino RB,
Strauss WE. 27th Bethesda
Conference: matching the intensity
of risk factor management with
the hazard for coronary disease
events. Task Force 5. Stratification
of patients into high, medium and
low risk subgroups for purposes 
of risk factor management. J Am
Coll Cardiol. 1996;27:1007-1019.
Copyright © 1996, American
College of Cardiology.



a modest amount to risk when other
aspects of the disease are well char-
acterized. The history is important
for characterizing evidence of
previous myocardial infarction,
severity of angina, and severity of
heart failure symptoms, if any. 
The recent history of the severity
and tempo of angina is particularly
important in the patient without
previous left ventricular dysfunction.
Evidence of peripheral vascular
disease or cerebral vascular disease
also adds to the risk. Of course,
the physical examination provides
relatively limited information in the
typical patient with CHD, but detec-
tion of signs of heart failure,
valvular dysfunction, or diffuse
atherosclerosis can be valuable.
Diagnostic and prognostic testing
also adds to the prediction of risk.
Measures of left ventricular func-
tion, provocative tests for ischemia,
and measures of exercise capacity
provide information that is only
partially redundant with information
obtained from the history and phys-
ical examination. Finally, coronary
angiography provides critical
prognostic information, albeit at a
relatively high cost and risk.

A particularly interesting and large
population consists of persons
with subclinical atherosclerosis.
Because these individuals far 
outnumber the population with
clinically evident atherosclerosis, 
the opportunity is much greater 
for intervening effectively to make
a major difference. However,
because the absolute event rate is
low, the cost of intervention for the
amount of benefit to the individual
may be prohibitive unless effective
risk stratification methods are
developed. 

When patients have an acute plaque
event, they may remain asympto-
matic (probably the case in most
events) or they may develop an

acute coronary syndrome (ACS).
When the “culprit” vessel does not
occlude, and large platelet emboli
do not occur, the symptomatic
patient typically has non–ST-
segment-elevation ACS. In the
presence of vessel occlusion or
large platelet emboli, the patient
either has non–ST-segment-eleva-
tion ACS with positive markers of
myocardial necrosis or ST-segment-
elevation ACS. Risk stratification
should begin in these patients
from the moment of first evaluation.
Thus, the risk stratification
algorithms have much in common,
but differences are also apparent. 

Patients with non–ST-segment-
elevation ACS are a heterogeneous
population. The specific configura-
tion of the electrocardiogram is
important to estimate their risk.3

A detailed analysis of the Platelet
glycoprotein IIb/IIIa in Unstable
angina: Receptor Suppression Using
Integrelin Therapy (PURSUIT) data
identified a variety of demographic
and clinical features available upon
admission to the hospital that are
important in stratifying risk. Age is
a critical factor, while findings
reflecting the hemodynamic state
(blood pressure, heart rate, rales),
whether or not infarction was
present, and measures of the extent
of atherosclerosis dominate the risk
assessment. Additional information
is now available indicating that
markers of myocardial necrosis
(troponin I and troponin T) can 
add substantially to the clinical
information,4-7 leading to the
routine use of these markers in 
the assessment of patients in the
emergency department.

Extensive risk stratification has
been done in patients with ST-
segment-elevation ACS. The key
factors are age, the hemodynamic
state of the patient, the extent of
myocardial necrosis, the extent 

of atherosclerosis, and the degree
of electrical instability. Lee and
colleagues have developed a risk
stratification model based on over
40 000 patients in the Global Use
of Strategies To Open occluded
coronary arteries (GUSTO)-I trial,8

and this model has been extended
to include a detailed evaluation of
the electrocardiogram.9 A nomogram
depicting these elements of risk is
displayed in Figure 3.9

The assessment of risk in a patient
with ACS should continue through-
out the hospitalization as depicted
in Figure 4 (page 144).10 The patient
with ACS has an increased risk of
death that persists for several
months after diagnosis; after that
time the risk reverts to that of the
patient with chronic, stable angina.

Patients with CHD and heart failure
are subject to the same risk factors
as patients with chronic CHD
without heart failure but, in addition,
the specific characterization of the
heart failure adds important infor-
mation. This information may be
considered in the categories of
severity of symptoms of heart failure,
measures of exercise capacity,11

and measures of neurohormonal
activation.

Once a patient has experienced a
symptomatic ventricular arrhythmia
or a resuscitated sudden death
event, it intuitively makes sense
that a new set of prognostic
features would be of value. 
While ambulatory monitoring,
signal-averaged electrocardiography,
and heart rate variability measures
have been found to provide prog-
nostic information, these measures
have not been demonstrated to be
useful in selecting patients for inter-
vention. Given the efficacy and the
cost of the implantable cardioverter/
defibrillator, better risk stratification
measures are urgently needed.
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NOVEL PROGNOSTIC
FACTORS

Recent studies have focused on the
importance of markers of inflamma-
tion in predicting the risk of future
events. Initial studies looked at
patients with acute coronary syn-
dromes and found a concentration
of events in those with elevated
levels of C-reactive protein, 
a general marker of inflammation.12

These early observations were

followed by long-term observations
in the chronic setting13 and evalu-
ations of other markers of inflam-
mation,14 all leading to the same
conclusion: inflammation is a
major issue in atherosclerosis. 
Still unsolved is the question of
whether the inflammation is a
causative factor or a result of the
atherosclerotic process.

Since the consequences of plaque
disruption are largely mediated by
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1. Find points (Pts) for each risk marker

Systolic blood Pulse Sum of absolute QRS duration
pressure ST-segment deviation milliseconds

mm Hg Pts bpm Pts mm Pts Nonanterior Pts Anterior Pts
MI MI

40 46 40 0 0 0 60 22 60 16
50 40 60 0 10 7 80 23 80 21
60 34 80 6 20 15 100 25 100 26
70 28 100 11 30 19 120 26 120 31
80 23 120 17 40 19 140 27 140 36
90 17 140 23 50 19 160 29 160 41

100 11 160 28 60 19 180 30 180 47
110 6 180 34 70 19 200 32 200 52
120 0 200 40 80 18
130 0
140 0
150 0
160 0

2. Sum points for all risk factors markers

Systolic blood pressure ———
Pulse ———
Sum of absolute ST-segment deviation ———
QRS duration ———
Age ———
Height ———
Diabetes ———
Prior CABG ———
Killip class ———
ECG prior MI ———
Total ———

Figure 3. Nomogram for estimating 30-day
mortality from initial clinical and electrocar-
diographic variables. This reduced version of
the full multivariable model yielded a C-index
statistic of 0.830.

Abbreviations: bpm, beats/min; MI, myocardial
infarction; ECG, electrocardiogram; CABG,
coronary artery bypass graft. 

Reproduced with permission from ref 9:
Hathaway WR, Peterson ED, Wagner GS, et al,
for the GUSTO-I Investigators. Prognostic
significance of the initial electrocardiogram in
patients with acute myocardial infarction.
JAMA. 1998;279:387-391. Copyright © 1998,
American Medical Association.

Diabetes Pts

No 0
Yes 6

Prior Pts
CABG

No 0
Yes 6

Killip class Pts

I 0
II 8
III 18
IV 30

Total points Probability of 30-day mortality

61 0.001
87 0.005
98 0.01

110 0.02
117 0.03
122 0.04
125 0.05
129 0.06
131 0.07
134 0.08
136 0.09
138 0.10
151 0.20
167 0.40
180 0.60
196 0.80

ECG/prior MI Pts

Yes 10

No
Inferior MI 0
Noninferior MI 10

3. Look up risk corresponding to point total

Age Height

y Pts cm Pts
20 0 140 30
30 13 150 27
40 25 160 23
50 38 170 19
60 50 180 15
70 62 190 11
80 75 200 8
90 87 210 4

100 100 220 0



the degree to which thrombotic
occlusion obstructs the vessel
lumen, a logical conclusion is that
elevated markers of thrombosis
should predict which patients are
likely to have events. Despite the
demonstration that there is a
relationship between outcome and
thrombotic markers, the relation-
ships have not been strong enough
to incorporate measuring these
markers to stratify risk into clinical
practice. Fibrinogen has emerged
as a major predictor across a large
number of studies; it may become
the first thrombotic marker to be
used in routine risk prediction.

The field of cardiac imaging is
progressing at a rapid pace,
bringing about the possibility of
directly measuring the extent of
disease and following it as a marker
of prognosis. Rapid electron beam
computed tomography (CT) scan-
ning has developed as a method of
detecting and following coronary
calcification in a semiquantitative
fashion.15 Similarly, positron
emission tomography (PET) provides
vivid semiquantitative information
about ischemia and viability. 
While these technologies have great
promise, they have not yet accumu-
lated enough evidence to determine
their place in clinical practice.

We also cannot forget about cultural,
social, and behavioral issues in
risk stratification. Recent studies
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Figure 4. Flow diagram of risk stratification
after myocardial infarction. 

Abbreviations: CCU, coronary care unit; CHF,
congestive heart failure; LBBB, left bundle-
branch block; MI, myocardial infarction;
PTCA, percutaneous transluminal coronary
angioplasty; ST, ST-segment. 

Reproduced with permission from ref 10:
Peterson ED, Shaw LJ, Califf RM. Clinical
Guideline: Part II. Risk stratification after
myocardial infarction. Ann Intern Med.
1997;126:561-582. Copyright © 1997,
American College of Physicians - American
Society of Internal Medicine.



have implicated depression16,17

and poor social support18 as major
predictors of poor outcome.
Whether these differences in
outcome result from physiological
manifestations of the underlying
disorders or whether depression
and social isolation lead to lower
compliance and less medical care
remains to be resolved.

Perhaps the most intriguing target
for risk prediction is the vulnerable
plaque. Most of our efforts to predict
the risk of events are limited because
angiographic and physiologic meas-
ures characterize the state of the
arteries, the myocardium, or the
hemodynamic state in a static situa-
tion. Yet we know that a person with
normal left ventricular function,
normal neurhormones, and no isch-
emia on provocative testing can be
transformed into a victim of acute
myocardial infarction almost instan-
taneously when a vulnerable plaque
becomes disrupted. The troponins
may be giving us insight into the
degree to which a “hot” plaque is
shedding platelet emboli and mark-
ers of inflammation may provide
indirect insight into weakening of the
plaque by inflammatory infiltrates,
but we do not yet have direct meas-
ures that can discern a vulnerable
plaque.

REFERENCES

1. Lloyd-Jones DM, Larson MG,
Beiser A, Levy D. 

Lifetime risk of developing coronary heart
disease. 

Lancet. 1999;353:89-92. 

2. Califf RM, Armstrong PW, Carver JR,
D'Agostino RB, Strauss WE. 

27th Bethesda Conference: matching the
intensity of risk factor management with
the hazard for coronary disease events. 
Task Force 5. Stratification of patients into
high, medium and low risk subgroups for
purposes of risk factor management. 

J Am Coll Cardiol. 1996;27:1007-1019.

Dialogues in Cardiovascular Medicine - Vol 4 . No. 3 . 1999

How can we identify patients at high risk of coronary heart disease events? - Califf

145

3. Savonitto S, Ardissino D, 
Granger CB, et al. 

Prognostic value of the admission electro-
cardiogram in acute coronary syndromes. 

JAMA. 1999;281:707-713.

4. Ohman EM, Armstrong PW,
Christenson RH, et al, for the
GUSTO IIa Investigators. 

Cardiac troponin T levels for risk
stratification in acute myocardial ischemia.

N Engl J Med. 1996;335:1333-1341.

5. Antman EM, Grudzien C, 
Mitchell RN, Sacks DB. 

Detection of unsuspected myocardial necrosis
by rapid bedside assay for cardiac troponin T. 

Am Heart J. 1997;133:596-598.

6. Newby LK, Christenson RH,
Ohman EM, et al, for the GUSTO-IIa
Investigators. 

Value of serial troponin T measures for
early and late risk stratification in patients
with acute coronary syndromes. 

Circulation. 1998;98:1853-1859.

7. Hamm CW, Ravkilde J, Gerhardt W,
et al. 

The prognostic value of serum troponin T
in unstable angina. 

N Engl J Med. 1992;327:146-150. 

8. Lee KL, Woodlief LH, Topol EJ, 
et al, for the GUSTO-I Investigators. 

Predictors of 30-day mortality in the era of
reperfusion for acute myocardial infarction:
results from an international trial of 
41 021 patients. 

Circulation. 1995;91:1659-1668. 

9. Hathaway WR, Peterson ED,
Wagner GS, et al, for the GUSTO-I
Investigators. 

Prognostic significance of the initial
electrocardiogram in patients with acute
myocardial infarction. 

JAMA. 1998;279:387-391. 

10. Peterson ED, Shaw LJ, Califf RM.

Risk stratification after myocardial infarction.

Ann Intern Med. 1997;126:561-582.

11. Belardinelli R, Georgiou D,
Cianci G, Purcaro A. 

Randomized, controlled trial of long-term
moderate exercise training in chronic heart
failure. Effects on functional capacity,
quality of life, and clinical outcome. 

Circulation. 1999;99:1173-1182. 

12. Ridker PM, Haughie P. 

Prospective studies of C-reactive protein as
a risk factor for cardiovascular disease. 

J Investig Med. 1998;46:391-395.

13. Danesh J, Collins R, Appleby P,
Peto R. 

Association of fibrinogen, C-reactive protein,
albumin, or leukocyte count with coronary
heart disease: meta-analyses of prospective
studies. 

JAMA. 1998;279:1477-1482.

14. Ridker PM, Rifai N, Pfeffer MA,
et al, for the Cholesterol and Recurrent
Events (CARE) Investigators.

Inflammation, pravastatin, and the risk of
coronary events after myocardial infarction
in patients with average cholesterol levels. 

Circulation. 1998;98:839-844.

15. Rumberger JA, Brundage BH,
Rader DJ, Kondos G. 

Electron beam computed tomographic
coronary calcium scanning: a review and
guidelines for use in asymptomatic persons. 

Mayo Clin Proc. 1999;74:243-252.

16. Barefoot JC, Helms MJ, Mark DB,
et al.

Depression and long-term mortality risk in
patients with coronary artery disease. 

Am J Cardiol. 1996;78:613-617.

17. Lesperance F, Frasure-Smith N. 

Negative emotions and coronary heart
disease: getting to the heart of the matter. 

Lancet. 1996;347:414-415. 

18. Tung CY, Lam LC, 
Clapp-Channing N, et al. 

Socioeconomic status and medical care use
in coronary disease patients. 

J Am Coll Cardiol. 1998;31:304A. Abstract.


