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The recent focus on emerging cardiovascular risk fac-
tors, such as C-reactive protein, homocysteine, and
small, dense low-density lipoprotein (LDL), may give the
false impression that the current approach to the assess-
ment of cardiovascular disease risk fails to identify a
large section of the high-risk population. On the con-
trary, the new guidelines of the National Cholesterol
Education Program Adult Treatment Panel III (NCEP ATP
III) propose classifying an enormous number of individ-
uals, including people with any form of atherosclerotic
disease, diabetes, and a combination of major risk fac-
tors, into the category of high risk (>20% likelihood of a
major coronary event or stroke in 10 years). Consider-
ing the widespread prevalence of the metabolic syn-
drome—a high-risk condition characterized by mild hy-
pertension, mild dyslipidemia, hyperglycemia, and

visceral obesity—we may be faced with the challenge of
implementing aggressive risk reduction therapies in as
much as 30% of the adult US population. From the point
of view of risk assessment, a practical approach is to
follow the NCEP guidelines (ie, place patients with dia-
betes and those with atherosclerotic complications in the
highest risk category), apply the Framingham calcula-
tion to determine risk in people with common risk fac-
tors, and initiate early intervention in people who have
familial hypercholesterolemia (LDL cholesterol >200
mg/dL) or a family history of early cardiovascular dis-
ease. The emerging risk factors may be useful for further
stratifying risk in individuals with intermediate risk and
the presence of risk factors not included in the Framing-
ham calculation. �2003 by Excerpta Medica, Inc.
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Our current approach to the prevention of coronary
artery disease (CAD) is predicated on identifica-

tion of risk factors and the quantitative assessment of
short-term cardiovascular risk. The major independent
risk factors originally identified in the Framingham
Heart Study include (1) elevated serum total choles-
terol and low-density lipoprotein (LDL) cholesterol,
(2) low levels of high-density lipoprotein (HDL) cho-
lesterol, (3) elevated blood pressure, (4) cigarette
smoking, and (5) advancing age.1,2 The so-called ma-
jor risk factors are distinguished in Table 1 as modi-
fiable and not modifiable. These factors are defined
with remarkable agreement in guidelines and classifi-
cations from different medical and governmental
agencies in Europe3,4 and the United States.5

Data from the Multiple Risk Factor Intervention
Trial6 (MRFIT) and the Nurses’ Health Study7 indi-
cate that the major risk factors account for �80% of
the excess risk for premature CAD. Of note, obesity,
physical inactivity, and a high-fat diet are now con-
sidered major risk factors in their own right.5 These
factors are usually not used in formulas of risk assess-
ment, however, because their widespread distribution

would greatly increase the number of individuals qual-
ifying for pharmacologic treatment.

Several emerging risk factors for CAD have been
identified and classified as lipid and nonlipid risk
factors (Table 2). The distinction between major and
emerging risk factors serves to differentiate between
parameters with different levels of experimental, epi-
demiologic, and clinical validation.

The major modifiable risk factors for CAD are
important both for assessment of risk and as targets for
intervention. Numerous clinical trials have demon-
strated that risk reduction strategies, including cessa-
tion of cigarette smoking,8 lowering high blood pres-
sure in hypertensive patients,9,10 and low-dose aspirin
therapy,11 can significantly decrease the incidence of
cardiovascular events and total mortality. Perhaps
most impressive are data from large clinical trials
showing that lowering LDL cholesterol with 3-hy-
droxy-3-methylglutaryl coenzyme A reductase inhib-
itors (statins) is effective for both primary and sec-
ondary prevention of CAD.12

A variety of medical therapies are available for use
in the prevention of CAD and of its clinical expres-
sion. Preventive efforts should target each major risk
factor. Guidelines for the management of individual
risk factors are provided by the National High Blood
Pressure Education Program,13 the American Diabetes
Association,14 and by the third Adult Treatment Panel
(ATP III) report of the National Cholesterol Education
Program (NCEP).5

This article focuses on the approach advocated by
the NCEP, in which the major target for therapy is
LDL cholesterol lowering; risk assessment is used to
guide treatment decisions.
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LIFE-HABIT RISK FACTORS
The ATP III defines 3 life-habit risk factors as

major and modifiable: (1) obesity, (2) physical inac-
tivity, and (3) a high-fat diet. Obesity is defined as a
body mass index �30; overweight is a body mass
index between 25 and 29.9.15 People who are over-
weight or obese have an increased risk of CAD,
stroke, and all-cause mortality. The Framingham
Heart Study demonstrated that obesity is strongly pre-
dictive of CAD, and that risk for cardiovascular dis-
ease is particularly increased when abdominal obesity
(waist circumference �102 cm, or 40 inches in men;
88 cm, or 35 inches, in women) is present.15 Many
observational studies have shown that physical activ-
ity can reduce the risk for CAD and that lack of
exercise is a risk factor for CAD. Consumption of an
atherogenic diet with high intake of saturated fatty
acids and cholesterol clearly causes an increase in
serum LDL cholesterol levels. The ATP III considers
these life-habit risk factors as direct targets for clinical
intervention through therapeutic lifestyle changes, al-
though they are not used to set lower LDL cholesterol
goals.

EMERGING LIPID RISK FACTORS
Triglycerides, remnant lipoproteins, and small, dense

LDL: Although many prospective epidemiologic stud-
ies show a positive relation between serum triglycer-
ide levels and the incidence of CAD, multivariate
analyses have often failed to identify serum triglycer-
ides as an independent risk factor.16 Recent meta-
analyses have found that increased levels of triglyc-
erides are, in fact, an independent risk factor for
CAD.17,18 Elevated serum triglyceride levels are asso-
ciated with other lipid risk factors, including remnant
lipoproteins, small, dense LDL, and low HDL choles-
terol levels. Triglycerides are also associated with
such nonlipid risk factors as obesity, hypertension,

diabetes, cigarette smoking, insulin resistance, and the
prothrombotic state.

The atherogenicity of triglycerides is related to the
lipoprotein particles with which they associate. There
is strong evidence that remnants of very-low-density
lipoprotein and chylomicrons are atherogenic. Small,
dense LDL particles are formed in large part in re-
sponse to elevations in triglycerides and have been
linked to an increased risk for CAD in several stud-
ies,19–21 but the extent to which they predict CAD
independently is still controversial.22 The ATP III
does not recommend measurement of small LDL par-
ticles in routine practice, but it gives increased weight
to elevated serum triglycerides levels as a marker for
atherogenic remnant lipoproteins and as an element of
the metabolic syndrome. Non–HDL cholesterol (total
cholesterol � HDL cholesterol) is recommended as a
secondary target of therapy in persons with high tri-
glyceride levels (�200 mg/dL), following the as-
sumption that all cholesterol in plasma, except for
HDL cholesterol, provokes atherosclerosis.

Beyond the consideration of triglycerides as a risk
factor for CAD is the therapeutic dilemma raised in
cases of combined hyperlipidemia, where the adjust-
ment of the primary metabolic abnormality would
require an intervention on triglycerides, despite the
guidelines’ focus on LDL cholesterol reduction. In-
herent in the ATP III is that the achievement of LDL
cholesterol goals in individuals with combined hy-
perlipidemia often requires combination therapy.
Clinical trials are needed to demonstrate that the
increased risk of side effects incurred with the use
of combination therapy is justified by improved
clinical outcomes.

Lipoprotein(a): Elevated plasma levels of lipopro-
tein(a) have been found to be strongly associated with
an increased risk of CAD, especially in the presence
of elevated LDL cholesterol levels.23 A lipoprotein(a)

TABLE 1 Major Cardiovascular Risk Factors

Modifiable Nonmodifiable Life Habit

Elevated LDL-C Age Obesity
Low HDL-C Male sex Physical inactivity
Hypertension Family history Atherogenic diet
Diabetes
Cigarette smoking

HDL-C � high-density lipoprotein cholesterol; LDL-C � low-density lipoprotein cholesterol.

TABLE 2 Emerging Cardiovascular Risk Factors

Lipid Nonlipid

Triglycerides Homocysteine
Lipoprotein remnants Thrombogenic/hemostatic factors
Small LDL particles Inflammatory markers
Lipoprotein(a) Impaired fasting glucose
Metabolic syndrome Metabolic syndrome

LDL � low-density lipoprotein.
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of 30 mg/dL is commonly accepted as a threshold for
coronary disease risk.

Lipoprotein(a) levels are higher in African Amer-
icans, but a greater risk for CAD associated with
elevated lipoprotein(a) has not been documented in
this group.24 Measuring serum lipoprotein(a) levels
can be useful in individuals who have a strong family
history of premature atherosclerosis or individuals
with inherited causes of hypercholesterolemia, such as
familial hypercholesterolemia.25

EMERGING NONLIPID RISK FACTORS
Homocysteine: Homocysteine, a sulfur-containing

amino acid, is an intermediate in the metabolism of
methionine and cysteine. Homocystinuria is a rare
genetic disorder associated with 10-fold elevation of
plasma homocysteine levels, premature atherosclero-
sis, and recurrent thrombosis.

Several prospective and case-control studies have
shown that elevations of serum homocysteine are pos-
itively correlated with risk for CAD.26–28 In the Air
Force/Texas Coronary Atherosclerosis Prevention
Study (AFCAPS/TexCAPS),29 a primary prevention
trial of lovastatin in the prevention of acute coronary
syndromes, elevated homocysteine predicted future
coronary events, but it did not identify any subgroups
that would respond to statin therapy.

Treatment with folic acid and vitamins B6 and B12
lowers homocysteine levels. Clinical trials to examine
whether lowering homocysteine levels prevents CAD
are in progress. Given the uncertainty about the rela-
tion between homocysteine and CAD, routine homo-
cysteine measurement is not recommended. Measure-
ment of homocysteine may be useful in selected cases,
such as for individuals with a strong family history of
premature CAD who are otherwise at low risk, and in
individuals with premature CAD, stroke, or venous
thromboembolism without other predisposing risk
factors.27

THROMBOGENIC/HEMOSTATIC
FACTORS

Platelets and coagulation factors are clearly in-
volved in the thrombotic process, and aspirin and
other antiplatelet therapies have been shown to reduce
the risk of myocardial infarction.30 Elevated levels of
fibrinogen create an increased risk of CAD indepen-
dent of serum cholesterol levels.31 A number of other
hemostatic factors have been found to be associated
with increased CAD risk, including activated factor
VII, plasminogen activator inhibitor–1, tissue plas-
minogen activator, factor V Leiden, von Willebrand
factor, protein C, and antithrombin III.

There has been considerable interest in the role of
plasminogen activator inhibitor–1 in the pathogenesis
of atherothrombosis and as a risk factor predictive for
CAD. Decreased fibrinolytic activity and elevated lev-
els of plasminogen activator inhibitor–1 have been
linked with an increased risk of myocardial infarction
in prospective studies.32 Recent data from a nested
case-control study of the Stockholm Heart Epidemi-
ology Program33 have shown that elevated levels of

tissue plasminogen activator/plasminogen activator
inhibitor–1 complexes correlated with risk for recur-
rent myocardial infarction, supporting the hypothesis
that associations between tissue plasminogen activator
and cardiovascular risk are caused by elevated levels
of tissue plasminogen activator/plasminogen activator
inhibitor–1 complexes and reflect impaired fibrinoly-
sis, rather than increased tissue plasminogen activator
activity.

Interestingly, elevated plasminogen activator in-
hibitor–1 levels are also associated with features of the
metabolic syndrome, including insulin resistance and
hypertriglyceridemia.32 Although measurement of
various markers of thrombosis/hemostasis may be in-
dicated in certain individuals with a history of throm-
botic events, measurement of prothrombotic factors is
not currently recommended as part of routine assess-
ment of CAD risk.

INFLAMMATORY MARKERS
Atherosclerosis has features of an inflammatory

disease, and there has been tremendous interest in the
ability of inflammatory markers, particularly C-reac-
tive protein, to predict CAD risk. C-reactive protein is
an acute-phase protein produced by the liver in re-
sponse to various cytokines during inflammation, tis-
sue injury, or infection. The new high-sensitivity tests
detect levels of C-reactive protein that, although
within the normal range, may be indicative of low-
level inflammation.

Data from both the Physicians’ Health Study and
the Women’s Health Study indicate that a high-sensi-
tivity C-reactive protein level in the highest quartile is
associated with an increased risk of cardiovascular
events.34,35 Analysis of data from the Cholesterol and
Recurrent Events (CARE) study—a secondary pre-
vention trial in which patients with known CAD were
treated with pravastatin or placebo—has shown not
only that the elevated levels of high-sensitivity C-re-
active protein predicted events, but also that individ-
uals with an elevated high-sensitivity C-reactive pro-
tein appeared to receive the greatest benefit from
treatment with pravastatin.36,37 In the AFCAPS/Tex-
CAPS,38 high-sensitivity C-reactive protein appeared
to identify individuals with low plasma lipid levels
who responded to lovastatin. Lovastatin was effective
in those participants who had a ratio of total choles-
terol to HDL cholesterol that was lower than the
median and a C-reactive protein level higher than the
median. However, lovastatin was ineffective in par-
ticipants with a ratio of total cholesterol to HDL
cholesterol and a C-reactive protein level that were
both lower than the median.38 Thus, high-sensitivity
C-reactive protein appears to hold promise as an in-
dependent risk factor with some predictive power
beyond the lipid risk factors.5

The Writing Group, from a workshop on inflam-
matory markers in cardiovascular disease sponsored
by the Centers for Disease Control and Prevention and
by the American Heart Association, recently issued
recommendations on the use of high-sensitivity C-re-
active protein as a marker for cardiovascular risk in
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clinical practice.39 The Writing Group endorsed the
optional use of high-sensitivity C-reactive protein to
identify patients without known cardiovascular dis-
ease who may be at higher absolute risk than esti-
mated by major risk factors. Measurement of high-
sensitivity C-reactive protein may be useful in patients
at intermediate risk (10% to 20% risk of CAD in 10
years). The assay should be performed in a metabol-
ically stable person without obvious inflammatory or
infectious conditions. To provide a more stable esti-
mate of the high-sensitivity C-reactive protein level,
the average value of 2 high-sensitivity C-reactive pro-
tein assays performed 2 weeks apart should be used. If
a level of �10 mg/L is identified, there should be a
search initiated for an obvious source of infection or
inflammation, and the result of �10 mg/L should then
be discarded and the high-sensitivity C-reactive pro-
tein measured again in 2 weeks. The high-sensitivity
C-reactive protein cut points for low risk (�1.0 mg/
L), average risk (1.0 to 3.0 mg/L), and high risk (�3.0
mg/L) correspond to approximate tertiles of high-
sensitivity C-reactive protein in the adult population.
Because the high-risk tertile has approximately a
2-fold increase in relative risk compared with the
low-risk tertile, the finding of high-sensitivity C-reac-
tive protein �3.0 mg/L may prompt the start or inten-
sification of medical therapy or be used to motivate
patients to improve their lifestyle or comply with
medications. The utility of high-sensitivity C-reactive
protein in secondary prevention appears to be more
limited because individuals at high risk (�20% risk in
10 years) or with established atherosclerotic disease
should be treated intensively, even if they have no
signs of inflammatory response.

The Writing Group recommended against wide-
spread screening of the entire adult population for
high-sensitivity C-reactive protein and indicated that
serial testing of high-sensitivity C-reactive protein
should not be used to monitor effects of treatment.
The need for further research to help define the most
effective and efficient use of inflammatory markers for
prediction of cardiovascular disease risk was stressed.

THE METABOLIC SYNDROME
The metabolic syndrome is characterized by a con-

stellation of metabolic risk factors, including abdom-
inal obesity, atherogenic dyslipidemia (elevated tri-
glycerides, small, dense LDL, low HDL cholesterol
levels), elevated blood pressure, insulin resistance
(with or without glucose intolerance), and prothrom-
botic and proinflammatory states. The ATP III pro-
vided criteria for the diagnosis of the metabolic
syndrome, which is made when �3 of the risk deter-
minants are present.

The prevalence of the metabolic syndrome, as de-
fined by the ATP III, is approximately 22%, based on
analysis of data on 8,814 US men and women �20
years of age from the National Health and Nutrition
Examination Survey (NHANES) (1988 to 1994).40

When applied to the entire adult US population, this
translates into approximately 47,000,000 people who
have the metabolic syndrome. A recent prospective

study of 4,483 men and women participating in a
family study of type 2 diabetes in Finland and Sweden
reported that the risk for CAD and stroke was in-
creased 3-fold in subjects with the metabolic syn-
drome. Cardiovascular mortality was markedly in-
creased as well, with microalbuminuria being its
strongest predictor.41

The relevance given by the new guidelines to the
diagnosis of the metabolic syndrome suggests that
many of these patients may be in or near the high-risk
category. When evaluated according to the Framing-
ham formula, however, patients who have the features
of the metabolic syndrome, but have no other risk
factors, are unlikely to be identified as high-risk sub-
jects. This is because 3 elements (triglycerides, ab-
dominal obesity, and glucose levels) that characterize
the metabolic syndrome are not included in the Fra-
mingham formula. The ATP III recognizes the meta-
bolic syndrome as a secondary target of risk reduction
therapy after the primary target of LDL cholesterol.

The first line of therapy for the metabolic syn-
drome is therapeutic lifestyle changes, including
weight reduction and increased physical activity. The
importance of lifestyle changes is demonstrated by the
results of a recent diabetes prevention trial involving
3,234 individuals without diabetes with elevated fast-
ing and postload plasma glucose levels who were
randomly assigned to placebo, metformin, or a life-
style modification program (with goals of �7%
weight loss and �150 minutes of physical activity per
week).42 Compared with placebo, lifestyle interven-
tion reduced the incidence of diabetes by 58%, and
treatment with metformin reduced it by 31%.41 Per-
haps the best advice we can give to our obese, hyper-
tensive, mildly dyslipidemic patients is “eat less and
exercise more.”

CALCULATION OF ABSOLUTE RISK
Data from the Framingham Heart Study and the

Multiple Risk Factor Intervention Trial have demon-
strated that risk factors are additive, and the data
support an approach that encompasses all the major
risk factors.1,43 This concept of synergism among risk
factors was exploited by the NCEP recommendations
issued by the ATP I and ATP II, in which all major
independent risk factors are used to stratify individu-
als according to risk. Although the ATP II emphasized
intensive management of LDL cholesterol in persons
with established CAD (secondary prevention), the ma-
jor new feature of the ATP III is a focus on primary
prevention in persons with multiple risk factors.
Counting categorical risk factors has the appeal of
simplicity, but it is not as accurate as using graded risk
factors for global risk assessment2,44 to reach the ul-
timate objective of identifying people with a high
likelihood of a cardiovascular event in the near future.

In recent years, professional societies and govern-
mental agencies in both Europe and North America
have encouraged physicians to make the transition
from risk factor counting to quantitative assessment of
a patient’s absolute risk of a cardiovascular event.
Absolute risk is defined as the probability of develop-
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ing a “hard outcome,” such as a heart attack or sudden
coronary death, over a defined period. Because place-
ment of any patient in the highest risk category deter-
mines initiation of aggressive therapeutic measures,
including the use of multiple medications, the defini-
tion of high risk is a particularly hot topic in the field
of cardiovascular disease.

In Europe, different medical societies have pro-
posed numbers between 1.5% and 2% per year as the
threshold above which the patient is considered at the
highest risk.3 Assuming linearity of risk over time,
these values are similar to those proposed by the ATP
III guidelines of cholesterol control, which define the
highest risk category as those patients having a like-
lihood of a cardiovascular event �20% in 10 years
(2% per year).5 In England, the Standing Medical
Advisory Committee defines high-risk status as an
indication for statin use in prevention of CAD as an
absolute risk of �30% in 10 years.45 These guidelines
are controversial because using them means that sig-
nificantly fewer patients will qualify for medical ther-
apy than would qualify using the European or US
guidelines.46,47 Given the cost to society of prescrib-
ing an expensive and not risk-free medication to larger
strata of the population, the definition of high risk will
continue to be finessed within the range of 15% to
30% in 10 years. The focus on using a short-term
(�10 years) assessment of absolute risk is also guided
largely by cost considerations.

The ATP III guidelines recommend using a mod-
ification of the Framingham equation to calculate 10-
year risk of hard CAD events for individuals with �2
major risk factors. As all major risk factors can lead to
the development of atherosclerosis and premature
CAD over time, each major risk factor may deserve
clinical intervention regardless of the short-term risk.
The major thrust for long-term risk reduction is the
implementation of therapeutic lifestyle changes.

RISK ASSESSMENT
The ATP III guidelines recommend a 2-step pro-

cess for risk assessment. The first step involves count-
ing major risk factors that modify LDL goals (Table
3). A very important change in the ATP III was raising
the level at which low HDL cholesterol levels are
considered a major risk factor from �35 mg/dL to
�40 mg/dL. This change will dramatically increase
the number of individuals with risk factors for CAD
who qualify for treatment. A guiding principle of the
ATP III is that intensity of LDL-lowering therapy
should be adjusted according to the patient’s risk for
developing CAD. There are 3 categories of risk that
modify LDL goals (Table 4). A CAD “risk equiva-
lent” (10-year risk for CAD �20%) means that the
patient’s risk of a major coronary event is the same as
that of a patient with established CAD.

An important feature of the ATP III is that indi-
viduals with diabetes mellitus who do not have evi-
dence of CAD are raised to the level of a CAD risk
equivalent. The diagnosis of diabetes, therefore, is not
part of the calculation to assess risk. The presence of
other clinical forms of atherosclerotic disease, includ-

ing peripheral arterial disease, abdominal aortic aneu-
rysm, and symptomatic carotid artery disease, also
confers the level of CAD risk equivalent.

The use of noninvasive tests to diagnose subclini-
cal atherosclerosis was recently reviewed48 and was
addressed in the report from the American Heart As-
sociation’s Prevention Conference V.49 In general,
several of these approaches are promising, but their
widespread use in screening is not currently recom-
mended. The exception is the use of the ankle-brachial
index to screen individuals for detection of peripheral
vascular disease; this may be a cost-effective approach
to elevating the asymptomatic individual with multi-
ple risk factors into the category of CAD risk
equivalent.48

The ATP III incorporates global risk assessment in
individuals who have �2 major risk factors. The 10-
year risk assessment is conducted with Framingham
scoring to identify individuals whose 10-year risk
warrants consideration for intensive treatment. Indi-
viduals with a 10-year risk for CAD �20% are con-
sidered CAD risk equivalents, and the LDL choles-
terol goal is set at �100 mg/dL. This calculation of
10-year risk for individuals with �2 risk factors also
determines the level of LDL cholesterol at which to
consider drug therapy.5

The risk calculation, based on assumptions taken
from the Framingham database, considers 7 factors:
sex, age, total cholesterol, HDL cholesterol, blood
pressure, use of blood pressure medications, and cig-
arette smoking. The ATP III Executive Summary and
the Framingham formula can be downloaded from the
Internet.50,51

The time needed to assess risk averages �15 sec-
onds; the identification of 10-year risk may lead to the
decision to start therapy and to improved compliance
by the patient. The formula is accurate for use in daily
practice and has been validated in clinical trials. For
example, the placebo cohort of the West of Scotland
trial52 showed a 5-year event rate that exactly matched
that predicted by the Framingham formula, based on
the distribution of risk factors at baseline in that
population.

LIMITATIONS OF THE FRAMINGHAM
CALCULATION

There are uncommon, but definitely not rare, cir-
cumstances when the patient’s presentation and risk
profile may be predominantly or exclusively caused
by risk factors that are not given relevance in the
Framingham formula. These are outlined below.

Family history of early atherosclerotic disease: The
formula does not account for this most important of
risk factors. For this reason, clinicians should use their
judgment in deciding whether to place a patient with
an impressive family history in the high-risk category,
regardless of the results of the Framingham calcula-
tion (or avoid calculating risk in these patients). Pro-
spective studies have demonstrated that a family his-
tory of premature CAD is an independent risk factor
even when other risk factors are taken into consider-
ation.53 Estimates of the relative risk conferred by a
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history of CAD in a first-degree relative range from 2
to 12 times that of the general population.54–56 The
risk for CAD increases with the number of first-degree
relatives affected and the younger the age of onset in
the affected family member (clinical problems in first-
degree relatives occurring at relatively young age [ie,
�55 for men and �65 for women]). In general, the
clustering of CAD risk in families follows a polygenic
rather than a mendelian pattern.57 Family history is
also a consideration in individuals with inherited dis-
orders of lipoprotein metabolism, such as familial
hypercholesterolemia. Family history may lead to
more aggressive LDL cholesterol–lowering goals in
primary prevention than would be obtained by using
the Framingham risk calculation.

Severe hypercholesterolemia: The value of serum
cholesterol concentrations as a predictor of clinical
events in the Framingham database is not consistent
and is limited to the distribution of values up to a total
cholesterol of 280 mg/dL. For this reason, patients
with more severe problems, including familial hyper-
cholesterolemia, should not be evaluated for risk as-
sessment using the Framingham formula. Familial
hypercholesterolemia should be considered as a met-
abolic disturbance carrying the highest degree of risk
in adult patients. Therefore, it should be treated from
the moment of diagnosis, sometimes even in early
childhood, depending on severity and family history
of CAD.

Hypertriglyceridemia: Recent advances have been
achieved in understanding the role of triglycerides in
CAD. However, triglycerides have not been given any
relevance in the Framingham calculation, despite be-
ing (1) predictors of heart disease, (2) participators in
the pathogenesis of atherosclerosis, and (3) mediators
of the therapeutic benefits of lipid-lowering ap-
proaches. For this reason, patients with the features of

the metabolic syndrome should be evaluated accord-
ing to another set of criteria, considering that their
main lipid problem can only be estimated if the HDL
cholesterol is very low. Although low HDL choles-
terol commonly accompanies hypertriglyceridemia, it
is not clear whether the HDL cholesterol information
provides the entire predictability of cardiovascular
risk because of atherogenic dyslipidemia.

Abdominal obesity: Although many organizations,
including the American Heart Association, have “re-
habilitated” obesity as a major risk factor for CAD,
the Framingham formula does not assign a value to
indices of adiposity. Abdominal obesity is the central
element of the metabolic syndrome (or dysmetabolic
syndrome X), a clinical phenotype that was high-
lighted by the NCEP ATP III expert committee as a
common presentation carrying a high risk of cardio-
vascular disease.

Women at higher risk: An issue that quickly be-
comes apparent when using the Framingham risk as-
sessment tool of the ATP III is that, for a given risk
score, the 10-year risk for a woman is lower than that
for a man. Consider, for example, a 55-year-old man
who has a total cholesterol level of 250 mg/dL and an
HDL cholesterol level of 40 mg/dL, is a nonsmoker,
has a systolic blood pressure measurement of 160 mm
Hg, and is on no medications. Using the ATP III
tables, his point count is 15 for a 10-year CAD risk of
20%, elevating him to a CAD risk equivalent. In
contrast, a woman with exactly the same numbers
would receive a higher point count of 18, but her
10-year CAD risk would only be 6%. Although the
difference is because men are at risk 10 years earlier
than women, this feature of the ATP III tool has met
with criticism.

In the face of national efforts to promote recogni-
tion of the importance of CAD risk assessment in

TABLE 3 Major Risk Factors (Exclusive of Low-Density Lipoprotein Cholesterol [LDL-C]) that
Modify LDL-C Goals

● Cigarette smoking
● Hypertension (BP �140/90 mm Hg or on antihypertensive medication)
● Low HDL-C (�40 mg/dL)
● Family history of premature CAD (male first-degree relative �55 yr, female first-degree

relative �65 yr)
● Age (men �45 yr, women �55 yr)

BP � blood pressure; CAD � coronary artery disease; HDL-C � high-density lipoprotein cholesterol.
Reprinted with permission from JAMA.5

TABLE 4 Low-Density Lipoprotein (LDL) Cholesterol Goals and Cut Points for Therapeutic Lifestyle Changes (TLC) and Drug Therapy

Risk Category
LDL Goal
(mg/dL)

LDL Level at
Which to Initiate

TLC (mg/dL)
LDL Level at Which to Consider

Drug Therapy (mg/dL)

CAD or CAD risk equivalents (10-yr risk �20%) �100 �100 �130 (100–129: LDL-lowering drug optional)
�2 risk factors (10-yr risk �20%) �130 �130 10-yr risk 10%–20%: �130

10-yr risk �10%: �160
0–1 risk factor �160 �160 �190 (160–189: LDL-lowering drug optional)

CAD � coronary artery disease; LDL-C � low-density lipoprotein cholesterol.
Reproduced with permission from JAMA.5

24i THE AMERICAN JOURNAL OF CARDIOLOGY� VOL. 92 (1A) JULY 3, 2003



women, it seems contradictory to say that a woman
with the same risk factors as a man should not be
treated as aggressively. This is an area where physi-
cians must exercise their clinical judgment. If the
woman described above had a strong family history of
premature CAD, a case could be made either to look
at emerging risk factors or to elevate her risk status
based on the family history.

Emerginig risk factors: The clinical utility of addi-
tional testing is limited to particular patients, such as
those with only 1 prominent risk factor, who may
otherwise be placed in a low-to-moderate risk cate-
gory. The main objective in the approach to a patient
with undefined CAD risk is to reach an accurate
assessment of the 10-year likelihood of having a car-
diovascular event. In all patients in whom this can be
done with the classic risk factors—which comprises
the vast majority of those seen in a primary care
practice—there is no a need for additional tests, such
as high-sensitivity C-reactive protein, lipoprotein(a),
or the density distribution of LDL. Furthermore, there
is no need to further upgrade the calculated risk of a
patient who is already in the high-risk category. The
use of additional tests cannot be advocated with the
objective of possibly downgrading risk in patients
otherwise identified with conditions that are CAD risk
equivalent. For example, in a patient with diabetes and
low concentrations of HDL cholesterol, the knowl-
edge that the LDL is predominantly “fluffy,” lipopro-
tein(a) is undetectable, and high-sensitivity C-reactive
protein is in the lowest quartile does not allow a
reduction in the assessed risk for that patient.

The use of additional tests may have practical
relevance in healthy individuals who have only 1
prominent and severe risk factor, such as family his-
tory, extreme hypercholesterolemia, severe hyperten-
sion, or heavy long-standing cigarette smoking. In
dealing with a healthy patient who comes to the office
simply because of the knowledge of a family history
of CAD, it is possible to reach a point where the
patient presentation per se does not justify recommen-
dation for any treatment. In these cases, it is important
to explore all avenues to determine if any biochemical
parameters of risk track in the family, together with
the clinical events, or to determine whether any of the
predictors of cardiovascular disease may be elevated
in that patient. Likewise, in a patient with just 1 risk
factor, the identification of a mostly dense LDL sub-
class, the presence of very high lipoprotein(a) value,
or the presence of high-sensitivity C-reactive protein
in the highest quartile may be used as a tool to set the
goal to a more aggressive LDL lowering and to im-
prove patient compliance with medical therapy.

CONCLUSION
The practice of preventive cardiology is moving

toward a need to identify the high-risk patients who
have most cardiovascular events at all ages. No indi-
vidual risk factor is a good predictor of cardiovascular
events when analyzed alone, but the combination of
information provides an accurate tool for risk assess-
ment in the patient with moderate dyslipidemia and

hypertension, while taking into consideration aging
and cigarette smoking. The best approach to risk as-
sessment in patients seen most frequently in internal
medicine practices combines the use of the Framing-
ham formula with the use of additional testing and
clinical judgment in patients with the metabolic syn-
drome, familial hypercholesterolemia, or family his-
tory of premature atherosclerotic disease.

Familial hypercholesterolemia patients should be
positioned in the highest risk category and receive
aggressive medical treatment. Patients with a strong
family history of premature CAD without major risk
factors are candidates for assessment of emerging risk
factors. The vast number of patients with the meta-
bolic syndrome warrant a concerted effort at lifestyle
changes to intervene on the major factor that contrib-
utes to the development of this clinical syndrome (ie,
central obesity). Only the patients who fail to modify
their lifestyles or to attain the necessary decrease in
body weight will need to be considered high risk,
especially if there are concomitant risk factors.
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