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[. Introduction

In 1998, the American Heart Association convened Preven-
tion Conference V to examine strategies for the identification
of high-risk patients who need primary prevention. Among
the strategies discussed was the measurement of markers of
inflammation.r The Conference concluded that “many of
these markers (including inflammatory markers) are not yet
considered applicable for routine risk assessment because of:
(1) lack of measurement standardization, (2) lack of consis-
tency in epidemiological findings from prospective studies
with endpoints, and (3) lack of evidence that the novel marker
adds to risk prediction over and above that aready achievable
through the use of established risk factors.” The Nationa
Cholesterol Education Program Adult Treatment Panel [11
Guidelines identified these markers as emerging risk
factors,*2 which could be used as an optional risk factor
measurement to adjust estimates of absolute risk obtained
using standard risk factors. Since these publications, a large
number of peer-reviewed scientific reports have been pub-
lished relating inflammatory markers to cardiovascular dis-
ease (CVD). Several commercial assays for inflammatory
markers have become available. As a consequence of the
expanding research base and availability of assays, the
number of inflammatory marker tests ordered by clinicians
for CVD risk prediction has grown rapidly. Despite this, there
has been no consensus from professional societies or govern-
mental agencies as to how these assays of markers of
inflammation should be used in clinical practice.

On March 14 and 15, 2002, a workshop titled “CDC/AHA
Workshop on Inflammatory Markers and Cardiovascular
Disease: Applicationsto Clinical and Public Health Practice’

was convened in Atlanta, Ga, to address these issues. The
gods of this workshop were to determine which of the
currently available tests should be used; what results should
be used to define high risk; which patients should be tested;
and the indications for which the tests would be most useful.
These determinations should assist the clinician in selecting
tests judiciously and appropriately and should assist health-
care payers in making decisions about the support of such
tests in clinical practice.

To achieve this goal, the workshop set down five
objectives:

(1) To review the scientific evidence from diverse sources
to examine the association between severa inflammatory
markers (high-sensitivity C-reactive protein [hs-CRP], serum
amyloid A [SAA], white blood cell [WBC] count, fibrinogen,
etc) and CVDs, including the strength, consistency, indepen-
dence, and generalizability of the data.

(2) To consider the clinical chemistry and various assays of
inflammatory markers, to identify which may be the best
assays to use in identifying persons at risk.

(3) To identify areas in which questions persist in order to
foster additional research on inflammatory markersand CVD.

(4) To recommend which tests should be performed for
which patients and in which clinical settings, for the purpose
of risk stratification, therapeutic monitoring, and other clini-
cal applications, on the basis of the scientific evidence.

(5) To explore the public health implications of an associ-
ation between inflammatory markers and CVD.

This conference was jointly sponsored by the Centers for
Disease Control and Prevention and the American Heart
Association. Specifically, the National Center for Chronic
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Disease Prevention and Health Promotion and the National
Center for Environmental Health provided financial and
organizational support. The American Heart Association, its
Expert Panel on Population and Prevention Science, and its
Councils on Atherosclerosis, Thrombosis, and Vascular Bi-
ology; Clinical Cardiology; and Epidemiology and Preven-
tion coordinated the workshop, with support from unre-
stricted educational grants from industry sponsors (see
Acknowledgments). The writing group, endorsed by the
Science Advisory and Coordinating Committee of the Amer-
ican Heart Association, included representation from the
above-mentioned agencies and organizations, as well as the
American Association for Clinical Chemistry and the Amer-
ican College of Cardiology.

The workshop consisted of 1%2 days of presentations and
discussions of topics relevant to inflammatory markers and
CVD. The first haf of the workshop consisted of state-of-
the-art lectures by recognized authorities in the field. The
second half consisted of three concurrent discussion groups
on the issues related to laboratory science, clinical science,
and population science. The recommendations of this work-
shop are derived from these discussion groups. The invited
lectures and discussion group findings will be published in a
separate document. A complete list of participants, organized
by discussion group, is listed at the end of this publication
(Appendix 1).

This document uses the major findings and conclusions of
the Workshop to develop a statement that has been fully
reviewed and approved by The Science Advisory and Coor-
dinating Committee of AHA and the CDC. It crafts a
statement that considers the best available evidence for an
association between inflammatory markers and CVD. In this
consideration, the US Surgeon Generdl’ s criteriafor inference
of causality were used in examination of the evidence—
namely, the strength, temporality, dose-response relationship,
biological plausibility, and consistency of the evidence were
reviewed.’r The quality of scientific evidence for an associ-
ation was assessed,2 and the American College of Cardiolo-
gy/American Heart Association classification of recommen-
dations and levels of evidence were used (see Appendix 2).
Moreover, consideration of recommendations for the use of
inflammatory markers as screening tools also employed an
evidence-based approach.2 Thisincluded evidence from prop-
erly designed, randomized trials that intervention in
screening-positive persons benefited the patients, and it
included consideration of the potential benefits, harm, differ-
ences in performance between different groups of people, use
in various screening strategies, and cost-effectiveness.

II. Evidence for Inflammation as a Key
Pathogenetic Mechanism in Atherosclerosis
A role for inflammation has become well established over the
past decade or more in theories describing the atherosclerotic
disease process.#> From a pathological viewpoint, all stages,
ie, initiation, growth, and complication of the atherosclerotic
plaque,®” might be considered to be an inflammatory re-
sponse to injury. The major injurious factors that promote
atherogenesis— cigarette smoking, hypertension, atherogenic
lipoproteins, and hyperglycemia—are well established. These
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Figure 1. The inflammatory cascade. IL indicates interleukin;
ICAM, intercellular adhesion molecule; and HSP, heat shock
protein.

risk factors give rise to a variety of noxious stimuli that elicit
secretion of both leukocyte soluble adhesion molecules,
which facilitate the attachment of monocytes to endothelial
cells, and chemotactic factors, which encourage the mono-
cytes migration into the subintimal space. The transforma-
tion of monocytes into macrophages and the uptake of
cholesterol lipoproteins are thought to initiate the fatty streak.
Further injurious stimuli may continue the attraction and
accumulation of macrophages, mast cells, and activated T
cells within the growing atherosclerotic lesion. Oxidized
low-density lipoproteins may be one of several factors that
contribute to loss of smooth muscle cells through apoptosisin
the atherosclerotic plaque cap, and secretion of metallopro-
teinases and other connective tissue enzymes by activated
macrophages may break down collagen, weakening the cap
and making it prone to rupture. This disruption of the
atherosclerotic plague then exposes the atheronecrotic core to
arterial blood, which induces thrombosis. Thus, virtualy
every step in atherogenesis is believed to involve cytokines,
other bioactive molecules, and cells that are characteristic of
inflammation.

These pathophysiological insights provide potential targets
for measurement as a means to identify and monitor the
ongoing inflammatory process (Figure 1). Potentia targets
for measurement include proinflammatory risk factors such
as oxidized low-density lipoproteins, proinflammatory cyto-
kines (eg, interleukin-1, tumor necrosis factor-a), adhesion
molecules (eg, intercellular adhesion molecule-1, selectins),
inflammatory stimuli with hepatic effects (eg, interleukin-6)
or the products of the hepatic stimulation, such as SAA,
C-reactive protein (CRP), and a host of other acute-phase
reactants. Finally, other indicators of cellular responses to
inflammation, such as elevated leukocyte count, might be
evaluated. It should be pointed out that this inflammatory
cascade may have sources other than an atherosclerotic
coronary artery, including atherosclerosis in other arteries, as
well as systemic inflammation (eg, connective tissue dis-
eases) and local infections (eg, gingivitis, prostatitis, bronchi-
tis, urinary tract infections, gastric inflammation). These
systemic inflammations may result in elevated levels of
inflammatory markers that may be incorrectly attributed to
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TABLE 1. Inflammatory Markers for Consideration as
Predictors of Cardiovascular Risk

Adhesion molecules
Cytokines
Acute-phase reactants
Fibrinogen
SAA
CRP
WBC count
Other (eg, erythrocyte sedimentation rate)

atherosclerotic CVD. Nonetheless, increasing recognition of
the inflammatory component of atherogenesis provides the
biological plausibility for the potential use of inflammatory
markers as indicators of atherogenesis or as predictors of
atherosclerotic complications.

[11. Characteristics Desirable in a CVD
Risk Predictor

Understanding of the inflammatory cascade in Figure 1
allows the consideration of a number of inflammatory mark-
ers as potentially useful predictors of prevalent or incident
CVD (Table 1). Such markers, however, may not be useful in
the clinical arena unless they possess additional characteris-
tics®8 These include: (1) the ability to standardize the assay
and to control the variability of the measurement; (2) inde-
pendence from established risk factors; (3) association with
CVD clinical end points in observational studies and clinical
trids; (4) the presence of population normsto guide interpre-
tation of results; (5) ability to improve the overall prediction
beyond that of traditional risk factors; (6) generalization of
results to various population groups; and (7) acceptable cost
of the assays. The use of the marker is also affected by the
type of relationship with CVD (eg, linear, nonlinear, dichot-
omous). These characteristics then can be examined in the
inflammatory markers currently under consideration.

Several features of the relationship between inflammatory
markers and CVD end points should be taken into account.
First, is the assayed substance a risk factor or a risk marker
(Figure 2)? In other words, does the analyte measure astep in
the causal pathway leading to atherosclerosis or the disease
process itself? Next, which CVD end points are being
considered? Inflammatory markers may relate differently to
prevalent atherosclerotic disease than to acute or chronic
syndromes in the coronary, cerebral, or periphera arteria
beds. Third, does the ahility of the marker to predict CVD end
points differ over the timeframe of the events, ie, short term
versus long term? Fourth, does measurement of the marker
indicate efficacy of therapy or changing prognosis? Finally, is
the use of the test cost-effective? Namely, can theincremental
cost of the test be justified by reductions in other costs or
improvements in outcomes? Conversely, are there indirect
costs of a positive test that are prohibitive?

V. Laboratory Tests Available to
Assess I nflammation
A sizable number of studies have examined the inflamma-
tion—-CVD association through measurement of a variety of
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Figure 2. Alternative models for the role of inflammatory mark-
ers in CVD: risk factor or risk marker?

analytes. Only some of these assays, however, are currently
employable in clinical settings, after consideration of the
stability of the analyte, the commercial availability of assays,
the standardization of those assays to alow comparison of
results, and the precision of the assays as measured by the
coefficient of variation. Table 2 summarizes the currently
available assays for inflammatory markers. Severa markers
are only stable when frozen, which limits their use to research
settings. Likewise, only the acute-phase reactants (fibrinogen
and CRP) and WBC count have widely available assays. CRP
has a proficiency-testing program from the College of Amer-
ican Pathologists. A program to standardize CRP testing is
underway at the Centers for Disease Control and Prevention.
Most of the acute-phase reactant assays have acceptable
coefficients of variation.

These comparisons of the various inflammatory markers
favor CRP from the clinical chemistry perspective. It needsto
be emphasized that the assays considered in Table 2 were for
hs-CRP with acceptable precisions down to or below 0.3
mg/L. It is within these lower, previously “normal” ranges
that the hs-CRP levels seem to have predictive abilities for
CVD events. Although new assays of other inflammatory
markers, with precision, standardization, and other character-
istics that are superior to those of the current assays, may
become available, the hs-CRP assay represents the best
candidate at this time.

V. Evidence for Association of Inflammatory
Markers With CVD: Clinical and
Epidemiological Studies

A. Prediction of Incident CVD Events:

Primary Prevention

Several older prospective epidemiological studies have doc-
umented an association between inflammatory markers such
as WBC count and fibrinogen®-11 and CVD. In general, these
analyses have shown gradation of risk across the measured
ranges. Multivariate adjustment for other risk factors did not
remove the association between CVD incidence and WBC
count or fibrinogen. These data, along with newer studies of
hs-CRP and SAA, regardless of their utility in current clinical
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TABLE 2. Assays of Inflammatory Markers for Potential Clinical Use*

Assay World Health Organization Interassay
Analyte Stability Availability Standards Available?t Precision
Soluble adhesion molecules (eg, Unstable (unless frozen) Limited No CV<15%
E-selectin, P-selectin, intracellular
adhesion molecule-1, vascular cell
adhesion molecule-1)
Cytokines (eg, interleukin-18, -6, -8, Unstable (unless frozen) Few Yes (Reference 1) CV<15%
and -10 and tumor necrosis factor-«)
Acute-phase reactants
Fibrinogen Unstablet (unless frozen) Many Yes§ (Reference 2) CV<8%
SAA Stable One Yes (Reference 3) CV<9%
hs-CRP Stable Many Yes (Reference 4) CV<10%
WBC count Stable Many Yes CV<3%

*Courtesy of William Roberts, MD, PhD. CV indicates coefficient of variation.

tinformation on specific standards is available at the following World Health Organization web site: http://www.who.int.biologicals.
FIn correctly anticoagulated blood, stable for at least 12 hours on ice or several hours at room temperature.

§World Health Organization standard available only for mass assay, not for functional assays most commonly in use.
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practice, add consistency to the inflammatory marker—CVD
association.

Newer analyses have examined analytes such as hs-CRP,
SAA, and other acute-phase reactants or cytokines. Many of
the newer studies did not measure these factorsin al patients
but rather performed nested case-control studies. This study
design is valid in terms of estimation of relative risk and
temporality of the level of marker predating the CVD events,
and often uses strict matching criteria to limit confounding.
However, it does not allow incidence of clinica CVD events
to be measured in various strata. Rather, relative odds
estimate relative risks across various strata of inflammatory
markers. A similar number of large prospective studies
corroborate the findings of the nested case-control studies,
however.12-23

A meta-analysis of prospective population-based studies
has compared persons in the lower tertile of hs-CRP with
those in the upper tertile.l>16 With a good consistency
between studies, a relative odds of 2.0 (95% CI 1.6-2.5) for
major coronary events was observed for the upper tertile with
the lowest tertile used as a reference. These prospective
studies include men,17.18 women,**2° and the elderly.2:-23
Large population-based studies such as the study from the
MONICA (MONItoring trends and determinants in CArdio-
vascular disease) Augsberg Center in Germany,*2 the Athero-
sclerosis Risk in Communities Study,2* the Women’s Health
Study,t3 the Honolulu Heart Study,* and the NHANES
(National Health And Nutrition Examination Survey) studies
(cross-sectional2526) are aso represented. In general, most
studies show a dose-response relationship between the level
of hs-CRP and risk of incident coronary disease. Recent
studies also suggest association with incidence of sudden

deathz7.28 and peripheral arterial disease.2® The strength of the
association, however, has been modest in some studies.24-26 |t
should be noted that studies of other, newer inflammatory
markers such as interleukin-6 and SAA show similar re-
sults.2030 A notable characteristic of al these studies is their
limitation to white North American or European populations,
with the exception of Japanese-American men in the Hono-
lulu Heart Study.143 Data are limited for persons of African,
South Asian, or Native American descent, who may be at
particularly high risk for CVD, and for other racial/ethnic
groups. Race and ethnicity did not appear to be an effect
modifier of the hs-CRP-stroke association in one study.2s

The ability of hs-CRP to add to the predictive capacity of
other, established risk factors has been examined in several
studies. Through stratification or multivariable statistical
adjustment, hs-CRP retains an independent association with
incident coronary events after adjusting for age, total choles-
terol, HDL cholesterol, smoking, body mass index, diabetes,
history of hypertension, exercise level, and family history of
coronary disease.133233 |n some studies, the magnitude of the
relative risk in the upper percentiles of hs-CRP is attenuated
after this adjustment, including loss of statistical signifi-
cance.3* Recent studies demonstrate the capability of elevated
hs-CRP to predict coronary events in women after adjusting
for risk factors used in the Framingham risk score,’3 and in
the elderly with extensive adjustment for CVD risk factors
and measures of subclinical atherosclerosis.t Relatively few
studies have adjusted for body mass index or for measures of
diabetes or glucose metabolism.

Inflammatory markers such as hs-CRP have not been good
predictors of the extent of atherosclerotic disease, showing
poor correlations with results of tests that quantify the extent
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of atherosclerosis, such as Doppler ultrasound scans of
carotid arteries®> and electron beam computerized tomogra-
phy for coronary calcium.3637 Nonetheless, some studies
suggest a positive correlation,3-41 and more research is
required to fully define the relationship between inflamma-
tory markers and atherosclerotic mass. Inflammatory markers
may measure other characteristics than atherosclerotic mass.
These characteristics may include the activity of lymphocyte
and macrophage populations within plague or the degree of
plaque destabilization and ongoing ulceration or thrombosis.

B. Prediction of Recurrent CVD Events and

Death: Secondary Prevention

A growing number of studies have examined inflammatory
markers as predictors of recurrent CVD and death in different
settings, including the short-term risk, long-term risk, and risk
after revascularization procedures such as percutaneous cor-
onary intervention (PCl), including the risk of restenosis.
Although several markers have been studied, the strongest
association with prognosis has been with fibrinogen and
hs-CRP. hs-CRP consistently predicts new coronary eventsin
patients with unstable angina and acute myocardial infarc-
tion.42-51 Most of these studies have been long term, but some
in-hospital survivorship studies’254 have also shown an
association.

For patients with acute coronary syndromes, cutpoints for
elevated hs-CRP different than those for prediction in asymp-
tomatic patients may be useful. For example, a level of >10
mg/L in acute coronary syndromes may have better predictive
qualities, whereas a level of >3 mg/L may be more useful in
patients with stable coronary disease.

Many analyses have adjusted for other prognostic factors,
demonstrating continued predictive capacity with hs-CRP. In
acute coronary syndromes, hs-CRP predicts recurrent myo-
cardial infarction independent of troponins, which suggests it
is not merely a marker for the extent of myocardial dam-
age.5254 Recent data also suggest that hssCRP may be a
marker for risk of restenosis after PCIs,555¢ but all studies are
not in agreement with these results.>” Elevated hs-CRP levels
also seem to predict prognosis and recurrent events in patients
with stroke®®5° and peripheral arterial disease.®® These data
suggest that hs-CRP may have arole in risk stratification of
patients with established CVD, athough more data are
needed that compare the prognostic value of elevated levels
of hs-CRP with other prognostic measures currently in use.

C. Sources of Variability of Inflammatory Markers
Generally, the precision and reproducibility of inflammatory
marker assays such as the acute-phase reactants have been
acceptable (Table 2). For example, the coefficient of variation
of hs-CRP assays is generaly <10% from the 0.3- to
10-mg/L range.5* Considerable within-individual variability
exists, however, for both hs-CRP and fibrinogen.6263 In
general, athough CRP is an acute-phase reactant and as such
has higher within-subject variability than an established risk
factor such as serum cholesterol, it aso has a broader
distribution in the population. The final result is that, in a
manner similar to cholesterol, two separate measurements of
hs-CRP are adequate to classify a person’s risk level and to
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TABLE 3. Patient Characteristics and Conditions Associated
With Increased or Decreased Levels of hs-CRP

Increased Levels Decreased Levels

Elevated blood pressure

Elevated body mass index Moderate alcohol

consumption

Cigarette smoking Increased activity/endurance

exercise

Metabolic syndrome/diabetes mellitus Weight loss
Low HDL/high triglycerides Medications
Estrogen/progestogen hormone use Statins
Chronic infections (gingivitis, bronchitis) Fibrates
Chronic inflammation (rheumatoid arthritis) Niacin

account for the increased within-individual variablility.s3.64
The distribution of the logarithm of hs-CRP level is a normal
distribution, and the nontransformed values are skewed to-
ward the higher values, with most populations showing
>95% of subjects with hs-CRP values of <10 mg/L. There
seems to be population-to-population consistency in this,
though as previoudly stated, data for racial and ethnic popu-
lations are limited (eg, NHANES I11).

Sources of variation of inflammatory markers have been
studied to varying degrees.62-%4 There seems to be little
seasonal or diurnal variation with hs-CRP.55 Several factors
have been identified as being associated with increased or
decreased levels of hs-CRP (Table 3); this list is likely
incomplete. For example, body weight and the metabolic
syndrome are consistently associated with elevated hs-CRP,
and weight loss is associated with reduction in hs-CRP levels,
with some authors suggesting that hs-CRP is merely a marker
for obesity and insulin resistance.56-74 This association of
hs-CRP with these conditions is poorly defined from a
mechanism standpoint, and is possibly due to coassociation
with prevalent vascular disease. Individuals with evidence of
active infection, systemic inflammatory processes, or trauma
should not be tested until these conditions have abated. An
hs-CRP level of >10 mg/L, for example, should be discarded
and repeated in 2 weeks to allow acute inflammations to
subside before retesting.

D. Studies of Use of Inflammatory Markersin
Clinical Practice

Despite the ability of some inflammatory markers to predict
incident or recurring events, various analyte characteristics
and within-individual variation seem to limit the analytes to
hs-CRP and possibly fibrinogen. The specific clinical settings
in which hs-CRP or other factors would be most useful,
however, need to be defined by careful clinical investigations,
including clinical trials. As noted, the levels of inflammatory
markers do not seem to correlate well with extent of angio-
graphically defined atherosclerosis,5t and therefore seem to
be of little value in selection of patients for coronary artery
procedures. Inflammatory markers may have greater potential
as ameans to augment risk assessment in the identification of
persons who should be considered for lipid-lowering, anti-
platelet, or other cardioprotective drug therapies, as well as
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TABLE 4. Recommendations for Clinical and Public Health Practice

Procedure Should
Be Performed

Conflicting Evidence/Opinion:
Weight in Favor of
Usefulness/Efficacy

(Class lla)

Conflicting Evidence/Opinion:
Usefulness/Efficacy Less Well
Established
(Class lIb)

Procedure Should Not Be
Performed
(Class Iy

Population Science

Clinical Practice

1. Measurement of hs-CRP is an
independent marker of risk and, in
those judged at intermediate risk
by global risk assessment (10 to
20% risk of CHD per 10 years), at
the discretion of the physician, may
help direct further evaluation and
therapy in the primary prevention
of CVD. The benefits of such
therapy based on this strategy
remain uncertain.

(Class lla, Level of Evidence B)

4. Patients with persistently
unexplained, marked elevation of
hs-CRP (>10mg/L) after repeated
testing should be evaluated for
noncardiovascular etiologies.
(Class lla, Level of Evidence B)

6. In patients with stable coronary
disease or acute coronary
syndromes, hs-CRP measurement
may be useful as an independent
marker of prognosis for recurrent
events, including death, MI, and
restenosis after PCl. The benefits of
therapy based on this strategy
remain uncertain.

(Class lla, Level of Evidence B)

2. Measurement of hs-CRP is an
independent marker of risk and

may be used at the discretion of
the physician as part of a global

coronary risk assessment in adults
without known CVD. The benefits
of this strategy remain uncertain.

(Class llb, Level of Evidence C)

3. hs-CRP levels may be useful in

motivating patients to improve

lifestyle behaviors. The benefits of

this strategy remain uncertain.
(Class lIb, Level of Evidence C)

1. The entire adult population
should not be screened for hs-CRP
for purposes of cardiovascular risk
assessment.

(Class I, Level of Evidence C)

5. Other inflammatory markers
(cytokines, other acute-phase
reactants) should not be measured
for the determination of coronary
risk in addition to hs-CRP.

(Class lll, Level of Evidence C)
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TABLE 4. Continued

Markers of Inflammation and Cardiovascular Disease 505

Conflicting Evidence/Opinion:
Weight in Favor of
Usefulness/Efficacy

Procedure Should
Be Performed
(Class 1) (Class lla)

Conflicting Evidence/Opinion:

Usefulness/Efficacy Less Well Procedure Should Not Be
Established Performed
(Class llb) (Class Iy

Laboratory Testing

7. Application of secondary
prevention measures should not
depend on hs-CRP determination.
(Class lll, Level of Evidence A)

8. Application of management
guidelines for acute coronary
syndromes should not be
dependent on hs-CRP levels.
(Class ll, Level of Evidence A)

9. Serial testing of hs-CRP should
not be used to monitor effects of
treatment.

(Class I, Level of Evidence C)

1. Of current inflammatory markers
identified, hs-CRP has the analyte
and assay characteristics most
conducive to use in practice.
(Class lla, Level of Evidence B)

2. Measurement of markers should
be done twice (averaging results),
optimally two weeks apart, fasting
or nonfasting in metabolically
stable patients. If hs-CRP level is
>10 mg/L, test should be repeated
and patient examined for sources
of infection or inflammation.

(Class lla, Level of Evidence B)

3. hs-CRP levels, using

standardized assays, categorize

patients as follows:

Relative Risk Category and

Average hs-CRP Level
Low <1 mg/L

Average 1.0 to 3.0 mg/L

High >3.0 mg/ L

(Class lla, Level of Evidence B)

4. hs-CRP results should be
expressed as mg/L only.
(Class 1, Level of Evidence C)

for increased emphasis on therapedutic lifestyle changes. If the
patient is aready targeted for these treatments according to
current guidelines (eg, secondary prevention), then a level of
inflammatory marker is less useful. A better potential use
may be in those patients at baseline risk for whom an
additional risk predictor may provide support for or against
additional lifestyle or drug therapies.”>77 Post hoc analyses
from two randomized controlled trials (AFCAPS/TexCAPS
[Air Force/Texas Coronary Atherosclerosis Prevention
Study] trial of lovastatin versus placebo?’” and the Physicians'
Health Study of aspirin versus placebo™) both suggest that
persons with elevated hs-CRP levels have a larger absolute
risk reduction in the intervention groups, which supports the
potential utility of hs-CRP to target patients for primary
preventive interventions.

One potential use for markers that might be considered is
that of monitoring of the effects of therapy, such as an
HMG-CoA reductase inhibitor. For example, if the marker
does not fall, treatment might be intensified. HMG-CoA
reductase inhibitors do seem to reduce hs-CRP levels,”8 but
the response is very heterogeneous, with many nonresponders
and a few hyper-responders contributing to the reduction in
mean hs-CRP level. Unfortunately, it is not known if the
responders with lowered hs-CRP levels have a greater reduc-
tion in risk than the nonresponders. Conversely, despite
recent indications of possible increased risk with the use of
estrogen in hormone replacement therapy (HRT)7 and the
finding that hs-CRP is increased with estrogen use, it is not
yet possible to conclude that an increased hs-CRP brought
about by estrogen use is an indicator of increased CVD risk.
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Thus, arole of these markersin the monitoring of therapy has
not been established.

V1. Recommendations for Use of
Inflammatory Markers in Clinical and Public
Health Practice
The writing group examined the currently available evidence
in the topic areas of laboratory, clinical, and population
sciences in order to derive recommendations for use of
inflammatory markers in clinical practice. The recommenda-
tions were classified, and the evidence for each recommen-
dation was then rated according to the system used by the
American College of Cardiology/American Heart Associa-
tion (Appendix 2, Table 5). Table 4 summarizes the recom-
mendations, with Quality of Evidence of Class | constituting
enough evidence that clinicians and practitioners should use
inflammatory markers in laboratory, clinical, and public
health practices. Quality of Evidence of Class Ila and Evi-
dence Level of A or B constitutes enough evidence that
clinicians and practitioners might reasonably use inflamma-
tory markers. Conversely, Quality of Evidence Class Il
supports a recommendation against the use for that specific

purpose.

From the laboratory medicine/clinical chemistry perspec-
tive, the first question is: “If inflammatory markers are to be
used, which test should be recommended?’ Current evidence
supports the use of hs-CRP as the analyte of choice, after
consideration of the various analytes stabilities; the analytes
assay precision, accuracy, and availability; and the availabil-
ity of standards for proper assay calibration (Table 2).
Additional analytes, improved assays, or evidence for bene-
fits of combinations of assays may in the future be found to
have advantages, but further research is needed (see Research
Recommendations). Therefore, the measurement of alterna-
tive or additional analytes is not recommended at this time
(Clinical Practice Recommendation No. 5 in Table 4).

The next question is: “How should hs-CRP be measured?’
The hs-CRP assay, to reduce within-individual variability,
should be performed in a metabolically stable person without
obvious inflammatory or infectious conditions. Results for
hs-CRP should be expressed as mg/L only. Two assays,
averaged, fasting or nonfasting, and optimally 2 weeks apart,
provide a more stable estimate of level of this marker. If a
level of >10 mg/L is identified, there should be a search
initiated for an obvious source of infection or inflammation,
which could obscure any prediction of coronary risk that
might be attributed to the elevated level. That result of >10
mg/L should then be discarded and the hs-CRP measured
again in 2 weeks.

The cutpoints of low risk (<1.0 mg/L), averagerisk (1.0 to
3.0 mg/L), and high risk (>3.0 mg/L) correspond to approx-
imate tertiles of hs-CRP in the adult population. The high-risk
tertile has an ~2-fold increase in relative risk compared with
thelow-risk tertile. These tertiles are based on distributions of
hs-CRP samples from >15 populations involving >40 000
persons gathered for the purpose of this workshop, allowing
adequate definition of the population distribution. In general,
the high-risk category includes the skewed tail of the
distribution.

After the identification of hs-CRP as the current analyte of
choice, the next question is; “When and in whom should this
inflammatory marker be measured?’ Key to this discussion
are the purpose for its measurement and the likelihood that
further diagnostic and therapeutic plans might change on the
basis of the test results. No clinical trials have been completed
in which a population has been randomly allocated to
screening for hs-CRP and compared with a control population
not allocated to hs-CRP screening and both groups followed
up prospectively to determine the benefits and harms of the
screening. In particular, there continue to be few data on the
cost-effectiveness of screening with inflammatory markers,
taking into account further testing and treatment of persons
classified as having high risk for CVD or the possibility of
reduced testing and treatment of persons classified as being at
low risk. Evidence-based practice does not require clinical
trial evidence but rather requests that evidence currently
available be taken into account in the formulation of recom-
mendations. Such trials, however, are a recognized area for
needed research (see Research Recommendations).

The best evidence to date supports the use of hs-CRP as an
independent predictor of increased coronary risk. Although
evidence for benefit or harm is not conclusive (Quality of
Evidence Ilb, Level C) for using this marker in all patients
and in typical practice settings as part of a globa risk
assessment, the Writing Group endorses (at Evidence Level
B) the optional use of hs-CRP to identify patients without
known CVD who may be at higher absolute risk than
estimated by major risk factors. Specifically, those patients at
intermediate risk (eg, 10% to 20% risk of coronary heart
disease (CHD) over 10 years), in whom the physician may
need additional information to guide considerations of further
evaluation (eg, imaging, exercise testing) or therapy (eg, drug
therapies with lipid-lowering, antiplatelet, or cardioprotective
agents), may benefit from measurement of hs-CRP. Those
who have a 10-year risk of >20% are designated as CHD risk
equivalents and already qualify for intensive medical inter-
ventions. This recommendation assumes the assessment of
traditional cardiovascular risk factors and the calculation of
an absolute risk score before measurement of hs-CRP.7 The
Writing Group discourages use of hs-CRP as an alternative to
major risk factors for risk assessment. Treatment of patients
with elevated hs-CRP on the basis of the hs-CRP done has
limited data to support it at the present time, and would require
a prospective clinicd tria to prove efficacy. The further assess-
ment of patients with highly elevated hs-CRP (>10 mg/L) for
noncardiovascular causes of inflammation was also endorsed.
Thus, clinical judgment is required whether to adjust risk within
this risk category by measurement of hs-CRP.

An interesting but untested use for hs-CRP is to motivate
persons with moderate to high risk levels to improve their
lifestyles (eg, smoking cessation, dietary modification, exer-
cise, weight loss) or to comply with drug therapies. Limited
data support the effectiveness of this particular application at
the present time, and it would require a randomized, con-
trolled trial to prove efficacy.

Measurement of hs-CRP also may be useful in the estima-
tion of prognosis in patients who need secondary preventive
care, such as those with stable coronary disease or acute
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coronary syndromes and those who have undergone PCI. This
information may be useful in patient counseling because it
offers mativation to comply with proven secondary preven-
tive interventions. Such prognostication may lead to more
aggressive diagnostic testing or trestment options. However,
current guidelines for secondary prevention generally recom-
mend, without measuring hs-CRP, the aggressive application
of secondary preventive interventions. Thus, secondary pre-
ventive care and acute coronary syndrome interventions
should not depend on hs-CRP levels because the evidence for
their effectivenessis already strong (Recommendations 7 and
8), so the utility of hs-CRP in secondary prevention seems to
be more limited. Moreover, little evidence supports the use of
seria testing for hss=CRP as a means to measure disease
activity or to monitor therapy (Recommendation 9). Thus, the
role of hs-CRP in secondary prevention likely is limited
because of the reduced likelihood that it will alter
management.

Finally, the entire adult population should not be screened
for hs-CRP for purposes of cardiovascular risk assessment.
Little evidence supports a recommendation for widespread
screening for hs-CRP as a public health measure (Class 11,
Level of Evidence C). Such arecommendation would have to
be based on additional evidence from studies of potential
benefits and harm for such a screening initiative.s?

VI1I. Recommendations for Research

A. Basic/Laboratory Sciences

The recognition that the inflammatory response is a key
mechanism in the pathogenesis of atherosclerosis and its
related clinical syndromes has provided a new paradigm with
important implications for CVD research at the basic, clini-
cal, and population levels. A discussion of the needs for
further elucidation of basic mechanisms by which inflamma-
tion leads to clinical disease is beyond the scope of this
report. One issue of relevance, however, is the current
designation of inflammatory markers as risk markers in
distinction to risk factors. A risk factor is associated with a
disease by virtue of its participation in the causal pathway
leading to the disease. A risk marker is statistically associated
with the disease but need not be causaly linked; in fact, it
may be a measure of the disease process itself (Figure 2). In
the case of inflammatory markers, the association might
reflect a response to other, established risk factors (eg,
obesity, diabetes, hyperlipidemia, cigarette smoking) or due
to inflammatory processes as part of atherosclerotic disease.
Given the lack of association between hs-CRP levels and the
extent of atherosclerosis quantified by imaging technologies,
the risk marker model seems to concur best with current
evidence. Some evidence, however, also implicates apossible
role for hsCRP in the causation of atherosclerosis.82-85
Furthermore, it isbiologically plausible that CRP hasarolein
plaque instability as an explanation for the close relationship
between hs-CRP and clinical syndromes as compared to its
relationship to the extent of atherosclerosis.>7 Additional
investigation of the role of hs-CRP and other inflammatory
markers in atherogenesis is needed to fully understand this
issue.
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Further clinical chemistry and laboratory medicine re-
search is needed to assure optima measurement of the
presence, level, and perhaps type of inflammation in an
individual patient. As identified in Table 2, additional ana-
lytes hold promise as inflammatory markers but are currently
limited by their instability, lack of available assays applicable
to clinical rather than research settings, lack of precision, and
lack of available standards. Fibrinogen levels, for example,
have long been independently associated with incident coro-
nary disease in numerous studies. Newer assays of fibrinogen
that use immunologic methods need to be investigated to
determine if they predict CVD as effectively as the previous
functional assays and if they offer potential benefits from
standardization and improved precision.

Another areain need of investigation is the use of combi-
nations of inflammatory markers in the classification of CVD
risk. Different analytes might be measured concurrently or
sequentialy to improve the sensitivity or specificity of the
screening process. Another need is to identify markers or
combinations of markers with greater specificity for athero-
sclerotic risk. Current assays are not specific for atheroscle-
rosis and thus are not useful in the setting of other systemic
inflammatory or infectious processes.

Despite the endorsement of hs-CRP as the current analyte
of choice, there remains much to learn about optimizing its
application to risk assessment. There needs to be continued
standardization and performance testing for hs-CRP assays
that are available to the clinical practice of medicine, includ-
ing performance criteria for these assays, so that only assays
with adeguate precision and accuracy are recommended.
There need to be additional comparisons of hs-CRP assays
between serum samples and those plasma samples collected
in heparin or in EDTA. Finaly, additional work needs to be
invested in the examination of CVD risk at various hs-CRP
levels to better refine the cutpoints used for cardiovascular
risk prediction and to assign levels of absolute risk to each
stratum.

B. Clinical Sciences
An important conclusion from Table 4 is the striking lack of
Level A evidence (derived from multiple randomized clinical
trials). This endorses the need for not only additional inves-
tigation of the hs-=CRP—CV D association but also the study of
the application of these markers to cost-effective medical
care. Thus, most current evidence has been derived from
observational studies or post hoc analyses of randomized
trialsin which the intervention was not hs-CRP screening and
the interventions were not intended to alter inflammation.
Therefore, randomized clinical trials need to be performed
to test whether risk categorization by hs-CRP leads to (1)
therapeutic risk reductions in additional patients who are not
currently identified or (2) a reduction in the number of
patients in need of treatment by identifying low-risk groups
that heretofore had been recommended for further diagnostic
testing or aggressive interventions. Furthermore, experimen-
tal studies need to be carried out to determine whether
reductions in hs-CRP levels from nonpharmacological and
pharmacological interventions are associated with reductions
in CVD risk. These studies should then clarify strategies,
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based on hs-CRP levels, for additional treatment planning,
further diagnostic testing, and change in recommended tar-
gets for treatments (such as LDL cholesterol or blood
pressure levels). The importance of hs-CRP reductions that
have been observed with lipid-lowering drugs and other
cardioprotective agents needs to be much better understood.
Similarly, the meaning of a continued elevation of hs-CRP
levels after acute or chronic management of acute coronary
syndromes needs to be elucidated. Should such patients
undergo further imaging or more aggressive therapy? Exper-
imental rather than exclusively observational study designs
likely are essential to sort out many of these issues.

Several specific issues need resolution over the short term
to assure optimal benefits from current recommendations.
First, can hs-CRP be used quantitatively as part of estimation
of absolute risk for coronary disease? Recent data suggest
that an hs-CRP level, with the prior probability from a
Framingham risk score, be used to increase or reduce the risk
estimated for women.’® Additional studies are needed to
improve the precision of the absolute risk estimates. Multi-
pliers were developed by the Framingham Heart Study for
fibrinogen, for example.l® Second, postmenopausa HRT
increases hs-CRP.828587 Recent evidence suggests that an
elevated hs-CRP identifies an increased coronary risk in
women on HRT, athough it is not yet known whether
elevations in hs-CRP due to HRT are important predictors of
risk.158 Finaly, does drug therapy with antiinflammatory
drugs such as aspirin, COX-II inhibitors, or other therapies
administered at the time of hs-CRP measurement alter the
predictive value of the level of the marker?e8

Behavioral studies, including clinical trials, need to estab-
lish the utility of inflammatory markers in increasing pa-
tients motivation to adhere to lifestyle modifications or to
comply with pharmacotherapy for the primary or secondary
prevention of CVD. This will be especially important if
additional studies suggest that monitoring hs-CRP or other
markers can be used to gauge disease activity or some other
prognostically meaningful aspect of disease.

Finally, the cost-effectiveness of hs-CRP testing should be
evaluated in clinica studies, preferably as an end point of
clinical trials. Cost-effectiveness studies of diagnostic strate-
gies often are not performed, but important questions need to
be answered to assure wise utilization of resources. Are
additional healthcare costs reduced or increased through the
measurement of hs-=CRP? Alternatively, can risk stratification
be improved so low-risk patients can be better identified and
managed less expensively through the addition of hs-CRP to
an initia laboratory-based assessment (eg, lipid profile)?

C. Population Science

Critically needed is afirm understanding of the distribution of
inflammatory markers in the entire population and in impor-
tant population subgroups such as children, the elderly, and
racial/ethnic groups. This might best be accomplished by
pooling existing population study data, or the standardized
analysis of samples from these studies, to describe the factors
affecting hssCRP levels. A mgjor and urgent need is for
population-based hs-CRP data as CVD risk predictors in
African Americans, Hispanic Americans, Native Americans,

and persons of Asian and South Asian (Indian subcontinent)
heritage. Current “normal” values are derived amost exclu-
sively from European or European-American reference pop-
ulations, leaving open the chance for over- or underclassifi-
cation of risk in these other large population groups.

Similarly, the meaning of elevated hs-CRP levels in
children and young adults needs to be evaluated.?® Given the
modelsin Figure 2, it isunlikely that these young people have
much atherosclerotic burden. The finding of an elevated
hs-CRP in these individual s nonethel ess may provide an early
warning for later risk.

The pooling of data or the standardized assay of blood
samples from large population-based prospective studies
likely is needed to more robustly describe the relationship
between inflammatory markers and CVD end points, includ-
ing the calculation of absolute risk (incidence) for various
strata of hs-CRP, which is not possible from nested case-
control studies. This also would facilitate adjustment for
established cardiovascular risk factors to better define inde-
pendent predictive value and the relative risk for each hs-CRP
stratum. Equally importantly, this pooling will alow the
consistency of the association of elevated hs-CRP to be
described in age, race, and disease subgroups, which would
be important for its clinical utility. Finaly, larger sample
sizes will alow the interactions, if any, between hs-CRP
levels and established risk factors to be evauated and
factored into risk-prediction equations.

VIIl. Summary

Thisworking group sought to trandate the rapidly growing body
of evidence for inflammation as a key process in atherosclerosis
into clinical and public headlth practice. Basic science and
epidemiologica studies have developed an impressive case that
atherogenesis is essentidly an inflammatory response to a
variety of risk factors and the consequences of this response lead
to the development of acute coronary and cerebrovascular
syndromes. Although severa cytokines, acute-phase reactants,
and cellular responses to inflammatory stimuli potentially might
be predictive of clinica disease, the laboratory tests to assess
inflammeation are limited to those that are employable in clinica
settings, have commerciadly available assays that can be stan-
dardized, and have adequate precision. On the basis of these
considerations, it is most reasonable to limit current assays of
inflammatory markersto hs-CRP, measured twice, either fasting
or nonfasting, with the average expressed in mg/L, in metabol-
ically stable patients. Relative risk categories (low, average,
high) correspond to approximate tertiles of values (<1.0, 1.0 to
3.0, and >3.0 mg/L, respectively), based on an aggregation of
population studies.

hs-CRP has been studied in nested case-control and prospec-
tive studies, which have shown graded, dose-response relation-
shipsto clinica CVD that remain after adjustment for other risk
factors, with moderately strong associations between the lower
and upper tertiles (RR =~2.0). hssCRP seems to add predictive
vaue above that of currently established risk factors. The
evidence, however, is not entirely consistent across published
studies, and in particular, additional prospective studies are
needed to more precisely define risk at various strata and to
assure consistency in other age, sex, and race-ethnicity groups.
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On the basis of the available evidence, the Writing Group
recommends against screening of the entire adult population
for hs-CRP as a public health measure. The Writing Group
does conclude that it is reasonable to measure hs-CRP as an
adjunct to the major risk factors to further assess absol ute risk
for coronary disease primary prevention. At the discretion of
the physician, the measurement is considered optional, based
on the moderate level of evidence (Evidence Level C). In this
role, hs-CRP measurement appears to be best employed to
detect enhanced absolute risk in persons in whom multiple
risk factor scoring projects a 10-year CHD risk in the range of
10% to 20% (Evidence Level B). However, the benefits of
this strategy or any treatment based on this strategy remain
uncertain. The finding of a high relative risk level of hs-CRP
(>3.0mg/L) may alow for intensification of medical therapy
to further reduce risk and to motivate some patients to
improvetheir lifestyle or comply with medications prescribed
to reduce their risk. Individuas at low risk (<10% per 10
years) will be unlikely to have a high risk (>20%) identified
through hs-CRP testing. Individuals at high risk (>20% risk
over 10 years) or with established atherosclerotic disease
generaly should be treated intensively regardless of their
hs-CRP levels, so the utility of hs-CRP in secondary preven-
tion appears to be more limited.

In patients with stable coronary disease or acute coronary
syndromes, hs-CRP measurement may be useful as an inde-
pendent marker for assessing likelihood of recurrent events,
including death, myocardial infarction, or restenosis after
percutaneous coronary intervention. However, secondary pre-
ventive interventions with proven efficacy should not be
dependent on hs-CRP levels. Further, serial testing of hs-CRP
should not be used to monitor effects of treatment.

These recommendations should not be interpreted to mean
that the scientific evidence is fully adequate. Randomized trials
in which inflammatory marker testing was the primary interven-
tion have not been performed to provide Level A evidence, nor
have cogt-effectiveness analyses been completed to assess addi-
tional costs or cost savings through the use of such tests. The
currently available evidence was assessed in the formulation of
these recommendations. A long list of recommendations for
further research reflects the need to clarify numerous issues.
Nonetheless, basic and epidemiological studies suggest that this
will be afertile topic for investigations and will help define the
mogt effective and efficient use of inflammatory markers in the
prediction of CVD.
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Appendix 2

TABLE 5. American College of Cardiology/American Heart
Association Classification of Recommendations and Levels
of Evidence

Classification of Recommendations
Class |

Conditions for which there is evidence and/or general agreement that a
given procedure is useful and effective.

Class II

Conditions for which there is conflicting evidence and/or divergence of
opinion about the usefulness/efficacy of a procedure or treatment.

Class lla
Weight of evidence/opinion is in favor of usefulness/efficacy.
Class IIb
Usefulness/efficacy is less well established by evidence/opinion.
Class il

Conditions for which there is evidence and/or general agreement that
the procedure/treatment is not useful/effective, and in some cases may
be harmful.

Levels of Evidence
Level of Evidence A
Data derived from multiple randomized clinical trials.
Level of Evidence B
Data derived from a single randomized trial or nonrandomized studies.
Level of Evidence C
Consensus opinion of experts.

Acknowledgments

The writing group gratefully acknowledges support for the workshop
and Scientific Statement from the National Center for Chronic
Disease Prevention and Health Promotion and the National Center
for Environmental Health. Additional support in the form of educa-
tional grants to the American Heart Association National Center was
gratefully received from Bristol-Myers/Squibb, Merck and Com-
pany, Wyeth/Ayerst, and KOS Pharmaceuticals. The Writing Group
recognizes Barbara Baisch for her valued assistance in manuscript
preparation. Many reviewers contributed numerous helpful com-
ments and advice, including staff of CDC, members of the Science
Advisory and Coordinating Committee (SACC) of the American
Heart Association, and four anonymous reviewers appointed by
SACC. The Writing Group is appreciative of their assistance.

References

1. Grundy SM, Bazzarre T, Cleeman J, et al. Prevention Conference V:
beyond secondary prevention: identifying the high risk patient for
primary prevention: medical office assessment. Circulation. 2000;101:
e3-ell.

la Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive summary of the Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel 111). JAMA. 2001;285:2486-2497.

1b.US Public Health Service. Smoking and Health: Report of the Advisory
Committee to the Surgeon General of the Public Health Service. US
Department of Health, Education, and Welfare. PHS Publication No.
1103, 1964.

2. US Preventive Services Task Force. Task Force Ratings: Guide to
Clinical Preventive Services. Bethesda, Md: Williams and Wilkins;
1989:388.

3. Barratt A, Irwig L, Glasziou P, et a. Users guides to the medical
literature XVII: how to use guidelines and recommendations about
screening: evidence-based medicine working group. JAMA. 1999;281:
2029-2034.

Downloaded from circ.ahajournals.org by on December 19, 2009


http://circ.ahajournals.org

510

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Circulation January 28, 2003

. Tracy RP. Inflammation in cardiovascular disease. Circulation. 1998;97:

2000—-2002.

. Ross R. Atherosclerosis: an inflammatory disease. N Engl J Med. 1999;

340:115-126.

. Libby P, Ridker PM. Novel inflammatory markers of coronary risk.

Circulation. 1999;100:1148-1150.

. Plutzky J. Inflammatory pathways in atherosclerosis and acute coronary

syndromes. Am J Cardiol. 2001;88:10K—15K.

. Mosca L. C-reactive protein: to screen or not to screen? N Engl J Med.

2002;347:1615-1617.

. Meade TW, Mellows S, Brozovic M, et a. Haemostatic function and

ischemic heart disease: principa results of the Northwick Park Heart
Study. Lancet. 1986;2:533-537.

Kannel WB, Wolf PA, Castelli WP, et a. Fibrinogen and risk of cardio-
vascular disease: the Framingham Study. JAMA. 1987;258:1183-1186.
Yarnell JW, Baker |A, Sweetnam PM, et al. Fibrinogen, viscosity, and
white blood cell count are major risk factors for ischemic heart disease:
the Caerphilly and Speedwell Collaborative Heart Disease Studies. Cir-
culation. 1991;83:836—844.

Koenig W, Sund M, Frohlich M, et a. C-reactive protein, a sensitive
marker of inflammation, predicts future risk of coronary heart disease in
initialy healthy middle-aged men: results from the MONICA (Moni-
toring Trends and Determinants in Cardiovascular Disease) Augsburg
Cohort Study, 1984 to 1992. Circulation. 1999;99:237-242.

Ridker PM, Rifai N, Rose L, et a. Comparison of C-reactive protein and
low-density lipoprotein cholesterol levels in the prediction of first car-
diovascular events. N Engl J Med. 2002;347:1557-1565.

Sakkinen P, Abbott RD, Curb JD, et a. C-reactive protein and myocardial
infarction. J Clin Epidemiol. 2002;55:445-451.

Danesh J, Collins R, Appleby P, et al. Association of fibrinogen,
C-reactive protein, abumin, or leukocyte count with coronary heart
disease: meta-analyses of prospective studies. JAMA. 1998;279:
1477-1482.

Danesh J, Whincup P, Walker M, et a. Low grade inflammation and
coronary heart disease: prospective study and updated meta-analyses.
BMJ. 2000;321:199-204.

Ridker PM, Haughie P. Prospective studies of C-reactive protein as arisk
factor for cardiovascular disease. J Investig Med. 1998;46:391-395.
Kuller LH, Tracy RP, Shaten J, et al. Relation of C-reactive protein and
coronary heart disease in the MRFIT nested case-control study: Multiple
Risk Factor Intervention Trial. Am J Epidemiol. 1996;144:537-547.
Ridker PM, Buring JE, Shih J, et al. Prospective study of C-reactive
protein and the risk of future cardiovascular events among apparently
healthy women. Circulation. 1998;98:731-733.

Ridker PM, Hennekens CH, Buring JE, et a. C-reactive protein and other
markers of inflammation in the prediction of cardiovascular disease in
women. N Engl J Med. 2000;342:836—843.

Tracy RP, Lemaitre RN, Psaty BM, et al. Relationship of C-reactive
protein to risk of cardiovascular disease in the elderly: results from the
Cardiovascular Health Study and the Rural Health Promotion Project.
Arterioscler Thromb Vasc Biol. 1997;17:1121-1127.

Kop WJ, Gottdiener JS, Tangen CM, et a. Inflammation and coagulation
factors in persons >65 years of age with symptoms of depression but
without evidence of myocardial ischemia. Am J Cardiol. 2002;89:
419-424.

Tracy RP. Hemostatic and inflammatory markers as risk factors for
coronary disease in the elderly. Am J Geriatr Cardiol. 2002;11:93-100,
107.

Folsom AR, Aleksic N, Catellier D, et a. C-reactive protein and incident
coronary heart disease in the Atherosclerosis Risk In Communities
(ARIC) study. Am Heart J. 2002;144:233-238.

Ford ES, Giles WH. Serum C-reactive protein and self-reported stroke:
findings from the Third Nationa Heath and Nutrition Examination
Survey. Arterioscler Thromb Vasc Biol. 2000;20:1052—1056.

Ford ES, Giles WH. Serum C-reactive protein and fibrinogen concen-
trations and self-reported angina pectoris and myocardia infarction:
findings from National Heath and Nutrition Examination Survey Ill.
J Clin Epidemiol. 2000;53:95-102.

Albert CM, MaJ, Rifai N, et al. Prospective study of C-reactive protein,
homocysteine, and plasma lipid levels as predictors of sudden cardiac
death. Circulation. 2002;105:2595-2599.

Harris TB, Ferrucci L, Tracy RP, et al. Associations of elevated
interleukin-6 and C-reactive protein levels with mortality in the elderly.
Am J Med. 1999;106:506-512.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49.

50.

Ridker PM, Stampfer MJ, Rifai N. Novel risk factors for systemic ath-
erosclerosis: a comparison of C-reactive protein, fibrinogen, homo-
cysteine, lipoprotein(a), and standard cholesterol screening as predictors
of peripheral arterial disease. JAMA. 2001;285:2481-2485.

Ridker PM, Rifai N, Stampfer MJ, et a. Plasma concentration of
interleukin-6 and the risk of future myocardial infarction among
apparently healthy men. Circulation. 2000;101:1767-1772.

Yano K, Grove JS, Chen R, et a. Plasma fibrinogen as a predictor of total
and cause-specific mortality in elderly Japanese-American men. Arte-
rioscler Thromb Vasc Biol. 2001;21:1065-1070.

Ridker PM, Glynn RJ, Hennekens CH. C-reactive protein adds to the
predictive value of total and HDL cholesterol in determining risk of first
myocardia infarction. Circulation. 1998;97:2007-2011.

Ridker PM. High-sensitivity C-reactive protein: potential adjunct for
global risk assessment in the primary prevention of cardiovascular
disease. Circulation. 2001;103:1813-1818.

. Pirro M, Bergeron J, Dagenais GR, et al. Age and duration of follow-up

as modulators of the risk for ischemic heart disease associated with high
plasma C-reactive protein levels in men. Arch Intern Med. 2001;161:
2474-2480.

Folsom AR, Pankow JS, Tracy RP, et a. Association of C-reactive
protein with markers of prevalent atherosclerotic disease. Am J Cardiol.
2001;88:112-117.

Redberg RF, Rifai N, Gee L, et a. Lack of association of C-reactive
protein and coronary calcium by electron beam computed tomography in
postmenopausal women: Implications for coronary artery disease
screening. J Am Coll Cardiol. 2000;36:39—-43.

Hunt ME, O'Malley PG, Vernalis MN, et a. C-reactive protein is not
associated with the presence or extent of calcified subclinical atheroscle-
rosis. Am Heart J. 2001;141:206-210.

Tataru MC, Heinrich J, Junker R, et a. C-reactive protein and the severity
of atherosclerosis in myocardial infarction patients with stable angina
pectoris. Eur Heart J. 2000;21:1000—1008.

Madsen T, Skou HA, Hansen VE, et d. C-reactive protein, dietary n-3
fatty acids, and the extent of coronary artery disease. Am J Cardiol.
2001;88:1139-1142.

Gronholdt ML, Sillesen H, Wiebe BM, et al. Increased acute phase
reactants are associated with levels of lipoproteins and increased carotid
plaque volume. Eur J Vasc Endovasc Surg. 2001;21:227-234.

Jousilahti P, Salomaa V, Ras V, et a. The association of C-reactive
protein, serum amyloid A and fibrinogen with prevalent coronary heart
disease—baseline findings of the PAIS project. Atherosclerosis. 2001;
156:451—-456.

Biasucci LM. C-reactive protein and secondary prevention of coronary
events. Clin Chim Acta. 2001;311:49-52.

Haverkate F, Thompson SG, Pyke SD, et a. Production of C-reactive
protein and risk of coronary events in stable and unstable angina
European Concerted Action on Thrombosis and Disabilities Angina
Pectoris Study Group. Lancet. 1997;349:462—466.

. Lindahl B, TossH, Siegbahn A, et a. Markers of myocardial damage and

inflammation in relation to long-term mortality in unstable coronary
artery disease. FRISC Study Group. Fragmin during Instability in Coro-
nary Artery Disease. N Engl J Med. 2000;343:1139-1147.

Ridker PM, Rifai N, Pfeffer MA, et a. Inflammation, pravastatin, and the
risk of coronary events after myocardial infarction in patients with
average cholesterol levels. Cholesterol and Recurrent Events (CARE)
Investigators. Circulation. 1998;98:839—844.

Milazzo D, Biasucci LM, Luciani N, et al. Elevated levels of C-reactive
protein before coronary artery bypass grafting predict recurrence of is-
chemic events. Am J Cardiol. 1999;84:459—461, A9.

Bickel C, Rupprecht HJ, Blankenberg S, et a. Relation of markers of
inflammation (C-reactive protein, fibrinogen, von Willebrand factor, and
leukocyte count) and statin therapy to long-term mortality in patients with
angiographically proven coronary artery disease. Am J Cardiol. 2002;89:
901-908.

De Sutter J, De Buyzere M, Gheeraert P, et a. Fibrinogen, and C-reactive
protein on admission as markers of final infarct size after primary angio-
plasty for acute myocardial infarction. Atherosclerosis. 2001;157:
189-196.

Bazzino O, Ferreiros ER, Pizarro R, et a. C-reactive protein and the stress
tests for the risk stratification of patients recovering from unstable angina
pectoris. Am J Cardiol. 2001;87:1235-1239.

Zebrack JS, Anderson JL, Maycock CA, et a. Usefulness of high-
sensitivity C-reactive protein in predicting long-term risk of death or

Downloaded from circ.ahajournals.org by on December 19, 2009


http://circ.ahajournals.org

51.

52.

53.

55.

56.

57.

58.

59.

61.

62.

63.

65.

66.

67.

68.

69.

70.

Pearson et al

acute myocardia infarction in patients with unstable or stable angina
pectoris or acute myocardial infarction. Am J Cardiol. 2002;89:145-149.
Zebrack JS, Muhlestein JB, Horne BD, et a. C-reactive protein and
angiographic coronary artery disease: independent and additive predictors
of risk in subjects with angina. J Am Coll Cardiol. 2002;39:632—637.
Morrow DA, Rifai N, Antman EM, et al. C-reactive protein is a potent
predictor of mortality independently of and in combination with troponin
T in acute coronary syndromes: a TIMI 11A substudy. Thrombolysis in
Myocardial Infarction. J Am Coll Cardiol. 1998;31:1460—1465.
Benamer H, Steg PG, Benessiano J, et al. Comparison of the prognostic
value of C-reactive protein and troponin | in patients with unstable angina
pectoris. Am J Cardiol. 1998;82:845-850.

. Rebuzzi AG, Quaranta G, Liuzzo G, et al. Incremental prognostic value

of serum levels of troponin T and C-reactive protein on admission in
patients with unstable angina pectoris. Am J Cardiol. 1998;82:715-719.
Chew DP, Bhatt DL, Robbins MA, et a. Incremental prognostic value of
elevated baseline C-reactive protein among established markers of risk in
percutaneous coronary intervention. Circulation. 2001;104:992-997.
Walter DH, Fichtlscherer S, Britten MB, et al. Statin therapy, inflam-
mation and recurrent coronary eventsin patients following coronary stent
implantation. J Am Coll Cardiol. 2001;38:2006—2012.

Zhou YF, Csako G, Grayston JT, et a. Lack of association of restenosis
following coronary angioplasty with elevated C-reactive protein levels or
seropositivity to Chlamydia pneumoniae. Am J Cardiol. 1999;84:
595-598, A8.

Di Napoli M, PapaF, BocolaV. C-reactive protein in ischemic stroke: an
independent prognostic factor. Sroke. 2001;32:917-924.

Di Napoli M, Papa F, Bocola V. Prognostic influence of increased
C-reactive protein and fibrinogen levels in ischemic stroke. Sroke. 2001;
32:133-138.

. Rossi E, Biasucci LM, Citterio F, et al. Risk of myocardial infarction and

anginain patients with severe peripheral vascular disease: predictive role
of C-reactive protein. Circulation. 2002;105:800—803.

Roberts WL, Moulton L, Law TC, et a. Evaluation of nine automated
high-sensitivity C-reactive protein methods: Implications for clinical and
epidemiological applications: part 2. Clin Chem. 2001;47:418—425.
Macy E, Hayes T, Tracy R. Variahility in the measurement of C-reactive
protein in healthy subjects: implications for reference interval and epide-
miological applications. Clin Chem. 1997;43:52-58.

Sakkinen PA, Macy EM, Calas PW, et a. Analytica and biologic
variability in measures of hemostasis, fibrinolysis, and inflammation:
assessment and implications for epidemiology. Am J Epidemiol. 1999;
149:261-267.

. Ockene IS, Matthews CE, Rifai N, et a. Variability and classification

accuracy of seria high-sensitivity C-reactive protein measurements in
healthy adults. Clin Chem. 2001;47:444—450.

Meier-Ewert HK, Ridker PM, Rifai N, et al. Absence of diurnal variation
of C-reactive protein concentrations in heathy human subjects. Clin
Chem. 2001;47:426—430.

Visser M, Bouter LM, McQuillan GM, et al. Elevated C-reactive protein
levels in overweight and obese adults. JAMA. 1999;282:2131-2135.
Tchernof A, Nolan A, Sites CK, et al. Weight loss reduces C-reactive
protein levels in obese postmenopausal women. Circulation. 2002;105:
564-569.

Lemieux |, Pascot A, Prud’homme D, et al. Elevated C-reactive protein:
another component of the atherothrombotic profile of abdominal obesity.
Arterioscler Thromb Vasc Biol. 2001;21:961-967.

Chambers JC, Eda S, Bassett P, et a. C-reactive protein, insulin
resistance, central obesity, and coronary heart disease risk in Indian
Asians from the United Kingdom compared with European whites. Cir-
culation. 2001;104:145-150.

Frohlich M, Imhof A, Berg G, et a. Association between C-reactive
protein and features of the metabolic syndrome: a population-based study.
Diabetes Care. 2000;23:1835-1839.

Markers of Inflammation and Cardiovascular Disease

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

511

Barzilay JI, Abraham L, Heckbert SR, et a. The relation of markers of
inflammation to the development of glucose disorders in the elderly: the
Cardiovascular Health Study. Diabetes. 2001;50:2384—2389.

Festa A, D’Agostino R Jr, Howard G, et al. Chronic subclinical inflam-
mation as part of the insulin resistance syndrome: the Insulin Resistance
Atherosclerosis Study (IRAS). Circulation. 2000;102:42—47.

Ziccardi P, Nappo F, Giugliano G, et a. Reduction of inflammatory
cytokine concentrations and improvement of endothelial functions in
obese women after weight loss over one year. Circulation. 2002;105:
804-809.

McLaughlin T, Abbasi F, Lamendola C, et a. Differentiation between
obesity and insulin resistance in the association with C-reactive protein.
Circulation. 2002;106:2908—2912.

Pearson TA. New tools for coronary risk assessment: what are their
advantages and limitations? Circulation. 2002;105:886—892.

Ridker PM, Cushman M, Stampfer MJ, et a. Inflammation, aspirin, and
the risk of cardiovascular disease in apparently heathy men. N Engl
J Med. 1997;336:973-979.

Ridker PM, Rifai N, Clearfield M, et al. Measurement of C-reactive
protein for the targeting of statin therapy in the primary prevention of
acute coronary events. N Engl J Med. 2001;344:1959—-1965.

Albert MA, Danielson E, Rifai N, et a. Effect of statin therapy of
C-reactive protein levels: the pravastatin inflammation/CRP evaluation
(PRINCE): arandomized trial and cohort study. JAMA. 2001;286:64—70.
Hulley S, Grady D, Bush T, et al. Randomized trial of estrogen plus
progestin for secondary prevention of coronary heart disease in post-
menopausal women. Heart and Estogen/Progestin Replacement Study
(HERS) Research Group. JAMA. 1998;280:605-613.

Cushman M, Legault C, Barrett-Connor E, et al. Effect of postmeno-
pausal hormones on inflammation-sensitive proteins: the Postmenopausal
Estrogen/Progestin Interventions (PEPI) Study. Circulation. 1999;100:
717-722.

Koenig W. C-reactive protein and cardiovascular risk: has the time come
for screening the general population? Clin Chem. 2001;47:9-10.

Chang MK, Binder CJ, Torzewski M, et a. C-reactive protein binds to
both oxidized LDL and apoptotic cells through recognition of a common
ligand: Phosphorylcholine of oxidized phospholipids. Proc Natl Acad Sci
U SA. 2002;99:13043-13048.

Pasceri V, Willerson JT, Yeh ET. Direct proinflammatory effect of
C-reactive protein on human endothelia cells. Circulation. 2000;102:
2165-2168.

. Pasceri V, Cheng JS, Willerson JT, et al. Modulation of C-reactive

protein-mediated monocyte chemoattractant protein-1 induction in human
endothelial cells by anti-atherosclerosis drugs. Circulation. 2001;103:
2531-2534.

Torzewski M, Rist C, Mortensen RF, et al. C-reactive protein in the
arteria intima: role of C-reactive protein receptor-dependent monocyte
recruitment in atherogenesis. Arterioscler Thromb Vasc Biol. 2000;20:
2094-2099.

Ridker PM, Hennekens CH, Rifai N, et al. Hormone replacement therapy
and increased plasma concentration of C-reactive protein. Circulation.
1999;100:713-716.

Pradhan AD, Manson JE, Roussouw JE, et a. Inflammatory biomarkers,
hormone replacement therapy, and incident coronary heart disease: pro-
spective analysis from the Women's Health Initiative Observational
Study. JAMA. 2002;288:980-981.

Kennon S, Price CP, Mills PG, et a. The effect of aspirin on C-reactive
protein as a marker of risk in unstable angina J Am Coll Cardiol.
2001;37:1266-1270.

Cook DG, Mendall MA, Whincup PH, et a. C-reactive protein concen-
tration in children: relationship to adiposity and other cardiovascular risk
factors. Atherosclerosis. 2000;149:139-150.

Key WoORDSs:

AHA Scientific Statements M C-reactive protein

MW inflanmation M cardiovascular diseases M tests

Downloaded from circ.ahajournals.org by on December 19, 2009


http://circ.ahajournals.org

