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In Part 1 of this series we reviewed the evidence
supporting an association between inflammation
and cardiovascular disease. Part 2 focuses on C-
reactive protein (CRP), the well-known marker of
inflammation and one of the promising new
markers of cardiovascular risk.

Physiologic characteristics of CRP
In 1930, CRP was identified in the plasma of

patients with pneumonia and was named for its
ability to bind and precipitate the C-polysaccharide
of pneumococcus. 1 One of the most assayed acute
phase proteins, CRP is a sensitive marker of the
inflammation that results from infectious disease,
tissue damage, malignancy, and various non-
infective ailments.2 , 3 Within hours of injury or the
onset of inflammation, various cytokine mediators
(interleukin-1, interleukin-6, and tumor necrosis
factor-α) stimulate hepatocytes to synthesize CRP,
and plasma levels of CRP peak within 24-48
h o u r s .2 , 3 CRP may also be synthesized by local
inflammatory cells in the area of tissue damage,
infection, etc.4 The plasma half-life of CRP is short,
approximately 20 hours,  yet  is  remarkably
consistent regardless of the underlying inflam-
matory condition.5 This is unique for an acute phase
reactant and implies that plasma levels of CRP are a
direct indication of its rate of synthesis.

Despite being one of the most studied acute phase
proteins, the exact physiologic role of CRP is
somewhat uncertain. CRP exhibits a number of pro-
inflammatory and pro-coagulant characteristics
thought to be relevant to its association with cardio-
vascular  disease:  I t  b inds to  damaged cel l
m e m b r a n e s ,6 - 9 to phosphatidylcholine, 1 0 and to
many pneumococcal polysaccharides; 1 1 it also
enhances the activity of phagocytic cells, 1 , 1 2

modifies T-cell lymphocyte function,1 3 d e s t r o y s
l e u k o c y t e s ,1 4 activates the complement system,1 5

and stimulates mononuclear cells to produce tissue
factor, the primary initiator of coagulation. 1 5 - 1 8 I n
addition, although it has not been demonstrated in
vivo, aggregated CRP binds LDL cholesterol in
v i t r o ,1 9 , 2 0 a characteristic that has been proposed to
implicate CRP in the progression of
atherosclerosis.21

Evidence of CRP in atherosclerosis
Direct evidence of CRP's involvement in athero-

sclerosis is provided by a recent immunohisto-
chemical investigation. Studying human hearts
obtained at autopsy, Zhang et al.2 1 reported that
CRP was not present in normal coronary arteries,
but appeared with progressively greater tissue-
staining intensity in developing atherosclerotic
plaques. CRP staining was diffuse in early-stage
plaques and in thickened areas of the intima, corre-
sponding to a point in the progression of atheroscle-
rosis in which lipids are present as lipoproteins.
Further along in atherosclerotic plaque devel-
opment, CRP staining was more concentrated,
corresponding with lipid release from affected

lipoproteins. Finally, the most intense CRP staining
was found localized in the lipid-rich cores of large
atherosclerotic plaques.

CRP staining also correlated with increasing
thickness of the intima, with decreasing lumen
diameter, and with the presence of lipid-filled
macrophages — three prominent characteristics of
atherosclerosis.

There were also sections of the intimas that
showed no CRP reactivity, suggesting that the
inflammation associated with atherosclerosis may
be localized, rather than systemic. It is also possible
that inflammation may repeatedly appear and
disappear within the intima, perhaps coordinating
with the appearance and disappearance of clinical
symptoms.

Less direct evidence of CRP's involvement in
atherosclerosis is provided by two recent studies
involving the angiographic evaluation of patients
with coronary artery disease (CAD) and coronary
heart disease (CHD). Abdelmouttaleb et al. 2 2

measured serum CRP and plasma fibrinogen (the
precursor of the clotting protein, fibrin, and an
acute phase protein) in 179 patients undergoing
diagnostic coronary angiography for CAD.
Compared to the control group, both CRP and
fibrinogen were significantly elevated in patients
with angiographically-confirmed atherosclerosis;
this included patients with myocardial infarction
(MI), unstable angina pectoris (UA), and stable
angina pectoris (SA). CRP levels were significantly
higher in patients with MI or UA than in lower-risk,
SA patients. CRP levels did not differ significantly
between the SA group and another low-risk group,
patients with normal coronary angiograms but with
other evidence of cardiac dysfunction (e.g., stable
valvular heart disease, atypical chest pain, or
dilated cardiomyopathy). Both of these low-risk
groups, however, had CRP levels significantly
higher than the healthy controls, emphasizing the
association between CRP and cardiovascular
disease.

Abdelmouttaleb et al. found no correlation
between CRP and the extent of CAD in this study.
This observation, combined with the lack of a
significant difference between the two lower-risk
cardiac groups and the significantly elevated CRP
levels in the high-risk MI and UA patients,
suggested to the authors that CRP's involvement in
atherosclerosis or CAD may be limited to facili-
tating the onset of acute coronary episodes, rather
than being involved as a causative factor. If CRP
was directly involved in causing atherosclerosis,
one would expect CRP levels to correlate with the
severity of arterial narrowing or CAD. As this was
not the case, the authors reasoned that CRP and
inflammation may be primarily involved in plaque
instability and rupture. This hypothesis is consistent
with the immunohistochemical evidence presented
by Zhang et al.21

In another investigation involving coronary
angiography, Rifai et al.23 studied 100 patients with
angiographically-confirmed CHD, evaluating
several markers related to inflammation: CRP,
serum amyloid A, interleukin-6 (IL-6), and soluble
intercellular adhesion molecule-1. CRP, serum
amyloid A, and IL-6 were elevated in all confirmed
CHD patients and remained statistically significant
after adjusting for several established cardiovas-
cular risk factors. Of these markers, CRP demon-
strated the strongest association with CHD: The
statistical significance of serum amyloid A and IL-6
was lost after adjustment for CRP, while CRP
remained significant after adjustment for serum
amyloid A and IL-6.  Furthermore,  the data
provided by serum amyloid A or IL-6 did not
improve CRP's predictive ability.

As in the study of Abdelmouttaleb et al.,22 none of
these markers correlated with extent of CHD,
underscoring the theory that inflammation is
involved, but not causative, in atherosclerosis.

CRP in asymptomatic, apparently
healthy individuals

In addition to the relatively recent studies
discussed above, a wealth of evidence has existed
for quite some time implicating CRP in cardiovas-
cular disease. In 1990, Berk et al.2 4 reported CRP
elevations in a population of UA patients. Since
then, several studies have confirmed that CRP is
indeed elevated in association with many coronary
syndromes, often several years prior to the onset of
clinical symptoms.25-33

Several prospective studies have been concisely
reviewed and indicate that baseline levels of CRP
significantly correlate with risk of MI, stroke, and
CHD-related mortality in individuals apparently
free from cardiovascular disease. 3 4 Two of the
larger, population-based studies reported to date are
the USA-based Physicians Health Study27,29 and the
Monitoring Trends and Determinants in
Cardiovascular Disease (MONICA) Augsburg
(Germany) survey.31,35-40

The Physicians' Health Study, which evaluated
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CAD - Coronary Artery Disease
CHD - Coronary Heart Disease
CRP - C-Reactive Protein
ESR - Erythrocyte Sedimentation Rate
HDL-C - High-Density Lipoprotein Cholesterol
IL-6 - Interleukin-6
MI - Myocardial Infarction
SA - Stable Angina Pectoris
TnI - Troponin I
TnT - Troponin T
UA - Unstable Angina Pectoris
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the traditional markers of
cardiovascular risk (see
Sidebar: Markers of
Cardiovascular Risk )  as

well as many novel markers,
recruited approximately
22,000 apparently healthy
men, aged 40 - 84, with no
history of cardiovascular
disease. The CRP portion of
the study included 543
randomly assigned partici-
pants. Subjects were
followed for 8 years and
monitored for cardiovascular
events.

CRP was a significant
predictor of future peripheral

vascular disease: Individuals with high baseline
CRP levels eventually developed severe vascular
insufficiency, those with moderate levels developed
claudication, and those with low levels remained
disease free. In addition, CRP was a strong
indicator of future cardiovascular disease: Subjects
with CRP levels stratifying them into the highest
quartile had a 2-fold increase in risk of stroke and a
3-fold increase in risk of MI. CRP's correlation
with outcome was independent of other established
cardiovascular risk factors.

In addition to CRP, other markers studied
included total cholesterol, total cholesterol:HDL-C
ratio, lipoprotein(a), fibrinogen, total plasma
homocysteine, and tissue-type plasminogen
activator. Figure 1 shows the efficacy of these
markers for predicting MI and indicates that CRP
was the best single indicator of risk.41 Furthermore,
the predictive ability of CRP was additive to that of
the total  cholesterol:HDL-C ratio; this was
confirmed by another report in which CRP levels >
2.1 mg/dL correlated with, and were additive to,
hypercholesterolemia in predicting the occurrence
of an initial coronary event in men (Figure 2).42

Similar to the Physicians' Health Study but
involving a European cohort,  the MONICA
survey31,35-40 analyzed the association of several risk
factors with the development of an acute coronary
event over an 8-year period in 4,000 initially
healthy men and women with no history of cardio-
vascular disease. The CRP portion of the study
involved 936 men, aged 45 - 64 years. The results
obtained were very similar to those from the
Physicians' Health Study as subjects with CRP
values in the highest quintile had a 2.6-fold
increase in risk of a future coronary event. Of note,
CRP levels were twice as high in smokers as in
non-smokers, but ex-smokers had levels similar to
those of individuals who had never smoked. CRP
was also twice as high in obese individuals vs. the
non-obese. CRP correlated significantly with age,
obesity, smoking, and diabetes, but multivariate
analyses indicated that CRP was independent of
these and other risk factors.

CRP also returned strong results in four other
prospective studies, these involving high-risk
asymptomatic populations. Tracy et al.28 and Harris
et al. 43 demonstrated a correlation between elevated
CRP and increased risk for a coronary event in aged
(>65 years) populations, some with evidence of
atherosclerosis. Ridker et al.30 also found an associ-
ation between CRP and cardiac risk in an older
population: post-menopausal women. Kuller LH2 6

studied a high-risk population of smokers and
reported a significant correlation between CRP
levels and CHD-related mortality. In each of these
studies, the correlation between CRP and outcome
was strong and quite consistent as high CRP values
corresponded to approximately a 2- to 3-fold
increase in risk of a future coronary event.

CRP in symptomatic SA and UA patients
Not only has CRP demonstrated clinical utility in

assessing the cardiac risk of asymptomatic, appar-
ently healthy individuals, but it also has proven
useful in predicting outcome in several sympto-
matic coronary syndromes (Table 1).

In a large, prospective study involving over 2,100
symptomatic patients with either SA or UA,
Haverkate et al. 32 reported that patients with CRP >
3.6 mg/dL had approximately a 2-fold increase in
risk of an acute cardiac event within 2 years. Of
note in this study, similar CRP levels were found
between the UA and SA patients. This is in conflict
with the report by Abdelmouttaleb et al.,22 in which
CRP levels were lower in SA patients than in UA
patients. Abdelmouttaleb et al. suggested that the
discrepant results may stem from the different
patient populations in the two studies. Specifically,
the study of Haverkate et al. involved out-patients;
therefore, it was possible that the acute symptoms
of the UA patients may have subsided by the time
of assay, providing time for their CRP levels to
decrease to those of the SA patients.

In a study involving patients with UA or non-Q-
wave MI, de Winter et al.4 4 measured CRP and
cardiac troponin I (TnI) in 150 subjects. CRP eleva-
tions were defined as > 5 mg/L and elevated TnI as
>0.4 µg/L. As shown in Figure 3, the incidence of a
major cardiac event — cardiac death, recurrent MI,
or recurrent UA — within the 6 month follow-up
period was highest (42%) in patients with both CRP
and TnI elevations. CRP was an independent
marker of risk in the total study population: 23% of
patients with elevated CRP suffered a major event,
regardless of TnI status. CRP remained a signif-
icant predictor of risk even in patients without TnI
elevations: 11% of those patients with elevated
CRP and normal TnI had a cardiac event, whereas
no patients (0%) with normal levels of both CRP
and TnI had an event.

Kaplan-Meier survival analysis showed that
event-free survival was significantly lower in
patients with both CRP and TnI elevated than in
those with either or none elevated. Multivariate
analyses involving age, gender,  history of
infarction, hypertension, aspirin use, and diabetes
showed that the predictive value of each of these
factors improved significantly when CRP, TnI, or
both were included, thus indicating independent
and additive prognostic value for both CRP and
TnI.

In a conflicting report, Toss et al. 4 5 found that
elevated CRP in the absence of elevated cardiac
troponin T (TnT) was not predictive of outcome in
UA. de Winter et al.44 suggested, however, that the
results of the Toss study may have been
confounded by the inordinately large proportion of
patients with elevated TnT. 

The results of the de Winter study are consistent,
however, with those of two other studies. Morrow
et al. 4 6 found CRP and TnT values to  have
independent and additive prognostic value in
predicting 14-day mortality in acute coronary
syndromes. In addition, Liuzzo et al.4 7 found that
CRP elevations in the absence of TnT elevations
were associated with a poor outcome in UA.

CRP in refractory UA
In UA, symptoms often repeatedly appear and

subside, regardless of medical intervention, a
phenomenon that may be related to plaque insta-
bility, to the rapid appearance and disappearance of
occlusive thromboses, and/or to the presence or
absence of ischemia. These patients with so-called
refractory UA are at an increased risk of MI and
cardiac death.48

In a prospective study designed to investigate the
underlying mechanisms of UA and inflammation,
Verheggen et al. 4 9 evaluated various markers of
inflammation, fibrinolysis, coagulation, and
endothelial cell function in UA patients. Upon
admission, levels of the inflammatory markers
CRP, fibrinogen, and erythrocyte sedimentation
rate (ESR) were higher in refractory UA patients
than in those who could be stabilized. In addition,
in patients without myocardial necrosis, as deter-
mined by low levels of cardiac troponin T, CRP,
fibrinogen, and ESR were also significantly higher
in the refractory UA patients than in the stabilized
UA patients. Multivariate analyses adjusting for
established cardiovascular risk factors indicated

C-Reactive Protein, Inflammation, & Cardiovascular Disease

Coronary Syndrome Role of CRP

Stable Angina Correlates a poor prognosis2 5 , 2 6 , 6 6

Unstable Angina Correlates with a poor prognosis2 4 , 4 7

Unstable CAD Correlates with a poor prognosis4 5

Non-Q-Wave MI Correlates with a poor prognosis4 6

Myocardial  Infarction Predicts poor short-term outcome2 6 , 5 3

Predicts poor long-term outcome 6 7

Correlates with infarct size 5 1 - 5 4

Table 1. The Role of CRP in Various Coronary
Syndromes.

Figure 3. Incidence of Major Cardiac Complications
in UA and Non-Q-Wave MI.

Relative Risk of Future Myocardial Infarct ion

Figure 1. Relative Risk of Future Myocardial Infarction (upper vs. lower
quartile of values).
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Figure 2. Relative Risk of Future Myocardial
Infarction as Predicted by the Simultaneous
Assessment of CRP and Lipid Profile.
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that all three markers of inflammation correlated
significantly with short-term outcome, yielding the
following odds ratios for risk of having refractory
UA: CRP = 2.19; fibrinogen = 2.93; ESR = 4.72.
These three markers also correlated with in-hospital
outcome, while the markers of the fibrinolytic
system (tissue-type plasminogen activator and
plasminogen activator inhibitor-1), the coagulation
system (thrombin-antithrombin complex and
prothrombin fragments 1 and 2), and endothelial
cell function (von Willebrand factor and cellular
fibronectin) did not. Of note, after adjustment for
ESR, the association between fibrinogen and
outcome weakened significantly, while that
between CRP and outcome remained strong. This
implies different mechanisms of action for
fibrinogen and CRP in UA.

The markers of inflammation did not vary with
the duration of UA symptoms prior to hospital
admission, suggesting to Verheggen et al. that a
pro-inflammatory state may already exist in these
patients before the onset of plaque instability. As
such, the increased inflammatory activity may
reflect the severity of the underlying atherosclerotic
processes that facilitate plaque instability, plaque
rupture, and occlusive thromboses. Thus suggesting
that markers of inflammation may correlate with
clinical course. The authors also stated that the
possibility of a causative role for CRP and/or
fibrinogen cannot be ruled out, as these factors may
be instrumental in the pre-existing, pro-inflam-
matory state potentially present in these patients.

CRP in MI
In addition to patients with UA or SA, CRP has

shown prognostic value in patients with confirmed
MI. Several studies have shown that individuals
with sustained, post-infarct CRP elevations are at a
much greater risk of death, recurrent MI, and
recurrent UA than are MI patients with low post-
infarct CRP levels.3 2 , 4 6 , 4 7 , 5 0 Furthermore, CRP levels
have been shown to correlate with infarct size,
generally considered a marker of long-term
prognosis.51-54

CRP has also proven useful in a group of post-MI
patients at a relatively low risk for a recurrent
coronary event. Tommasi et al.55 studied a group of
64 low-risk, post-MI patients; low-risk was deter-
mined by normal left ventricular function and
negative exercise stress tests. CRP determinations
made upon admission predicted long-term risk of a
future cardiovascular event. Dividing the patients
into quartiles based on CRP levels, the risk of a
future cardiac event significantly increased with
increasing CRP quartile. As shown in Table 2, the
lowest quartile (CRP < 0.45 mg/dL), corresponded
with a 6% risk of a future coronary event. In the
highest quartile (CRP > 2.55 mg/dL), the risk
increased to 56%. Patients in the highest quartile
also had significantly lower event-free survival than
those with lower values. Furthermore, patients who
ultimately developed non-fatal MI had CRP > 4 ±
1.41 mg/dL, and those who developed UA had CRP
= 3 ± 2.6 mg/dL. Again, CRP was determined to be
an independent predictor of risk, as it did not
correlate with other risk factors.

It is important to note that the patients used in this
study were selected to exclude various clinical
conditions that might contribute to CRP elevations
(rheumatic disease, chronic liver disease, renal
disorders, cancer, sepsis and other infectious
diseases). Thus, the CRP elevations were likely the
result of myocardial necrosis and/or underlying

inflammation associated with atherosclerotic
plaques.

CRP and myocardial necrosis
Regardless of the clinical syndrome (MI, UA, SA,

CAD, CHD, etc.) ,  after atherosclerosis has
progressed to the point of plaque rupture, the subse-
quent thromboses may result in typical cardiac
symptoms (e.g., chest pain), but may or may not be
completely occlusive and, therefore, may or may
not cause significant myocardial tissue damage.
Both scenarios, with and without myocardial
necrosis, have been associated with CRP eleva-
tions.

Cardiac diseases without myocardial necrosis do
not directly elicit an acute phase response, but as
demonstrated in the studies discussed above, low
levels of CRP have proven useful in assessing the
risk of a future coronary event in asymptomatic,
healthy individuals. Liuzzo et al.4 7 and Verheggen
et al. 49 both found that CRP indicated an increased
risk of a complicated clinical course in patients
with UA who were free from significant amounts of
myocardial damage, as determined by the absence
of plasma troponin T elevations. In cases such as
these, the upper reference limits used for CRP have
been low: 0.3 mg/dL.47,56

Cardiac diseases that involve myocardial necrosis
often invoke an acute phase response,5 7 - 6 1 r e s u l t i n g
in significantly elevated CRP levels. (Note: This
has not always been the case, however — see
Sidebar: The Acute Phase Response and
Myocardial Necrosis) As mentioned above, in
confirmed MI patients with definite myocardial
necrosis, CRP has correlated with the extent of
myocardial damage or infarct size.51-54 In such cases
involving myocardial necrosis, the upper reference
limits used for CRP have been relatively high: 20
mg/dL.62,63

Such a large difference in the upper reference
limit (20 mg/dL in cases with myocardial necrosis
vs. 0.3 mg/dL in cases without) indicates that the
significance of CRP values may vary with respect
to the presence or absence of tissue damage; this
would require establishing myocardial necrosis-
specific reference ranges for CRP. Thus, it is
possible that markers of myocardial necrosis,
perhaps the cardiac troponins, may be required for
the accurate interpretation of CRP levels. Further
study is required, however, before appropriate
reference ranges can be specified.

CRP and preventive therapies
As discussed in Part 1 of this article, one of the

desirable qualities of a marker of cardiovascular
risk is that it reflect the effectiveness of preventive
therapy. Using CRP as an example, therapy that
effectively reduced risk would be reflected by a
corresponding decrease in CRP levels. Conversely,
ineffective therapy would be indicated by sustained
or even increased CRP levels. Thus, if inflam-
mation is indeed associated with atherosclerosis
and cardiovascular disease, whether as a causative
or proliferative factor, therapies intended to reduce
inflammation may simultaneously reduce cardio-
vascular risk.

Two studies hint that inflammation, as determined
by CRP levels, may be a modifiable target for risk
reduction and that preventive therapies may act in
part by suppressing the inflammatory response.2 7 , 5 0

As part of the Physicians' Health Study,27 low-dose
aspirin (325 mg every other day) was shown to
reduce coronary occlusion by an average of 44%;
notably, this reduction was greatest in those with
the highest baseline CRP levels (55%) and smallest
in those with the lowest levels (13%). This suggests
that low-dose aspirin may reduce the severity of
thrombosis through an anti-inflammatory
mechanism.

CRP levels were also responsive to lipid reduction
by the inhibition of 3-hydroxy-3-methylglutaryl
coenzyme A reductase. The drug pravastatin
reduced risk of an acute coronary event by 24% in
the Cholesterol and Recurrent Events trial50 and, as
with aspirin, the risk reduction was greater in those
with high CRP levels than in those with low levels.
Over the 5-year duration of treatment, CRP levels

gradually decreased in subjects receiving pravas-
tatin, while no reduction was noted in those
receiving placebo.64 Thus, it is possible that pravas-
tatin may act in some anti-inflammatory manner.

These two studies were not designed to reduce
CRP levels, yet the successful preventive therapies
were associated with decreases in CRP levels.
Further study should focus on the mechanisms
involved in an effort to discern whether inflam-
mation was directly involved in the risk reduction
observed.

Summary
In review, CRP is associated with several charac-

teristics of atherosclerosis — increased concen-
tration of lipid-carrying macrophages, increased
intimal thickness, decreased lumen size, etc. CRP is
also found localized in and around atherosclerotic
plaques, especially unstable plaques. Further, CRP
enhances phagocyte activity, modifies T-cell
function, destroys leukocytes, and activates the
complement system; all of which may contribute to
the destabilization of atherosclerotic plaques and/or
the formation of occlusive thromboses. Thus, CRP
appears to promote the progression of atheroscle-
rosis and facilitate plaque instability and rupture.
This is despite evidence that indicates that CRP is
not a causative factor in atherosclerosis.

CRP is a remarkably consistent indicator of
cardiovascular risk. Several prospective studies
associate elevated CRP with a 2- to 3-fold increase
in risk of a coronary event in apparently healthy
populations. CRP also predicts a poor prognosis in
MI, UA, SA, CAD, and CHD, and correlates with
infarct size in MI. The cardiac patients at greatest
risk appear to be those with elevations of both
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Presently, in the USA the National Cholesterol
Education Program recommends stratifying men and
women at risk for cardiovascular disease based on the
total number of risk factors present in an individual.6 5

These traditional risk factors include:

Family history of coronary heart disease
Cigarette smoking
Hypertension
Hypercholesterolemia (high total cholesterol)
Low levels of high-density lipoprotein cholesterol
Age (men > 45 years, women > 55 years)
Diabetes mellitus
Obesity, as determined by body mass index, may
also be included

Sidebar:  Markers of Cardiovascular Risk

Myocardial necrosis does indeed produce an acute
phase response,57-61 but many studies indicate that this is
not always so: several investigations reported no CRP
elevations in patients with UA, SA, and unstable
C A D .2 4 , 3 2 , 4 5 , 4 7 Presumably the patients in these studies
had some degree of myocardial necrosis, but evidently,
the presence of an acute coronary syndrome does not
always invoke an inflammatory response. Liuzzo et al.68

showed that severe myocardial ischemia in variant
angina without evidence of CAD did not result in an
increase in CRP. Likewise, CRP elevations were not
present in UA patients undergoing percutaneous trans-
luminal coronary angioplasty6 9 or in patients with an
activated coagulation system.70

These studies suggest that CRP may be involved in
UA, SA, and CAD only to the extent of the underlying
atherosclerosis. This is consistent with the immunohisto-
chemical (Zhang et al. 2 1) and angiographic
(Abdelmouttaleb et al. 2 2 and Rifai et al. 2 3) studies
discussed in the body of this article in which CRP is
thought to be more involved in plaque rupture than in
causing atherosclerosis.

Sidebar: The Acute Phase Response and
Myocardial Necrosis

C R P C R P Probabil ity of a
Q u a r t i l e Range (mg/dL) Cardiac Event

1 < 0.45 6 %
2 0.45 - 0.93 1 2 %
3 0.93 - 2.55 3 1 %

Table 2. CRP Quartiles and Probability of a Future
Cardiac Event in Low-Risk, Post-MI Patients.55



cardiac troponin and CRP: In addition to damaged
myocardium, these patient have evidence of an
active inflammatory response, which may further
plaque instability and increase the likelihood of
life-threatening occlusive thromboses. CRP also
provides predictive data additive to that provided
by cholesterol measurements in determining the
risk of an acute coronary event. Furthermore,
throughout each these studies, CRP demonstrates
independent, predictive value:  Adjustment for
established cardiovascular risk factors such as age,
smoking, hypercholesterolemia, age, and obesity,
does not reduce the statistical significance of CRP's
predictive ability.

Although the underlying mechanisms may be
unclear at present, the association CRP has with
atherosclerosis and cardiovascular risk is vivid.
There is even evidence that CRP levels may reflect
the effectiveness of preventive therapy intended to
reduce cardiovascular risk. Future study should
perhaps focus on defining appropriate reference
ranges for CRP in coronary syndromes with and
without myocardial necrosis. Likewise, additional
study is needed to establish whether or not CRP in
combination with other cardiac markers (e.g.,
cardiac troponin I or T, myoglobin, electrocar-
diogram, etc.) would significantly improve the risk
stratification of patients presenting to a hospital
with acute cardiac symptoms. Until such studies are
performed and the mechanism of CRP's
involvement is better defined, two facts stand out in
support of CRP's consideration as screening tool for
cardiovascular risk: CRP is additive to cholesterol
determinations and is independent of other risk
factors.
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