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High-Sensitivity C-Reactive Protein: To Measure or not to Measure?
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Abstarct: Based on evidence that inflammatory processes play a fundamental role in the development of cardiovascular
disease, high sensitivity C-reactive protein (hsCRP) is considered a powerful risk marker for cardiovascular events. Irre-
spective of a potential role in risk prediction, recent evidence implicates a direct involvement of CRP per se in the patho-
genesis of atherosclerotic cardiovascular disease. In the present article we review the literature concerning clinical studies
assessing the association between hsCRP concentration and cardiovascular disease. Measurement of hsCRP levels may
help guiding medical treatment initiation and adjustment in certain groups of subjects both in the primary and secondary

prevention.
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INTRODUCTION

Recent research indicates that C-reactive protein (CRP)
plays an important role in the development of atherosclerotic
cardiovascular disease (CVD) [1-3]. CRP may not only be a
biomarker of inflammation as it has been found in athero-
sclerotic plagues and shown to cause endothelial cell dys-
function, oxidant stress and intima hypertrophy in experi-
mental models [4-6]. Understanding the underlying mecha-
nisms of CRP effect on atherosclerosis development may
provide insight into potential new prevention strategies and
therapeutic interventions.

METHODS

We performed a PubMed search up to July 2009 using
combinations of the following key words: atherogenesis,
coronary heart disease, CRP, high sensitivity CRP (hsCRP),
atherosclerosis, inflammation, inflammatory markers, car-
diovascular disease, atherothrombosis and myocardial infarc-
tion. We also searched data from reference lists of original
papers, case reports and review articles as well as from ran-
domized clinical trials and meta-analyses

C-REACTIVE PROTEIN POLYMORPHISMS

CRP is an acute-phase protein, which is released in the
circulation in response to inflammation and tissue damage
[7,8]. CRP is synthesized by hepatocytes under the transcrip-
tional control of inflammatory cytokines, particularly inter-
leukin 6 (IL-6) [7]. CRP reaches maximum concentration in
plasma in approximately 50 hours and falls after the removal
of inflammatory stimulus, having a half life of 18 h [9]. The
human CRP gene is located on chromosome 1 [10]. The
CRP gene in hepatocytes is predominantly under transcrip-
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tional control by IL-6 and, to a lesser degree, by interleukin
1b (IL-1b) and tumor factor necrosis factor a (TNFa).

Recent studies have established that alterations in serum
CRP levels are not only a response to changes in the envi-
ronment, but also are a consequence of genetic variation in
the CRP gene [11-13]. In a recent study, 4 tag single-
nucleotide polymorphisms (SNPs) (1919A/T, 2667G/C,
3872G/A, 5237A/G) were genotyped in 3941 white (Euro-
pean American) participants and 5 tag SNPs (addition of
790A/T) were genotyped in 700 black (African American)
participants, aged 65 years or older, all of whom did not
have myocardial infarction (M) or stroke before study entry
[14]. The 1919T and 790T alleles were associated with
higher CRP levels in white and black participants, respec-
tively. The 3872A allele was associated with lower CRP
levels in both populations, and the 2667C allele was associ-
ated with lower CRP levels in white participants only. There
was no association between carotid intima-media thickness
(CIMT) and any CRP gene polymorphism in either popula-
tion. In white participants, the 1919T allele was associated
with increased risk of stroke (hazard ratio [HR], 1.40; 95%
confidence interval [CI], 1.06-1.87) and CVD mortality (HR,
1.40; 95% ClI, 1.10-1.90). In black participants, homozygos-
ity for the 790T allele was associated with a 4-fold increased
risk of Ml compared with homozygosity for the 790A allele
(95% Cl, 1.58-10.53). The minor alleles of the 2 SNPs asso-
ciated with lower plasma CRP concentration in white par-
ticipants (2667C and 3872A) were associated with decreased
risk of CVD mortality. Therefore, this study showed that
genetic variation in the CRP gene is associated with plasma
CRP levels and CVD risk.

However, other studies indicated that genetically con-
trolled CRP elevations by CRP SNPs do not contribute to
CVD risk [15,16]. In the National Heart, Lung, and Blood
Institute (NHLBI) Family Heart Study cohort neither CRP
haplotypes nor individual SNP genotypes were associated
with IMT of the common carotid or internal carotid artery or
the bifurcation of the carotid arteries [15]. Similarly, in a
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cohort of 504 white and 244 African-American incident di-
alysis patients no association was detected between CRP
gene variation and CVD risk in either whites or African
Americans [16].

A recent study showed that polymorphisms in 5 genetic
loci were strongly associated with CRP levels [17]. Notably,
this is the largest genome-wide association study aiming to
indentify genetic loci associated with plasma CRP concen-
trations and examine their effect on CVD risk. A significant
association of CRP variants with CRP levels and CRP levels
with CVD was observed, but not CRP variants with CVD.
The variants included in this study were associated with ap-
proximately 20% lower CRP levels, corresponding to a 6%
reduction in CVD risk as predicted by the meta-analysis of
observational studies of CVD risk. The lack of association of
genetic variants in the CRP locus with CVD suggests that the
observational data linking CRP levels and CVD may be con-
founded by association with other CVD risk factors, or re-
flect a secondary inflammatory response associated with
atherosclerosis (reverse causation), rather than indicate a
causal relationship [17].

Additionally, two recent studies regarding the association
between CRP genetic polymorphisms and CVD concluded
that no CRP gene polymorphism is associated with increased
risk of CVD. Zacho J et al. gathered data from 4 genetic
studies (45,000 patients) and showed that genotype combina-
tions of 4 CRP polymorphisms were associated with an in-
crease in CRP levels of up to 64%, resulting in a theoreti-
cally predicted increased risk of up to 32% for ischemic
heart disease and up to 25% for ischemic cerebrovascular
disease. However, these genotype combinations were not
associated with an increased risk of ischemic vascular dis-
ease [18]. Similarly the Luric Study including 3250 patients
reported that none of the genetic variants affecting circulat-
ing CRP was consistently associated with the prevalence of
angiographic coronary artery disease [19].

In conclusion, the most large and reliable studies on the
association between CRP genetic loci and CVD risk show
that CRP gene polymorphisms may influence CRP levels but
not CVD risk.

MEASUREMENT OF CRP

As CRP has prognostic value in patients with acute coro-
nary syndromes and in apparently healthy people [20], vari-
ous hsCRP methods have been introduced [21]. Regardless
of the assay procedure being used the CRP molecule meas-
ured is the same [22]. Most traditional CRP tests designed to
monitor acute and chronic inflammation have inadequate
sensitivity for risk stratification of CVD [23]. Assays for
hsCRP have been used by research laboratories for 30 years
[8]. We can mention IMMULITE and BNA hsCRP methods,
the Beckman Synchron LX20 CRP method and a hsCRP
method for the Beckman Coulter IMMAGE [24]. Because an
individual's CRP concentration will be interpreted according
to fixed cut-points, issues related to the pre-analytic and ana-
lytic components of CRP measurement must be considered
and standardized where possible to avoid potential misclassi-
fication of CVD risk [23].The new development into clinical
practice is the introduction of commercial and automated
CRP immunoassay systems with greater sensitivity than be-
fore. HSCRP levels less than 1 mg/L are considered "low,"
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levels from 1 to 3 mg/L are considered "average," and levels
greater than 3 mg/L are considered "high" [25]. Levels
greater than 10 mg/L are usually seen only with active in-
flammatory processes, such as infection, major trauma or
chronic inflammatory diseases [26-28]. Because CRP can
fluctuate over time, most experts recommend measuring two
hsCRP levels a few weeks apart and average the two values.

HsSCRP AND CARDIOVASCULAR DISEASE

A number of studies demonstrated a strong predictive
association between elevated hsCRP levels and future
atherothrombotic events (coronary events, stroke and periph-
eral arterial disease) [29-36].

The Role of hsCRP in Coronary Heart Disease

A meta-analysis of all published studies up to 2000,
comprising of 1953 coronary events, showed a relative risk
of 2.0 for a future coronary event in subjects with a single
initial baseline hsCRP value in the upper third compared
with those in the lower third of the distribution in the general
population [37]. However, a recent study demonstrated that
for short-term prediction of CVD outcomes in an Iranian
population, measurement of hsCRP has no additional value
when traditional cardiovascular risk factors are known [38].
The age-and sex-adjusted relative risk of CVD for subjects
in the highest quartile of the population distribution of
hsCRP compared with the lowest quartile was 2.6 (95%
Cl=1.4-5.1, p=0.006). However, after additional adjustment
for traditional cardiovascular risk factors the odds ratio de-
creased to non significant levels (0.8, 95% CI=0.3-1.9). Ad-
dition of hsCRP did not improve the area under receiver op-
erating characteristic curve of risk functions that was based
on traditional cardiovascular risk factors or Framingham
coronary risk score [38].

A cohort study including 5067 participants evaluated the
utility of CRP levels for predicting CVD risk when added to
conventional risk factors [39]. This study reported a modest
effect of CRP in CVD risk prediction. CRP may be used to
predict future CVD events, but the gains over conventional
risk factors are minimal. Risk classification improved in in-
termediate-risk individuals, mainly through the identification
of those unlikely to develop events [39].

A post hoc analysis of the Air Force/Texas Coronary
Atherosclerosis Prevention Study (AFCAPS/TEXCAPS)
demonstrated that statin therapy may be effective in the pri-
mary prevention of coronary events among subjects with
relatively low lipid levels but with elevated hsCRP concen-
tration [40]. In this trial the rates of coronary events in-
creased significantly with increases in the baseline levels of
hsCRP [40].

Moreover, serum hsCRP levels may predict outcome
after myocardial infarction and reflect infarct size [41-44]. In
a case-control analysis of post-myocardial infarction patients
randomly assigned to pravastatin or placebo in the Choles-
terol and Recurrent Events (CARE) trial, those with elevated
hsCRP levels at baseline exhibited an increased risk of recur-
rent coronary events (RR=1.77, p=0.02) [45].

A substudy of the Prevention of Events With Angio-
tensin-Converting Enzyme Inhibition (PEACE) trial demon-
strated that increased hsCRP levels, even >1 mg/L, were
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associated with a significantly greater risk of cardiovascular
death MI, or stroke in patients with stable coronary artery
disease (hsCRP 1 to 3 mg/L: adjusted HR 1.39; 95% CI 1.06
to 1.81; p=0.016; hs-CRP >3 mg/L: adjusted HR 1.52; 95%
Cl 1.15 to 2.02; p=0.003) [46].

There is evidence that the elevation of hsCRP can be a
useful predictor for restenosis and other major cardiac events
(MACE) after percutaneous coronary intervention (PCI).
[47,48]. Maruszewski L et al. showed that in patients with
MACE the mean hsCRP concentration was significantly
higher (median 4.8 mg/L; 1.9-11.4) in comparison with the
control group (median 2.2; 1.3-4.3), p<0.05 [48]. Another
study showed that post-procedural hsCRP levels higher than
3 mg/L measured in the third month after stent implantation
can predict angiographic in-stent restenosis [49]. An elevated
hsCRP concentration (=24 mg/L) on the second day after
stent implantation was found to be higher in patients with
restenosis [50]. However, in another study such a correlation
was not found. In this study pre-and post-procedural hsCRP
concentrations were similar in restenotic and non-restenotic
patients [51]. Another recent study showed that an increase
in hsCRP levels after PCI predicts long-term major adverse
cardiac events in patients with stable angina pectoris [52].
Moreover, in patients who undergo coronary artery bypass
grafting, high pre-operative hsCRP levels were associated
with increased long-term risk of CVD events independently
of other cardiac risk factors [53]. In this study the relative
risk of CVD events for hsCRP above the median was 3.9
(95% CI 1.1 to 13.9, p<0.05).

A prespecified analysis of the Pravastatin or Atorvastatin
Evaluation and Infection Therapy-Thrombolysis in Myocar-
dial Infarction 22 (PROVE IT-TIMI 22) study revealed an
independent association between hsCRP reduction and risk
of recurrent coronary events and between LDL cholesterol
reduction and risk of CVD events. Specifically, PROVE IT
compared outcomes in 4162 patients with acute coronary
syndrome receiving atorvastatin 80 mg/day or pravastatin 40
mg/day. Patients with hsCRP levels reduced to <2 mg/L had
fewer recurrent events regardless of LDL cholesterol level
achieved by statin therapy [54]. The patients at highest risk
were those in whom both LDL cholesterol and hsCRP levels
remained elevated despite statin therapy. Patients whose
LDL cholesterol was lowered to <70 mg/dL but hsCRP lev-
els remained elevated (>2 mg/L) had similar recurrent event
rates compared with those whose hsCRP levels were reduced
to <2 mg/L but LDL cholesterol levels remained >70 mg/dL.
Patients with both low hsCRP (<2 mg/L) and LDL choles-
terol (<70 mg/dL) had the lowest risk [55,56].

Two cohort studies generated controversy on the risk
prediction of CRP levels. In the Framingham Heart Study the
age- and sex-adjusted relative risk of a CRP level greater
than 3 mg/L for major CVD events was 1.60 (95% ClI, 1.19-
2.14), but with evidence of attenuation (RR 1.22; 95% ClI,
0.90-1.66) in multivariable models [57]. Moreover, in multi-
variable models that included traditional risk factors the C-
statistic (a measure of the discriminatory capability of the
prediction models) was 0.78, a value that remain unchanged
with the addition of CRP to the multivariable model [57]. In
the Reykjavik Heart Study CRP was a relatively moderate
predictor of CVD [58]. In this study, after adjustment for
baseline values for established risk factors the odds ratio for
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CVD was 1.45 (95% ClI, 1.25-1.68) for participants in the
top third compared with those in the bottom third. Similar
overall findings were observed in an updated meta-analysis
involving a total of 7068 patients with coronary heart disease
[58].

The Role of hsCRP in Ischemic Stroke

A recent study showed that hsCRP levels were signifi-
cantly elevated in patients with progressive carotid stenosis
and associated with the occurrence of a first future CVD
event [59]. Similarly, in another study hsCRP concentration
was significantly associated with cerebral arteries stenosis
>70% [60]. Mullenix PS et al. recently showed that hsCRP
levels were independently associated with carotid stenosis
(odds ratio [OR] 1.2, 95% CI 1.1-1.5, p=0.04), while LDL
cholesterol levels were not (OR 1.0, 95% CI 0.98-1.01,
p=0.8) [61].

In the Atherosclerosis Risk in Communities (ARIC)
study hsCRP improve the stratification of ischemic stroke
risk [62]. In a model using traditional risk factors alone, the
area under the receiver operator characteristic curve was
0.732, whereas adding hsCRP improved it to 0.743 [62].
Elevated hsCRP has been shown to correlate with increased
CIMT [63] and has been discussed as a possible marker for
plaque instability in carotid territories [64,65].

Moreover, the Carotid Atherosclerosis Progression Study
showed that hsCRP levels were significantly associated with
baseline CIMT in all carotid segments, but this association
was no longer significant after controlling for age, gender
and CVD risk factors [66]. Also, hsCRP was not related to
individual CIMT progression. In the Cardiovascular Health
Study there was no association between CIMT and any CRP
gene polymorphism [14]. Dziedzic T et al. recently showed
that elevated hsCRP levels in patients with acute ischemic
stroke are associated with increased risk of recurrent stroke
or other CVD events [67].

A recent meta-analysis of studies with long follow-up
(>8 years) regarding the predictive role of CRP in stroke
showed that the risk for stroke in healthy individuals with the
highest quartile of CRP concentrations increased nearly 70%
compared with those with the lowest quartile [68]. Also,
high concentrations of CRP were predictive of cognitive
decline and dementia [68].

According to published guidelines there is not sufficient
evidence to recommend measurement of CRP in the routine
evaluation of cerebrovascular disease risk in primary preven-
tion, because there is insufficient evidence as to whether
early detection or intervention based on detection improves
health outcomes [69]. In secondary prevention of stroke ele-
vated CRP adds to existing prognostic markers, but it re-
mains to be established whether specific therapeutic options
can be derived from this [69].

The Role of hsCRP in Peripheral Arterial Disease (PAD)

A recent cross-sectional study in 1611 participants with-
out CVD, diabetes or hypertension showed that higher
hsCRP levels were positively associated with PAD inde-
pendently of smoking, waist circumference, body mass in-
dex, blood pressure, serum total cholesterol and other con-
founders [70]. Multivariable OR (95% CI) comparing quar-
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tile 4 of hsCRP (>0.54 mg/L) to quartile 1 (<0.09 mg/L) was
6.38 (1.77-22.96, p=0.005). In the Intervention Project on
Cerebrovascular Diseases and Dementia in the Community
of Ebersberg (INVADE) study, the pathological ankle-
brachial index (ABI) (p<0.001) and prediagnosed PAD
(p=0.002) were significantly higher in patients with elevated
hsCRP [71]. However, a recent study showed that hsCRP is
not independently associated with peripheral subclinical
atherosclerosis [72]. Hs-CRP levels were associated with
major CVD risk factors, 10-year CVD risk, lower ABI, and
higher CIMT values. In a logistic model, after adjustment for
significant covariates, the association of hsCRP levels with
ABI and IMT was no longer significant [72].

According to a meta-analysis of 13 prospective trials
regarding the predictive ability of CRP for PAD, CRP ap-
pears to be a strong predictor and marker of severity of PAD
and may also predict the risk of restenosis after angioplasty
[73].

Statins reduce plasma hsCRP levels and this decrease is
independent of LDL cholesterol reduction [74,75]. Statins
have pleiotropic effects, including anti-inflammatory actions.
The anti-inflammatory effects of statins seem to be dose-
dependent [76-79].

The Reversal of Atherosclerosis with Aggressive Lipid
Lowering (REVERSAL) study demonstrated that lowering
hsCRP levels in addition to lowering LDL cholesterol con-
centration in patients with CVD by intensive statin therapy
attenuated atherosclerotic lesion progression as measured by
intravascular ultrasonography [80]. Nissen et al. reported
that statin treatment decreased hsCRP levels, which were
inversely correlated with the rate of disease progression in
patients with angiographically documented coronary artery
disease [80].

HsCRP and Primary Prevention

The Justification for the Use of Statins in Primary Pre-
vention: an Intervention Trial Evaluating Rosuvastatin (JU-
PITER) study is the first prospective study which demon-
strated that statin therapy lowers CVD risk in patients with
at-goal LDL cholesterol but elevated hsCRP levels. JUPI-
TER was a large multinational, long-term, double-blind, pla-
cebo-controlled, randomized clinical trial designed to assess
whether statin therapy could benefit apparently healthy indi-
viduals with at goal LDL cholesterol levels (<130 mg/dL)
but elevated hsCRP levels (=2 mg/dL) [81]. Asymptomatic
individuals (men >50 vyears and women >60 years,
n=17,802) who had no history of MI, stroke or myocardial
revascularization and who on screening were found to have
LDL cholesterol levels <130 mg/dL and hsCRP>2 mg/L
were randomized to either rosuvastatin 20 mg/day or pla-
cebo. All participants were then observed over a period of 3
to 4 years for the development of a first CVD event. The
primary end point was defined as MI, stroke, arterial revas-
cularization, hospitalization for unstable angina, or death
from CVD causes.

The trial was stopped prematurely, with only a median
1.9 years of follow-up, when the data and safety monitoring
committee noted a significant reduction by 44% in the pri-
mary end point among participants assigned to rosuvastatin
(142 primary events vs 251 in the placebo group, HR 0.56;
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95% ClI, 0.46-0.69, p<0.00001) [82]. Rosuvastatin was asso-
ciated with significant reductions in rates of the individual
components of the primary trial end point. Specifically, there
was a 55% decrease in the fatal or nonfatal Ml (HR 0.46;
95% ClI, 0.30-0.70; p = 0.0002) and a 48% decrease in fatal
and non fatal stroke (HR 0.52; 95% CI, 0.34-0.79; p =
0.002). The combined end point of nonfatal MI, nonfatal
stroke, or death from CVD causes was reduced by 47% (HR
0.53; 95% ClI, 0.40-0.69; p < 0.00001) [82]. Importantly, the
rates of death from any cause were reduced by 20% (HR
0.80; 95% Cl, 0.67-0.97; p = 0.02).

Similar reductions were seen for both women (46%) and
men (42%) and in every other subgroup evaluated, including
subgroups according to age, race or ethnic group, region of
origin, status with regard to traditional risk factors and
Framingham risk score. Groups typically assumed to be at
very low risk also benefited. For participants who had ele-
vated levels of hsCRP but who were nonsmokers, did not
have the metabolic syndrome, had a calculated Framingham
risk score of 10% or less, or had an LDL cholesterol level of
100 mg/dL or lower, the observed relative reductions in the
HR associated with rosuvastatin for the primary end point
was similar to those in higher risk groups. For subjects with
elevated hsCRP levels but no other major risk factor other
than increased age, the benefit of rosuvastatin was similar to
that for higher risk subjects (HR 0.63; 95% ClI, 0.44-0.92; p
=0.01) [82].

Previous statin trials (most of which used LDL choles-
terol level criteria for enrolment) have generally reported a
20% reduction in vascular risk for each 1 mmol/L (38.7
mg/dL) of absolute reduction in the LDL cholesterol level
[83], an effect that would have predicted a proportionate re-
duction in the number of events in JUPITER study of ap-
proximately 25%. However, the reduction in the HR seen in
JUPITER, in which enrolment was based on elevated hsCRP
levels rather than on elevated LDL cholesterol levels, was
almost twice this magnitude and revealed a greater relative
benefit than that found in most previous statin trials [82].

Of note, symptomatic venous thromboembolism occurred
in 94 participants: 34 in the rosuvastatin group and 60 in the
placebo group. This corresponds to a reduction of 43% (HR
0.57; 95% CI 0.37-0.86; p = 0.007) [84]. Pulmonary embo-
lism was reduced by 23% (HR 0.77; 95% ClI, 0.41-1.45; p =
0.42), whereas deep-vein thrombosis was reduced by 55%
(HR 0.45; 95% CI, 0.25-0.79; p = 0.004) [84].

An analysis from the JUPITER trial showed a 65% re-
duction in vascular events in participants allocated to rosu-
vastatin who achieved both LDL cholesterol less than 70
mg/dL and hsCRP less than 2 mg/L (adjusted HR 0.35; 95%
Cl, 0.23-0.54) vs a 33% reduction in those who achieved one
or neither target (HR 0.67; 95% CI, 0.52-0.87) (p across
groups <0.0001) [85]. Moreover, a 79% reduction (HR 0.21;
95% ClI, 0.09-0.52) in vascular events was noticed in partici-
pants who achieved LDL cholesterol less than 70 mg/dL and
hsCRP less than 1 mg/L [85].

Until now, on the basis of Current National Cholesterol
Education Program/Adult Treatment Panel 11l (NCEP ATP
111) guidelines ~ 58% of the middle-aged to older adult popu-
lation have an indication for statin therapy. On the basis of
JUPITER’s findings = 80% of older persons may now have
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an indication for statin therapy [86]. In the United States 6.5
million adults with LDL cholesterol <130 mg/dL and hsCRP
>2 mg/L not currently on therapy met the “older” age re-
quirement for the JUPITER study and, thus, might now be
considered statin candidates [87]. In addition, 6.7 million
older adults with elevated hsCRP >2 mg/L have LDL choles-
terol levels that exceed their NCEP ATP Il1 goals [87].

The results of JUPITER raise two important questions
about the primary prevention of CVD. Should indications for
statin treatment be expanded? And how should measure-
ments of hsCRP be used?

The design of JUPITER means that the study provides
only limited and indirect information about the role of
hsCRP protein testing in clinical management, since the trial
did not compare subjects with and those without hsCRP
measurements, nor did it compare the use of hsCRP with the
use of other markers of CVD risk. It also did not ascertain
whether subjects with CRP level of less than 2 mg/L would
benefit from treatment [88].

There remains much confusion within the medical com-
munity as to when it may be appropriate to measure hsCRP
levels and what to do about them when found to be elevated.
It is not yet known whether hsCRP is a risk factor or merely
a marker of increased CVD risk. More importantly, it is not
known if reducing only hsCRP levels also decreases CVD
risk. The American Heart Association (AHA) recommends
measuring hsCRP levels in patients who have a moderately
elevated risk of CVD events according to traditional CVD
risk factors and specifically in individuals with Framingham
risk score between 10% and 20% [89]. In these patients, an
elevated hsCRP measurement would indicate that the risk
may be much greater than "moderate." For patients who are
already known to have high risk, measuring hsCRP levels
does not have additional clinical value; the risk is high what-
ever the hsCRP levels. Thus, given our current level of
knowledge in high risk patients there is little to be gained by
measuring hsCRP levels.

JUPITER provides more evidence about the effectiveness
of statin therapy in reducing CVD risk, even among persons
who would not currently be considered for pharmacotherapy.
Guidelines for primary prevention will surely be reassessed
on the basis of the JUPITER results, but statin therapy de-
pends on the balance between the benefits of treatment and
its long-term safety and cost.

A novel biomarker, the lipoprotein-associated phospholi-
pase A, (Lp-PLA,), is competitive to hsCRP regarding CVD
risk prediction [62,90,91]. Lp-PLA; is a proinflammatory
enzyme secreted by macrophages that is primarily bound to
LDL in the circulation. It hydrolyzes oxidized phospholipids
to generate lysophosphatidylcholine and oxidized fatty acids,
which have proinflammatory properties, and its activity is
increased in small, dense LDL [92]. Moreover Lp-PLA, may
be a novel target for therapy to reduce CVD risk and an agent
that inhibits Lp-PLA, is currently in phase 3 testing [93]. In
the Atherosclerosis Risk in Communities (ARIC) study indi-
viduals with high levels of both hsCRP and Lp-PLA, were at
the highest risk after adjusting for traditional risk factors
compared with individuals with low levels of both, whereas
others were at intermediate risk [62].
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THE ROLE OF CRP IN THE PATHOGENESIS OF
ATHEROSCLEROSIS

CRP has been detected in atherosclerotic lesions of hu-
man coronary arteries as well as heart, kidney and adipose
tissue [94-96]. In patients with acute coronary syndrome
CRP is localized in the vessel wall and its levels are higher
in the coronary sinus than in the aorta, suggesting a cardiac
source of CRP [97,98].

Many possible mechanisms of a direct action of CRP on
vascular cells have been reported. CRP induces the expres-
sion of adhesion molecules by the endothelial cells, such as
intracellular adhesion molecule-1 (ICAM-1), vascular cell
adhesion molecule-1 (VCAM-1) and E-selectin [99,100],
which play a crucial role in the migration of monocytes and
T-leukocytes into the vessel wall and thus in atherosclerosis
development [101,102]. Moreover, in a recent study CRP
stimulated superoxide anion release and tissue factor activity
not only in vitro, but also in vivo [103]. Furthermore, CRP
may induce plasminogen activator inhibitor-1 (PAI-1) ex-
pression and activity in human endothelial cells [104,105],
which is a marker of impaired fibrinolysis and atherothrom-
bosis [106,107]. Additionally, CRP may induce apoptosis in
human coronary vascular smooth muscle cells, thus promot-
ing atherogenesis [108]. Finally, CRP may also increase the
susceptibility of endothelial cells to destruction by cell lysis
[109], a mechanism that could lead to plaque erosion or rup-
ture and precipitate acute coronary syndrome.

CONCLUSIONS

On the basis of JUPITER trial hsCRP measurement may
be considered in asymptomatic people older than 50 years of
age with an LDL cholesterol of <130 mg/dL. If it is found
elevated (>2 mg/L on two separate occasions), then initiation
of a powerful statin may be needed.

Future studies are needed to investigate if hsCRP should
also be considered as a target of treatment. Both JUPITER
and PROVE-IT showed that the reduction of both LDL cho-
lesterol and hsCRP results in greater decrease in CVD events
compared with the reduction of only LDL cholesterol. It
should further be studied if an on treatment measurement of
hsCRP is warranted and whether adjusting lifestyle measures
and power of lipid-lowering treatment to achieve hsCRP
targets is associated with improved outcomes.

ABBREVIATIONS

IL-6 = Interleukin 6

IL-1b = Interleukin 1b

TNFa = tumor factor necrosis factor a
SNPs = single-nucleotide polymorphisms
CIMT = carotid intima-media thickness
IMT = intima-media thickness

CRP = C-reactive protein

HsCRP = high sensitivity C-reactive protein
HR = hazard ratio

OR = odds ratio

CVvD = cardiovascular disease
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Ml = myocardial infarction

LDL = low-density lipoprotein cholesterol

RR = relative ratio

PCI = percutaneous coronary intervention

PAD = peripheral artery disease

ABI = ankle-brachial index

Lp-PLA;, = lipoproteinassociated phospholipase A,

ICAM = intracellular adhesion molecule-1

VCAM = vascular cell adhesion molecule-1

PAI-1 = plasmonogen activator inhibitor-1
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