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Review Article:
C-reactive protein and coronary heart disease - risk marker or risk factor?
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ABSTRACT
Cardiovascular diseases are gaining a dubious distinction of becoming the leading cause of death. Thus, the search
for new risk markers and risk factors of cardiovascular disease continue, in an attempt to predict the risk of cardiovascular
events with greater precision. Of all the risk markers available, high sensitivity C-reactive Protein (hsCRP) is considered
to be the most robust tool with test characteristics desirable and conducive for clinical use. Pharmacological intervention
trials were successful in reducing hsCRP in individuals with elevated levels, following which its status as a therapeutic
target has taken a big leap. Numerous pharmacologic and non-pharmacologic interventions are presently being
investigated for their efficacy in reducing this inflammatory marker. This review discusses the stability of hsCRP,
factors affecting the concentration, independent predictive ability as compared to the traditional risk factors and its
role in atherogenesis.
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Cardiovascular diseases (CVD) accounted for
more than 17 million deaths worldwide in 2008.1
India is predicted to have the largest burden of
CVD in the world by 2015.2 About 64 million
people in India may be afflicted with CVD in
the year 2015, of which 61 million would
constitute coronary artery disease (CAD).3

Population based studies indicate that the
prevalence of CAD is estimated to be 3% to
5% in rural areas and 8% to 10% in urban areas
among individuals aged 20 years and above.4

CAD is a manifestation of atherosclerosis.
Earlier, atherosclerosis was considered to be a
bland condition associated lipid storage that
reduces the arterial lumen. However, it is now
believed to be a chronic inflammatory condition
that starts at a very young age.5 Empirical
evidence suggest that inflammation plays a
critical role in all the stages of atherosclerosis,
from a nascent lesion to a fully grown
atheromatous plaque.6 The greatest danger with
the atheromatous plaque is its thrombogenic
potential and not just the magnitude of stenosis,7
which accounts for the manifestation of acute
coronary syndrome.

Inflammatory markers
Inflammation associated with CAD is subclinical
in nature and can be diagnosed using various
inflammatory markers. The inflammatory
markers can be grouped into three categories
namely, cytokines and chemokines, soluble
adhesion molecules and acute phase reactants.8

The C-reactive protein (CRP), an acute phase
reactant, is a novel inflammatory marker that is
very sensitive to systemic inflammation,
infection and tissue damage.9 It is synthesized
by the hepatocytes in response to one of the
stimuli mentioned above.10 Level of CRP
increases from about 6 hours and reaches the
peak value within 48 hours. Given the long half-
life period (approximately 19 hours) of CRP,
the only determinant of its concentration is the
rate of synthesis, which is a reflection of the
magnitude of the underlying pathology.11

High sensitivity CRP
The term high sensitivity CRP (hsCRP) denotes
the measurement of CRP using immunoassay
methods that have adequate sensitivity to
quantify CRP throughout its normal range.
Methods like radioimmunoassay,
immunonephelometry, immunoturbidimetry,
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immunoluminometry and enzyme linked
immuno sorbent assay (ELISA) are used to
measure hsCRP.8 The Centers for Disease
Control and Prevention (CDC) along with
American Heart Association (AHA) has put
forth the recommendations (Table 1) for the
measurement of hsCRP.12

An expert panel of National Academy of Clinical
Biochemistry, opined that hsCRP is the only
marker that fulfills all the criteria to be accepted
as a biomarker for risk assessment in primary
prevention of CVD.13 The normal range of CRP
is between 0 - 6 mg/L. However, individuals
are categorized to different risk categories based
on the concentration of hsCRP within the
normal range (Table 2).12

Table 1: Recommendations by CDC and AHA for
clinical measurement of hsCRP

 hsCRP can be measured both in fasting and non-
fasting state

 When the test values are more than 10 mg/L the
results should be discarded and test has to be re-
peated after 2 weeks.

 For a reliable estimate, an average of two assays
performed 2 weeks apart should be considered

 When hsCRP levels are > 10 mg/L on two con-
secutive tests, search for other infections and in-
flammation has to be performed.

hsCRP = high sensitivity C-reactive protein ; CDC =
Centers for Disease Control and Prevention AHA =
American Heart Association
Table 2: Categorization of patients using standard

hsCRP assays to different risk strata

Concentration of hsCRP Risk stratification
(mg/L)

< 1.0 Low risk

1.0 - 3.0 Average risk

> 3.0 High risk

hsCRP = high sensitivity C-reactive protein

Stability of hsCRP
Stability of hsCRP over a period of time was
investigated on 8901 participants who were
allocated to the placebo group in an intervention
trial. The hsCRP was measured at baseline and

was repeated at 13 weeks, 1, 2, 3 and 4 years.
Investigators found that the concentration
remained high throughout the trial duration.14

This finding is in line with another trial which
investigated the reproducibility of hsCRP with
an intention to determine if this marker can be
used as a marker of future CVD in community
based risk screening. Seventy Australian cohort
dwelling in the community were followed-up
for 829 days. At follow up, it was observed that
the concentration remained stable.15

Factors affecting concentration of hsCRP
There are a variety of factors that can influence
the concentration of hsCRP. Elevated blood
pressure, obesity, smoking, diabetes mellitus,
metabolic syndrome, dyslipidaemia and
hormone use are the individual characteristics
that can increase level of hsCRP along with
chronic infection of inflammation. Moderate
alcohol consumption, improved fitness, weight
loss and medications like statins, fibrates, niacin,
aspirin, and non steroidal anti-inflammatory
drugs (NSAIDs) can decrease the level of
hsCRP.12 Extraneous factors that can influence
the concentration are seasonal variation, diurnal
influence, age, gender and ethnic differences.
Seasonal variation
A couple of cross sectional studies indicate that
there could be seasonal variation in the
concentration of hsCRP with an increase during
fall and winter as compared to summer.16-18 A
longitudinal trial16 on 641 white overweight
participants measured hsCRP at baseline and
repeated the measurement every three months
till one year, Mean hsCRP of 1.72 mg/L varied
by about 9% across seasons. The highest values
were witnessed in the month of November and
December and the lowest was found in June.
The results of all the trials are consistent with
this study.
Diurnal influence
Interleukin-6 is a cytokine responsible for the
synthesis of CRP and has been proven to have
diurnal variation.19,20 In a study aimed at
determining if hsCRP also would exhibit similar
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variation, 13 healthy participants (10 men) in
the age group of 21-35 years were observed
for 24 hours with eight hours of sleep in the
night. Blood samples were withdrawn on an
hourly basis and were analyzed. Results of the
analysis revealed that there was no diurnal
variation.21 Clinical implications of this result
would be that, hsCRP can be measured at any
time of the day without any concern of circadian
influence.
Age and gender influence
Age and gender difference in hsCRP
concentration has been observed by many cross
sectional studies.22-24 CRP has been found to
increase with age and has been found to be more
in women. The third National Health and
Nutrition Evaluation Survey (NHANES III)
data of more than 22,000 individuals show that
there is a linear relationship between age and
CRP.22 As the relationship was strong, they
generated an equation to estimate the upper
limit of CRP based on age. The equations
provided were: age/50 for males, and (age/50)
+ 0.6 for females. The equations clearly suggest
high levels in women and an increase with age.22

However the National Academy of Clinical
Biochemistry, CDC and AHA in their guidelines
did not mention about age adjusted or gender
adjusted normal values. This could possibly be
because of a difference in hsCRP that is clinically
not significant.
Racial differences
Data from Dallas heart study,25 in which 6,101
multi-ethnic participants were studied, showed
that black subjects had higher values as
compared to whites. This has been supported
by the data from NHANES III, which revealed
that black participants had higher values as
compared to Mexican-Americans and non-
Hispanic whites.26 A systematic review of
population based studies27 included 15 studies
to assess the ethnic difference in CRP; 14 of
them found an ethnic variation and the results
clearly show that Hispanics and south Asians
had the highest CRP.

hsCRP in Indians
There is enough evidence through large
observational studies to suggest that the
concentration of hsCRP is high in Indians.28-32

Further, Indian Asians living in the United
Kingdom has been found to have 17% higher
CRP values as compared to Europeans,29 the
same have been found in Indians living in the
United States as compared to Caucasians28 and
in Singapore as compared to Chinese and
Malays.30

A recent population based trial recruited 334
participants with metabolic syndrome and 342
healthy urban citizens of Chennai to investigate
the relationship between inflammatory markers
in people with and without metabolic syndrome.
Concentration of hsCRP in healthy individuals
was found to be high at 2.19 mg/L and even
higher for people with metabolic syndrome.31

Utility of hsCRP as a predictor of risk
Elevated hsCRP has been associated with many
non-communicable diseases like CAD, 33

ischemic st roke,34 insulin resistance,35

hypertension,36 metabolic syndrome37 and
peripheral artery disease.38 The most extensively
studied area is its risk for CAD, there are about
25 large observational studies published since
the late 90s which confirm the independent
predictive ability of hsCRP in estimating risk
for CAD.
In one study39 CRP and LDL were measured at
baseline for 29,939 American women and were
followed for eight years for cardiovascular
events. Investigators determined relative risk for
CVD according to quintiles of CRP and LDL.
After adjustment of traditional risk factors the
relative risk reported according to increasing
quintiles compared against the lowest quintile
of CRP were 1.4, 1.6, 2.0 and 2.3. Similar
relative risks were estimated using LDL too:
the values were 0.9, 1.1, 1.3 and 1.5. The
difference between the relative risks measured
was statistically significant, suggesting that CRP
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is a more powerful marker of risk than LDL.
Another meta-analysis pooled the existing data
from large observational studies to determine
the predictive ability of hsCRP. Investigators
found that the people in the top of the quartile
have an odds ratio  of about 1.5 for
cardiovascular events compared to people at
the lowest quartile even after adjusting other
established risk factors.40

Another exhaustively researched area now is
the predictive ability of hsCRP and its
association with metabolic syndrome, which is
a predisposing factor for CAD. International
Diabetes Federation (IDF) believes that the risk
for major CVD in people with metabolic
syndrome is approximately twice as high as for
those without the metabolic syndrome. Results
of numerous cross sectional studies reveal that
hsCRP is strongly associated with metabolic
syndrome.41-44 It has been demonstrated that the
association is very strong in young overweight
and obese girls with a mean age of about 12
years.43 In a cross-sectional study to investigate
the association of hsCRP with metabolic
syndrome in 4066 urban Indians, the risk of
metabolic syndrome increased in a dose
dependent manner with an increase in hsCRP.42

Given the predictive ability of hsCRP in
estimating risk for metabolic syndrome, IDF
recommends the inclusion of this inflammatory
marker as an additional criterion for diagnosing
metabolic syndrome in research setting.45

hsCRP and global cardiovascular risk tools
Framingham CHD risk score, Systematic
Coronary Risk Evaluation (SCORE) and
Reynolds risk score are the tools to evaluate an
individual's cardiovascular risk. These tools
est imate the 10 year absolute risk for
cardiovascular events based on the traditional
risk factors (age, gender, diabetes mellitus,
dyslipidaemia, smoking and hypertension) and
stratify the patients to "low risk", "intermediate
risk" and "high risk". Guidelines for low and
high risk is very clear but not for intermediate

risk (people who have a risk of 10 to 20%).
Moreover it has been noted that a significant
number of people could not be classified
appropriately based on the established risk
factors alone.46 Forty percent of deaths due to
CAD happen in people with normal lipid
profile47 and a few develop cardiovascular
events with one or less than one risk factor. Thus
the search for newer markers of risk continues
unabated. Given the proven ability of CRP as
an independent risk predictor, researchers
investigated the comparative efficacy of CRP
against the global tools for risk assessment and
also investigated if addition of CRP to the global
risk assessment scores would enhance the tool's
sensitivity to identify people at risk.
In a study48 the CRP levels were compared with
Framingham risk score of 1666 individuals
without  known cardiovascular disease.
Significant correlation was observed between
the risk score and CRP thereby strengthening
the claim of CRP as an adjunct in cardiovascular
risk prediction.48 In a study designed to
determine if CRP has the potential to modify
risk prediction based on Framingham risk score,
3435 German men in the age group of 45 to 74
years were followed-up for about six and half
years after the baseline assessment and  were
monitored for fatal or non-fatal coronary events.
Results of this study revealed that CRP
significantly improves the predictive abilities of
Framingham risk score, especially in the
intermediate group (10%-20% risk).49 Similar
results were found when 3006 American men
and women with a mean age of 46 years were
observed for 12 years. Results of this study
showed that addition of CRP helps reclassify
patients who fall in intermediate risk.50

Predictive ability of Reynolds risk score was
also investigated by including CRP and parental
history. In this study51 10,724 American, non-
diabetic men were followed up for about 11
years and 1294 cardiovascular events occurred
during the study period. Two prediction models,
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Figure 1: Algorithm explaining the appropriate use of hsCRP based on the score from global cardiovascular risk tools
hsCRP = high sensitivity C-reactive protein
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one with traditional risk factors and the other
model that has hsCRP and parental history along
with traditional risk factors were analyzed. The
model which had hsCRP and parental history
improved the predictive ability of the score,51

thus is now incorporated as an integral
component of Reynolds risk score. Recent
recommendations from the U.S. preventive
services task force suggest that adding CRP to
risk prediction models improves the risk
stratification.47 We propose this algorithm for
clinical decision making in using hsCRP (Figure
1). At this point of time it is the intermediate
risk group which benefit from the measurement
of hsCRP as it helps to reclassify patients to
appropriate risk strata.
CRP - A Potential Risk Factor
Numerous risk factors for CVD have been
identified by observational studies and the
number continues to grow. One risk factor that
has emerged from the status of being a marker
of risk for CAD is hsCRP. Accumulating
empirical evidence indicate that CRP could
mediate atherosclerosis at various steps, along
with other traditional risk factors.52 In vitro
analysis proved that elevated levels of CRP
inhibits nitric oxide (NO) synthesis and its
bioactivity in human endothelial cells. 53

Inhibition of  NO can set a cascade of events
leading to atherosclerosis. CRP has been shown
to promote monocyte chemotaxis and tissue
factor expression.54,55 Tissue factor is a potent
procoagulant, which can lead to disseminated
intravascular coagulation and ultimately to
thrombosis during inflammatory states.
Moreover CRP induces the production of
monocyte chemoattractant protein-1 (MCP-1)56

and plasminogen activator inhibitor-1 (PAI-1)
expression in endothelial cells.57 MCP-1 is a
protein responsible for the migration of
monocytes to the site of lesion.6 It has been
observed that elevated CRP induces PAI-1 in
human aortic endothelial cells. PAI-1 is a
protease inhibitor that regulate fibrinolysis by
inhibiting tissue plasminogen activator.
Increased PAI-1 indicates lowered fibrinolysis
and thus leads to atherogenesis.57,58

A few Mendelian studies question the causative
role of CRP in atherogenesis demonstrating that
genetic variation in the CRP gene is associated
with lifelong increased CRP levels, but not with
increased risk of atherothrombosis.59,60 However
association between CRP gene variants and risk
of CAD  could not be ascertained by the authors
of this study.52 Till this is established, CRP could
be considered a causat ive factor for
atherosclerosis and a target for therapy.
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Is hsCRP a target for therapy?
Evidence from statin trials supports the use of
hsCRP as a therapeutic target. In a randomized
controlled trial aimed at determining the effects
of lovastatin in primary prevention of acute
coronary events, 5742 individuals were assigned
to treatment and placebo group and were
followed up for about 5 years. CRP was found
to be reduced in the treatment arm by about
15% and this effect was independent of the
changes that happened in the lipid profile. The
authors61 concluded that statin therapy was
effective in the primary prevention of CAD in
individuals who had normal lipid levels but
increased CRP.
A landmark study in primary prevention of CAD
that strengthened the claim of CRP as a potential
therapeutic target is Justification for the Use of
Statins in Prevention: An Intervention Trial
Evaluating Rosuvastatin (JUPITER) trial.62 In
this study62 17,802 apparently healthy
participants, who had low density lipoprotein
cholesterol (LDL-C) < 130 mg/dL but elevated
hsCRP (> 2 mg/L), were randomly assigned to
the treatment group which received
Rosuvastatin 20 mg or placebo and the primary
outcome measure was the first cardiovascular
event. The trial was stopped prematurely as
there was a lopsided benefit to the treatment
arm, with a significant reduction (44%) in the
cardiovascular events mediated by 37%
reduction in hs CRP. This trial also brought to
light a population with hidden risk for CHD.
In an attempt to predict the risk of CAD with
greater accuracy, the search for new risk
markers and their predictive ability will need to
continue. At this point in time, among all the
risk markers available, hsCRP appears to be the
best bet as, it has assay characteristics conducive
for clinical use, commercially robust assay are
available widespread, it is very stable with very
marginal fluctuations, more cost-effective than
the emerging risk markers and more importantly
has been proven to orchestrate atherosclerosis.

Even though the time has not come to screen
the general public, hsCRP can be measured in
patients who fall under the intermediate risk
category, as it help improve accuracy of
prediction and reclassify them to an appropriate
strata.

REFERENCES
1. World Health Organization. Global status report

of non-communicable diseases 2010. Geneva:
World Health Organization;2011.

2. Mohan V, Deepa M, Farooq S, Prabhakaran D,
Reddy KS. Surveillance for risk factors of
cardiovascular disease among an industrial
population in southern India. Natl Med J India
2008;21:8-13.

3. Shah B, Mathur P. Surveillance of cardiovascular
disease risk factors in India: the need and scope.
Indian J Med Res 2010;132:634-42.

4. Ajay VS, Prabhakaran D. Coronary heart disease
in Indians: implications of the INTERHEART
study. Indian J Med Res 2010;132:561-6.

5. Chilton RJ. Pathophysiology of coronary heart
disease: a brief review. J Am Osteopath Assoc
2004;104:S5-8.

6. Libby P, Ridker PM, Maseri A. Inflammation and
atherosclerosis. Circulation 2002;105:1135-43.

7. Libby P, Okamoto Y, Rocha VZ, Folco E.
Inflammation in atherosclerosis: transition from
theory to practice. Circ J 2010;74:213-20.

8. Roberts WL; CDC; AHA. CDC/AHA Workshop
on markers of inflammation and cardiovascular
disease: application to clinical and public health
practice: laboratory tests available to assess
inflammation--performance and standardization:
a  background  paper.  Circulation
2004;110:e572-6.

9. Pepys MB, Hirschfield GM. C-reactive protein: a
critical update. J Clin Invest 2003;111:1805-12.

10. Devaraj S, Singh U, Jialal I. The evolving role of
C-reactive protein in atherothrombosis. Clin Chem
2009;55:229-38.

11. Hirschfield GM, Pepys MB. C-reactive protein and
cardiovascular disease: new insights from an old
molecule. QJM 2003;96:793-807.

12. Pearson TA, Mensah GA, Alexander RW,
Anderson JL, Cannon RO 3rd, Criqui M, et al.
Markers of inflammation and cardiovascular
disease: application to clinical and public health
practice: A statement for healthcare professionals
from the Centers for Disease Control and



184

hsCRP and CAD Fiddy Davis et al

Prevention and the American Heart Association.
Circulation 2003;107:499-511.

13. Myers GL, Christenson RH, Cushman M,
Ballantyne   CM,   Cooper   GR,   Pfeiffer   CM,
et al. National Academy of Clinical Biochemistry
Laboratory Medicine Practice guidelines:
emerging  biomarkers  for  primary  prevention
of cardiovascular  disease. Clin Chem
2009;55:378-84.

14. Glynn RJ, MacFadyen JG, Ridker PM. Tracking
of high-sensitivity C-reactive protein after an
initially elevated concentration: the JUPITER
Study. Clin Chem 2009;55:305-12.

15. Shemesh T, Rowley KG, Jenkins AJ, Best JD,
O'Dea K. C-reactive protein concentrations are
very high and more stable over time than the
traditional vascular risk factors total cholesterol
and systolic blood pressure in an Australian
aboriginal cohort. Clin Chem 2009;55:336-41.

16. Chiriboga DE, Ma Y, Li W, Stanek EJ 3rd, Hebert
JR, Merriam PA, et al. Seasonal and sex variation
of high-sensitivity C-reactive protein in healthy
adults: a longitudinal study. Clin Chem
2009;55:313-21.

17. Kelly GS. Seasonal variations of selected
cardiovascular risk factors. Altern Med Rev
2005;10:307-20.

18. Sung KC. Seasonal variation of C-reactive protein
in apparently healthy Koreans. Int J Cardiol
2006;107:338-42.

19. Gudewill S, Pollmacher T, Vedder H, Schreiber
W, Fassbender K, Holsboer F. Nocturnal plasma
levels of cytokines in healthy men. Eur Arch
Psychiatry Clin Neurosci 1992;242:53-6.

20. Sothern RB, Roitman-Johnson B, Kanabrocki EL,
Yager JG, Roodell MM, Weatherbee JA, et al.
Circadian characteristics of circulating
interleukin-6 in men. J Allergy Clin Immunol
1995;95:1029-35.

21. Meier-Ewert HK, Ridker PM, Rifai N, Price N,
Dinges DF, Mullington JM. Absence of diurnal
variation  of  C-reactive  protein  concentrations
in healthy human subjects. Clin Chem
2001;47:426-30.

22. Wener MH, Daum PR, McQuillan GM. The
influence of age, sex, and race on the upper
reference limit of serum C-reactive protein
concentration. J Rheumatol 2000;27:2351-9.

23. McConnell JP, Branum EL, Ballman KV,
Lagerstedt SA, Katzmann JA, Jaffe AS. Gender
differences in C-reactive protein concentrations-
confirmation with two sensitive methods. Clin
Chem Lab Med 2002;40:56-9.

24. Woods JA, Wilund KR, Martin SA, Kistler BM.
Exercise, inflammation and aging. Aging Dis
2012;3:130-40.

25. Khera A, McGuire DK, Murphy SA, Stanek HG,
Das SR, Vongpatanasin W, et al. Race and gender
differences in C-reactive protein levels. J Am Coll
Cardiol 2005;46:464-9.

26. Ford ES, Giles WH, Myers GL, Mannino DM.
Population distribution of high-sensitivity C-
reactive protein among US men: findings from
National Health and Nutrition Examination
Survey 1999-2000. Clin Chem 2003;49:686-90.

27. Nazmi A, Victora CG. Socioeconomic and racial/
ethnic differentials of C-reactive protein levels: a
systematic review of population-based studies.
BMC Public Health 2007;7:212.

28. Chandalia M, Cabo-Chan AV Jr, Devaraj S, Jialal
I, Grundy SM, Abate N. Elevated plasma high-
sensitivity C-reactive protein concentrations in
Asian Indians living in the United States. J Clin
Endocrinol Metab 2003;88:3773-6.

29. Chambers JC, Eda S, Bassett P, Karim Y,
Thompson SG, Gallimore JR, et al. C-reactive
protein, insulin resistance, central obesity, and
coronary heart disease risk in Indian Asians from
the United Kingdom compared with European
whites. Circulation 2001;104:145-50.

30. Dalan R, Jong M, Chan SP, Hawkins R, Choo R,
Lim B, et al. High-sensitivity C-reactive protein
concentrations among patients with and without
diabetes in a multiethnic population of Singapore:
CREDENCE Study. Diabetes Metab Syndr Obes
2010;3:187-95.

31. Indulekha K, Surendar J, Mohan V. High
sensitivity C-reactive protein, tumor necrosis
factor-?, interleukin-6, and vascular cell adhesion
molecule-1 levels in Asian Indians with metabolic
syndrome and insulin resistance (CURES-105). J
Diabetes Sci Techno 2011;5:982-8.

32. Deepa R, Velmurugan K, Arvind K, Sivaram P,
Sientay C, Uday S, et al. Serum levels of
interleukin 6, C-reactive protein, vascular cell
adhesion molecule 1, and monocyte chemotactic
protein 1 in relation to insulin resistance and
glucose intolerance--the Chennai Urban Rural
Epidemiology Study (CURES). Metabolism
2006;55:1232-8.

33. Sarwar N, Thompson AJ, Di Angelantonio E.
Markers of inflammation and risk of coronary
heart disease. Dis Markers 2009;26:217-25.

34. Rost NS, Wolf PA, Kase CS, Kelly-Hayes M,
Silbershatz H, Massaro JM, et al.  Plasma
concentration of C-reactive protein and risk of



185

hsCRP and CAD Fiddy Davis et al

ischemic stroke and transient ischemic attack: the
Framingham study. Stroke 2001;32:2575-9.

35. Festa A, D'Agostino R Jr, Howard G, Mykkanen
L, Tracy RP, Haffner SM. Chronic subclinical
inflammation as part of the insulin resistance
syndrome: the Insulin Resistance Atherosclerosis
Study (IRAS). Circulation 2000;102:42-7.

36. Sesso HD, Buring JE, Rifai N, Blake GJ, Gaziano
JM, Ridker PM. C-reactive protein and the risk
of developing hypertension. JAMA
2003;290:2945-51.

37. Ford ES. The metabolic syndrome and C-reactive
protein, fibrinogen, and leukocyte count: findings
from the Third National Health and Nutrition
Examination Survey. Atherosclerosis
2003;168:351-8.

38. Ridker PM, Cushman M, Stampfer MJ, Tracy RP,
Hennekens CH. Plasma concentration of C-
reactive protein and risk of developing peripheral
vascular disease. Circulation 1998;97:425-8.

39. Ridker PM, Rifai N, Rose L, Buring JE, Cook NR.
Comparison of C-reactive protein and low-density
lipoprotein cholesterol levels in the prediction of
first cardiovascular events. N Engl J Med
2002;347:1557-65.

40. Danesh J, Wheeler JG, Hirschfield GM, Eda S,
Eiriksdottir G, Rumley A, et al. C-reactive protein
and other circulating markers of inflammation in
the prediction of coronary heart disease. N Engl J
Med 2004;350:1387-97.

41. Laugsand LE, Asvold BO, Vatten LJ, Wiseth R,
Hveem K, Janszky I, et al. Metabolic factors and
high-sensitivity C-reactive protein: the HUNT
study. European journal of cardiovascular
prevention and rehabilitation : official journal of
the European Society of Cardiology, Working
Groups on Epidemiology and Prevention and
Cardiac Rehabilitation and Exercise Physiology
2011.

42. Mahajan A, Jaiswal A, Tabassum R, Podder A,
Ghosh S, Madhu SV, et al. Elevated levels of C-
reactive protein as a risk factor for metabolic
syndrome in Indians. Atherosclerosis
2012;220:275-81.

43. Oliveira AC, Oliveira AM, Adan LF, Oliveira NF,
Silva AM, Ladeia AM. C-reactive protein and
metabolic syndrome in youth: a strong
relationship? Obesity (Silver  Spring)
2008;16:1094-8.

44. Sun JY, Zhao D, Wang W, Liu J, Cheng J, Li Y, et
al. Distributions of high-sensitivity C-reactive
protein and its association with metabolic

syndrome in population aged 45-74 in Beijing.
Zhonghua Liu Xing Bing Xue Za Zhi Zhonghua
Liu Xing Bing Xue Za Zhi 2007;28:1155-8.

45. Alberti KG, Zimmet P, Shaw J. Metabolic
syndrome--a new world-wide definition. A
Consensus Statement from the International
Diabetes Federation. Diabet Med 2006;23:469-80.

46. Koenig W. Is hsCRP Back on Board? Implications
from the JUPITER Trial. Clin Chem 2009;55:216-
8.

47. Buckley DI, Fu R, Freeman M, Rogers K, Helfand
M. C-reactive protein as a risk factor for coronary
heart disease: a systematic review and meta-
analyses for the U.S. Preventive Services Task
Force. Ann Intern Med 2009;151:483-95.

48. Albert MA, Glynn RJ, Ridker PM. Plasma
concentration of C-reactive protein and the
calculated Framingham Coronary Heart Disease
Risk Score. Circulation 2003;108:161-5.

49. Koenig W, Lowel H, Baumert J, Meisinger C. C-
reactive protein modulates risk prediction based
on the Framingham Score: implications for future
risk  assessment:  results  from  a  large cohort
study in southern Germany. Circulation
2004;109:1349-53.

50. Wilson PW, Pencina M, Jacques P, Selhub J,
D'Agostino R Sr, O'Donnell CJ. C-reactive protein
and reclassification of cardiovascular risk in the
Framingham Heart Study. Circ Cardiovasc Qual
Outcomes 2008;1:92-7.

51. Ridker PM, Paynter NP, Rifai N, Gaziano JM,
Cook NR. C-reactive protein and parental history
improve global cardiovascular risk prediction: the
Reynolds Risk Score for men. Circulation
2008;118:2243-51.

52. Oh J, Teoh H, Leiter LA. Should C-reactive protein
be a target of therapy? Diabetes Care 2011;34
Suppl 2:S155-60.

53. Verma S, Wang CH, Li SH, Dumont AS, Fedak
PW, Badiwala MV, et al. A self-fulfilling prophecy:
C-reactive protein attenuates nitric oxide
production and inhibits angiogenesis. Circulation
2002;106:913-9.

54. Torzewski M, Rist C, Mortensen RF, Zwaka TP,
Bienek M, Waltenberger J, et al. C-reactive protein
in the arterial intima: role of C-reactive protein
receptor-dependent monocyte recruitment in
atherogenesis. Arterioscler Thromb Vasc Biol
2000;20:2094-9.

55. Cermak J, Key NS, Bach RR, Balla J, Jacob HS,
Vercellotti GM. C-reactive protein induces human
peripheral blood monocytes to synthesize tissue
factor. Blood 1993;82:513-20.



186

hsCRP and CAD Fiddy Davis et al

56. Pasceri V, Cheng JS, Willerson JT, Yeh ET.
Modulation of C-reactive protein-mediated
monocyte chemoattractant protein-1 induction in
human endothelial cells by anti-atherosclerosis
drugs. Circulation 2001;103:2531-4.

57. Devaraj S, Xu DY, Jialal I. C-reactive protein
increases plasminogen activator inhibitor-1
expression and activity in human aortic
endothelial cells: implications for the metabolic
syndrome and atherothrombosis. Circulation
2003;107:398-404.

58. Chen C, Nan B, Lin P, Yao Q. C-reactive protein
increases plasminogen activator inhibitor-1
expression in human endothelial cells. Thromb
Res 2008;122:125-33.

59. Nordestgaard BG. Does elevated C-reactive protein
cause human atherothrombosis? Novel insights

from genetics, intervention trials, and elsewhere.
Curr Opin Lipidol 2009;20:393-401.

60. Elliott P, Chambers JC, Zhang W, Clarke R,
Hopewell JC, Peden JF, et al. Genetic Loci
associated with C-reactive protein levels and risk
of coronary heart disease. JAMA 2009;302:37-48.

61. Ridker PM, Rifai N, Clearfield M, Downs JR, Weis
SE, Miles JS, 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;344:1959-65.

62. Ridker PM, Danielson E, Fonseca FA, Genest J,
Gotto AM Jr, Kastelein JJ, et al. Rosuvastatin to
prevent vascular events in men and women with
elevated C-reactive protein. N Engl J Med
2008;359:2195-207.


