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What is C-reactive protein?

C-reactive protein (CRP) is an inflammatory
protein. It is synthesized and secreted primarily
in hepatocytes and is regulated by interleukin-6,
interleukin-1 and tumour necrosis factor-α.
Other CRP generation sites are:
• coronary arteries,
• aneurysmal aorta,
• femoral plaques and
• failed venous coronary bypass.

The normal plasma level of CRP in a healthy
individual is 2 µg/ml.

Association of CRP and
cardiovascular disease (CVD)
CRP levels are elevated in numerous disease
states, including:
• inflammation (acute and chronic),
• hyperlipidemia,
• hypertension,
• hyperglycemia,
• insulin resistance,
• Type 2 diabetes,
• coronary artery disease,
• peripheral vascular disease and
• tissue injury.

It is also elevated in:
• cigarette smokers,
• individuals with increased:

- body mass,
- apolipoprotein B,
- fibrinogen and
- homocysteine and

• in all surgical procedures.
CRP is a predictor of risk of future MI or vas-

cular events. Baseline levels of CRP predict risk
of stroke and peripheral atherosclerosis among
apparently healthy individuals and in patients
with restenosis or other complications following
percutaneous coronary interventions (PCI) with
or without stent implantation.

Reducing the Risk:
Measures to Lower CRP in CVD

C-reactive protein (CRP), an inflammatory protein, can be found in elevated levels in numerous
disease states, such as hypertension, hyperlipidemia and Type 2 diabetes. In this review,
Dr. Prasad describes the relationship between CRP and cardiovascular disease (CVD), including
pathogenesis and measures to lower CRP levels.

Should the entire population be
screened for hs-CRP?

Screening the entire population is not
feasible. However, it has been suggested
that high-sensitivity C-reactive protein
(hsCRP) should be measured in
individuals at possible intermediate risk
(10% to 20% risk for coronary artery
disease over 10 years). This
measurement would help direct further
evaluation and aggressive treatment.
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CRP and pathogenesis of CVD

CRP induces synthesis of tissue factor and
increases formation of plasminogen activator
inhibitor-1 (PAI-1) leading to coagulation. CRP
could initiate atherosclerosis by:
• increasing the formation of reactive oxygen

species,
• expression of adhesion molecules and
• enhancing formation of foam cells.

CRP destabilizes atherosclerotic plaques.

Measures to lower CRP levels

Numerous drugs used in the treatment of CVDs
and some nutraceuticals have the ability to lower
the plasma levels of CRP.

Lipid-lowering agents

Some lipid-lowering agents reduce CRP levels.
These include:
• Atorvastatin (10 mg to 80 mg q.d.) reduces

CRP levels by 23% to 46%
• Pravastatin (40 mg q.d.) reduces CRP levels

by 14% to 23%

• Simvastatin (5 mg to 40 mg q.d.) reduces
CRP levels by 23%

• Cerivastatin (0.4 mg to 0.8 mg q.d.) reduces
CRP levels by 11% to 23%

• Ezetimibe reduces levels of CRP
• Fenofibrate reduces CRP levels by 34% to

71%

Anti-inflammatory drugs

The cyclooxygenase-2 (COX-2) inhibitors
celecoxib and rofecoxib reduce CRP levels.
Acetylsalicylic acid (ASA) has variable effects
on CRP (e.g., 325 mg q.d. of ASA reduces CRP
by 29%). Other studies also show that ASA low-
ers serum levels of CRP. However, there are
some studies which show that ASA (81 mg or
100 mg q.d.) had no effect on the plasma levels
of CRP.

Antiplatelet agents

Antiplatelet agents, such as clopidogrel and
abciximab reduce plasma levels of CRP.

What is the guideline for use of
CRP in clinical practice?

The recommended cutpoints of hsCRP
levels for establishing a patient’s risk
for future cardiovascular events are:
• < 1 µg/ml (low),
• 1 µg/ml to 3 µg/ml (moderate) and
• > 3 µg/ml (high).

The average of two separate hsCRP
levels measured two weeks apart is
considered adequate to assess an
individual’s risk.
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Inhibitors of the renin-angiotensin
system (RAS-inhibitors)

Ramipril reduces levels of CRP by 32% in ather-
osclerotic patients and by 24% in patients with
diabetes. Captopril, quinapril and fosinopril
lower plasma levels of CRP; however, enalapril
and trandolapril are ineffective in lowering
serum levels of CRP.

Angiotensin II receptor blockers

Valsartan (80 mg q.d.) reduced plasma levels of
CRP by 39% and telmisartan (40 mg q.d.) by
38%. Irbesartan also lowers serum levels of CRP.
The CRP-lowering effects of losartan and can-
desartan are variable. Some reports show a
decrease while others show no effect of these two

angiotensin IIType 2 (AT2) blockers on CRP levels.

Antidiabetic agents

The antidiabetic agent rosiglitazone (4 mg q.d. or
8 mg q.d.) decreased serum levels of CRP by
40%. Similar effects are reported with pioglita-
zone. Insulin does not lower serum CRP levels.

ß-adrenoreceptor antagonist

Carvedilol decreased serum CRP levels by 73%
while propranol reduced levels by 12%.

Antioxidants and vitamins

A-tocopherol, in all doses, reduces serum levels of
CRP. In the dose of 700 IU q.d., it lowered CRP
levels by 49%. A high concentration of vitamin E
in lipoprotein is associated with a decrease of
81.3% in CRP levels. Γ-tocopherol enriched
preparation is more effective than α-tocopherol.
Vitamin C is not effective in lowering serum CRP.

Diet and CRP

Trans fat intake is positively associated with
CRP. A long-term vegetarian diet is associated
with lower serum levels of CRP. CRP levels are
higher after consumption of a trans-fatty acid
diet than after a carbohydrate diet. A low choles-
terol/low-saturated fat diet is associated with a
reduction in plasma levels of CRP.

Fruit and vegetable intake was associated with
lower CRP concentrations and dietary fiber
intake was inversely associated with serum CRP
concentrations. For example:
• Consumption of 500 ml q.d. of high

pressurized orange juice reduced plasma
CRP by 40% to 50%

• Consumption of eight servings q.d. of
carotenoid-rich vegetables and fruits
significantly reduced CRP levels

• Tomato juice intake has no effect on serum
levels of CRP

• Nuts lower serum CRP

Does lowering of CRP levels
improve clinical outcomes?

Prospective studies with statins and
acetylsalicylic acid show improvements
in clinical outcomes with reduction in
CRP levels irrespective of LDL-
cholesterol (c) levels. Primary
prevention trials also suggest better
clinical outcomes.
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Is clinical improvement with
statins only due to lipid
lowering?

Clinical improvement with statins may
also be due to their antioxidant activity,
lowering of CRP and asymmetric
dimethylarginine and an increase in
paraoxonase-1 besides lipid lowering.
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• Moderate consumption of alcohol lowers
CRP. Consumption of 30 g q.d. of red wine
or beer decreases CRP levels by 21%
Other diets, such as the following, can pro-

vide different associated benefits:
• The Mediterranean-style diet, with a 20%

lowering of CRP
• A low saturated fat diet reduces serum CRP

by 10%
• A low saturated fat diet with lovastatin

reduces serum CRP by 33.3%
• A diet high in plant sterols, soy protein,

viscous fibers and almonds reduces serum
CRP by 28.2%
The whole diet approach reduces CRP levels

by 28%, which is comparable to statin therapy
(33%).
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Is dietary regimen sufficient to
lower CRP?

Dietary regimen may not be sufficient to
lower CRP levels, but it can be used as
an adjunct to drug therapy.

FAQ
• CRP levels predict the risk of stroke and

peripheral vascular disease in healthy
individuals and in patients with restenosis or
other complications following percutaneous
coronary interventions with or without stents

• Elevated levels of CRP are associated with
increased risk of cardiovascular disease, as
well as atherosclerosis and its complications

• CRP could initiate atherosclerosis, oxidative
stress, clot formation and plaque
destabilization

• Oxidative stress depresses cardiac function
and contractility

• There is a correlation between CRP levels and
the rate of progression of atherosclerosis

• Patients with low CRP levels, after statin
therapy, have better clinical outcomes than
those with higher CRP levels

• Regardless of the LDL-c levels, CRP should
not be viewed only as a marker of
inflammation, but as one of the possible risk
factors for cardiovascular diseases

• Lowering the levels of CRP would reduce/
prevent its adverse effects. This would reduce
the incidence of cardiovascular disease and
improve the clinical outcomes, thus reducing
the morbidity and mortality rates

Take-home message

Ahigh concentration of
vitamin E in

lipoprotein is associated
with a decrease of 81.3%
in CRP levels.

34 Perspectives in Cardiology / February 2007


