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ABSTRACT Purpose: The effectiveness of therapy with hydroxymethylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitors, or statins, for reducing elevated C-reactive protein (CRP) levels and cardiovascular risk at
patient with type 2 diabetes. Atherosclerotic plague growth may be attenuated with therapy aimed at minimizing
inflammation. CRP is considered to be a major inflammatory cytokine that functions as a non-specific defense
mechanism in response to tissue injury or infection. Synthesized mainly in the liver, CRP activity is stimulated by
other cytokines, especially interleukin (IL)-6, IL-1b, and tumor necrosis factor-a (TNF-a). CRP binds to a variety of
molecules, particularly liposomes and lipoproteins, such as LDL and VLDL cholesterol, and is a powerful activator of
the classic complement way. Accumulating evidence suggests that CRP, which is also found within macrophages of
atherosclerotic plaques, is causally or mechanistically related to atherothrombosis. Inflammation plays an important
role in the pathogenesis of type 2 diabetes. Because increased levels of CRP have been associated with arterial-wall
inflammation, statins can prevent ischemia by both inhibiting deposition of lipids and decreasing inflammation.
Conclusions: Inflammation underlies diabetes and may predict it. The role of lowering CRP in reducing the risk for
and improving the prognosis of diabetes is undergoing assessment. The lowering of elevated CRP levels by statins
may reduce the risk of cardiovascular events independently of the effect of statins on lipid levels. The results of
ongoing clinical trials will continue to provide data on the additive value of testing levels of CRP and other
inflammatory markers for cardiovascular risk assessment and should delineate the clinical utility of such testing in
various disease states.
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Introduction

Despite advances in the detection of risk
factors, cardiovascular events continues to affect
many  patients worldwide. The National
Cholesterol ~ Education  Program  (NCEP)
developed guidelines for the treatment of high
blood cholesterol in adult patients, known as the
Adult Treatment Panel 11 (ATP 1Il) Guidelines.
The major emphasis of the ATP Ill Guidelines is

diabetes with concomitant conditions with
inflammatory components."** Evidence exists for
the prior linkage of euglycemic insulin resistance
as a proinflammatory state that may have existed
for years before the occurrence of type 2
diabetes.™™

Atherosclerosis is a complex disease not solely
dependent on the accumulation of lipids in vessel

the primary prevention of CHD in at-risk patients
by lowering levels of low-density-lipoprotein
(LDL) cholesterol.™ While it is crucial to achieve
lipid goals, it is important to realize that half of all
acute myocardial infarctions ﬁMI) occur in
patients with normal lipid levels.*® Considering
that treatment of LDL cholesterol, high-density-
lipoprotein (HDL) cholesterol, and triglycerides to
goal levels only partially reduces CHD risk, the
risk of CHD complications stemming from acute
and chronic inflammatory processes must be
quantified.

A growing database*®*® reinforces the concept
that inflammation also plays an important role in
the pathogenesis of type 2 diabetes and links

walls. Lipid deposition, along with macrophage
infiltration  and creation, promotes  an
inflammatory response marked by increased levels
of C-reactive protein (CRP).! A nonrandomized
cohort of patients with CHD showed that
hydroxymethylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitors (statins) decreased plasma
levels of CRP.P! This effect is primarily observed
in patients with elevated CRP levels. Elevated
levels of CRP have been shown to be a strong
predictor of future cardiovascular events, perhaps
even stronger than LDL cholesterol levels.™
Modest elevations of CRP can be found even
in apparently healthy people.”? A progressive rise
in CRP can reflect augmented stages of vascular
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inflammation, but the specific clinical conditions
under which this occurs are incompletely
understood.

Although LDL cholesterol remains a major risk
component for cardiovascular disease, at least
one-third of coronary events occur in individuals
with LDL levels < 130 mg/dl,12 which is
generally considered an average level in
individuals without overt coronary artery disease.
Evaluation of CRP levels under those clinical
conditions may be very helpful in risk
stratification. Reports that CRP levels are elevated
during acute cardiovascular and cerebrovascular
events suggest that CRP has value in predicting
the subsequent occurrence of such events.[®%

Most of the benefit ascribed to statins derives
from the reduction of cardiovascular mortality
because of well-documented reductions in LDL
cholesterol levels. Obtained data suggest that
statins reduce inflammation and may affect CRP
levels.®*™ Considered a modifiable risk factor,
CRP is an inflammatory marker that can indicate
the presence of active vascular inflammation and
atherosclerosis and may be decreased with statin
therapy.!) CRP levels have been shown to remain
constant over long periods of time and exhibit no
diurnal variation, suggesting that CRP may be a
reliable predictor of cardiovascular risk.”! This
statin-mediated reduction of CRP levels is
independent of the drug's lipid-lowering effects.™*")
In addition, many clinical trials have explored the
association of statin-induced reduction of CRP
levels and whether this reduction decreases CHD
endpoints, such as fatal and nonfatal MI.

The purpose of this review is to discuss clinical
trials evaluating the effectiveness of statin therapy
for reducing elevated CRP levels and associated
cardiovascular events. A literature search was
completed using MEDLINE (1999, 2007) and
EMBASE using the following search terms: C-
reactive protein, statin or HMG-CoA reductase
inhibitors, diabetes type 2, cardiovascular events.
References used in the primary literature were
reviewed to identify additional articles.

Role of statins

Because of the high numbers of mortalities due
to cardiovascular diseases, primary prevention is
of the utmost importance.

The major aim of statin therapy has been to
decrease lipid deposition in the arterial walls.
Statins prevent the intracellular production of
cholesterol in hepatocytes by blocking the rate-
limiting step in cholesterol synthesis.***) HMG-
CoA reductase inhibitors upregulate receptors in
the liver, which enhances the removal of LDL

cholesterol from the plasma. It has been
demonstrated that statins have an effect on
markers of inflammation, including CRP,
independent of their lipid-lowering effect.l*"!

Atherosclerotic plaque growth may be
attenuated with therapy aimed at minimizing
inflammation.!*Y) Because increased levels of CRP
have been associated with arterial-wall
inflammation, the reduction in CRP levels may
reduce the extent of endothelial-cell opsonization,
macrophage recruitment, and blunting of nitric
oxide release. Prevention of vasoconstriction by
attenuating the proinflammatory process and
preserving vasodilation may allow sufficient
perfusion to prevent myocardial ischemia. Further
research is needed to determine the extent to
which CRP contributes to the inflammatory
process. The use of statins may prevent ischemia
by both inhibiting deposition of lipids and
decreasing inflammation.*¥ Several trials have
been aimed at developing a correlation between
statin-induced reductions in CRP and a subsequent
decline in coronary events.*

CRP and diabetes type 2

It has been suggested that low grade
inflammation may play a role in the development
of type 2 diabetes.!? Patients with type 2 diabetes
had increased levels of hsCRP.*! High hsCRP
levels were found to be a independent predictor of
risk for the development of type 2 diabetes.”*?? In
the Women's Health Study™ and the West of
Scotland Coronary Prevention Study
(WOSCOPS),® patients with the highest levels
of hsCRP were at a much higher risk of
developing diabetes. Interleukin-6 was also found
to be a predictor of who would develop type 2
diabetes and increasing levels of hsCRP and IL-6
were associated with insulin resistance.'"
Elevated levels of hsCRP and plasminogen-
activator inhibitor (PAI) have been demonstrated
to predict the incidence of type 2 diabetes in the
IRAS. Abdominal obesity and the subsequent
secretion of pro-inflammatory cytokines and acute
phase reactants may contribute to the relationship
between chronic inflammation and type 2
diabetes. Adipocytes are 1 of many cells that
secrete IL-6 and the amount of IL-6 produced by
adipocytes is proportional to the amount of fat cell
mass. Interleukin-6 is the main stimulus for
hepatic CRP production, and adipocytes supply
approximately  33% of systemic IL-6."
Therefore, increased cytokine production by
adipocytes in obese people may be the stimulus
for increased CRP production. In support of a
connection between obsesity and chronic
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inflammation, IL-6 and hsCRP levels decreased in
obese, post-menopausal women after 6 months of
weight loss.”Y Increased glucose utilization and
insulin sensitivity were also apparent in these
women after the 6 months.

Much evidence exists that inflammatory
mechanisms play a major role in the cascade of
events that results in rupture of atherosclerotic
plaque. Upregulation of receptors for advanced
glycation end products has been associated with
enhanced inflammatory reactions. Increased
expression of these receptors has been found to be
associated with impaired glycemic control and
may be a contributory factor in the complex array
of mechanisms that leads to accelerated
atherosclerosis in patients with diabetes.””!

In a national survey study, respondents with
hemoglobin Alc (A1C) levels > 9% had a
significantly higher rate of elevated CRP than
those with A1C levels < 7%. This suggests an
association between diminished glycemic control
and systemic inflammation in people with
established diabetes.!”®)

In a nested case-control study carried out as
part of the Women’s Health Study among initially
nondiabetic participants who developed diabetes
over the course of the study, median baseline
levels of IL-6 and CRP were significantly higher
among case than among control subjects
(P<0.001), and increasing levels of both markers
were associated with a higher risk of developing
diabetes.™ In this study, increased CRP levels
predicted the new onset of diabetes even after
adjustment for obesity, coronary risk factors, and
fasting insulin levels.

Clinical Trials

Evaluation of recent clinical trials, including
WOSCOPS, PRINCE, AFCAPS/ TexCAPS,
MIRACL, CURVES, REVERSAL, and JUPITER,
demonstrated the correlation of statin therapy with
decreased levels of CRP. WOSCOPS found that
patients with CRP values of >4.59 mg/L at
baseline were at the highest risk of acute
cardiovascular events.

The PRINCE trial evaluated the
antiinflammatory effects of pravastatin and found
a mean 16.9% reduction in CRP levels after 24
weeks of therapy.!”)

AFCAPS/TexCAPS researchers found that
lovastatin provided a 14.8% reduction in the
median levels of CRP (p < 0.001).[®!

The MIRACL study showed that atorvastatin
reduced CRP levels by 83% (p < 0.001).
Researchers in the CURVES study found a
significant reduction in CRP levels with

atorvastatin
[29]

pravastatin,  simvastatin, and
compared with baseline (p < 0.025).

Results of the REVERSAL study linked
atorvastatin with a 36.4% decrease in CRP levels,
while pravastatin was associated with a 5.2%
decrease (p < 0.0001).B!

JUPITER is ongoing and will determine
whether long-term use of rosuvastatin can reduce
the rate of coronary events. In addition, JUPITER
investigators will evaluate the safety of long-term
rosuvastatin use in terms of total mortality,
mortality unrelated to cardiovascular events, and
adverse events from therapy and to determine
whether rosuvastatin reduces the frequency of
type 2 diabetes mellitus.

At the end of the study, researchers hope to
answer critical guestions regarding treatment for
patients without overt hyperlipidemia but with
elevated risk for cardiovascular events, indicated
by increased CRP levels. A strong positive finding
from JUPITER would advocate the broader use of
statins for cardiovascular and antiinflammatory
benefits independent of lipid-lowering effects, risk
reduction, even in patients who do not require the
lipid-lowering effects of statins.l*”

Discussion

Strategies that target obesity and insulin
resistance, when found to be effective, may
ameliorate both endothelial dysfunction and low-
grade inflammation and have the theoretical
potential to decelerate or prevent the occurrence of
type 2 diabetes and cardiovascular disease.”
Pharmacological and lifestyle interventions may
reduce both the risk for CHD and levels of CRP, if
elevated. Results of recent studies also suggest a
potential association between lower CRP levels
and improved clinical outcomes with statin
therapy. 1%

Approximately half of all coronary events
occur in patients without overt hyperlipidemia.®
Large proportions of first cardiovascular events
have occurred in patients whose LDL cholesterol
levels were below the current NCEP guidelines for
intervention and treatment.!*®! According to NCEP
guidelines, patients without multiple risk factors
should be treated if their LDL cholesterol
concentration is over 160 mg/dL, while patients
with multiple risk factors should receive treatment
if their LDL cholesterol concentration is more
than 130 mg/dL.™ In patients who do not qualify
for statin therapy based on these guidelines, other
methods should be used to assess their
cardiovascular risk. It is clear that the interactions
of novel biological markers, such as CRP, and
other known risk factors may contribute to the
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occurrence of cardiovascular events. Screening for
CRP levels in patients without traditional risk
factors may identify a cohort of patients who
would benefit from the antiinflammatory effects
of statins.!) Due to the high rate of cardiovascular
disorders, many patients are prescribed statins to
manage their lipid abnormalities. In addition to
their lipid-lowering effects, statins reduce plasma
levels of CRP, a soluble marker of inflammation.

The screening of patients with elevated CRP
levels may identify patients who have an increased
risk for cardiovascular events but would not
ordinarily qualify for treatment with a statin under
current guidelines. Statin treatment in patients
with elevated CRP levels but normal to mildly
elevated LDL cholesterol values is currently under
investigation. The study population in JUPITER is
unique because these patients are not otherwise
indicated for lipid-lowering therapy because their
LDL cholesterol levels are within normal limits.™
In addition, the use of CRP levels as a predictor of
cardiovascular events is not well defined for
patients who already qualify for statin treatment
because of elevated cholesterol levels. Further
investigation is warranted to clarify the utility of
routine CRP measurements and statin therapy in
these patient populations.

Conclusions

Inflammation underlies diabetes and may
predict it. The role of lowering CRP in reducing
the risk for and improving the prognosis of
diabetes is undergoing assessment.

The lowering of elevated CRP levels by statins
may reduce the risk of cardiovascular events
independently of the effect of statins on lipid
levels.

The results of ongoing clinical trials will
continue to provide data on the additive value of
testing levels of CRP and other inflammatory
markers for cardiovascular risk assessment and
should delineate the clinical utility of such testing
in various disease states.

References

1. Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults.
Executive Summary of the Third Report of the
National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel I1). JAMA. 2001; 285:2486-97.

2. Albert MA, Ridker PM. The role of C-reactive protein
in cardiovascular disease risk. Curr Cardiol Rep.
1999; 1:99-104.

3. Ridker PM, Rifai N, Clearfield M et al. Measurement
of C-reactive protein ofr the targeting of statin
therapy in the primary prevention of acute coronary
events. N Engl J Med. 2001; 344:1959-65.

4.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ross R. Atherosclerosis—an inflammatory disease.
N Engl J Med. 1999; 340:115-26.

Horne BD, Muhlestein JB, Carlquist JF et al. Statin
therapy, lipid levels, C-reactive protein, and the
survival of patients with angiographically severe
coronary artery disease. J Am Coll Cariol. 2000;
36:1774-80.

Ridker PM, Rifai N, Rose L et al. Comparison of C-
reactive protein and low-density lipoprotein
cholesterol levels in the prediction of first
cardiovascular events. N Engl J Med. 2000;
343:1148-55.

Yeh ETH, Palusinski RP: C-reactive protein: the
pawn has been promoted to queen. Curr Atheroscler
Rep 5:101-105, 2003.

Crea F, Monaco C, Lanza GA, Maggi E, Ginnetti F,
Cianflone D, Niccoli G, Cook T, Bellomo G,
Kjekshus J: Inflammatory predictors of mortality in
the Scandinavian Simvastatin Survival Study. Clin
Cardiol 25:461-466, 2002.

Ridker PM, Rifai N, Pfeffer MA, Sacks FM, Moye LA,
Goldman S, Flaker GC, Braunwald E, for the
Cholesterol and Recurrent Events (CARE)
Investigators: Inflammation, pravastatin, and the risk
of coronary events after myocardial infarction in
patients with average cholesterol levels. Circulation
98:839-844, 1998.

Ridker PM, for the JUPITER Study Group.
Rosuvastatin  in the primary prevention of
cardiovascular disease among patients with low
levels of low-density lipoprotein cholesterol and
elevated high-sensitivity C-reactive protein: rationale
and design of the JUPITER trial. Circulation. 2003;
108:2292-7.

Bickel C, Rupprecht HJ, Blankenberg S et al.
Influence of HMG-CoA reductase inhibitors on
markers of coagulation, systemic inflammation and
soluble cell adhesion. Int J Cardiol. 2002; 82:25-21.
Festa A, D'Agostino R Jr, Howard G, Mykkéanan L,
Tracy RP, Haffner SM: Chronic subclinical
inflammation as part of the insulin resistance
syndrome: the Insulin Resistance Atherosclerosis
Study (IRAS). Circulation 102:42—-47, 2000.

Ford ES: The metabolic syndrome and C-reactive
protein, fibrinogen, and leukocyte count: findings
from the Third National Health and Nutrition
Examination Survey. Atherosclerosis 168:351-358,
2003.

Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker
PM: C-reactive protein, interleukin 6, and risk of
developing type 2 diabetes mellitus. JAMA 286:327-
334, 2001.

Festa A, Haffner SM: Inflammation and
cardiovascular disease in patients with diabetes:
lessons from the Diabetes Control and
Complications Trial. Circulation 111:2414-2415,
2005.

Kinlay S, Selwyn AP. Effects of statins on
inflammation in patients with acute and chronic
coronary syndromes. Am J Cardiol. 2003;
91(suppl):9B-13B.

Beattie MS, Shlipak MG, Liu H et al. C-reactive
protein and ischemia in users and nonusers of -
blockers and statins: data from the Heart and Soul
study. Circulation. 2003; 107:245-50.

Crook MA, Tutt P, Simpson H, et al. Serum sialic
acid and acute phase proteins in type 1 and type 2
diabetes mellitus. Clin Chim Acta. 1993;219:131-
138.

90



Current Health Sciences Journal

Vol. 35, No. 2, 2009

19.

20.

21.

22.

23.

24.

25.

Rodriguez-Moran M, Guerrero-Romero F. Increased
levels of C-reactive protein in noncontrolled type Il
diabetic subjects. J Diabetes Complications.
1999;13:211-215.

Thorand B, Lowell H, Schneider A, et al. C-reactive
protein as a predictor for incident diabetes mellitus
among middle-aged men: Results from the MONICA
Ausburg cohort study. Arch Intern Med.
2003;163:93-99.

Nakanishi S, Yamane K, Kamel N, et al. Elevated C-
reactive protein is a risk factor for the development o
type 2 diabetes in Japanese Americans. Diabetes
Care. 2003;26:2754-2757.

Duncan BB, Schmidt MI, Pankow JS, et al. Low-
grade systemic inflammation and the development
of type 2 diabetes: The Atherosclerosis Risk in
Communities Study. Diabetes Care. 2003;52:1799-
1805.

Freeman DJ, NorrieJ, Caslake MJ, et al. C-reactive
protein is an independent predictor of risk for the
development of diabetes in the West of Scotland

Coronary Prevention Study. Diabetes.
2002;51:1596-1600.
Ryan, AS, Nicklas BJ. Reductions in plasma

cytokine levels with weight loss improve insulin
sensitivity in overweight and obese postmenopausal
women. Diabetes Care. 2004; 27:1699.

Cipollone F, lezzi A, Fazia M, Zucchelli M, Pini B,
Cuccurullo C, De Cesare D, De Blasis G, Muraro R,
Bei R, Chiarelli F, Schmidt AM, Cuccurullo F,
Mezzetti A: The receptor RAGE as a progression
factor amplifying arachidonate-dependent
inflammatory and proteolytic response in human
atherosclerotic plaques: role of glycemic control.
Circulation 108:1070-1077, 2003.

26.

27.

28.

20.

30.

31.

32.

King DE, Mainous AG Ill, Buchanan TA,Pearson
WS: C-reactive protein and glycemic control in
adults with diabetes. Diabetes Care 26:1535-1539,
2003.

Albert MA, Danielson E, Rifai N et al. Effect of statin
therapy on C-reactive protein levels: the Prevastatin
Inflammation/CRP  Evaluation  (PRINCE): a
randomized trial and cohort study. JAMA. 2001;286:
64-70.

Downs JR, Clearfield M, Weis S et al. Primary
prevention of acute coronary events with lovastatin
in men and women with average cholesterol levels:
results of AFCAPS/TexCAPS. JAMA. 1998;
279:1615-22.

Schwartz GG, Olsson AG, Ezekowitz MD et al.
Effects of atorvastatin on early recurrent ischemic
events in acute coronary syndromes: the MIRACL
study: a randomized controlled trial. JAMA. 2001,
285:1711-8.

Caballero AE: Endothelial dysfunction in obesity and
insulin resistance: a road to diabetes and heart
disease. Obes Res 11:1278-1289, 2003.

Nissen SE, Tuzcu EM, Schoenhagen P, Crowe T,
Sasiela WJ, Tsai J, Orazem J, Magorien RD,
O’Shaughnessy C, Ganz P, for the Reversal of
Atherosclerosis with Aggressive Lipid Lowering
(REVERSAL) Investigators: Statin therapy, LDL
cholesterol, C-reactive protein, and coronary artery
disease. N Engl J Med 352:29-38, 2005

Ridker PM, Cannon CP, Morrow D, Rifai N, Rose
LM, McCabe CH, Pfeffer MA, Braunwald D, for the
Pravastatin or Atorvastatin Evaluation and Infection
Therapy—Thrombolysis in Myocardial Infarction 22
(PROVE IT-TIMI 22) Investigators: C-reactive
protein levels and outcomes after statin therapy. N
Engl J Med 352:20-28, 2005.

Corresponding Adress: Asist. univ. drd. Floriana Ionicd, Dept of Toxicology Faculty of Farmacy, University
of Medicine and Pharmacy. Craiova, E-mail: floriana_umf@yahoo.com

91



	Review
	Statins Therapy, C-Reactive Protein (CRP) Levels and Type 2 Diabetes
	Introduction
	Role of statins
	CRP and diabetes type 2
	Clinical Trials
	Discussion
	Conclusions
	References



