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Effects of Antidiabetic and Antihyperlipidemic Agents
on C-Reactive Protein

PARESH DANDONA, MBBS, DPHIL, FRCP

A1c = glycated hemoglobin; CRP = C-reactive protein; DM = diabetes
mellitus; HDL-C = high-density lipoprotein cholesterol; hsCRP = high-
sensitivity CRP; ICAM-1 = intercellular adhesion molecule 1; IL =
interleukin; LDL-C = low-density lipoprotein cholesterol; MCP-1 = mono-
cyte chemoattractant protein 1; MI = myocardial infarction; MIF =
macrophage migration inhibitory factor; NF-κκκκκB = nuclear factor κκκκκB; PAI-
1 = plasminogen activator inhibitor 1; PPAR = peroxisome proliferator–
activated receptor; Rac-1 = Ras-related C3 botulinum toxin substrate 1;
SAA = serum amyloid A; TNF-ααααα = tumor necrosis factor ααααα

Type 2 diabetes mellitus (DM) is a progressive and
complex metabolic disorder characterized by chronic

hyperglycemia and by disturbances in carbohydrate, lipid,
and protein metabolism due to insulin resistance. Insulin
resistance is caused by impaired insulin secretion and/or
insulin action. It is a proinflammatory, hypercoagulable state
that predisposes patients to develop cardiovascular disease, a
major cause of morbidity and mortality. It is also associated
with risk factors for atherosclerosis, including altered hemo-
stasis, dyslipidemia, hypertension, and inflammation.1

Atherosclerosis is an inflammatory disease of the arter-
ies. C-reactive protein (CRP), an acute-phase response pro-
tein synthesized in the liver in response to interleukin (IL)
1, IL-6, and tumor necrosis factor α (TNF-α), is known to
be present in atheromatous plaques and can be a clinical
marker of atherosclerosis.2 An elevated CRP concentration
is a predictor of cardiovascular events, including myocar-
dial infarction (MI), stroke, peripheral arterial disease, car-
diac dysrhythmias, and sudden cardiac death (Table 1). In
fact, CRP concentration is a stronger predictor of cardio-
vascular disease than is low-density lipoprotein cholesterol
(LDL-C),3 even among healthy people with low LDL-C
levels.4 Evidence suggests that CRP contributes primarily
to the progression rather than to the initiation of atheroscle-
rosis; the mechanism of this effect likely occurs through
up-regulation of angiotensin II type 1 receptors, the major
receptor for the proinflammatory molecule angiotensin II.5

However, CRP has been shown to inhibit nitric oxide pro-
duction, balancing the effect of angiotensin II in addition to
promoting angiogenesis; these findings suggest that CRP
has a role in the initiation of atherosclerosis.6

Patients with type 2 DM tend to have higher CRP concen-
trations than those without it, suggesting that inflammation
could contribute to the accelerated atherosclerosis seen in
patients with type 2 DM.5 In fact, CRP was significantly
associated with an increased risk of MI, coronary artery
bypass grafting/angioplasty, and stroke in men with type 2
DM (P=.01).7 Furthermore, a 5-year study of patients with
type 2 DM found that CRP was a stronger predictor of death
(relative risk [RR], 3.3) and cardiovascular death (RR, 5.4)
than were other cardiovascular risk factors.8 In addition,
CRP was independently associated with nonfatal cardiovas-
cular events in patients with type 2 DM,9 and a long-term
study revealed that patients with type 2 DM and CRP con-
centrations of more than 0.3 mg/dL (to convert to nano-

Type 2 diabetes mellitus (DM) increases the risk of cardiovascular
disease, a major cause of morbidity and mortality. Central to type
2 DM is insulin resistance, a proinflammatory, hypercoagulable
state that predisposes patients to develop cardiovascular disease
and that is associated with risk factors for atherosclerosis includ-
ing dyslipidemia, hypertension, inflammation, and altered hemo-
stasis. Atherosclerosis is recognized as a chronic inflammatory
disease of the arteries. C-reactive protein (CRP) is an acute-phase
response protein that is considered both a marker of inflammation
and a predictor of cardiovascular events including myocardial
infarction, stroke, peripheral arterial disease, and sudden cardiac
death. Evidence indicates that CRP has a direct proatherogenic
effect through up-regulation of angiotensin II type 1 receptors and
through the stimulation of other proinflammatory factors. Patients
with type 2 DM tend to have higher CRP concentrations than do
those without it, suggesting an increased role of inflammation in
the accelerated atherosclerosis seen in these patients. Reducing
CRP concentrations through lifestyle changes or pharmacothera-
peutics could have clinical benefit; long-term studies are needed
to determine whether reductions in CRP concentrations translate
into improved cardiovascular outcomes. Because glucose and
lipid levels as well as CRP concentrations are often elevated in
patients with type 2 DM, an agent that positively affects multiple
cardiovascular risk factors would be most beneficial. This article
reviews available data on antidiabetic and antihyperlipidemic
agents that reduce CRP concentrations in addition to their pri-
mary effect of lowering glucose or lipid levels.
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moles per liter, multiply by 0.845) had a greater risk of
coronary artery disease (RR, 1.72) than did those with CRP
concentrations of 0.3 mg/dL or less, and that this increased
risk was independent of other cardiovascular risk factors.10

Healthy people have an average CRP concentration of
approximately 0.25 mg/dL, but the concentration can in-
crease to more than 50 mg/dL during acute infection. Be-
fore the development of the high-sensitivity CRP (hsCRP)
test, only gross elevations in CRP concentration (approxi-
mately 1-100 mg/dL) could be detected. The current hsCRP
test can detect normal or slightly elevated CRP concentra-
tions (0.05-1.00 mg/dL). Consequently, hsCRP measure-
ments to evaluate low-level systemic inflammation are rec-
ommended as a clinical tool to  help predict cardiovascular
or cerebrovascular disease.11

Reducing CRP concentrations through weight loss, im-
proved nutrition, increased exercise, and smoking cessa-
tion is clinically beneficial and associated with positive
cardiovascular outcomes.3 In addition to lifestyle changes,
data have shown that certain drugs, including antidiabetic
and antihyperlipidemic agents, can reduce CRP concentra-
tions; however, studies are needed to determine whether
reductions in CRP concentrations resulting from pharma-
cologic interventions translate into improved cardiovascu-
lar outcomes. This article reviews data on the effect of
antidiabetic and antihyperlipidemic agents on CRP concen-
trations in addition to their primary indication for either
glucose control or lipid lowering.

ROLE OF C-REACTIVE PROTEIN
IN THE PATHOGENESIS OF INFLAMMATION

Plasma CRP concentration is known to be a key index of
systemic inflammation; however, its importance as a
marker of future cardiovascular risk is still under debate. A
study by Ridker et al4 showed that patients in the highest
quintile of CRP concentration (>0.419 mg/dL) have a 2.3
times greater risk of cardiovascular events than those in the
lowest quintile (≤0.049 mg/dL) and that this risk is greater
than that predicted by plasma LDL-C concentrations in the
highest quintile. Furthermore, the magnitude of the de-
crease in CRP concentration has been shown to be a better
predictor of the response to statin therapy than the magni-

tude of the decrease in LDL-C levels.12 In contrast, Danesh
et al13 have shown that patients in the highest tertile have an
increased risk (by a factor of 1.36) of cardiovascular events.

A better understanding of the role of CRP, if any, in the
pathogenesis of inflammation would allow its potential as a
marker of cardiovascular disease to be assessed. Several stud-
ies have shown that CRP exerts a proinflammatory effect on
endothelial cells in vitro. It increases the expression of mono-
cyte chemoattractant protein 1 (MCP-1), intercellular adhe-
sion molecule 1 (ICAM-1), and plasminogen activator inhibi-
tor 1 (PAI-1) in these cells. These effects are mediated by the
Fcγ receptors I and II, which have been suggested recently as
the putative receptors for CRP.14 In animals with experimental
MI, CRP increases the size of the infarct and is expressed de
novo in the infarcted zone.15 The injection of derivatives of
phosphocholine, which bind to CRP in rats with experimen-
tal MI, reduces the size of the infarct.16 A similar approach is
currently being developed for treating experimental is-
chemic stroke.

Some have questioned the in vitro data showing the
proinflammatory effect of CRP, raising the possibility of
contamination with endotoxin.17 Others have countered that
objection, finding no evidence of such contamination.18 The
injection of CRP into healthy humans has been shown to
induce systemic inflammation with an increase in the bio-
chemical indices of inflammation. These findings suggest
that CRP is not only a marker of inflammation but also a
mediator of inflammation.

ANTIDIABETIC AGENTS AND CRP

An increasing body of evidence shows that treatment with
antidiabetic agents substantially reduces CRP concentra-
tions. Although insulin appears to be the most potent agent,
oral antidiabetic agents, such as biguanides (metformin),
thiazolidinediones, and sulfonylureas, have also been shown
to reduce CRP concentrations. However, the mechanism of
this effect remains unclear. Clinical trial data suggest that
CRP concentrations may be influenced only moderately by
glycemic control. After 6 months of intensive antidiabetic
treatment, more than 50% of patients with type 2 DM main-
tained CRP concentrations of greater than 0.3 mg/dL (con-
centrations consistent with high risk), despite achieving
glycemic control.19 Furthermore, agents that produce com-
parable levels of glycemic control have differential effects
on CRP concentrations, suggesting that no direct association
exists between glycemic control and CRP concentrations.

INSULIN

Insulin has been shown to have anti-inflammatory and
profibrinolytic effects after acute ST-segment elevation

 TABLE 1. C-Reactive Protein Concentrations
and Relative Cardiovascular Riska,b

Low risk: <0.1 mg/dL
Average risk: 0.1-0.3 mg/dL
High risk: >0.3 mg/dL

a Cutoff values for the various risk levels are those of the American Heart
Association.2

b SI conversion factor: To convert C-reactive protein concentrations to
nanomoles per liter, multiply by 0.845.
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MI. For example, increases in CRP concentrations were
significantly (P<.05) attenuated in the group receiving dex-
trose, insulin, and potassium infusions vs the control group
who received infusion with saline and potassium. At 24
hours, the absolute mean ± SD increase in CRP concentra-
tions was 0.33±0.08 mg/dL in the control group vs
0.19±0.05 mg/dL in the group receiving insulin. At 48
hours, the corresponding increase in CRP concentrations
was 0.55±0.09 mg/dL vs 0.31±0.06 mg/dL.20 It is important
to note that only 2 patients in each group had type 2 DM
and that no significant difference in plasma glucose level
was observed between the control and insulin groups at
either baseline (146 mg/dL vs 132 mg/dL [to convert to
millimoles per liter, multiply by 0.0555]) or 48 hours (131
mg/dL vs 124 mg/dL). Similarly, patients without type 2
DM undergoing coronary artery bypass grafting had el-
evated CRP and serum amyloid A (SAA) concentrations;
treatment with insulin, glucose, and potassium resulted in
a significant reduction in concentrations of CRP (by 40%
compared with control; P<.04) and SAA (by 40% compared
with control; P=.03) despite the fact that CRP concentrations
during coronary artery bypass grafting are 30 times greater
than during acute MI.21 More recently, a study confirmed
that insulin infusion reduces CRP concentrations by 40% in
patients undergoing coronary artery bypass grafting; main-
taining comparable levels of normoglycemia by intrave-
nous insulin bolus did not reduce CRP concentrations.22

These findings suggest that intravenous insulin infusion
could be necessary to increase plasma insulin concentra-
tions sufficiently to obtain the anti-inflammatory effect.

Similarly, in patients with type 2 DM or elevated blood
glucose concentrations, the maintenance of tight glycemic
control, via infusion with insulin-dextrose within 24 hours
after acute MI, also attenuated the increase in CRP concen-
tration on day 2 of the infusion.23 In this study, both the
direct effect of insulin and the reduction in blood glucose
concentrations helped suppress the inflammatory response.
Similarly, patients with poorly controlled type 2 DM showed
a significant reduction in  CRP concentrations after 2 weeks
of insulin treatment (P=.01); this decrease was particularly
pronounced in patients whose weight was unchanged or
increased after initiation of therapy.24

Because CRP concentrations have been shown to be
related to the magnitude of myocardial damage in patients
with acute MI,15,25,26 insulin-induced reductions in CRP
concentrations could have clinical applications. A low-
dose infusion of insulin reduced CRP concentrations and
was cardioprotective. The cardioprotective effect was simi-
lar to that observed in rats and dogs with experimental MI
given insulin at the time of reperfusion; the reduction in the
infarct was associated with a reduction in apoptosis.27,28

Furthermore, in a rat model of MI, injection of human CRP

caused the infarct to enlarge by 40%,15 whereas administra-
tion of small molecules that bind CRP reduced the infarct.16

This CRP-based approach to infarct reduction offers prom-
ise as a clinical therapy.

In vitro studies have shown that insulin, at physiologic
levels, inhibits the expression of ICAM-1, MCP-1, and
nuclear factor κB (NF-κB), a proinflammatory transcrip-
tion factor.29,30 The rapid and impressive reduction in CRP
(and SAA) concentrations after insulin infusion is similar
to that observed in patients undergoing surgery who were
given 8 mg of dexamethasone.31

METFORMIN

The insulin sensitizer metformin decreases fasting plasma
glucose and glycated hemoglobin (A

1c
) levels in patients

with type 2 DM. Tight glycemic control with metformin
has also been shown to reduce the risk of cardiovascular
complications,32 possibly by reducing inflammation, mea-
sured clinically by a reduction in CRP concentration.19,33,34

A small study of 12 patients with poorly controlled type 2
DM reported a significant reduction in CRP concentrations
(by 33%; P<.01) when metformin was added to sulfonylurea
therapy for 4 months; no appreciable effects on blood pres-
sure or levels of LDL-C, high-density lipoprotein cholesterol
(HDL-C), triglycerides, or PAI-1 were observed.33 In over-
weight patients with type 2 DM, metformin reduced the
concentration of CRP but not that  of another inflammatory
marker, complement factor C3,34 suggesting that metformin
regulates CRP specifically. Metformin could interact with
factors that affect CRP synthesis or secretion, which are
unrelated to interactions that improve insulin sensitivity and
reduce chronic inflammation.34

A study was performed to assess whether the beneficial
cardiovascular effects of metformin observed in patients
with type 2 DM result from a reduction in inflammation. In
contrast to results reported in patients with type 2 DM,
metformin had no effect on CRP and TNF-α concentrations
in patients with impaired glucose tolerance,35 suggesting that
metformin likely reduces levels of inflammatory markers by
reducing hyperglycemia, improving insulin sensitivity, and/
or promoting weight loss in patients with type 2 DM.

Metformin could also exert its anti-inflammatory effect
via macrophage migration inhibitory factor (MIF), a pro-
inflammatory cytokine involved in innate and adaptive
immunity. After 6 weeks of metformin treatment, patients
who were obese showed a significant reduction in MIF
concentration (from 230 ng/dL to 160 ng/dL [to convert to
nanomoles per liter, multiply by 0.00081]; P<.05), which
was independent of changes in body weight or levels of
glucose, insulin, and free fatty acids.36 By reducing MIF
concentrations, metformin could have an antiatherogenic
effect.36
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PEROXISOME PROLIFERATOR–ACTIVATED RECEPTOR γγγγγ AGONISTS

Members of the nuclear receptor family of peroxisome
proliferator–activated receptors (PPARs) can be classified
into 3 isoforms: PPAR-α, PPAR-γ, and PPAR-δ. These
molecules are ligand-activated transcription factors that
regulate genes involved in both lipid and glucose metabo-
lism and are therefore implicated in metabolic disorders,
such as dyslipidemia and type 2 DM, that predispose pa-
tients to develop atherosclerosis. Thiazolidinediones are
PPAR-γ agonists used in patients with type 2 DM to en-
hance insulin sensitivity and decrease insulin resistance. Per-
oxisome proliferator–activated receptor γ agonists also have
an anti-inflammatory effect, initially thought to be mediated
only through PPAR-α. However, the PPAR-γ agonist
troglitazone was shown to reduce CRP concentrations in
patients who were obese, both those with (P<.01)37 and
without (P<.05)38 type 2 DM. Although troglitazone was
removed from the market, the current thiazolidinediones
have also been shown to attenuate CRP concentrations and
produce antiatherogenic effects.39

Multiple studies have shown that thiazolidinediones re-
duce CRP concentrations in people with and without type 2
DM, including those with additional cardiovascular risk

factors such as obesity or hypertension (Table 2).40-49 Sig-
nificant reductions in CRP concentrations have been con-
sistently observed after 6 to 26 weeks of treatment with
rosiglitazone, compared with baseline,40-44 placebo,40,41 or
no treatment. In many cases,43,44 these reductions in CRP
concentrations occurred in patients receiving established
treatments (including metformin42 or a statin40 therapy) that
could have already reduced the CRP concentrations, sug-
gesting an additive effect. Although a correlation was ob-
served between the change in CRP concentrations and
insulin resistance (measured by homeostasis model assess-
ment) after rosiglitazone treatment in 2 studies,41,44 no cor-
relation was found in an independent study,42 suggesting
that these events could be independent.

Like rosiglitazone, pioglitazone can produce marked re-
ductions in CRP concentrations. In a 3-month study in pa-
tients with type 2 DM, CRP concentrations were signifi-
cantly lower after treatment with pioglitazone than at
baseline or in controls (Table 2).45 In addition, fasting plasma
glucose, A

1c
, and LDL-C levels decreased (P<.05 for all) and

adiponectin concentration increased (P<.01).45 When
glimepiride and pioglitazone treatment were compared in
patients with type 2 DM, both treatments significantly re-

TABLE 2. Effect of Thiazolidinediones on CRP Concentrationsa,b

No. of Description Duration
Study patients of population Drug (wk) CRP concentrations

Brunzell et al,40 29 Type 2 DM receiving Rosiglitazone, 4 mg/d 12 ↓ 39.0% from baseline
2004 29 a statin Rosiglitazone, 8 mg/d ↓ 35.0% from baseline

14 Placebo ↓ 17.0% from baseline

Haffner et al,41 126 Obese, type 2 DM Rosiglitazone, 4 mg/d 26 Placebo-adjusted ↓ of 26.8% (P<.05)
2002 136 Rosiglitazone, 8 mg/d Placebo-adjusted ↓ of 21.8% (P<.05)

95 Placebo ↓ approximately 14.0% from baseline (P<.05)

Medlej et al,42 16 Type 2 DM receiving Rosiglitazone, 4 or 8 mg/d 24 ↓ from baseline
2005 metformin

Mohanty et al,43 16 Obese, type 2 DM Rosiglitazone, 4 mg/d, or   6 ↓ with rosiglitazone (P<.05 vs baseline and
2004 no treatment  no treatment) in both groups

19 Obese, nondiabetic Rosiglitazone, 4 or 8 mg/d

Sarafidis et al,44 40 Type 2 DM and Rosiglitazone, 4 mg/d, or 26 ↓ 24.0% with rosiglitazone (P<.05 vs baseline)
2005 hypertension receiving no treatment ↑ 20.0% with no treatment (P<.05 vs baseline)

antidiabetic therapy

Satoh et al,45 136 Type 2 DM Pioglitazone, 30 mg/d, or 12 ↓ from baseline with pioglitazone and no
2003 no treatment treatment;  P<.01 vs baseline and no treatment)

Pfutzner et al,46 192 Type 2 DM Pioglitazone, 45 mg/d, or 24 ↓ 28.4% from baseline with pioglitazone
2005 glimepiride, 1-6 mg/d ( P<.001 vs baseline; P<.05 vs glimepiride)

Derosa et al,47 96 Type 2 DM and Rosiglitazone, 4 mg/d 52 ↓ from baseline (from 0.68 to 0.41 mg/dL;
2007 metabolic syndrome P<.05 vs baseline)

receiving metformin Pioglitazone, 15 mg/d ↓ from baseline (from 0.66 to 0.38 mg/dL;
P<.05 vs baseline)

Mattoo et al,48 289 Type 2 DM receiving Pioglitazone, 30 mg/d, or 24 Placebo-adjusted ↓ of 0.147 mg/dL (P<.05)
2005 insulin  placebo

Takase et al, 49 39 Type 2 DM and Pioglitazone, 15 mg/d 24 ↓ 57.0% from baseline (P<.05)
2007 hypertension

a CRP = C-reactive protein; DM = diabetes mellitus.
b SI conversion factors: To convert CRP values to nanomoles per liter, multiply by 0.845.
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duced A
1c

; however, only pioglitazone significantly reduced
CRP concentrations relative to baseline.46 Results from the
Prospective Pioglitazone Clinical Trial in Macrovascular
Events (PROactive), a study of 5238 patients with type 2
DM, found that pioglitazone was effective for the prevention
of cardiovascular events in high-risk patients (hazard ratio,
0.84; P=.03).50 However, it has yet to be determined whether
the beneficial cardiovascular effect of pioglitazone corre-
lates with reduced CRP concentrations.

Thiazolidinediones were recently reported to potentially
increase the risk of cardiovascular events. Although 3 inde-
pendent analyses found that rosiglitazone significantly in-
creased the risk of MI and death,51-53 pioglitazone was
reported to reduce significantly the risk of MI, stroke, and
death relative to control.54

Adipose tissue macrophages contribute substantially
to the expression of proinflammatory molecules, such as
IL-6,55 which induce expression of CRP. By suppressing
production of IL-6,56-59 thiazolidinediones could reduce
expression of CRP. In addition, the anti-inflammatory
effect of thiazolidinediones could extend beyond suppres-
sion of CRP production to inhibition of CRP action. In
vitro, rosiglitazone inhibits the effects of CRP on endo-
thelial progenitor cell proliferation and promotes cell
survival and function,60 potentially preserving vascular
endothelial function. Rosiglitazone exerts an early and
potent anti-inflammatory effect; within 3 days, NF-κB
binding by mononuclear cells and plasma concentrations
of MCP-1, ICAM-1, PAI-1, and SAA were suppressed.43

Furthermore, even when levels of plasma glucose, free fatty
acids, or insulin were not reduced, rosiglitazone increased
adiponectin levels and decreased resistin, CRP, and SAA
levels.61 Given that significant dose-related weight gain oc-
curred with rosiglitazone, the alterations in adiponectin and
resistin levels and in CRP and SAA concentrations are likely
related to its anti-inflammatory effect.61

SULFONYLUREAS

Studies have shown that sulfonylureas, which are insulin
secretagogues, only modestly affect CRP concentrations in
patients with type 2 DM.46,62,63 Glimepiride produced only a
marginal (4%) reduction in CRP concentrations after 6
months (0.326 mg/dL to 0.313 mg/dL).46 Greater reduc-
tions in CRP concentrations have been observed with
metformin and insulin than with sulfonylureas. Mean CRP
concentrations were significantly lower with metformin
than with glyburide treatment (0.56 mg/dL vs 0.83 mg/dL;
P=.001) in patients with well-controlled type 2 DM and
metabolic syndrome.62 Similarly, both insulin and gly-
buride reduced CRP concentrations from baseline in pa-
tients with type 2 DM; however, the reduction was signifi-
cantly greater with insulin (54% vs 40%; P<.05).63

ANTIHYPERLIPIDEMIC AGENTS AND CRP

Patients with type 2 DM tend to have a characteristic dys-
lipidemia (ie, increased concentrations of LDL-C and de-
creased concentrations of HDL-C), likely responsible for
their being 2 to 4 times more inclined to develop cardiovas-
cular disease than those without type 2 DM.64 In fact, pa-
tients with type 2 DM are twice as likely as those without
type 2 DM to have elevated triglyceride levels and de-
creased HDL-C concentrations.65 Even when effective gly-
cemic control is achieved with antidiabetic treatment,
dyslipidemia persists in many patients with type 2 DM. As
a result, the American Diabetes Association recommends
that patients with type 2 DM achieve an LDL-C target of
less than 100 mg/dL (to convert to millimoles per liter,
multiply by 0.0259) to reduce long-term cardiovascular
risk. Recommended lipid-lowering agents for patients with
type 2 DM include 3-hydroxy-3-methylglutaryl-coenzyme
A reductase inhibitors (statins), nicotinic acid (niacin),
fibrates, and bile acid sequestrants.66 Like the glucose-
lowering therapies, many lipid-lowering agents affect CRP
concentrations in addition to improving lipid profile.

STATINS

Although they do not affect glucose levels, statins have a
pivotal role in the management of type 2 DM and the
metabolic syndrome. The predominant effect of statin
treatment is the reduction of LDL-C and total cholesterol
levels; these agents also reduce triglyceride levels and in-
crease HDL-C levels. A retrospective analysis of well-
controlled trials in patients with coronary artery disease
showed that coronary artery disease risk was associated
with elevated CRP concentrations and that statin therapy
attenuated both the CRP elevation and the cardiovascular
risk.67 Prompted by these findings, a number of prospective
studies investigated the effects of statins on CRP concen-
trations (Table 3).12,68-75 These studies showed a consistent
reduction in CRP concentrations with statins, both in a
primary and a secondary prevention setting. In the Choles-
terol And Recurrent Events (CARE) study,67,72 the Air
Force/Texas Coronary Atherosclerosis Prevention Study
(AFCAPS/TexCAPS),12 and the Pravastatin or Ator-
vastatin Evaluation and Infection Therapy (PROVE-IT)
study,71 statin treatment lowered CRP concentrations inde-
pendently of its lipid-lowering effects and reduced the risk
of cardiovascular events by approximately 30%, support-
ing CRP as an independent predictor of cardiovascular
events. More intensive statin therapy resulted in greater
reductions in CRP concentrations70,71,73-75; however, in the
PROVE-IT study, even the most intensive regimen of ator-
vastatin (80 mg/d) resulted in only 43.9% of patients achiev-
ing both a CRP concentration of less than 0.2 mg/dL and an
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TABLE 3. Effect of Statins on CRP Concentrationsa

No. of
Study patients Description of population Drug Duration CRP concentration

AFCAPS/ 2885 Average levels of total cholesterol Lovastatin, 20 mg/d 5 y ↓ 14.8% from baseline after 1 y of treatment
TexCAPS12 and LDL-C; low levels of ( P<.001 vs placebo)

2834 HDL-C Placebo No change

PRINCE68   865 No history of CVD Pravastatin, 40 mg/d 24 wk ↓ 14.2% from baseline (P<.001 vs baseline
and placebo)

  837 Placebo No change
1182 History of MI, stroke, or arterial Pravastatin, 40 mg/d ↓ 14.3% from baseline (P=.003 vs baseline)

revascularization

Jialal et al69     22 LDL-C, ≥130 mg/dLb; Atorvastatin, 10 mg/d 6 wk ↓ 28.3% from baseline (P<.025 vs baseline)
    22 triglycerides, 200-600 mg/dLb Simvastatin, 20 mg/d ↓ 22.8% from baseline (P<.025 vs baseline)
    22 Pravastatin, 40 mg/d ↓ 20.3% from baseline (P<.025 vs baseline)

REVERSAL70   253 Angiographically proven Atorvastatin, 80 mg/d 18 mo ↓ 36.4% from baseline (P<.001 vs pravastatin)
  249 coronary artery disease Pravastatin, 40 mg/d ↓ 5.2% from baseline

PROVE-IT71 1872 Acute coronary syndrome Atorvastatin, 80 mg/d Mean, ↓ 89% from baseline (P<.001 vs pravastatin)
1873 Pravastatin, 40 mg/d 24 mo ↓ 82% from baseline

CARE72   258 History of MI; average cholesterol Pravastatin, 40 mg/d 5 y ↓ 17.4% from baseline (P=.004 vs baseline
levels and P=.007 vs placebo)

  214 Placebo ↑ 4.2% from baseline (P=.20)

ARBITER73     82 Hypercholesterolemia; Atorvastatin, 40 mg/d 12 mo ↓ 51.2% from baseline (P<.005 vs pravastatin)
    79 46% with known CVD Pravastatin, 80 mg/d ↓ 10.0% from baseline

DALI74     67 Type 2 DM and dyslipidemia Atorvastatin, 10 mg/d 30 wk ↓ 11.9% from baseline (P=.005 vs placebo)
    64 Atorvastatin, 80 mg/d ↓ 49.5% from baseline (P<.001 vs placebo

and atorvastatin 10 mg)
    55 Placebo ↑ 7.9% from baseline

ASAP75   135 Familial hypercholesterolemia Atorvastatin, 80 mg/d 2 y ↓ 40.1% from baseline (P<.001 vs baseline;
P=.02 vs pravastatin)

  133 Simvastatin, 40 mg/d ↓ 19.7% from baseline (P=.002 vs baseline)

a AFCAPS/TexCAPS = Air Force/Texas Coronary Atherosclerosis Prevention Study; ARBITER = Arterial Biology for the Investigation of the Treatment
Effects of Reducing Cholesterol; ASAP = Atorvastatin and Simvastatin on Atherosclerosis Progression; CARE = Cholesterol and Rec urrent Events;
CRP = C-reactive protein; CVD = cardiovascular disease; DALI = Diabetes Atorvastatin Lipid Intervention; DM = diabetes mellitus ; HDL-C = high-
density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; MI = myocardial infarction; PRINCE = PRavastatin INflammation/CRP
Evaluation; PROVE-IT = Pravastatin or Atorvastatin Evaluation and Infection Therapy; REVERSAL = Reversing Atherosclerosis With Aggressive Lipid
Lowering.

b SI conversion factor: To convert LDL-C values to millimoles per liter, multiply by 0.0259; to convert triglyceride values to millimoles per liter, multiply
by 0.0113.

LDL-C level of less than 130 mg/dL; achieving both goals
reduced the risk of a recurrent cardiovascular event by
35%.71 Reduction in CRP concentrations was significantly
greater with 80 mg than with 10 mg of atorvastatin after 30
weeks.74 Clearly, statin therapy offers a benefit to patients
with type 2 DM.

A prospective study showed that the ability of statins to
lower CRP concentrations is a class effect; dosages of 40 mg
of pravastatin, 20 mg of simvastatin, or 10 mg of atorvastatin
similarly reduced total cholesterol, LDL-C, and triglyceride
levels as well as CRP concentrations in patients with hyper-
lipidemia.69 However, the CRP effect with statins appears to
be independent of its lipid effects; a significant correlation
between change in CRP concentrations and LDL-C levels
was observed in only 1 study,75 with no correlation seen in 5
others.12,68,69,72,74 Currently, a prospective randomized trial
(Justification for the Use of Statins in Primary Prevention
[JUPITER]) is investigating rosuvastatin for prevention of

cardiovascular disease in patients with normal LDL-C levels
and elevated CRP concentrations without heart disease or
type 2 DM.76

The production of CRP in the liver is thought to be initiated
via IL-6–induced geranylgeranylation of Ras-related C3 botu-
linum toxin substrate 1 (Rac-1). Activated Rac-1 subsequently
phosphorylates signal transducer and activator of transcrip-
tion 3 (STAT3), a transcription factor, thereby inducing
expression of CRP. Statins inhibit the L-mevalonate path-
way, which is responsible for protein geranylgeranylation.
As a result, Rac-1 is prevented from phosphorylating STAT3.77

The CRP-lowering effect of statins is therefore thought to
result from inhibition of these protein modifications.

NICOTINIC ACID

Nicotinic acid (niacin) is used in conjunction with a re-
stricted diet to reduce cholesterol levels. Niacin has a fa-
vorable effect on the lipid profile of patients with type 2
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DM; at concentrations of approximately 3000 to 4000 mg/
d, niacin markedly increases HDL-C levels while lowering
levels of LDL-C, triglyceride, and apolipoprotein A-I. Al-
though these effects target the dyslipidemia that is most
marked and prevalent in patients with type 2 DM, the use of
niacin is limited by its potential to increase fasting plasma
glucose concentrations at high doses (greater than 3000
mg/d) and by the high prevalence of flushing.78 Currently,
limited data suggest that niacin monotherapy lowers CRP
concentrations.79 In patients with type 2 DM and dys-
lipidemia (47% of whom receive statin therapy), 1000 or
1500 mg/d of extended-release niacin for 16 weeks reduced
CRP concentrations by 11% and 20%, respectively, com-
pared with placebo.78 Glycemic control was minimally af-
fected and correlated more closely with the higher dose of
niacin.

FIBRATES

Fibrates, including bezafibrate, fenofibrate, and gemfi-
brozil, are PPAR-α agonists used to correct dyslipidemia
in patients with type 2 DM. Although fibrates primarily
affect triglyceride metabolism, having the greatest effect
on triglyceride and HDL-C levels,80 these agents also
have shown beneficial effects beyond lipid lowering.
Both primary and secondary prevention trials have shown
that fibrates reduce coronary artery disease incidence.
The 5-year Fenofibrate Intervention and Event Lowering
in Diabetes (FIELD) study in 9795 patients with type
2 DM reported significant reductions in total cardiovas-
cular disease events (from 13.9% to 12.5%; P=.04)
and microvascular-associated complications (P=.002, for
reduced albuminuria progression; P<.001, for reduced
retinopathy requiring laser surgery) with fenofibrate
treatment.81

The CRP-lowering effects of fibrates have been shown
in differing patient populations with mixed/combined hy-
perlipidemia.82 Fibrates are as effective as other classes of
lipid-lowering drugs, eg, statins, in lowering CRP concen-
trations. They also are associated with up to a 50% reduc-
tion in CRP levels.83-88 Fenofibrate (250 mg/d for 4 weeks)
lowered CRP concentrations in patients with mild hyper-
lipidemia, both those with and without coronary artery
disease; however, the effect was greatest in those with
coronary artery disease and was maintained for up to 6
weeks after treatment discontinuation.83 This study also
showed that, in vitro, activators of PPAR-α inhibit the
inflammatory response of aortic smooth-muscle cells, de-
creasing the concentrations of CRP in these cells. In pa-
tients with impaired glucose tolerance and high plasma
concentrations of oxidized LDLs, CRP, fibrinogen, factor
VII, and PAI-1 at study entry, treatment with fenofibrate
for 30 days markedly reduced these concentrations, im-

proved the lipid profile, and improved glucose metabolism
compared with controls.89

Peroxisome proliferator–activated receptor α agonists
exert their anti-inflammatory effects by antagonizing the
NF-κB pathway. Fibrates induce the expression of inhibi-
tor of κB, which acts to repress NF-κB, thereby preventing
activation of genes involved in the inflammatory response,
including IL6, which contributes to up-regulation of CRP.
In vitro, fibrates do not affect inhibitor κBα protein degra-
dation or inhibitor κB-kinase activity.90

BILE ACID SEQUESTRANTS

Bile acid sequestrants are primarily indicated for lowering
cholesterol; these agents can significantly reduce LDL-C
levels and modestly increase HDL-C levels compared with
placebo.91-94 Colesevelam hydrochloride, a specifically en-
gineered bile acid sequestrant, can be used in monotherapy
or in combination with other lipid-lowering agents to im-
prove the lipid profile of patients with hypercholester-
olemia.95 The nonsystemic nature of colesevelam could
reduce the potential for drug-drug interactions via the cyto-
chrome P450 pathway.96

Colesevelam is the only bile acid sequestrant investi-
gated for its effects on CRP.97 According to a meta-analysis
of 3 randomized, double-blind trials of patients with hyper-
cholesterolemia, the addition of 3.75 g/d of colesevelam to
established statin therapy (simvastatin, atorvastatin, or
pravastatin) for 6 weeks significantly reduced CRP con-
centrations by 23% (P=.007).97 Similar reductions were
reported with colesevelam in monotherapy; in patients
with mild hypercholesterolemia, 3.75 g/d of colesevelam
significantly reduced CRP concentrations compared with
those at baseline and with placebo (15.9% and 18.7%,
respectively; P<.03), in addition to lowering LDL-C lev-
els (P<.001) after 6 weeks. No correlation was observed
between LDL-C and CRP lowering, and no significant
changes in plasma IL-6 or TNF-α concentrations were
reported.98

Recent data have shown that colesevelam improves gly-
cemic control in patients with type 2 DM inadequately
controlled with existing metformin or sulfonylurea treat-
ment.99 These preliminary results were substantiated in
a clinical trial in patients with type 2 DM with inade-
quate glycemic control on insulin, whether administered
alone or in combination with oral antidiabetic agents.
In this study, treatment with 3.75 g/d of colesevelam
for 16 weeks significantly reduced CRP concentrations
(by 18.6%; P=.003) as well as A

1c
, fructosamine, and

LDL-C levels (P<.001 for all).100 Similarly, reductions in
CRP concentration were reported when colesevelam was
combined with either metformin (14.0%)101 or sulfonyl-
urea (11.0%).102
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EZETIMIBE

Ezetimibe can be used in monotherapy or in combination
with a statin to reduce levels of LDL-C and total choles-
terol by inhibiting cholesterol absorption from the intes-
tines; however, this agent does not affect triglyceride lev-
els.88 Although ezetimibe monotherapy has not been shown
to lower CRP concentrations significantly,88,103 it can result
in significant reductions in CRP concentrations when com-
bined with a statin.103,104 In patients with hypercholester-
olemia, simvastatin monotherapy (10-80 mg) reduced CRP
concentrations by 18.2%; a combined regimen of simva-
statin and 10 mg of ezetimibe reduced CRP concentrations
by almost twice as much (34.8%; P<.01) at week 12,
suggesting that ezetimibe enhances the CRP-lowering ef-
fect of statins.105

CONCLUSION

Increasingly prevalent, type 2 DM is a major health con-
cern and is associated with substantial cardiovascular risk.
C-reactive protein is a marker of inflammation and a strong
predictor of cardiovascular risk. Interventions that lower
CRP concentrations could reduce cardiovascular risk, es-
pecially in patients with type 2 DM. A single agent that
could reduce CRP concentrations, while also improving
glycemic control and the lipid profile, could be especially
beneficial for these patients.

Of the antidiabetic and antihyperlipidemic agents, insu-
lin causes the most pronounced and rapid reduction in CRP
concentrations, ie, a 40% reduction within 24 hours.20,21,23

Among oral antidiabetic agents, accumulating evidence
shows that metformin reduces CRP concentrations in pa-
tients with type 2 DM. However, this effect is probably
dependent on improving glycemic control. Thiazolidine-
diones markedly reduce CRP concentrations and improve
glycemic control. Although sulfonylureas can decrease
CRP concentrations, the reported reductions are small and
could depend on decreasing blood glucose concentrations.
Among the antihyperlipidemic agents, statins reduce CRP
concentration independently of their LDL-C–lowering ac-
tion. Fibrate therapy has shown variable effects on CRP
concentrations depending on the patient population. The
limited data regarding niacin suggest that this agent moder-
ately reduces CRP concentrations. Colesevelam is the only
bile acid sequestrant shown to substantially reduce CRP
concentrations in patients with type 2 DM. Finally,
ezetimibe monotherapy appears to have no effect on CRP
concentrations; however, when combined with a statin,
ezetimibe has the additive effect of lowering CRP concentra-
tions. Long-term outcome studies are needed to determine
whether lowering CRP concentrations in patients with type
2 DM will translate into a reduction in cardiovascular risk.

Karen Stauffer, PhD, of Wolters Kluwer Health provided re-
search and editorial assistance for the development of the submit-
ted manuscript, with support from Daiichi Sankyo.
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