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Clinical Benefits of 
Statin Therapy: 

LDL-lowering and/or 
Anti-Inflammatory?

YES



Lifestyle a 
key to CV

prevention

Libby & Crea

European 

Heart 

Journal

2010



Cholesterol Treatment Trialists’ (CTT) Collaboration. Efficacy and safety of more intensive lowering of LDL cholesterol: a 
meta-analysis of data from 170 000 participants in 26 randomised trials. Lancet. 2010;376:1670-1681.



Mechanisms of Reduction of 
Cardiovascular Events by 

Statin Therapy?

LDL-Lowering effect

“Pleiotropic” effects
Libby P, Aikawa M.  Stabilization of atherosclerotic 

plaques: new mechanisms and clinical targets.  

Nature Medicine 2002;8:1257-1262.
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Possible Non-LDL Lowering Effects of 

Statins Relevant to Atherosclerosis

Reducing thrombogenicity

Opposing vasospasm

Decreasing inflammation

Stabilizing the fibrous cap



 Decreased 

inflammation

Possible Non-LDL Lowering Effects of 

Statins Relevant to Atherosclerosis



HCD=high colesterol diet

CNR=contrast/noise ratio (MRI)

TBR=target/background ratio (Near IR)

Statins Decrease Inflammation in Mouse 

Atheromata Despite Modest LDL Lowering

Noninvasive MR Imaging of VCAM-1 Expression: 8 weeks of statin treatment 

reduced serum cholesterol moderately, as expected, in mice (HCD, 601±34 mg/dL; 

HCD plus atorvastatin, 506±79 mg/dL; P<0.05)

Nahrendorf et al.
LDL 

601±34 

mg/d

LDL 

506±79 

mg/d



≠



Can we use inflammatory 

markers in the clinic?

C-reactive protein: CRP



Statin Therapy Reduces C-Reactive Protein
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4,162 patients with an Acute Coronary Syndrome < 10 days 

ASA + Standard Medical Therapy

Standard Therapy

(Pravastatin 40 mg)
Intensive Therapy

(Atorvastatin 80 mg)

Duration: Mean 2 year follow-up (>925 events)

Primary Endpoint: Death, MI, Documented UA requiring hospitalization, 

revascularization (> 30 days after randomization), or Stroke 

PROVE IT - TIMI 22: 

Lipid Lowering Study Design

Double-blind



All-Cause Death or Major CV Events 

in All Randomized Subjects
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Clinical Relevance of Achieved LDL and Achieved CRP 

After Treatment with Statin Therapy 
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Potential Pleiotropic Effects of Statins

•Statins reduce C-reactive 
protein (CRP)- but the 
individual magnitude of 
CRP reduction does not 
correlate well with the 
drop in LDL-C levels

Blake GJ et al. Am J Cardiol 2003;41:37S-42S.
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PROVE IT – TIMI 22

Minimal Relationship Between Achieved LDL and 

Achieved CRP After Initiation of Statin Therapy 

r = 0.18

Variance = 3 percent

Ridker et al.

NEJM 2005



LDL > 70 mg/dL, CRP > 2 mg/L
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Clinical Relevance of Achieved LDL and Achieved 

CRP After Treatment with Statin Therapy 
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Clinical Importance of Achieving LDL-C < 70 mg/dL and 

hsCRP < 2 mg/LFollowing Initiation of Statin Therapy
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JUPITER

Does clinical benefit associate with achieved

LDLC, achieved hsCRP, or both?



JUPITER

LDL reduction, hsCRP reduction, or both?

An individual’s drop in LDL and drop in hsCRP

on statin treatment vary independently

r value

Achieved LDLC, 

Achieved hsCRP 0.10

Percent change in LDLC,

Percent change in hsCRP 0.15

The variance in achieved LDLC explains less than 2 

percent of the variance in achieved hsCRP



JUPITER
Dual Cutpoint Analysis: LDLC<70 mg/dL, hsCRP<2 mg/L

LDL > 70 mg/dL
and / or

hsCRP > 2 mg/L
HR 0.64 (0.49-

0.84)

LDL < 70 mg/dL
and

hsCRP < 2 mg/L 
HR 0.35 (0.23-

0.54)

Placebo 

HR 1.0 (referent)

P < 0.0001
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How might lipid lowering prevent 

cardiovascular events?

 Stabilizing the 

plaque’s 

fibrous cap



Plaque “Stabilization”: Plaques with a thick 

fibrous cap may have less tendency to 

rupture and cause thrombosis
“Unstable” plaque

Fibrous cap

Lipid core

“Stable” plaque

Lipid core

Fibrous cap

Inflammatory 

cells

Fewer

inflammatory 

cells

After Libby P. Circulation. 1995;91:2844-2850.



Matrix metabolism and integrity

of the plaque’s fibrous cap

After Libby P. Circulation 1995

+ + + +

+
+

–

Lipid core

IL-1

TNF-

MCP-1

M-CSF

Fibrous

capIFN-

CD-40L

Collagenase

Gelatinases

Stromelysin

Other proteases

+ pepidases



Collagen (Sirius red)  

Baseline lesion

Collagenase-1 (MMP-1) Collagen

After Lipid Lowering

Masanori Aikawa,

Elena Rabkin,

Yoshikatsu Okada, 

Sami J. Voglic,

Steven K. Clinton,

Constance E. Brinckerhoff,

Galina K. Sukhova,

Peter Libby 

Circulation 1998;97:2433

Lipid lowering

reduces collagenase 

expression and 

increases collagen

accumulation 

in rabbit atheroma



Lipid Lowering Reduces Plaque  

Tissue Factor Expression
Lipid lowering by diet Aikawa M, Voglic SJ, Sugiyama S, Rabkin E, Taubman 

MB, Fallon JT, Libby P.  Circulation 1999

Lipid lowering by statin Aikawa M, Rabkin E, Sugiyama S, Voglic SJ, 

Fukumoto Y, Furukawa Y, Shiomi M, Schoen FJ, Libby P.   Circulation  2001

Tissue FactorTissue Factor

Control group Lipid-lowered group



Plaque “stabilization” by lipid lowering: 

an anti-inflammatory therapy

Macrophage accumulation
MMP-1, -2, -3, -9 expression 
Collagen accumulation
Tissue factor expression/activity
CD40L / CD40 expression
PDGF-B expression
SMC maturation/differentiation
LDL accumulation
oxLDL/oxPL accumulation
Anti-oxLDL autoantibody
ROS production
VCAM-1 expression
MCP-1 expression
eNOS expression
Microvessels

Cholesterol by diet

Cholesterol by statins

Macrophage accumulation/growth
MMP-1, -3, -9 expression 
Collagen accumulation
Tissue factor expression
CD40L / CD40 expression
PAI-I expression
oxLDL accumulation Aikawa et al. Circulation ‘01

Fukumoto et al. Circulation ‘01

Aikawa et al. Circulation ‘98

Aikawa et al. Circ Res ‘98

Aikawa et al. Circulation ‘99

Aikawa et al. Circulation ‘02

Aikawa et al. CV Pathol ‘04

Tsimikas et al. ATVB ‘06

Lipid

Macrophages

Macrophages

StatinControl

Macrophage growth
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How can we translate inflammation biology to the clinic?



Clinical Evidence for Statin Treatment 

Increasing Fibrous vs. Lipid 

Character of Atherosclerotic Plaques



Stabilization of carotid atheroma assessed by quantitative ultrasound 

analysis in nonhypercholesterolemic patients with coronary artery 

disease.                                      Watanabe et al. JACC 2005;46:2022-30

Figure 4. Representative IBS images of carotid atheroma from baseline to follow-up. (A) Carotid 
atheroma at pretreatment. Values of cIBS and plaque-IMTmax of this plaque are −17.8 dB and 2.05 
mm, respectively. (B) The same carotid atheroma post-pravastatin therapy (6 months). Values of 
cIBS and plaque-IMTmax of this plaque are −14.2 dB and 2.10 mm, respectively.

IBS=Integrated Back Scatter



Watanabe K, Sugiyama S, Kugiyama K, et al. Stabilization of carotid atheroma assessed by quantitative ultrasound 
analysis in nonhypercholesterolemic patients with coronary artery disease. J Am Coll Cardiol 2005;46:2022-30.

Statin Treatment Increases Fibrous Character of 

Atherosclerotic Plaques but not Intima-Media Thickness
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Abstract: We determined time course of stabilization of echolucent carotid plaques by statin therapy in

patients with acute coronary syndrome (ACS). Treatment with 4 mg/d pitavastatin (n = 33) or placebo (n =

32) was initiated within 3 days after onset of ACS in 65 patients with echolucent carotid plaque.

Vulnerable carotid plaques were assessed by measuring plaque echolucency using carotid ultra- sound

with integrated backscatter (IBS) analysis before and 1 month after treatment in all patients. The calibrated

IBS value (intima-media IBS value minus adventia IBS) of vulnerable carotid plaques favorably changed

at 1 month after treatment in both groups, but the echo- lucency at 1 month improved more in the

pitavastatin than in the placebo group (pitavastatin group: –18.7 6 3.3 dB at pretreatment versus –12.7 6

2.3 dB at 1 month *P , 0.001; placebo: –19.0 6 3.5 dB versus –16.9 6 3.2 dB, P , 0.05, *P , 0.01 versus the

value at 1 month in placebo group). Levels of CRP, VEGF, and TNFa at 1 month were significantly lower

in pitavastatin than placebo group. In conclusion, pitavastatin improved carotid plaque echolucency within

1 month of therapy in patients with ACS, in association with decrease in the inflammatory biomarkers

related to vulnerable plaques. (J Cardiovasc Pharmacol 2008;51:365–371)



Rapid Stabilization of Vulnerable
Carotid Plaque Within 1 Month of
Pitavastatin Treatment in Patients
With Acute Coronary Syndrome

Representative IBS images of carotid 
atheroma from pretreatment to 1-month 
treatment with pitavastatin. A, Carotid 
atheroma at pretreatment. B. The same 
carotid atheroma after 1-month treatment 
with pitavastatin. The white line indicates the 
region of interest (ROI) in the plaque (intima-
media complex), and the white dotted line 
indicates the ROI in the adventitia using the 
manual outline definition mode. CCA, 
common carotid artery; IBS, integrated 
backscatter; ICA, internal carotid artery; IMT, 
intima-media thickness.

Nakamura et al.   Journal of 
Cardiovascular Pharmacology. 51:365-
371; 2008.



Rapid Stabilization of Vulnerable Carotid Plaque Within 1 

Month of Pitavastatin Treatment in Patients With ACS

Nakamura, et al.   Journal of 

Cardiovascular Pharmacology. 

51:365-371; 2008.

Comparison between 

pitavastatin (n = 33) and 

placebo (n = 32) treatment on 

calibrated integrated 

backscatter (IBS) levels A, and 

CRP levels B. Mean +/- SD.

*P < 0.01 between pitavastatin

and placebo groups using 2-

way ANOVA.



Relationship of the percent change in calibrated 
IBS values with the percent change in CRP levels 
from baseline to 1 month of follow-up.

Nakamura, et al.   Journal of 
Cardiovascular Pharmacology. 

51:365-371; 2008.

Rapid Stabilization of Vulnerable Carotid Plaque Within 1 

Month of Pitavastatin Treatment in Patients With ACS



Possible Non-LDL Lowering Effects of 

Statins Relevant to Atherosclerosis

Reducing thrombogenicity

Opposing vasospasm

Decreasing inflammation

Stabilizing fibrous cap



What is the 
molecular basis 
of statins’ LDL-
independent 

effects?



A Molecular Mediator of 

Statins’ “Pleiotropic” 

Effects: the 

Transcriptional Regulator 

Kruppel-like Factor-2 

(KLF-2) 



KLF2 Inhibits

eNOS

thrombomodulin

PGI2
tPA

Superoxide dismutase

Cytokine

E-selectin

VCAM-1

ICAM-1

tissue factor

PAI-1

pro-adhesive

pro-coagulant

anti-fibrinolytic

Laminar 

Flow
anti-adhesive

anti-coagulant

anti-oxidant

Krupple-like factor 2 (KLF-2) Antagonizes 

Cytokine-Induced Endothelial Activation and 

Promotes Vasculoprotective Gene Expression

KLF2 Stimulates



J. Biol.Chem. 280:26714-19 (May, 2005)



Statins raise KLF2 levels
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Do statins affect 
adaptive as well 

as innate 
immunity?



NATURE MEDICINE • VOLUME 6 • 

NUMBER 12 • DECEMBER 2000 



Kwak B, Mulhaupt F, Myit S, Mach F. Statins as a newly recognized type of immunomodulator. Nat Med 2000; 6 (12): 1399-1402.

Inhibition of MHC-II antigens by statins reduces T-

lymphocyte proliferation and interleukin-2 production

a, [3H]Thymidine incorporation measured in allogeneic T lymphocytes exposed (five days) to human ECs or Mφ pretreated 

for 48 h with IFN-γ (500 U/ml) alone, or IFN-γ (500 U/ml) with Atorvastatin (10 μM). Similar results were obtained in 

independent experiments with ECs or Mφ from three different donors. *P < 0.02 compared to IFN-γ treated cells. b, IL-2 

release measured by ELISA in supernatants of allogeneic T lymphocytes exposed (48 h) to human ECs () or Mφ () pre-

treated during 48 h with IFN-γ (500 U/ml) alone, or IFN-γ (500 U/ml) with Atorvastatin (10 μM). Similar results were obtained 

in independent experi- ments with ECs or Mφ from four different donors. **P < 0.01 compared to IFN-γ treated cells. 
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The Journal of Clinical Investigation June 2010 



Bu DX, Tarrio M, Grabie N, et al. Statin-induced Krüppel-like factor 2 expression in human and 

mouse T cells reduces inflammatory and pathogenic responses. J Clin Invest 2010;120:1961-70.

Statins reduce T cell proliferation and cytokine expression in vitro



Do Statins’ Benefits Reach 
Beyond Lowering LDL?

LDL-Lowering effect

“Pleiotropic” effects

Both mechanisms contribute 

to statins’ clinical benefits




