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3. Timeline: All sample analyses have been completed by the Lipid Laboratory. 

Statistical analysis will start February, 2002 and manuscript will be 
completed by August 2002. 

 
4. Rationale:   
 

 Atherosclerosis is a complex inflammatory process that is characterized by the formation 
of atherosclerotic lesions, containing lipid-laden macrophages, in the neointima of major 
arteries (Ross, 1999). Disease progression results in formation of mature atherosclerotic 
plaques, which consist of a necrotic lipid core overlaid with a fibrous cap. The fibrous cap is 
mainly composed of collagens, elastin and proteoglycans (Shah, 1996). Disruption of 
atherosclerotic plaques leads to the release of thrombogenic molecules into the blood 
circulation and subsequent thrombus formation can result in acute myocardial infarction, the 
leading cause of death in the United States (Libby, 1995). 
 Recent studies suggest that matrix metalloproteinases (MMPs) may contribute to the 
rupture of vulnerable plaques by degrading the insoluble fibrillar components of the fibrous 
cap (Libby, 1995). Inflammatory cytokines induce MMP expression in endothelial cells, 
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smooth muscle cells and macrophages and the proteolytic activities of MMPs are tightly 
regulated by a variety of endogenous inhibitors, including tissue inhibitors of 
metalloproteinases (TIMPs) (Nagase and Woessner, 1999). It has been proposed that an 
imbalance between MMPs and their respective inhibitors (TIMPs) may constitute an 
etiologic factor for cardiovascular disease.   
 Increased expression of interstitial collagenase (MMP-1) has been found in vulnerable 
atherosclerotic plaques compared to nonlesional areas of the vessel (Galis et al., 1994). 
Furthermore, overexpression of TIMP-1 by adenovirus-mediated gene transfer inhibits 
smooth muscle cell migration and neointimal formation in human saphenous vein (George 
et al., 1998). Similarly, adenovirus-mediated overexpression of TIMP-1 in atherosclerosis-
susceptible apoE-deficient mice significantly reduces atherosclerotic lesions (Rouis et al., 
1999). 
 Although a significant number of research studies indicate a role for MMP-1 and TIMP-1 
in the etiology of atherosclerosis, there are relatively few prospective epidemiological 
studies investigating the relationship between circulating MMP-1 and TIMP-1 levels and 
incidence of CHD. In a recent study, plasma levels of MMP-2, MMP-3, MMP-9, TIMP-1, 
and TIMP-2 were measured in 53 male patients with premature stable coronary artery 
disease and 133 age-matched male control subjects (Noji et al., 2001). Significant 
differences were found in all MMPs and TIMPs between patients and controls. However, 
results from this study indicate that the association of circulating MMP and TIMP levels 
with premature atherosclerosis may be more complex than a simple inverse correlation 
between MMP and TIMP plasma levels. 
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5. Main Hypothesis/Study Questions: 
  

Increased plasma levels of MMP-1 and decreased plasma levels of TIMP-1 are associated 
with increased risk for CHD events. 

  
Secondary hypotheses are that: 
1) circulating levels of MMP-1 and TIMP-1 correlate with plasma LDL-cholesterol and 

HDL-cholesterol levels. 
2) plasma MMP-1 and TIMP-1 levels are associated with markers of inflammation (WBC, 

ICAM-1, VCAM-1, CRP, fibrinogen, E-selectin, L-selectin, P-selectin).     
 
6. Data (variables, time window, source, inclusions/exclusions): 

 
MMP-1 and TIMP-1 measurements were made on Visit 2 plasma samples of CHD cases 
and cohort stratified random sample (CRS). 
Data will include incident CHD case status and date of CHD diagnosis. 
Covariates will include visit 2 age, gender, race, center, BMI, years of cigarette smoking, 
incident diabetes, triglycerides, LDL cholesterol, HDL cholesterol, treatment with statins, 
inflammatory markers (WBC, ICAM-1, VCAM-1, fibrinogen, CRP, E-selectin,  
L-selectin, P-selectin).  
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