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Matrix Metalloproteinase-1 
and Tissue Inhibitors 
Do Not Predict Incident 
Coronary Artery Disease
in the Atherosclerosis Risk in Communities (ARIC) Study

Matrix metalloproteinases (MMPs) and tissue inhibitors of matrix metalloproteinases 
(TIMPs) are thought to be associated with coronary artery disease. The association of 
these markers with incident coronary artery disease has not been well described.

Using a case–cohort design, we selected 216 individuals who had incident coronary 
artery disease (case group) and 225 individuals from a cohort random sample (comparison 
group) from participants enrolled in the Atherosclerosis Risk in Communities study. We 
measured plasma levels of MMP-1 and TIMP-1, traditional risk factors, and other markers 
of inflammation.

We found no significant difference in TIMP-1 levels between the case group (827.8 ± 
23.8 ng/mL) and the comparison group (819.31 ± 16.1 ng/mL) (P=0.77), and no significant 
difference in the frequency of MMP-1 levels that were dichotomized at the minimum de-
tectable value of 1.7 ng/mL (P=0.49). In models adjusted for age, sex, race, body mass 
index, hypertension, diabetes, total cholesterol, high-density lipoprotein cholesterol, tri
glycerides, fibrinogen, von Willebrand factor, and white blood cell count, the hazard-rate 
ratio for incident coronary artery disease was 1.14 (95% confidence interval, 0.63–2.04; 
P=0.67) for individuals whose TIMP-1 levels were above, versus at or below the mean, 
and 1.17 (95% confidence interval, 0.63–2.19; P=0.62) for individuals whose MMP-1 lev-
els were above 1.7 ng/mL.

We conclude that TIMP-1 and MMP-1 levels in plasma were not predictive of incident 
coronary artery disease in a case–cohort random sample of the Atherosclerosis Risk in 
Communities study, a population study of asymptomatic middle-aged adults who had no 
prevalent atherosclerosis upon enrollment. (Tex Heart Inst J 2008;35(4):388-94)

omponents of the inflammatory cascade that is thought to be associated with 
atherogenesis and plaque rupture have been identified during the last 2 dec­
ades and have been examined as risk factors for atherosclerotic vascular dis­

ease. Among these are matrix metalloproteinases (MMPs), a family of enzymes that 
play an important role in the degradation of collagen and other extracellular matrix 
macromolecules.1,2 By degrading the insoluble fibrillar components of the fibrous cap,3 
MMPs are also thought to have a strong influence on plaque rupture. The activity of 
MMP is tightly regulated by various endogenous inhibitors, including another fami­
ly of proteins—tissue inhibitors of matrix metalloproteinases (TIMPs).2,4,5

	 Inflammatory cytokines induce MMP expression in endothelial cells, smooth mus­
cle cells, and macrophages. It has been proposed that an imbalance between MMPs 
and their respective tissue inhibitors constitutes a causal factor for cardiovascular dis­
ease.
	 Although results of research studies have suggested a role for MMP-1 and TIMP-1 
in the pathophysiology of atherosclerosis, relatively few prospective epidemiologic 
studies have investigated the relationship between circulating plasma MMP-1 and 
TIMP-1 levels and the occurrence of coronary artery disease (CAD). We hypothe­
sized that elevated levels of MMP-1 and TIMP-1 are associated with incident CAD, 
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and we sought to discover a possible relationship be­
tween levels of these substances and incident CAD in 
the Atherosclerosis Risk in Communities (ARIC) study, 
a prospective study of atherosclerosis and cardiovascular 
disease incidence.

Participants and Methods

Participants
We selected all of our group from 15,792 participants in 
the ARIC study. The individuals were initially 45 to 64 
years of age and had been sampled from 4 communities 
in the United States: Forsyth County, North Carolina; 
Jackson, Mississippi (black persons only); the northwest­
ern suburbs of Minneapolis, Minnesota; and Washing­
ton County, Maryland. A complete description of the 
design, objectives, sampling approaches, and examina­
tion techniques of the ARIC study has been published 
previously.6 For our analysis, we used a case–cohort de­
sign: we compared 216 patients who had incident CAD 
(case group) with 225 individuals (comparison group) 
whom we selected from a cohort random sample of 
ARIC participants. Both groups were stratified on the 
basis of age, sex, ultrasonographic examination of the 
carotid arteries, and community of enrollment. Only 
persons who had no prevalent CAD at visit 2 of the 
ARIC study (from 1990 through 1992—the baseline 
for this analysis) were eligible for the analysis. We ex­
cluded individuals whose CAD prevalence data were 
missing and those who were neither black nor white. 
The patients chosen for our case group had developed 
incident CAD events between visit 2 of the ARIC 
study and 31 December 2001. Such events were de­
fined as coronary revascularization, a definite or prob­
able myocardial infarction, a between-examinations 
silent myocardial infarction that was later detected 
on electrocardiography, or death that was def initely 
due to CAD. Incident CAD events were identif ied by 
means of an annual questionnaire, clinic visits at ap­
proximately 3-year intervals, and hospital and death-
certif icate surveillance.7 The diagnoses were made by 
a panel of physicians who had used all available infor­
mation and standard criteria.

Clinical and Laboratory Measurements
All of our laboratory measurements were performed on 
frozen samples that had been obtained at visit 2 and had 
been stored at –70 °C. We ascertained baseline measure­
ments (as of visit 2 of the ARIC study, for this analysis) 
for the variables, including cigarette smoking, hyper­
tension, diabetes mellitus, body mass index (BMI), and 
waist and hip circumferences, in accordance with previ­
ously described definitions and methods.8,9 Plasma lipid 
levels and hemostatic factors were measured at central­
ized laboratories by standardized and validated meth­
ods.10-12 We measured the levels of MMP-1 and TIMP-1 

in the plasma samples by using commercially available 
assays (R&D Systems Inc.; Minneapolis, Minn). The 
minimum detectable value of MMP-1 was 1.7 ng/mL, 
and the minimum detectable value for TIMP-1 was 1.25 
ng/mL. The reliability coefficients for 11 blinded split-
pair samples of MMP-1 and for 20 such samples of 
TIMP-1 were 0.74 and 0.62, respectively.

Statistical Analysis
Because of different sampling fractions across the strata 
for the cohort random sample (comparison group), all 
analyses were weighted. The proportions, means, and 
standard errors of established cardiovascular risk factors 
were reported as results of weighted analyses for the 2 
groups (baseline characteristics, Table I) and were cal­
culated by use of stata Release 9 (StataCorp; College 
Station, Tex).
	 We used Cox proportional hazards models to evalu­
ate TIMP-1 that was dichotomized at the population 
mean (>856.9 ng/mL vs ≤856.9 ng/mL) and to evaluate 
MMP-1 that was dichotomized at the minimum detect­
able level (>1.7 ng/mL vs ≤1.7 ng/mL) (Table II). The 
method of Barlow13 was used to adjust for the sampling 
approach in the Cox proportional hazards modeling. 
For the case group, the follow-up interval was defined 
as the time between visit 2 of the ARIC study and the 
date of the 1st CAD event, the date of death, the date 
of last contact, or 31 December 2001, whichever oc­
curred first. For the comparison group from the cohort 
random sample, follow-up was from visit 2 of the ARIC 
study until the date of death, the date of last contact, or 
31 December 2001, whichever occurred f irst. The es­
tablished cardiovascular risk factors that we evaluated 
as potential confounders in the 3 Cox models includ­
ed age, sex, race, BMI, hypertension, diabetes mellitus, 
von Willebrand factor, and white blood cell count, and 
levels of total cholesterol, high-density lipoprotein cho­
lesterol (HDL-C), triglycerides, and fibrinogen. Cova­
riates were evaluated for statistical signif icance by use 
of the Wald χ2 statistic; P <0.05 was considered statis­
tically significant.
	 Using weighted t tests, we evaluated possible associa­
tions by considering the comparison group’s mean levels 
of various variables. These variables included age, BMI, 
waist-to-hip ratio, white blood cell count, fibrinogen, von 
Willebrand factor, and levels of total cholesterol, triglyc­
erides, low-density lipoprotein cholesterol (LDL-C), and 
HDL-C. We associated these with TIMP-1 that was di­
chotomized at its mean (856.9 ng/mL) and for MMP-1 
that was dichotomized at 1.7 ng/mL, the minimum level 
of detection (Table III).

Results

Individuals with incident CAD (case group) were more 
likely than those in the comparison group from the co­
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hort random sample to have diabetes mellitus, high­
er waist-to-hip ratios, higher white blood cell counts, 
higher levels of total cholesterol, LDL-C, and triglycer­
ides, and lower levels of HDL-C. However, no signif­
icant differences were noted between the groups with 
respect to measurements of hemostasis, such as fibrin­
ogen and von Willebrand factor. There were no signif­
icant differences between the groups in MMP-1 levels 
>1.7 ng/mL (P=0.49) or in mean TIMP-1 levels (case 
group, 827.8 ± 23.8 ng/mL vs comparison group, 819.31 
± 16.1 ng/mL; P=0.77).
	 When dichotomized at the mean (>856.9 vs ≤856.9 
ng/mL), TIMP-1 levels were not associated with inci­
dence of CAD in the various analytical models (Table 
II). For TIMP-1 dichotomized at the mean, the hazard- 
rate ratios were 1.25 (95% confidence interval [CI], 
0.80–1.95; P=0.33) in a model adjusted for age, sex, 
and race; 1.03 (95% CI, 0.6–1.77; P=0.91) in a model 

adjusted for age, sex, race, BMI, hypertension, diabetes 
mellitus, total cholesterol, and HDL-C; and 1.14 (95% 
CI, 0.63–2.04; P=0.67) in a model adjusted for age, sex, 
race, BMI, hypertension, diabetes mellitus, total choles­
terol, HDL-C, triglycerides, fibrinogen, von Willebrand 
factor, and white blood cell count. When evaluated as a 
dichotomous variable (levels >1.7 ng/mL vs levels ≤1.7 
ng/mL), MMP-1 level was also not significantly associ­
ated with incident CAD in the respective models, with 
hazard-rate ratios of 1.20 (95% CI, 0.77–1.88; P=0.43), 
0.92 (95% CI, 0.52–1.65; P= 0.78), and 1.17 (95% CI, 
0.63–2.19; P= 0.67) (Table II).
	 When potential associations of TIMP-1 with vari­
ous variables were examined in the comparison group 
from the cohort random sample, participants with a 
TIMP-1 level above the mean were older (P <0.01) 
and had a higher BMI (P=0.01), a higher waist-to-hip 
ratio (P <0.01), significantly higher levels of fibrinogen 

TABLE I. Baseline Characteristics of the Case and Comparison (Cohort Random Sample) Groups

     Baseline Characteristics	 Case	 Comparison
       (Visit 2, ARIC Study)	 No.	 Mean (SE)	 No.	 Mean (SE)	 P Value

Age (yr)	 216	 56.23 ± 0.89	 225	 55.12 ± 0.27	 0.27

Body mass index (kg/m2)	 215	 29.12 ± 1.05	 225	 27.11 ± 0.38	 0.07

Systolic blood pressure	 216	 125.51 ± 3.13	 225	 119.61 ± 1.45	 0.09

Diastolic blood pressure	 216	 71.82 ± 1.54	 225	 73.24 ± 0.86	 0.42

Waist-to-hip ratio	 215	 0.95 ± 0.02	 225	 0.91 ± 0.01	 0.03

Total cholesterol (mmol/L)	 216	 5.75 ± 0.17	 225	 5.28 ± 0.07	 0.01

Triglycerides (mmol/L)	 216	 1.73 ± 0.1	 225	 1.42 ± 0.06	 0.01

LDL-C (mmol/L)	 209	 3.85 ± 0.15	 223	 3.30 ± 0.07	 <0.01

HDL-C (mmol/L)	 216	 1.12 ± 0.07	 225	 1.33 ± 0.03	 <0.01

White blood cell count	 214	 6.78 ± 0.27	 222	 5.87 ± 0.14	 <0.01

Fibrinogen (mg/dL)	 214	 320.22 ± 13.34	 224	 301.65 ± 5.41	 0.20

von Willebrand factor (% activity)	 214	 118.08 ± 7.58	 224	 116.03 ± 3.9	 0.82

TIMP-1 (ng/mL)	 216	 827.80 ± 23.82	 225	 819.31 ± 16.1	 0.77

	 No.	 %	 No.	 %	 P Value

MMP-1 >1.7 ng/mL	   79	 24.86	 80	 30.7	 0.49

Men	 137	 47.13	 97	 36.22	 0.28

Black persons	   45	 18.57	 52	 23.79	 0.53

Hypertension	 112	 38.07	 68	 30.84	 0.44

Diabetes mellitus	   67	 29.83	 23	 12.26	 0.02

Smoking	 148	 54.27	 126	 56.63	 0.82

Cholesterol-lowering medications	   22	 17.72	 11	 2.98	 <0.01
 
ARIC = Atherosclerosis Risk in Communities; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein 
cholesterol; MMP-1 = matrix metalloproteinase-1; TIMP-1 = tissue inhibitor of matrix metalloproteinase-1
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(P=0.04) and von Willebrand factor (P=0.03), and sig­
nif icantly lower HDL-C levels (P <0.01) (Table III). 
There were no differences in the prevalence of diabe­
tes mellitus or hypertension, smoking, or BMI between 
individuals in the comparison group who had TIMP-1 
levels above the mean, versus below. On the other hand, 
when MMP-1 levels were dichotomized at 1.7 ng/mL, 
there were no significant differences between compari­
son-group individuals who had MMP-1 levels >1.7 ng/
mL versus ≤1.7 ng/mL (Table III).

Discussion

In the ARIC study, TIMP-1 and MMP-1 levels were 
tested, and no association with incident CAD was 
found. The results of animal and other human stud­
ies into the possible role of different MMPs and TIMPs 
in CAD have been inconsistent. Although many have 
shown an association between MMPs or TIMPs and 
CAD,14-18 another study19 found no connection. Similar­
ly, there has been inconsistent association between the 
various members of the MMP or TIMP families and 
CAD—for example, a 2002 study20 showed an athero­
protective counter-regulatory function of TIMP-1, 
whereas a more recent study4 raised the question of 
whether TIMP-1 is atherogenic. When plasma levels 
of MMP-2, MMP-3, MMP-9, TIMP-1, and TIMP-2 
were measured in 53 men who had premature stable 
CAD,16 MMP-9 and TIMP-1 were significantly high­
er and MMP-3 and TIMP-2 were signif icantly lower 
in the CAD patients than in the control group of 133 
age-matched men. Similarly, MMP-9 and TIMP-1 were 
increased and MMP-2 and TIMP-2 were decreased in 
200 men who had premature CAD, in comparison with 
a control group of 201 age-matched men.17

	 In other studies,4,19,21 TIMP-1 has been associated with 
all-cause mortality, myocardial infarction, and acute 

coronary syndromes. An elevated TIMP-1 level was 
associated with the presence of carotid plaque in 238 
men who were known to be free of CAD, in a multi­
variate model that was adjusted for age, BMI, smoking, 
total cholesterol and triglycerides, C-reactive protein 
(CRP) level, diabetes mellitus, systolic blood pressure, 
and heart rate (odds ratio; 2.89; 95% CI, 1.12–7.47; 
P <0.01). Although TIMP-1 was also associated with 
common carotid artery intima–media thickness in a 
univariate analysis,22 the association was not present in 
a multivariate analysis.22 On the other hand, in yet an­
other report,23 MMP-9 and TIMP-2, but not TIMP-1, 
were elevated in 204 patients who had stable CAD, in 
comparison with a control group.
	 Investigations into the role of MMPs and TIMPs in 
the pathobiology of atherosclerosis have also produced 
varying results. Increased expression of interstitial col­
lagenase (MMP-1) has been described more often in 
vulnerable atherosclerotic plaques than in lesion-free 
areas of the vessels.24 Another investigation25 showed 
that CRP (an inflammatory marker that is associated 
with CAD) augmented MMP-1 and MMP-10 mRNA 
expression in human umbilical-vein endothelial cells, 
and that MMP-1 and MMP-10 were significantly ele­
vated in persons whose CRP levels were greater than 3 
mg/L.
	 Overexpression of TIMP-1 by adenovirus-mediated 
gene transfer has been shown to inhibit smooth-muscle- 
cell migration and neointimal formation in human  
saphenous veins,26 and the adenovirus-mediated over­
expression of TIMP-1 in atherosclerosis-susceptible 
apolipoprotein E-deficient mice significantly reduced 
atherosclerotic lesions.27 However, the investigators 
of that murine model also reported28 that in apolipo­
protein E-def icient mice that were overexpressing 
TIMP-1, the formation of aneurysms was decreased, 
but the development of atherosclerosis was not. Sim­

TABLE II. Relationship between Coronary Artery Disease Case Status and Dichotomized MMP-1 and TIMP-1 
Measurements

		  Model 1			   Model 2			   Model 3 
	 HRR	 95% CI	 P Value	 HRR	 95% CI	 P Value	 HRR	 95% CI	 P Value

MMP-1*	 1.20	 0.77–1.88	 0.43	 0.92	 0.52–1.65	 0.78	 1.17	 0.63–2.19	 0.62

TIMP-1**	 1.25	 0.80–1.95	 0.33	 1.03	 0.60–1.77	 0.91	 1.14	 0.63–2.04	 0.67
 
Model 1 was adjusted for age, sex, and race. Model 2 was adjusted for age, sex, race, body mass index, hypertension, diabetes 
mellitus, total cholesterol level, and high-density lipoprotein cholesterol level. Model 3 was adjusted for age, sex, race, body mass 
index, hypertension, diabetes mellitus, total cholesterol level, high-density lipoprotein cholesterol level, total triglycerides level, 
fibrinogen level, von Willebrand factor, and white blood cell count. 
 

CI = confidence interval; HRR = hazard-rate ratio; MMP-1 = matrix metalloproteinase-1; TIMP-1 = tissue inhibitor of metalloprotein
ase-1 
 

  *MMP-1 was evaluated as a dichotomous variable (MMP-1 levels >1.7 ng/mL vs individuals with MMP-1 levels ≤1.7 ng/mL). 
**TIMP-1 was evaluated as a variable dichotomized at the mean (>856.9 ng/mL vs ≤856.9 ng/mL).
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ilarly, MMP-1 and MMP-3 levels were reported to be 
higher in aneurysmal human atherosclerotic plaques 
than in occlusive lesions, whereas TIMP-1 was associ­
ated with calcification, a marker of plaque stability.29 In 
another apolipoprotein E-deficient murine model, in 
which the mice were maintained on a high-fat diet, 
transfection with TIMP-2 but not with TIMP-1 re­
sulted in the inhibition of atherosclerotic plaque devel­
opment and of plaque destabilization in the brachial 
artery. The authors concluded that TIMP-2 (and not 
TIMP-1) was an effective inhibitor of plaque growth, 
and that this inhibition may be secondary to the effect 
of TIMP-2 on the behaviors of smooth muscle cells and 
macrophages.30

	 Hence, the available human and animal data on the 
potential associations of MMPs and TIMPs with CAD 

have not been conclusive. Our study has the advantag­
es of 1) being a population-based study that provides 
information on a middle-aged U.S. population rather 
than on a high-risk patient cohort that has established 
atherosclerosis, and 2) having a longer follow-up than 
that in other investigations. The lack of association of 
TIMP-1 and MMP-1 with incident CAD in the cur­
rent study provides important additional information 
on the unclear relationship between MMPs or TIMPs 
and CAD. Perhaps the balance or the ratio between 
MMPs and TIMPs is more important in determin­
ing the contribution of these markers to atherosclero­
sis. Matrix metalloproteinases are known to have a role 
in degrading collagen,1 and TIMPs, as described, act as 
counter-regulatory enzymes. Therefore, the TIMP level 
may increase only when the MMP level also increas­

TABLE III. Associations in Groups Dichotomized by TIMP-1 and MMP-1 in the Cohort Random Sample

	    TIMP-1  ≤856.9 ng/mL	        TIMP-1  >856.9 ng/mL

Characteristic	 No.	 Mean (SE)	 No.	 Mean (SE)	 P Value

Age (yr)	 140	 54.28 ± 0.38	 85	 56.62 ± 0.66	 <0.01

Body mass index (kg/m2)	 140	 26.36 ± 0.43	 85	 28.46 ± 0.68	 0.01

Waist-to-hip ratio	 140	 0.90 ± 0.01	 85	 0.93 ± 0.01	 <0.01

Total cholesterol (mmol/L)	 140	 5.27 ± 0.09	 85	 5.29 ± 0.13	 0.88

Triglycerides (mmol/L)	 140	 1.35 ± 0.07	 85	 1.54 ± 0.09	 0.11

LDL-C (mmol/L)	 139	 3.25 ± 0.09	 84	 3.41 ± 0.11	 0.26

HDL-C (mmol/L)	 140	 1.40 ± 0.05	 85	 1.21 ± 0.05	 <0.01

White blood cell count	 138	 5.70 ± 0.18	 84	 6.16 ± 0.21	 0.10

Fibrinogen (mg/dL)	 140	 293.71 ± 6.51	 84	 315.92 ± 8.80	 0.04

von Willebrand factor	 140	 108.63 ± 4.13	 84	 129.32 ± 8.08	 0.03 
   (% activity)

	      MMP-1 ≤1.7 ng/mL	      MMP-1 >1.7 ng/mL

	 No.	 Mean (SE)	 No.	 Mean (SE)	 P Value

Age (yr)	 145	 54.91 ± 0.37	 80	 55.59 ± 0.73	 0.47

Body mass index (kg/m2)	 145	 27.26 ± 0.48	 80	 26.77 ± 0.62	 0.54

Waist-to-hip ratio	 145	 0.91 ± 0.01	 80	 0.91 ± 0.01	 0.98

Total cholesterol (mmol/L)	 145	 5.32 ± 0.09	 80	 5.20 ± 0.14	 0.48

Triglycerides (mmol/L)	 145	 1.41 ± 0.07	 80	 1.44 ± 0.11	 0.83

LDL-C (mmol/L)	 143	 3.33 ± 0.09	 80	 3.24 ± 0.12	 0.56

HDL-C (mmol/L)	 145	 1.35 ± 0.04	 80	 1.29 ± 0.06	 0.47

White blood cell count	 144	 5.84 ± 0.17	 78	 5.92 ± 0.28	 0.80

Fibrinogen (mg/dL)	 145	 306.46 ± 7.13	 79	 290.75 ± 7.26	 0.13

von Willebrand factor	 145	 114.82 ± 4.86	 79	 118.78 ± 6.84	 0.65 
   (% activity)
 
HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; MMP-1 = matrix metalloproteinase-1; 
TIMP-1 = tissue inhibitor of matrix metalloproteinase-1
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es. In our study, there was no difference between the 
case and comparison groups with respect to detectable 
MMP levels, and perhaps this also accounted for there 
being no difference in the TIMP-1 levels.
	 Matrix metalloproteinases and TIMPs have been asso­
ciated with established risk factors for atherosclerosis.31-34 
The Framingham Heart Study investigators31 reported 
that TIMP-1 was associated with all major cardiovascu­
lar risk factors and hypothesized that the risk factors in­
fluence vascular and cardiac remodeling via extracellular 
matrix degradation. A report from another study32 de­
scribed significantly higher MMP-9 and TIMP-1 levels 
in patients who had hypertension than in control-group 
patients, and that MMP-9 levels decreased and TIMP-1 
levels increased after antihypertensive treatment. In our 
investigation, the prevalence of hypertension was not sig­
nificantly different between our 2 groups; however, there 
were significant differences in serum cholesterol levels 
and diabetes mellitus (adjusted for in the various mod­
els). In our comparison group, TIMP-1 level was asso­
ciated with some markers, such as fibrinogen and von 
Willebrand factor. Further evaluation will be required 
to understand better whether MMPs and TIMPs are 
primarily involved in atherogenesis and plaque rupture, 
whether they are primarily responsive to other traditional 
risk factors, and what their effects are on the vasculature 
and on the inflammatory process that promotes athero­
sclerosis development.
	 Several limitations of our study should be noted. The 
assay with which we analyzed MMP-1 detected only lev­
els greater than 1.7 ng/mL, and most of our patients had 
levels of less than 1.7 ng/mL; therefore, ratios of MMP 
to TIMP could not be determined. Only MMP-1 and 
TIMP-1 were measured, and not the other metallopro­
teinases (including MMP-9) and their inhibitors. The 
tested samples were stored at –70 °C until they were 
analyzed, and the protracted storage may have led to 
the degradation or modification of MMP-1 or TIMP-1; 
however, any effect would have been similar for both the 
case and comparison groups. Finally, we examined only 
plasma levels of metalloproteinases, which may not cor­
relate with tissue levels in arterial plaques.
	 Despite these limitations, the data from our analyses 
suggest that plasma levels of MMP-1 and TIMP-1 were 
not predictive of incident CAD events in the ARIC pop­
ulation of asymptomatic middle-aged adults who had 
no atherosclerosis upon enrollment. The exact role of 
MMP-1 and TIMP-1 in CAD will need better charac­
terization.
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