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Abstract

It is unknown whether inflammatory/hemostatic biomarkers are associated with coronary artery 

calcium (CAC) progression. Our purpose was to evaluate the associations of baseline levels of C-

reactive protein, fibrinogen, plasminogen-activator inhibitor 1 (PAI-1), tissue plasminogen 

activator antigen, and circulating factor VII with CAC progression in healthy midlife women. 

Inflammatory/hemostatic biomarkers were measured at baseline. CAC was quantified by CT scans 

at baseline and after 2.3 ± 0.5 years of follow-up. Significant CAC progression was defined as 

present if 1) follow-up CAC Agatston score was >0 if baseline CAC score = 0, 2) annualized 

change in CAC score was ≥10 if baseline CAC score >0 to <100, and 3) annualized percent 

change in CAC score was ≥10% if baseline CAC score ≥100. Extent of CAC progression was 

defined as [log(CAC(follow-up)+25) – log(CAC(baseline)+25)] / year. Logistic and linear regression 

models were used as appropriate and the final models were adjusted for baseline CAC score, age, 

study site, race/ethnicity, menopausal status, sociodemographics, traditional cardiovascular disease 

(CVD) risk factors, family history of CVD, and CVD medication use. The study included 252 

women (baseline age 51.2 ± 2.6 years; 67.5% white; 56.4% pre- or early perimenopausal). In final 

models, only log(PAI-1) was associated with presence of CAC progression (OR: 1.91; 95% CI: 

1.24–2.93; per 1 log unit increase in PAI-1; p=0.003). Additionally, higher log(PAI-1) was 

marginally associated with greater extent of CAC progression (p=0.06). In conclusion, PAI-1 is 

associated with the presence of CAC progression in middle-aged women. Targeting PAI-1 may 

decrease atherogenesis beyond conventional CVD risk factors.
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 INTRODUCTION

Nearly half of middle-aged women afflicted with coronary heart disease (CHD) have zero or 

only one traditional risk factor.1 Coronary artery calcium (CAC) progression, or serial 

measurement of CAC scores, assesses temporal changes in subclinical atherosclerosis and 

has been demonstrated to correlate with CHD events.2,3 Biomarkers of inflammation and 

hemostasis have been linked to atherosclerosis, but have not been widely integrated into 

current CHD prevention algorithms due to lack of substantial evidence that they improve 

risk assessment.4–6 In women, additional studies considering menopausal status and race/

ethnicity are needed.7 The goal of this study was to assess associations between baseline 

levels of five biomarkers of inflammation and hemostasis with CAC progression in 

apparently healthy women of black and white race/ethnicity transitioning through 

menopause who were free of known cardiovascular disease (CVD). Biomarkers included C-

reactive protein (CRP), fibrinogen, plasminogen-activator inhibitor 1 (PAI-1), tissue 

plasminogen activator antigen (tPA-ag), and circulating factor VII (factor VIIc).

 METHODS

The Study of Women’s Health Across the Nation (SWAN) is a multi-center, multi-racial/

ethnic prospective cohort study in the United States that was designed to examine the 

menopausal transition.8 Seven clinical sites recruited women who were white and one 

additional pre-determined race/ethnicity (blacks in Boston, Chicago, Detroit, Pittsburgh; 

Chinese in Oakland; Hispanic in New Jersey; Japanese in Los Angeles). Eligibility criteria 

for the SWAN parent study included age 42–52 years, an intact uterus, menstruating within 

the prior 3 months, not using reproductive hormones, and not pregnant or lactating. Those 

with prior hysterectomy or bilateral oophorectomy were excluded. Study protocols were 

approved by the institutional review board at each site and participants provided written 

informed consent.

The SWAN Heart ancillary study was designed to evaluate subclinical atherosclerosis during 

the menopausal transition. It was performed at the Pittsburgh and Chicago sites and enrolled 

608 self-identified white and black women. This present study utilized data from both 

baseline and follow-up visits of the SWAN Heart study. The baseline SWAN Heart visit 

occurred during SWAN parent study annual visits 4 through 7, while the follow-up SWAN 

Heart visits occurred during SWAN parent study annual visits 6 through 9.9 The Pittsburgh 

site had one recruiting location and the Chicago site had two recruiting locations. Only the 

Pittsburgh and one of the Chicago locations, by design, obtained inflammatory/hemostatic 

biomarkers and consisted of 448 women who were considered to be eligible for the current 

study. Women were excluded from the current analyses if they did not have baseline CAC 

measurements (n=43); reported myocardial infarction, angina or stroke at either the baseline 

or follow-up SWAN Heart visits (n=8); did not have baseline levels of CRP, fibrinogen, 

PAI-1, tPA-ag, and factor VIIc (n=25); or did not have follow-up CAC measurements 

(n=114). Women with surgical menopause were excluded due to small numbers (n=6). Thus, 

the final sample size for those with both baseline and follow-up CAC measurements and 

baseline inflammatory/hemostatic biomarkers was 252 participants (Figure 1).
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Women in the final sample, when compared to the 196 excluded women, were older (51.7 

± 2.9 years vs. 50.6 ± 2.5 years; p=0.0002), had higher systolic blood pressure (121.4 ± 17.5 

mmHg vs. 115.1 ± 16.0 mmHg; p=0.0002), had lower LDL-C (117.2 ± 32.5 mg/dL vs. 

125.1 ± 33.3 mg/dL; p=0.01), and were less likely to have a family history of CVD (58.7% 

vs. 75.0%; p=0.0003). They were similar with respect to race/ethnicity, BMI, HDL-C, 

triglycerides, diabetes, and smoking.

A CT scanner (C-150 Ultrafast CT Scanner, GE Imatron, San Francisco, California) was 

used for CAC quantification. Thirty to forty contiguous 3-mm thick transverse images were 

obtained from the level of the aortic root to the apex of the heart. Images were obtained 

during a maximal breath hold, using electrocardiographic triggering so each 100-millisecond 

exposure was obtained during the same phase of the cardiac cycle (60%) of the R-R interval. 

All scan data were saved to an optical disk for central scoring, using a DICOM workstation 

and software by AcuImage, Inc (South San Francisco, California). This software program 

implements the Agatston scoring method.10 CAC was defined as a hyper-attenuating lesion 

>130 Hounsfield units with an area of ≥3 pixels. The Agatston unit (U) score was calculated 

by multiplying the lesion area (mm2) by a density factor (between 1 and 4). The total 

calcium score was the sum of the individual scores for the four major epicardial coronary 

arteries. Under the supervision of a cardiologist, a technologist scored the scans. This 

technique was demonstrated at the Pittsburgh site to have an intraclass correlation of 0.99.11

Phlebotomy was performed in the morning after an overnight fast within 2–5 days of a 

spontaneous menstrual cycle. If a timed sample could not be obtained because of irregular or 

cessation of menstrual cycles, a random fasting sample was taken within 90 days of the 

annual visit. CRP, fibrinogen, PAI-1, t-PA-ag, and factor VIIc were all measured in plasma. 

CRP was measured using ultrasensitive rate immunonephelometry (Dade-Behring, Marburg, 

Germany). The sensitivity of the assay was 0.03 mg/dL, and the interassay coefficient of 

variations (CVs) at CRP concentrations of 0.05 and 2.2 mg/dL were 10% to 12% and 5% to 

7%, respectively. Fibrinogen and factor VIIc were measured in frozen citrated plasma using 

a clot-based turbidometric detection system (MLA ELECTRA 1400C; Medical Laboratory 

Automation Inc., Mt. Vernon, NY). Fibrinogen monthly interassay CVs were 2.3 to 3.5% 

and 2.6 to 3.6% at mean concentrations of 250 and 140 mg/dL, respectively, and factor VIIc 

monthly interassay CVs were 7.8%, 5%, and 4% for mean activities of 8%, 45%, and 99%, 

respectively. PAI-1 was measured using a solid phased monoclonal antibody and a second 

enzyme-labeled goat antiserum for detection (IMUBIND plasma PAI-1 enzyme-linked 

immunosorbent assay; American Diagnostica, Greenwich, Connecticut). PAI-1 monthly 

interassay CVs were 5% to 9% and 4% to 9% at mean concentrations of 7 and 22.5 ng/dL, 

respectively. A double antibody in an enzyme-linked immunosorbent assay (American 

Diagnostica) measured t-PA-ag, with a human single chain t-PA-ag as a standard calibrated 

against an international standard (National Institute for Biological Standards and Control, 

Hertfordshire, United Kingdom). Monthly interassay CVs were 4.7% to 8.7% and 3.8% to 

7.8% at mean concentrations of 5.6 and 11 ng/dL, respectively. Total serum cholesterol, high 

density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C,) 

triglycerides, insulin, and glucose were determined from a fasting blood sample with 

standard methods described previously.12 The Homeostasis Model Assessment (HOMA) 

insulin resistance index was calculated using the following equation: [insulin x glucose] / 
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22.5. Glucose in mg/dL was converted to millimoles per liter by multiplying by 0.0555. 

HOMA represents a computer model of the glucose-insulin feedback system during a fasting 

state, specifically regarding the functions of the tissues and organs related to glucose 

regulation.

Blood pressure was measured twice and the average was used. Smoking was coded into 

current versus past or never smoker. BMI was derived from in-clinic measures of weight and 

height, and was calculated by [mass (kg)] / [height (m)]2. Income was recorded into three 

categories: <$50,000; $50,000 to <$100,000, and ≥$100,000. Education was recorded as 

high school graduate or less, some college or college graduate, and graduate degree. CVD 

medication use (blood pressure medication use and cholesterol medication use), and family 

history of CVD were self-reported. Diabetes was defined as the use of any medication for 

diabetes or a fasting blood glucose of >125 mg/dl.

Menopausal status, obtained annually from reported bleeding patterns in the year preceding 

the visit, was categorized as 1) pre-menopausal (bleeding in previous 3 months with no past 

year change in cycle predictability), 2) early perimenopausal (bleeding the previous 3 

months with decrease in cycle predictability in the past year), 3) late perimenopausal (<12 to 

>3 months of amenorrhea), 4) natural post-menopausal (≥12 months of amenorrhea), 5) 

surgical post-menopausal (for those who had undergone hysterectomy with/without 

oophorectomy), and 6) indeterminate status (for women pre-/peri-menopausal who reported 

taking hormones in the past year because of the impact of hormone use, even if 

discontinued, on bleeding patterns). For the current analyses, pre-menopausal and early 

perimenopausal women were combined into one group, as were late perimenopausal and 

post-menopausal women.13 Additionally, those who were indeterminate status and post-

menopausal women who were on hormone therapy were collapsed into a single category as 

hormone therapy users.

Data was summarized by CAC progression presence using frequencies, mean with standard 

deviation (SD), and median with first quartile (Q1) and third quartile (Q3) as appropriate. 

Differences between groups were assessed by the Wilcoxon-Mann-Whitney test for 

continuous variables and the chi-square or Fisher’s exact tests for categorical variables. All 

inflammatory/hemostatic markers had skewed distributions and were therefore log 

transformed.

CAC progression was evaluated as 1) a categorical outcome for presence of CAC 

progression, and 2) a continuous outcome for extent of CAC progression. For the presence 

of CAC progression analyses, a dichotomous variable of significant progression was created. 

Significant CAC progression was defined as present when 1) CAC score was >0 at follow-up 

if baseline CAC = 0, 2) annualized change in CAC score was ≥10 if baseline CAC score >0 

to <100, and 3) annualized percent change in CAC score was ≥10% if baseline CAC score 

≥100. This definition has been previously used in a study of low-risk subjects.14

The distribution of the changes in CAC score per year using the original scale was 

significantly skewed. Therefore, extent of CAC progression per year was calculated as 

follows15:
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This method has been shown to predict all-cause mortality.16 Logistic regression and linear 

regression models were utilized as appropriate to assess associations between inflammatory/

hemostatic biomarkers (separate model for each biomarker) as related to CAC progression 

and extent of CAC progression per year. For the multivariable analyses, covariates known to 

be associated with CHD and those that were found to be univariably significantly associated 

with the outcomes at a p<0.25 were considered. Study site and menopausal status were 

forced as it was part of the SWAN design.8 BMI and baseline CAC were introduced 

separately given known association with biomarkers of inflammation and hemostasis, and 

known association with CAC progression, respectively. Due to small numbers of diabetic 

cases in our sample, this variable was not considered in multivariable analyses. Interactions 

were assessed for race/ethnicity and menopausal status on the relationship between 

inflammatory/hemostatic biomarkers and CAC progression; neither was significant. A 2-

tailed value of p<0.05 was considered significant for all analyses. Goodness-of-fit was 

assessed with the p-value from the Hosmer-Lemeshow Test for logistic regression and R2 for 

linear regression. To account for missing data on outcome at the follow-up visit (n=114 

women with no CAC score at the follow-up visit) we conducted an inverse probability 

weighting (IPW) sensitivity analyses. In this method complete cases are weighted by the 

inverse of their probability of being a complete case (Supplemental table). Results were very 

consistent with the main analyses excluding missing data. These sensitivity analyses support 

that our findings were not biased by those who missed the follow-up CAC score. SAS 

version 9.4 (Cary, North Carolina) was used for statistical analyses.

 RESULTS

Baseline characteristics are presented in Table 1. The mean average follow-up time between 

scans was 2.3 ± 0.5 years. Of the 132 women with CAC=0 at baseline, 29 (22.0%) had any 

CAC on the follow-up measurement. Of the 113 women with 0<baseline CAC<100, there 

were 18 women (15.9%) who demonstrated an annualized increase of ≥10 U. Of the 7 

women who had baseline CAC ≥100, there were 6 (85.7%) who demonstrated progression 

(annualized increase of ≥10% compared to baseline). Presence of CAC progression by 

baseline CAC is presented in the Figure 2. Women who had CAC progression had a worse 

baseline CV profile.

Univariable logistic regression demonstrated significant positive associations between the 

presence of CAC progression and log(PAI-1) and log(tPA-ag), but not log(CRP) or 

log(fibrinogen) (Table 2). Of the inflammatory/hemostatic biomarkers, only log(PAI-1) was 

significantly associated with extent of CAC progression. In the multivariable model, 

log(tPA-ag) was no longer significantly associated with CAC progression after adjusting for 

baseline CAC, age, site, race/ethnicity, menopausal status, income, education, and SBP 

(Table 3). Of these covariates, log(CAC+1) at baseline attenuated the relationship between 

log(tPA-ag) and CAC progression. In contrast, log(PAI-1) maintained a significantly positive 

relationship independent of all covariates included in the model.
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Similarly, in multivariable linear regression analysis, only log(PAI-1) was positively and 

significantly associated with yearly extent of CAC progression after adjusting for baseline 

CAC, age, study site, race/ethnicity, menopausal status, income, education, and SBP (Table 

3). When BMI was added to the model, the association was attenuated.

 DISCUSSION

In the current study, baseline levels of PAI-1 were significantly associated with the presence 

of CAC progression and marginally associated with the yearly extent of CAC progression, 

independent of traditional CV risk factors and socio demographics. To the best of our 

knowledge, no studies to date have assessed the relationships of PAI-1, tPA-ag and factor 

VIIc with CAC progression. We have previously shown that PAI-1 was not associated with 

presence or extent of baseline CAC in women at midlife.17 Others demonstrated a positive 

relationship between PAI-1 level and presence of CAC on a single measurement in young 

diabetics, but not non-diabetics.18 Our findings of a relationship between levels of PAI-1 and 

CAC progression in the current analyses, but not CAC prevalence in a previous work 

suggests that PAI-1 may be an important temporal marker for healthy midlife women who 

are at elevated risk for aggressive atherosclerotic development.17 Some have postulated that 

a single measure of CAC is a representation of long-term, or lifetime, atherosclerotic plaque 

burden whereas CAC progression is more indicative of short-term, or current, disease 

activity.19

Relationships between inflammatory biomarkers and incident CAC is mostly mediated 

through BMI.20 In women, CRP appears to be associated with incident CAC in those of 

normal BMI, but not overweight or obese.21 The influence of BMI on the relationships 

between inflammatory biomarkers and CAC progression is less studied.2 In our study, 

adjusting for BMI attenuated the association between PAI-1 and extent of CAC progression, 

but not presence of CAC progression.

CHD events and CAC progression continue despite optimization of traditional risk factors, 

including statin use. Statins have failed to demonstrate significant decreases in CAC 

progression.22 Lipid regulation may not adequately affect calcification in coronary 

atheromas, which occurs late in the atherosclerotic process. Mechanisms that prevent 

worsening CAC burden may ultimately improve upon current state-of-the-art CHD 

prevention recommendations. Whether targeting hemostatic abnormalities, as evidenced by 

elevated PAI-1 levels, may slow CAC progression and consequently decrease CHD events 

will require further investigation.

The potential mechanisms for the detected association between levels of PAI-1 and CAC 

progression are not completely clear. Inhibition of fibrinolysis through PAI-1 has been 

postulated as a pathway to increase arterial fibrin deposition and thrombosis.23 PAI-1 may 

thus be an important factor in CAC progression in late stage atherosclerotic lesions as 

altered healing of ruptured atheromas may contribute to increasing CAC. CAC progression 

has been correlated with mortality and morbidity, and CAC magnitude has been correlated 

with atherosclerotic plaque burden.3,16,24
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Increased activation of the renin-angiotensin-aldosterone system RAAS has been known to 

be associated with abnormalities in the fibrinolytic system, particularly endothelial 

expression of PAI-1 by angiotensin.25 Prior studies suggest that angiotensin-converting 

enzyme inhibition alone or a combination of angiotensin II type I (AT1) receptor and 

aldosterone receptor inhibition have the potential to chronically reduce elevated levels of 

PAI-1.25–27 This may theoretically relieve PAI-1 mediated suppression of fibrinolysis.

Decreasing PAI-1 activity has also improved vascular structure in mouse models. AT1 

receptor blockade with azilsartan decreased PAI-1 expression in the aortic wall of mice fed a 

high fat diet.28 In addition, mice fed azilsartan had more stable plaques as evidenced by 

greater cellularity and collagen than mice that were fed placebo. Administration of apelin to 

mice has been shown to attenuate angiotensin II-induced perivascular fibrosis in coronary 

artery sections.29 The observed effect was postulated to be at least in part due to decreased 

PAI-1 levels by blocking angiotensin II-mediated PAI-1 gene expression. These findings add 

evidence to the potential histologic stability, and prevention of calcification, that may be 

conferred to atherosclerotic plaques by controlling PAI-1 expression. Future studies should 

assess this question.

Our study only included women who were white and black. The results, therefore, may not 

be generalizable to individuals of other racial/ethnic groups. The participants were recruited 

from a narrow age range to study the menopausal transition. The findings may not be 

applicable to women who are younger or older. There were very few diabetics in our study. 

Diabetics are of particular interest for primary prevention measures given the high 

prevalence of CHD in this population and the increasing incidence of this condition in 

developed countries. Excluded women were more likely to be younger, have higher systolic 

blood pressure, and smokers. This may have introduced selection bias. Finally, our small 

sample size and short follow-up time may have resulted in inadequate statistical power due 

to few women developing the outcome. Some small but meaningful associations may not 

have achieved statistical significance, thereby resulting in negative findings for some 

independent variables.

In conclusion, the association of PAI-1 with CAC progression in our study suggests that 

abnormalities in the fibrinolytic system may play an important role in CAC progression in 

middle-aged women undergoing the menopausal transition. Future studies should evaluate 

the association of PAI-1 levels with subclinical atherosclerosis in a broader population. If 

similar relationships are present, additional studies with the goal of decreasing CAC 

progression in those with elevated PAI-1 levels may be warranted.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Participant Flow Chart
CAC = coronary artery calcium; SWAN = Study of Women’s Health Across the Nation.
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Figure 2. Percentage Of Women With CAC Progression By Baseline CAC Agatston Score
The numbers in columns are women. The p-value was calculated by Fisher’s Exact Test. 

CAC = coronary artery calcium.
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Table 1

Baseline characteristics by presence or absence of CAC progression.

Characteristics Total (n = 252) CAC Stable (n = 199) CAC Progressed† (n = 53) p-value*

Age at baseline (years) 51.2 (2.6) 51.1 (2.6) 51.7 (2.9) 0.2

Site 0.6

 Chicago 102 (40.5%) 79 (39.7%) 23 (43.4%)

 Pittsburgh 150 (59.5%) 120 (60.3%) 30 (56.6%)

Race/ethnicity 0.6

 Black 82 (32.5%) 63 (31.7%) 19 (35.9%)

 White 170 (67.5%) 136 (68.3%) 34 (64.2%)

Menopausal status 0.1

 Pre- and early perimenopausal 142 (56.4%) 113 (56.8%) 29 (54.7%)

 Late peri- and post-menopausal 77 (30.6%) 56 (28.1%) 21 (39.6%)

 Hormone therapy user 33 (13.1%) 30 (15.1%) 3 (5.7%)

Income 0.7

 <$50,000 82 (32.7%) 65 (32.7%) 17 (32.7%)

 $50,000-<$100,000 96 (38.3%) 74 (37.2%) 22 (42.3%)

 ≥$100,000 73 (29.1%) 60 (30.2%) 13 (25.0%)

Education 0.5

 High school or less 41 (16.3%) 32 (16.1%) 9 (17.0%)

 Some college or college 133 (52.8%) 102 (51.3%) 31 (58.5%)

 Graduate 78 (31.0%) 65 (32.7%) 13 (24.5%)

Systolic blood pressure (mmHg) 117.1 (15.8) 116.0 (15.8) 121.4 (14.8) 0.009

Body mass index (kg/m2) 29.4 (6.5) 28.8 (6.4) 31.4 (6.7) 0.008

High density lipoprotein cholesterol (mg/dL) 57.2 (13.4) 58.3 (13.6) 53.4 (11.7) 0.02

Low density lipoprotein cholesterol (mg/dL) 119.3 (34.4) 116.8 (33.2) 128.5 (37.5) 0.08

Triglycerides (mg/dL) 98.0 (74.0, 136.5) 97.0 (73.0, 133.0) 105.0 (76.0,170.0) 0.1

Cardiovascular medication use 56 (22.2%) 40 (20.1%) 16 (30.2%) 0.1

Diabetes mellitus 9 (3.6%) 4 (2.0%) 5 (9.4%) 0.01

Family history of cardiovascular disease 166 (65.9%) 132 (66.3%) 34 (64.2%) 0.8

Current smoker 30 (11.9%) 22 (11.1%) 8 (15.1%) 0.4

Homeostasis Model Assessment 1.9 (1.5, 3.1) 1.8 (1.4, 2.9) 2.4 (1.5, 3.9) 0.05

Baseline coronary artery calcium (U) 0 (0, 7.2) 0 (0, 5.8) 0 (0, 31.2) 0.2

C-reactive protein (mg/L) 2.1 (1.0, 5.9) 2.1 (1.0, 5.9) 2.5 (1.3, 5.6) 0.5

Fibrinogen (mg/dL) 273 (242, 312) 273 (238, 316) 279 (247, 300) 0.7

Plasminogen-activator inhibitor 1 (ng/mL) 13.0 (7.2, 23.5) 12.0 (6.6, 21.8) 20.2 (10.0, 52.0) 0.0004

Tissue plasminogen activator antigen (ng/mL) 6.6 (5.0, 9.4) 6.6 (4.7, 9.2) 6.8 (5.8, 10.1) 0.06

Factor VIIc (%) 120 (102, 137) 115 (98, 134) 123 (110, 140) 0.03

Continuous variables presented as mean with standard deviation in parenthesis or median with first and third quartiles in parenthesis. Categorical 
variables presented as number with percent in parenthesis.

*
p-value for CAC groups - Wilcoxon rank-sum test for continuous variables; χ 2 test or Fisher's exact test for categorical variables

†
CAC progression: any CAC for baseline CAC=0, ≥10 for 0<baseline CAC<100, ≥10% for baseline CAC≥100
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Table 2

Univariable logistic regression analyses for presence of CAC progression and linear regression analyses for 

extent of CAC progression/year.

Presence of CAC Progression† Extent of CAC Progression

OR (95% CI) p-value β (SE) p-value

Age at baseline (years) 1.09 (0.97–1.22) 0.1 0.005 (0.003) 0.04

Pittsburgh sitea 0.86 (0.47–1.59) 0.6 0.003 (0.014) 0.8

Whiteb 0.83 (0.44–1.57) 0.6 0.011 (0.015) 0.4

Menopausal statusc 0.1 0.2

 Late peri- and post-menopausal 1.46 (0.77–2.79) 0.3 0.028 (0.015) 0.07

 Hormone therapy user 0.39 (0.11–1.37) 0.1 0.0004 (0.021) 1.0

Incomed 0.7 1.0

 $50,000-<$100,000 1.14 (0.56–2.32) 0.7 −0.003 (0.016) 0.9

 ≥$100,000 0.83 (0.37–1.85) 0.6 0.002 (0.017) 0.9

Educatione 0.5 0.3

 Some college or college 1.08 (0.47–2.51) 0.9 −0.012 (0.019) 0.5

 Graduate 0.71 (0.28–1.84) 0.5 −0.030 (0.021) 0.2

Systolic blood pressure (mmHg) 1.02 (1.002–1.04) 0.03 0.0005 (0.0004) 0.3

Body mass index (kg/m2) 1.06 (1.01–1.11) 0.01 0.003 (0.001) 0.01

High density lipoprotein cholesterol (mg/dL) 0.97 (0.94–1.00) 0.02 −0.0004 (0.0005) 0.4

Low density lipoprotein choleterol (mg/dL) 1.01 (1.001–1.02) 0.03 0.0002 (0.0002) 0.3

Triglyceridesf (mg/dL) 2.08 (1.13–3.82) 0.02 0.037 (0.014) 0.009

Cardiovascular medication use 1.72 (0.87–2.40) 0.1 0.015 (0.016) 0.4

Diabetes mellitus 5.08 (1.31–19.63) 0.02 0.056 (0.037) 0.1

Family history of cardiovascular disease 0.91 (0.48–1.71) 0.8 0.0004 (0.014) 1.0

Current smoker 1.43 (0.60–3.42) 0.4 0.003 (0.021) 0.9

Homeostasis Model Assessmentf 1.49 (0.91–2.43) 0.1 0.009 (0.011) 0.5

Baseline coronary artery calcium+1f (U) 1.29 (1.06–1.56) 0.01 0.011 (0.005) 0.01

C-reactive proteinf (mg/L) 1.06 (0.83–1.36) 0.6 0.003 (0.006) 0.6

Fibrinogenf (mg/dL) 1.29 (0.28–5.95) 0.7 −0.010 (0.036) 0.8

Plasminogen-activator inhibitor-1f (ng/mL) 1.94 (1.39–2.72) 0.0001 0.020 (0.007) 0.006

Tissue plasminogen activator antitgenf (ng/mL) 2.21 (1.06–4.61) 0.03 0.012 (0.016) 0.4

Factor VIIcf (%) 2.50 (0.78–8.05) 0.1 0.055 (0.028) 0.051

a
Pittsburgh versus Chicago;

b
White versus Black;

c
Referenced to pre- and early perimenopausal;

d
Referenced to <$50,000;

e
Referenced to high school or less;
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f
Log transformed

†
CAC Progression: any CAC for baseline CAC=0, ≥10 for 0<baseline CAC<100; ≥10% for baseline CAC ≥100

CAC = coronary artery calcium; CI = confidence interval; OR = odds ratio; SE = standard error
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Table 3

Multivariable logistic regression analyses for presence of CAC progression and linear regression analyses for 

extent of CAC progression/year.

Presence of CAC Progression† Extent of CAC Progression

OR (95% CI) p-value β (SE) p-value

Model 1: Log(baseline coronary artery calcium+1), Age, Site, Race/ethnicity, Menopausal status, Income, Education, Systolic blood 
pressure

 C-reactive protein (mg/L) 0.96 (0.72–1.27) 0.8 0.0001 (0.006) 1.0

 Fibrinogen (mg/dL) 0.82 (0.15–4.56) 0.8 −0.017 (0.037) 0.6

 Plasminogen-activator inhibitor-1 (ng/mL) 1.93 (1.32–2.83) 0.0007 0.018 (0.008) 0.02

 Tissue plasminogen activator antigen (ng/mL) 1.90 (0.83–4.31) 0.1 0.005 (0.017) 0.8

 Factor VIIc (%) 2.43 (0.56–10.57) 0.2 0.034 (0.031) 0.3

Model 2: Model 1 + Body mass index

 C-reactive protein (mg/L) 0.89 (0.65–1.21) 0.5 −0.006 (0.007) 0.4

 Fibrinogen (mg/dL) 0.81 (0.14–4.65) 0.8 −0.035 (0.038) 0.4

 Plasminogen-activator inhibitor-1 (ng/mL) 1.93 (1.31–2.85) 0.0009 0.016 (0.008) 0.06

 Tissue plasminogen activator antigen (ng/mL) 1.81 (0.76–4.30) 0.2 −0.005 (0.018) 0.8

 Factor VIIc (%) 2.43 (0.56–10.55) 0.2 0.034 (0.031) 0.3

Model 3: Model 2 + Log(Homeostasis Model Assessment), Family history of cardiovascular disease, High density lipoprotein 
cholesterol, Low density lipoprotein cholesterol, Log(triglycerides), Cardiovascular medication use, Current smoker

 C-reactive protein (mg/L) 0.86 (0.61–1.22) 0.4 −0.0004 (0.007) 0.6

 Fibrinogen (mg/dL) 0.77 (0.11–5.20) 0.8 −0.040 (0.040) 0.3

 Plasminogen-activator inhibitor-1 (ng/mL) 1.91 (1.24–2.93) 0.003 0.017 (0.009) 0.06

 Tissue plasminogen activator antigen (ng/mL) 1.42 (0.53–3.84) 0.5 −0.007 (0.020) 0.7

 Factor VIIc (%) 1.58 (0.32–7.82) 0.6 0.030 (0.034) 0.4

All inflammatory/hemostatic biomarkers were log transformed.

†
CAC Progression: any CAC for baseline CAC=0, ≥10 for 0<baseline

CAC<100; ≥10% for baseline CAC ≥100

CAC = coronary artery calcium; CI = confidence interval; OR = odds ratio; SE = standard error
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