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Abstract

Background: Sex differences in the incidence and manifestation of cardiovascular disease 

(CVD) suggest the involvement of sex hormones in disease pathogenesis. Coronary artery calcium 

(CAC) and its progression, measured by non-contrast cardiac computed tomography, are markers 

of subclinical atherosclerosis and predict CVD, even among low-risk women. We hypothesized 

that sex hormone levels were associated with CAC progression among women in the Multi-Ethnic 

Study of Atherosclerosis.

Methods: We studied 2,759 post-menopausal women (age 65±9 years), free of baseline CVD, 

with baseline serum sex hormones and CAC measured at Exam 1 (2000–2002). Of this sample, 

2,427 had ≥1 follow-up CAC measurement through Exam 5 (2010–2012). Using mixed effects 

linear regression methods, we tested change in log[CAC+1] score by log[sex hormone] levels 

(continuous, comparing the 90th versus 10th percentiles). Models adjusted for demographics, 

lifestyle factors, cardiovascular risk factors, hormone therapy, and years since menopause.
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Results: At baseline, we found no associations between sex hormones and prevalent CAC. Over 

a median of 4.7 years, in fully-adjusted models, women with higher free testosterone levels had a 

greater relative CAC progression ratio (95% CI) [1.26 (1.011.56)], whereas higher sex hormone 

binding globulin (SHBG) was associated with lower progression risk [0.80 (0.64–0.99). No 

associations were seen for total testosterone, estradiol, or dehydroepiandrosterone.

Conclusion: A more androgenic hormone profile of higher free testosterone and lower SHBG is 

associated with a greater CAC progression up to 10-years in post-menopausal women. Sex 

hormone levels may help identify women at increased risk for CVD who may benefit from 

additional risk-reducing strategies.

Keywords

Testosterone; sex hormones; coronary artery calcium; menopause; women; risk factors; cardiac 
computed tomography

Introduction:

Although cardiovascular disease (CVD) mortality rates are declining, CVD remains the 

leading cause of death among older women.1 Sex differences exist in the risk factors, 

presentation, and outcomes of CVD2, suggesting the influence of sex hormones. The 

coronary artery calcium (CAC) score measured by non-contrast cardiac computed 

tomography (CT) is a marker of subclinical atherosclerosis and is prognostic of risk for 

future coronary heart disease (CHD) events, independently of traditional risk factors.3–6 

CAC is prognostic of CVD risk, even among women at low predicted risk.7, 8

At menopause there is a drastic change in the endogenous hormonal milieu, with a decrease 

in estrogen resulting in a relative androgen excess, which can influence a woman’s 

cardiovascular risk. Post-menopausal women with higher androgen levels have an increased 

burden of CVD risk factors,9 and have a more adverse cardiovascular phenotype, including 

increased concentric left ventricular remodeling,10 greater aortic stiffness11 and increased 

NT-proBNP levels12. In a prior analysis from the Multi-Ethnic Study of Atherosclerosis 

(MESA), post-menopausal women with a higher Testosterone (T): Estradiol (E2) ratio also 

had a greater risk for incident CVD, CHD, and heart failure events.13

Progression of subclinical atherosclerosis may be one mechanism linking higher androgen 

levels with CVD risk in women after menopause. Prior studies have shown some 

relationships between sex hormone levels and the presence of subclinical atherosclerosis, but 

findings were mixed.14–16 However, these prior studies were limited by cross-sectional 

design or a single assessment of CAC. Further work is still needed to delineate biological 

mechanisms that underlie atherosclerosis progression in women,17 and prospective long-

term analyses are needed to further establish relationships between sex hormone levels and 

CAC progression. Identification of women at increased CVD risk is necessary for the 

appropriate targeting of risk-reducing strategies.

Thus, our study aimed to examine the associations of endogenous sex hormone levels with 

long-term (10-year) progression of subclinical atherosclerosis as measured by CAC, among 
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post-menopausal women in a multi-ethnic community-based cohort. We hypothesized that a 

more androgenic hormone profile [i.e. higher free T and lower sex hormone binding globulin 

(SHBG)] would be associated with greater CAC progression.

Methods:

Study population

MESA is an ongoing prospective cohort study conducted at six centers across the U.S with 

6,814 women and men enrolled, aged between 45–84 years and free of clinical CVD at 

baseline.18 The baseline exam (Exam 1) was conducted between 2000–2002 with 

subsequent follow-up exams held during, 2002–2004 (Exam 2), 2004–2005 (Exam 3), 

2005–2007 (Exam 4) and 2010–2012 (Exam 5).

Our study population (Figure 1) consisted of all post-menopausal women enrolled in MESA 

who had endogenous sex hormone levels and CAC measured at the baseline exam 

(N=2,759). Menopausal status was determined through an algorithm developed using 

answers to a series of self-reported questions including, age, age at menopause, history of 

surgical menopause and age at surgical menopause as compared to age. Details and an 

explanatory algorithm have been previously reported,12 and presented again in Supplemental 

Figure 1.

Of this sample, 2,427 women had at least one additional measurement of CAC at the follow-

up MESA exams. We restricted our sample to post-menopausal women as both sex hormone 

levels and cardiovascular risk differ between pre- and postmenopausal women, and there 

were relatively few pre-menopausal women in MESA, which limited analyses in this subset. 

Furthermore, we were interested in studying the progression of CAC in the post-menopausal 

state to examine women’s CVD risk after menopause to expand upon our prior work.10–13

MESA study protocols were approved by the IRB’s of all collaborating institutions and the 

MESA Coordinating Center. Participation was voluntary and informed written consent was 

obtained at each study examination.

Sex hormones

Endogenous sex hormone levels were measured at baseline from fasting serum samples at 

the University of Massachusetts Medical Center in Worcester, MA. The assays and kits used 

to measure the hormone levels were an ultrasensitive radioimmunoassay kit for E2 

(Diagnostic System Laboratories, Webster, TX), radioimmunoassay kits for total T and 

dehydroepiandrosterone (DHEA) and a chemiluminescence enzyme immunometric assay 

using Immulite kits for SHBG (Diagnostic Products Corporation, Los Angeles, CA).10–13 

Free T was estimated (as a percent of total T) using the Sodergard equation.19 The intra-

assay coefficients of variation for total T, SHBG, DHEA, and E2 were 12.3%, 9.0%, 11.2%, 

and 10.5%, respectively.

Coronary artery calcium score:

CAC was measured using either electron-beam CT scanner or a multi-detector CT system. 

Each participant was scanned twice at baseline and results were averaged, as has been 
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previously described.20 CAC was quantified using the Agatson scoring method.21 Scores 

were adjusted using a standard radiologic phantom used at the time of the scanning.22 All 

scans were read at the Los Angeles Biomedical Research Institute at Harbor-University of 

California Los Angeles Medical Center by trained readers blinded to participant 

characteristics. Intraobserver and interobserver agreement was high (κ= 0.93 and κ=0.90, 

respectively) for CT image analysis.20

CAC was measured in all post-menopausal women in our study sample at Exam 1 

(N=2,759). Subsequently, participants were selected to get a repeat CT scan at either Exams 

2 or 3, with the time point of the repeat scan randomly assigned (N=2,300). An additional 

random subset were selected for a third scan at Exam 4 (n=538). Finally, a subset who were 

participants of the MESA AIR ancillary study underwent repeat scanning at Exam 5, 

approximately 10-years after baseline scan (n=1,276). Thus, participants could have had up 

to four cardiac CT scans (since Exam 2 or 3 scan was mutually exclusive) over a 10-year 

period; 2,437 women had at least 1 follow-up CAC measurement and were included in these 

longitudinal analyses (Figure 1).

Other covariates:

Covariates were obtained from standardized questionnaires, physical exam, and laboratory 

measures at each study visit as previously reported.18 For this analysis, we used covariates 

ascertained at the baseline exam. Age, race/ethnicity, education level, smoking status, 

physical activity (intentional moderate + vigorous exercise in METS*min/week), and age at 

menopause were self-reported. A medication inventory determined current medication use 

including use of hormone therapy (HT). Diabetes was assessed by self-reported physician 

diagnosis, a fasting glucose level of ≥126 mg/dL, or hypoglycemic medication use. Height 

and weight, measured using standardized procedures, were used to calculate body mass 

index (BMI). Resting blood pressure was measured using a Dinamap automated 

sphygmomanometer in the seated position with the average of the 2nd and 3rd readings used.

Statistical methods:

Differences in baseline characteristics by presence or absence of baseline CAC were 

assessed by t-tests or χ2 tests. Sex hormones were positively skewed and thus log 

transformed for analysis. Our statistical models evaluated each sex hormone as a continuous 

measure and compared the 90th versus 10th percentiles for contrast. CAC scores were also 

skewed and had a high prevalence of zero scores, so we used the natural log of (CAC+1) as a 

continuous measure as our primary outcome measure to evaluate for progression.

Participants could contribute data to up to 4 time-points (Exams 1 to 5). We assessed the 

longitudinal change in CAC scores associated with each of the sex hormone levels 

separately by using multivariable-adjusted linear mixed effects models allowing for random 

variations in baseline CAC scores and longitudinal slope for CAC score progression across 

participants. The mixed effects model for longitudinal data leverages all available CAC 

information from all participants, including those without follow-up measurements, to 

jointly model the amount of CAC at baseline and CAC progression over time and has been 

described previously.23 As log-units of sex hormones and CAC are difficult to interpret, the 
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beta-coefficients from our linear models were exponentiated and results were presented as 

CAC progression ratios and their 95% confidence intervals (CI). Progression ratios >1 

suggest the hormone is positively associated with CAC progression; ratios <1 suggest 

reduced risk of progression.

In secondary analyses, we confirmed the association of each sex hormone with presence of 

prevalent CAC (Agatston score >0) at the baseline exam using modified Poisson regression 

and presented as prevalence ratio (PR) and 95% CIs. The cross-sectional relationship of sex 

hormones and CAC had already been previously reported in MESA.14 We now newly 

examined the association of sex hormones with incident CAC (among participants without 

baseline CAC) using survival analysis with interval censoring and presented as hazard ratios 

(HR) and 95% CI.

In all analyses, we used progressively adjusted models. In the minimally adjusted model 

(Model 1), we adjusted for the variables of age, race/ethnicity and study site. In our primary 

analytical model (Model 2), we additionally adjusted for education, smoking, physical 

activity, BMI, years since menopause, and current HT use. In the final model (Model 3), we 

additionally adjusted for CVD risk factors that may be in the causal pathway between sex 

hormone levels and CAC progression. This latter model included systolic blood pressure, 

use of anti-hypertensive medication, total cholesterol, HDL cholesterol, use of lipid lowering 

medication, prevalent diabetes mellitus (Yes/No), high-sensitivity C-reactive protein (CRP) 

levels, and estimated glomerular filtration rate (eGFR) by the CKD-Epi equation24.

We performed several sensitivity analyses for exploratory purposes. First, we repeated 

analyses after excluding women on current HT (n=1,879). Additionally, we repeated 

analyses stratified by years since menopause (≤10 vs >10 years) and by age categories (≤65 

vs >65 years). Stata version 14.2 was used for all analyses.

Data availability statement

The MESA cohort participates in the National Heart, Lung, and Blood Institute’s Biologic 

Specimen and Data Repository (BioLINCC). The MESA data are available upon request, 

including data from exams 1 to 5, used in this analysis. Requests for data can be made 

through the following website: https://biolincc.nhlbi.nih.gov/studies/mesa/

Results:

Baseline characteristics

The mean (SD) age of study population was 65 (9), and 32% were current HT users. 

Baseline characteristics are shown in Table 1, stratified by the presence (46%) or absence of 

baseline CAC (54%). Women with baseline CAC were older, more likely to be White, had 

lower levels of physical activity, were more likely to be smokers, had a greater prevalence of 

hypertension, dyslipidemia and diabetes mellitus, and had lower eGFR, DHEA and E2 levels 

than woman without CAC.
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Prevalent and incident CAC

In cross-sectional analysis, there were no significant associations of sex hormones with 

prevalent CAC at baseline (Supplemental Table 1). This corroborated findings from an 

earlier study in the same population.14

Participants were followed for up to 10-years, with a median follow-up of 4.7 years. Among 

participants without CAC at baseline (N=1,366) (Table 2), women with higher levels of free 

T had a greater risk of developing incident CAC>0 [HR 1.41 (95% CI 1.03, 1.92)] and 

women with higher levels of SHBG had lower risk [0.71 (0.52, 0.96)], after adjusting for 

demographics, lifestyle factors, menopausal duration and use of HT (Model 2). However, 

this association was not statistically significant after adjusting for cardiovascular risk factors 

(Model 3). There were no statistically significant associations between total T, E2, or DHEA 

and incident CAC in any model.

10-year CAC Progression

Among all participants (including those with or without CAC at baseline), the associations 

of sex hormones (comparing the 90th vs 10th percentile of their continuous distribution) 

with the progression of log(CAC+1) were estimated using linear mixed effect models that 

accounted for baseline CAC. Results are presented as CAC progression ratios, which are the 

exponentiated coefficients from the linear mixed effects models (Table 3). Women with 

higher levels of free T and lower levels of SHBG had a greater progression of CAC. The 

CAC progression ratio (95% CI) associated with higher free T and higher SHBG were 1.28 
(1.03, 1.59) and 0.78 (0.63, 0.97), respectively, after adjusting for demographic and lifestyle 

factors including menopausal duration and use of HT (Model 2). CAC progression was 

generally linear over follow-up as shown in Figure 2A (for free T) and Figure 2B (for 

SHBG). These associations remained statistically significant after additional adjustment for 

cardiovascular risk factors (Model 3). There were no associations between total T, E2, or 

DHEA levels and CAC progression.

In a sensitivity analysis excluding women on current HT (Supplemental Table 2), we saw 

trends consistent with those in our main model, with higher levels of free T and SHBG 

associated with greater [1.71 (1.19, 2.47)] and lesser [0.59 (0.42, 0.83)] progression of CAC 

with a larger effect size.

We also conducted a stratified analysis by years since menopause (≤10 vs >10 years) for 

incident CAC (Supplemental Table 3). In models adjusted for demographic factors (Model 

1), free T was associated with a greater risk, and SHBG with a lower risk, of incident CAC, 

similar to our primary model. After adjusting for lifestyle and cardiovascular risk factors 

though, these associations were not statistically significant but trended in the same direction. 

The analyses of sex hormones and progression of CAC score (Supplemental Table 4), 

stratified by ≤10 vs >10 years post-menopause, did not show any statistically significant 

associations, though the associations trended in the same directions as seen in the whole 

cohort of women combined. While there was some statistically significant interactions by 

categories of menopausal years (noted in Supplemental Table 4), the results were 

qualitatively in the same direction of association for both categories.
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Finally, we also performed an age-stratified analysis (≤65 years and >65 years). In women 

≤65 years, the associations of free T and SHBG with incident CAC (Supplemental Table 5) 

and progression of CAC (Supplemental Table 6) were similar to our primary analysis; 

however these results were not statistically significant in women aged >65 years. There were 

some statistically significant interaction by these age categories for CAC progression 

(Supplemental Table 6), but again these results should be considered exploratory.

Discussion:

In a well-characterized cohort of post-menopausal women, free of CVD at baseline, we 

found that a more androgenic hormone profile (i.e., higher levels of free T and lower levels 

of SHBG) was associated with greater CAC progression up to 10years, even after adjustment 

for traditional CVD risk factors. These associations remained significant after excluding 

women on current HT with a greater magnitude of association, and these associations also 

appeared stronger for women ≤65 years of age.

CAC is a marker of total coronary atherosclerotic burden and considered in guidelines as a 

sufficient risk marker that could guide risk assessment for consideration of pharmacological 

therapy such as statins and aspirin.5, 25, 26 Women, compared to similarly aged-men, have 

lower CAC scores on average, but the presence of CAC is prognostic of future CVD risk 

even among women at low predicted risk.7, 8 Given sex differences in both the prevalence of 

CAC and CVD risk, the role of sex hormones in atherosclerosis progression warrants further 

study.

Sex hormones may influence CAC progression directly through traditional risk factors. 

Elevated androgens in older women are associated with elevated blood pressure, insulin 

resistance, and metabolic syndrome.9, 27, 28 On the other hand, estrogen replacement is 

associated with favorable lipid changes including decreases in LDL-cholesterol and 

increases in HDL-cholesterol levels.29 We found an independent association of an 

androgenic sex hormone profile with 10-year CAC progression that remained significant 

even after adjusting for CVD risk factors that may be in the causal pathway including lipids, 

blood pressure, and diabetes.

Beyond its relationship to traditional risk factors, estrogen is also thought to exhibit a direct 

inhibitory effect on the coronary calcification process through its effects on vascular smooth 

muscle cells, bone macrophages and matrix proteins, all components of the vessel wall.30 In 

this study, we did not see any associations between E2 and CAC progression, although E2 

levels are very low in women not on HT after the menopausal transition. Our findings 

support work from previous cross-sectional studies in MESA where E2 levels were not 

associated with baseline CAC or abdominal aortic calcium in post-menopausal women.14, 15

However, studies in other populations have shown conflicting results of the relationship of 

estrogen with CAC and with coronary atherosclerosis progression. One retrospective 

analysis found that women with higher endogenous E2 levels have lower CAC scores,31 and 

in another observational study, women who used HT had less CAC progression.32 These 

findings were consistent with an ancillary study of the Women’s Health Initiative that found 
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that women receiving estrogen-only HT had lower CAC scores when assessed on a single 

cardiac CT scan obtained ~7 years after randomization, as compared to those receiving 

placebo.33 However this benefit was not found with combined estrogen/progestin therapy or 

confirmed in other studies.34 For example, the Early versus Late Intervention Trial with 

Estradiol (ELITE)35 and the Estrogen Replacement and Atherosclerosis (ERA) trial36 

showed no effect of HT (estrogen/progesterone and placebo) on coronary atherosclerosis 

progression as assessed by cardiac CT angiography and by quantitative coronary 

angiography, respectively.35, 36 Within our study, in a sensitivity analysis excluding women 

on current HT, we found a greater magnitude of association between an androgenic hormone 

profile and CAC progression, perhaps due to the loss of a potentially protective effect of 

estrogen in HT. However, it is important to note that randomized clinical trials have failed to 

show a beneficial effect of HT on CHD risk in post-menopausal women in a primary 

prevention setting.37, 38

The role of T in vascular calcification is less well elucidated. A previous study in mice found 

that exogenous T administration resulted in increased vascular calcification in both sexes by 

potentially modulating androgen (upregulation) and estrogen (downregulation) receptor 

expression in the vessel walls.39 SHBG is a glycoprotein that binds to both E2 and T but 

with greater affinity to the latter; it determines the circulating levels of the free hormones 

(i.e. greater SHBG means lower levels of free T for a given total T concentration).40 SHBG 

has effects on cardiovascular risk factors indirectly through its binding of sex hormones and 

directly through its receptors via other pathways.41

Few prior studies have evaluated the association of androgens and SHBG with CAC. 

Previous cross-sectional study in MESA and prospective analyses in the Rotterdam and 

CARDIA studies found no associations between free T or total T and SHBG with CAC in 

post-menopausal and/or young to middle-aged women.14, 42, 43 SHBG was found to be 

associated with presence and extent of abdominal aortic calcium in women in MESA; 

however this association was not independent of cardiovascular risk factors.15 A prior study 

in peri-menopausal women found that higher levels of free T and SHBG were associated 

with calcified coronary plaque, but this association was no longer seen after adjustment for 

traditional CVD risk factors.44

In this present study, we found that higher levels of free T and lower levels of SHBG were 

associated with greater CAC progression over 10-years, an association that persisted after 

adjusting for cardiovascular risk factors. The association was greater in magnitude after 

excluding women on HT. Our study adds to a growing body of literature that suggests excess 

androgens after menopause are associated with increased risk of traditional cardiometabolic 

risk factors,27 and with a variety of subclinical CVD measurements including greater left 

ventricular concentric remodeling10 and aortic stiffness11. Moreover, a more androgenic sex 

hormone profile is independently associated increased risk of incident CVD, CHD, and heart 

failure clinical events in post-menopausal women.13 Our findings suggest that CAC 

progression may be an intermediate step linking excess androgens with CVD risk in post-

menopausal women.
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Our study should be considered in the context of several limitations. We restricted our study 

to post-menopausal women, so we were unable to examine the association of sex hormones 

with CAC progression around the menopausal transition specifically. We were also unable to 

incorporate factors related to participants’ reproductive history due to missingness/

unavailability of data. Sex hormones were measured only at a single time-point (baseline) so 

we were unable to evaluate the association between change in sex hormones levels and CAC 

progression. In our stratified analysis, we had sub-groups with greatly reduced sample sizes 

and while some results were not statistically significant, they were generally in the same 

direction as our main results. Cross-sectional analysis is subject to selection bias and 

longitudinal analysis to survival bias. We also performed multiple testing, resulting in the 

possibility that some of our results were obtained by chance. However, our results were 

consistent with our a priori hypothesis and prior literature.10–13 Exploring these associations 

prospectively in a younger cohort with multiple measurements of sex hormones and CAC 

could provide additional insight into the role of sex hormones in subclinical atherosclerosis 

pathogenesis.

Our study had many strengths. We had a well-characterized cohort of postmenopausal 

women free of CVD at baseline. We adjusted for relevant demographics, lifestyle and 

cardiovascular risk factors. We had multiple CT measurements of CAC over a period of 10-

years, resulting in up to four follow-up CAC measurements for some participants. We used 

the mixed effects models to analyze CAC progression which allowed us to use all available 

data of participants including those with missing follow-up to jointly model the CAC at 

baseline and progression over time.

Conclusion:

To summarize, our study concentrated on exploring a better understanding of the association 

of sex hormones in the atherosclerotic process in post-menopausal women, with a focus on 

CAC progression. We found that an androgenic hormone milieu in postmenopausal women 

predisposes to greater CAC progression over 10-years
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Figure 1: 
Participant inclusion/exclusion in study
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Figure 2: 
Association of log transformed sex hormones (comparing the 90th percentile to the 10th 

percentile) with progression of CAC scores over a 10-year follow-up for Free T (Figure 2A) 

and SHBG (Figure 2B). Models are adjusted for age, race/ ethnicity, site, education, physical 

activity, smoking status, BMI, years since menopause, current hormone therapy
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Table 1:

Characteristics of post-menopausal women (N=2759) at the MESA baseline exam (2000–2002)*,
†

Characteristic Baseline CAC absent (N=1503) Baseline CAC present (N=1256) p-value

Demographic factors

Age (years) 61.8 (8.2) 68.8 (8.4) <0.001

Race/Ethnicity

    White, Caucasian 34.5 42.8 <0.001

    Chinese American 11.8 12.9

    Black, African-American 29.3 24.5

    Hispanic 24.4 19.8

Education

    < high school 21.0 23.2 <0.001

    high school 19.8 24.6

    < college 28.3 28.0

    ≥ college 31.0 24.3

Lifestyle Factors

Physical activity (METS*min/wk) 3840 (1890, 6990) 3124 (1496, 5843) <0.001

Smoking status

    Never 62.7 54.3 <0.001

    Former 27.0 34.3

    Current 10.4 11.4

Cardiovascular Risk factors

Body Mass Index (kg/m2) 28.6 (6.0) 28.6 (6.1) 1

Systolic Blood Pressure (mm Hg) 125.6 (22.7) 134.0 (23.9) <0.001

Diastolic Blood pressure (mm Hg) 69.1 (10.4) 69.1 (10.1) 0.92

Anti-hypertensive medication 34.1 50.9 <0.001

Hypertension 42.0 61.4 <0.001

Total cholesterol (mg/dl) 200.6 (35.4) 203.0 (36.2) 0.08

HDL cholesterol (mg/dl) 57.6 (15.4) 55.5 (15.1) <0.001

Cholesterol lowering meds 13.5 25.5 <0.001

Fasting glucose (mg/dl) 95 (89, 104) 97 (90, 108) <0.001

Diabetes mellitus

    Normal 79.0 70.8 <0.001

    Impaired fasting glucose 11.0 13.9

    Diabetes mellitus 10.0 15.3

Glomerular Filtration Rate 78.6 (15.0) 71.4 (16.0) <0.001

Current HT 35.1 28.0 <0.001

Sex Hormones

    Total T (nmol/L) 0.9 (0.6, 1.3) 0.9 (0.6, 1.4) 0.65

    Free T (%) 1.3 (0.9, 1.7) 1.3 (0.9, 1.7) 0.07

    Estradiol (nmol/L) 0.08 (0.05, 0.18) 0.07 (0.04, 0.13) <0.001
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Characteristic Baseline CAC absent (N=1503) Baseline CAC present (N=1256) p-value

    DHEA (nmol/L) 10.9 (7.6, 15.1) 9.5 (6.3, 14.0) <0.001

    SHBG (nmol/L) 58.4 (39.8, 95) 60.4 (42.4, 92.2) 0.92

*
Abbreviations: MESA, Multi-Ethnic Study of Atherosclerosis; HDL, high density lipoprotein; T, testosterone; DHEA, dehydroepiandrosterone; 

SHBG, sex hormone binding globulin; CAC, coronary artery calcium

†
Data are mean (S.D), for normally distributed variables, median (25th, 75th percentiles) for skewed variables, or (%) of subjects for categorical 

variables. P values were obtained using t-test or chi-square test.
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Table 2:

Association of baseline sex hormone levels with incident CAC among women with CAC=0 at baseline: The 

Multi-Ethnic Study of Atherosclerosis (2000 through 2012) *,
†

Sex Hormones
Incident CAC score > 0

Model 1‡ aHR (95% CI) Model 2ǁ aHR (95% CI) Model 3§ aHR (95% CI)

Total T 1.03 (0.82, 1.28) 0.94 (0.75, 1.18) 0.94 (0.75, 1.18)

(N) 1366 1366 1360

E2 0.91 (0.71, 1.17) 0.79 (0.56, 1.10) 0.74 (0.52, 1.05)

(N) 1366 1366 1360

DHEA 1.02 (0.81, 1.30) 0.99 (0.78, 1.26) 0.91 (0.71, 1.17)

(N) 1366 1366 1360

Free T 1.50 (1.16, 1.96) 1.41 (1.03, 1.92) 1.01 (0.73, 1.42)

(N) 1365 1365 1359

SHBG 0.66 (0.51, 0.86) 0.71 (0.52, 0.96) 0.98 (0.71, 1.37)

(N) 1365 1365 1359

*
Results reflect the associations [in adjusted Hazard ratios (95% CI)] of baseline (log transformed) sex hormone levels with incident CAC score >0 

over a 10-year period from baseline (Exam 1, 2000–2002) to follow-up (Exam 5, 2010–2012) among postmenopausal women with absent baseline 
CAC. Each sex hormone level were assessed in the model as a continuous measure, and the 90th vs the 10th percentiles were compared for 
contrast. Results were obtained from survival analyses with interval censoring. Hazard Ratios >1 suggest hormone is positively associated with 
CAC incidence; Hazard Ratios <1 suggest reduced risk of incident CAC. Bolded results are statistically significant (p <0.05)

†
Abbreviations: T, testosterone; E2, estradiol; DHEA, dehydroepiandrosterone; SHBG, sex hormone binding globulin; CAC, coronary artery 

calcium

‡
Model 1 adjusts for age, race/ ethnicity, site

ǁ
Model 2 adjusts for variables in Model 1 along with education, physical activity, smoking status, BMI, years since menopause, current hormone 

therapy

§
Model 3 adjusts for variables in Model 2 plus systolic blood pressure, use of antihypertensive medication, total cholesterol, HDL cholesterol, use 

of lipid lowering medication, diabetes mellitus status, CRP levels, estimated glomerular filtration rate
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Table 3:

The associations of baseline sex hormones (log transformed) and change of coronary artery calcium scores 

from MESA Exam 1 (2000–2002) to Exam 5 (2010–2012) : The Multi-Ethnic Study of Atherosclerosis *,
†

Sex Hormones
10-year progression of CAC (N=2427)

Model 1‡ Model 2ǁ Model 3§

Total T 1.03 (0.84, 1.26) 1.03 (0.84, 1.26) 1.03 (0.85, 1.26)

E2 0.96 (0.78, 1.19) 0.96 (0.78, 1.19) 0.96 (0.78, 1.19)

DHEA 0.92 (0.76, 1.13) 0.93 (0.76, 1.13) 0.92 (0.75, 1.12)

Free T 1.28 (1.03, 1.59) 1.28 (1.03, 1.59) 1.26 (1.01, 1.56)

SHBG 0.78 (0.63, 0.97) 0.78 (0.63, 0.97) 0.80 (0.64, 0.99)

*
Results reflect the change of log [CAC+1] score during up to 10 years of follow-up by log [sex hormone] levels. Using mixed effect models that 

accounted for baseline CAC, each sex hormone level was assessed as a continuous measure, and the 90th vs the 10th percentiles were compared for 
contrast. Results are presented as CAC progression ratios (95% confidence interval). Progression Ratios >1 suggest the hormone is positively 
associated with CAC progression; Progression Ratios <1 suggest reduced risk of progression. Bolded results are statistically significant (p <0.05).

†
Abbreviations: T, testosterone; E2, estradiol; DHEA, dehydroepiandrosterone; SHBG, sex hormone binding globulin; CAC, coronary artery 

calcium

‡
Model 1 adjusts for age, race/ ethnicity, site

ǁ
Model 2 adjusts for variables in Model 1 along with education, physical activity, smoking status, BMI, years since menopause, current hormone 

therapy

§
Model 3 adjusts for variables in Model 2 plus systolic blood pressure, use of anti-hypertensive medication, total cholesterol, HDL cholesterol, use 

of lipid lowering medication, diabetes mellitus status, CRP levels, estimated glomerular filtration rate
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