
UCLA
UCLA Previously Published Works

Title
Associations of endogenous sex hormone levels with the prevalence and progression of 
valvular and thoracic aortic calcification in the Multi-Ethnic Study of Atherosclerosis (MESA)

Permalink
https://escholarship.org/uc/item/01q530pr

Authors
Sharma, Apurva
Ogunmoroti, Oluseye
Fashanu, Oluwaseun E
et al.

Publication Date
2022

DOI
10.1016/j.atherosclerosis.2021.11.009
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/01q530pr
https://escholarship.org/uc/item/01q530pr#author
https://escholarship.org
http://www.cdlib.org/


Associations of Endogenous Sex Hormone Levels with the 
Prevalence and Progression of Valvular and Thoracic Aortic 
Calcification in the Multi-Ethnic Study of Atherosclerosis (MESA)

Apurva Sharmaa,1, Oluseye Ogunmorotib,1, Oluwaseun E. Fashanuc, Di Zhaod, Pamela 
Ouyangb, Matthew J. Budoffe, Isac C. Thomasf, Erin D. Michosb,d

aDivision of Cardiology, Icahn School of Medicine at Mount Sinai, New York, NY, USA

bDivision of Cardiology, Johns Hopkins University School of Medicine, Baltimore, MD, USA

cDivision of Cardiology, Rochester General Hospital, Rochester, NY, USA

dDepartment of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 
USA

eLundquist Institute, Torrance, CA, USA

fDivision of Cardiology, University of California San Diego, San Diego, CA, USA

Abstract

Background and aims: Sex hormones (SH) may contribute to sex differences in cardiovascular 

disease (CVD). High free testosterone (T) and low sex hormone binding globulin (SHBG) have 

been associated with progression of coronary artery calcification in women. We now examined 

the association of SH with extra-coronary calcification (ECC) prevalence and progression among 

MESA participants.

Methods: We studied 2,737 postmenopausal women and 3,130 men free of clinical CVD with 

baseline SH levels. ECC measurements [ascending and descending thoracic aortic calcification 

(ATAC, DTAC), mitral annular calcification (MAC), aortic valve calcification (AVC)] were done 

by computed tomography at baseline and after 2.4±0.9 years. We used multivariable Poisson 

regression to evaluate associations with ECC prevalence and incidence (Agatston scores >0) and 

linear mixed effects models for ECC progression, per 1-SD increment in log(SH) in women and 

men separately.
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Results: The mean age was 65±9 and 62±10 years for women and men, respectively. In women, 

greater free T and lower SHBG were associated with MAC incidence in a demographic-adjusted 

model only. In men, lower free T was associated with MAC prevalence, DTAC incidence and 

progression, while greater SHBG was associated with MAC prevalence and DTAC progression 

after further adjusting for CVD risk factors.

Conclusions: In this diverse cohort free of CVD, we found some associations of SH with 

ECC measures. In particular, free T was inversely associated with prevalent MAC and DTAC 

progression in men independent of CVD risk factors. SH may influence vascular calcification, but 

further work is needed to understand clinical implications of these findings.

Graphical Abstarct
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endogenous sex hormones; testosterone; sex hormone binding globulin; extra coronary 
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1. Introduction

Despite advances in the prevention and management of cardiovascular diseases (CVD), 

CVD continues to be the leading cause of death in the United States (U.S.) and globally.1 

Additionally, there are significant differences in the prevalence, risk factors and outcomes 

of CVD in men and women suggesting a role of sex hormones in disease mechanisms.2,3 

Hence, the identification of mechanistic pathways that help in understanding and improved 

risk-stratification of individuals (both men and women) at risk for CVD are essential.

Markers of subclinical atherosclerosis, such as coronary artery calcium (CAC) and 

extra-coronary calcification (ECC), have been shown to be better predictors of incident 

clinical CVD events than traditional risk factors.4-13 While CAC and ECC both represent 

atherosclerosis, the location of calcification across the various vascular beds provides unique 

information about mortality risk.14,15 CAC is associated with ECC16,17 and shares many 

similar traditional CVD risk factors;18-20 however, risk factors for vascular calcification, 

including CAC and ECC, are not necessarily similar across the various vascular beds.21 ECC 
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includes both the ascending and descending thoracic aortic calcification (ATAC, DTAC) 

along with left-sided valvular calcification (mitral annular calcification (MAC) and aortic 

valve calcification (AVC)). Earlier studies have shown that ECC and ECC progression are 

associated with increased risk of stroke, coronary heart disease (CHD), heart failure (HF), 

and all-cause mortality.6-13,22,23 Thus, the identification of ECC or its progression may 

represent an intermediate step in the pathogenesis leading to clinical CVD events.

Prior work from the Multi-Ethnic Study of Atherosclerosis (MESA) has found that post-

menopausal women who have a more androgenic sex hormone profile of higher endogenous 

free testosterone (T) relative to estradiol (E2) levels had an increased risk for incident CVD 

events.24 Furthermore, post-menopausal women with higher free T and lower sex hormone 

binding globulin (SHBG) levels experienced greater progression of CAC over 10 years.25 

However, there is limited evidence on the association of sex hormones with ECC prevalence 

and progression, specifically, requiring further study in this area. Understanding the 

association of sex hormones with each specific type of ECC may further our understanding 

of sex differences in CVD pathogenesis and improve sex-specific CVD risk stratification.

Therefore, our study was aimed to explore the association between endogenous sex 

hormones and ECC (ATAC, DTAC, MAC, AVC) prevalence and progression in MESA, 

stratified by sex. We hypothesized that unlike men, a higher androgenic profile [higher 

serum levels of free T and lower SHBG] in women will be associated with greater 

prevalence and extent of ECC at baseline as well as greater progression and incidence of 

ECC.

2. Patients and methods

2.1 Study population

The Multi-Ethnic Study of Atherosclerosis (MESA) is a continuing prospective cohort study 

from six centers around the U.S. with the aim of exploring subclinical atherosclerosis in men 

and women aged 45-84 years without clinical CVD at baseline (2000-2002).26 Our study 

included men and post-menopausal women in MESA who had endogenous sex hormone 

levels measured at baseline and who had the outcome ECC (ATAC, DTAC, MAC and AVC) 

measured at baseline and at least one of the follow up MESA exams (Figure 1A (women), 
Figure 1B (men)). An established algorithm that has been reported earlier27 was used to 

determine menopausal status in women. Premenopausal women were excluded given their 

sex hormone profile was significantly different from post-menopausal women, in addition 

to their comparatively fewer numbers in MESA, limiting interpretation of results in this 

subgroup. Individuals were also excluded with missing data on the exposure (sex hormone), 

the outcome (ECC variables), or the covariates in our main model. Institutional Review 

Boards of all collaborating institutions and the MESA Coordinating Center approved the 

study, and voluntary participation with informed consent was ensured from each individual.

2.2 Exposure assessment

The exposure variables included the endogenous sex hormone levels of total T, bioavailable 

T, free T, dehydroepiandrosterone (DHEA), estradiol (E2), and SHBG. These hormones 
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were measured from fasting blood samples collected at the baseline exam and measurements 

were done at the Steroid Hormone Laboratory at the University of Massachusetts Medical 

Center (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 DHEA and a chemiluminescence enzyme 

immunometric assay using Immulite kits for SHBG (Diagnostic Products Corporation, Los 

Angeles, CA).25,27 The Sodergard equation28 was used to estimate free T from total T.

Given that our prior work in MESA has found that higher free T and low SHBG were 

the sex hormones most strongly associated with an adverse cardiovascular phenotype in 

women,25,27,29-31 we decided a priori to focus on those two hormones in our main analyses, 

to minimize number of statistical tests. However, in supplementary analyses, we also 

examined the association of the other hormones measured (Total T, E2, and DHEA) with 

ECC.

2.3 Covariates

Included covariates were the following demographic, behavioral and CVD risk factors 

measured at the baseline exam: age, sex, race/ethnicity, study site, education (<high school; 

high school or vocational school; college, graduate or professional school), body mass index 

(BMI) (as a continuous variable), smoking status (current, former or never), pack-years 

of smoking, physical activity level (MET hours/week of moderate or vigorous activity, 

continuous), systolic blood pressure (continuous), use of antihypertensive medications (yes, 

no), total cholesterol and HDL cholesterol (mg/dL, continuous), use of lipid lowering 

therapy (yes, no), diabetes (defined as fasting blood sugar ≥126 or non-fasting glucose ≥200 

mg/dL or medication use), and estimated glomerular filtration rate (eGFR, continuous). In 

women, we additionally considered age at menopause and current use of hormone therapy. 

A standardized physical exam was performed to measure blood pressure, height and weight, 

and standardized laboratory measures were performed from serum after an overnight fast, 

as previously reported.26 A medication inventory approach was used to ascertain medication 

use, and demographic information, including education and smoking status, was obtained 

from questionnaire and interviews.

2.4 Outcome assessment

All MESA participants had an ECG-gated cardiac CT scan by either electron-beam CT 

[EBCT] or a four-slice multi-detector row helical CT [MDCT] at the baseline exam 

(2000-2002). Participants were then randomly assigned for a follow up CT scan at either 

Exam 2 (2002-2004) or Exam 3 (2004-2005).13,23 Scanning parameters were kept identical 

between the first three visits. Furthermore, prior work from MESA has shown good 

reproducibility of CAC and ECC measures across the CT scanners used in MESA.32,33 

Although additional cardiac CTs were performed at later visits in MESA for CAC 

assessment, ECC results were not reported from those latter CTs. We included four ECC 

variables to study (ATAC, DTAC, MAC, AVC), ascertained from axial datasets of the 

cardiac CT scans. The Agatston scoring method was used for the quantification of ECC 

based on these CTs.34
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MAC was measured at the mitral annulus; AVC was measured from the aortic valve to just 

before the aortic root. ATAC was measured from the aortic annulus to the lower edge of the 

pulmonary artery.35 DTAC was measured from the lower edge of pulmonary artery to the 

cardiac apex. The aortic arch was not seen on the scans. The primary outcomes analyzed 

were prevalence and severity of these 4 measures of ECC for cross-sectional analysis and 

incidence and progression of ECC for longitudinal analysis.

2.5 Statistical analysis

We stratified all analyses by sex, as the sex hormone distribution differs significantly 

between men and women and does not overlap. The baseline demographics and clinical 

characteristics of the study participants were determined. Continuous variables were 

expressed either as means (standard deviation (SD)) for normally distributed variables or 

median (interquartile range) for skewed variables while categorical variables were expressed 

as frequency (percentage). Sex hormones being positively skewed were log transformed and 

modeled as per one SD increment in sex hormone level per their sex distribution. ECC 

scores were also skewed and included many scores of 0. Thus, a ln(Agatston score+1) 

transformation of the outcome was used when using Agatston score as a continuous variable, 

as reported in previous works.25,36 Prevalent ECC was defined as baseline Agatston score 

>0 and incident ECC was determined when participants with baseline Agatston score of zero 

increased to a detectable score (>0) during follow up exam.

For cross-sectional analysis at the baseline exam, multivariable-adjusted regression models 

were used to estimate the adjusted prevalence ratios of ECC (ATAC, DTAC, MAC, AVC), 

among men and post-menopausal women per 1 SD increment in sex hormone levels. We 

used linear regression to examine the association of endogenous sex hormone levels with 

extent or severity of ECC [ln(Agatston score+1)].

For longitudinal analysis, a multivariable Poisson model was used to estimate the relative 

risk of incident ECC (ATAC, DTAC, MAC, AVC) for those participants who have 

ECC=0 at baseline per 1SD increment in sex hormones among men and postmenopausal 

women, separately. Linear mixed effects models with random slopes and intercepts analysis 

determined the longitudinal associations of sex hormones with log (ECC+1) extent and 

progression. The time variable was scaled to derive the 2-year change. Percent change in 

ECC was derived from the linear mixed effect models and calculated by ([Exp (β) −1]*100).

In sex-stratified analyses, we applied progressively adjusted models for both cross-sectional 

and longitudinal data analysis as follows: Model 1 (demographics and field center) included 

age, race/ethnicity, MESA study site, Model 2 (+social and lifestyle factors) included Model 

1 plus education, health insurance, physical activity, smoking status, pack-years of smoking, 

and BMI; Model 3 (+CVD risk factors) included Model 2 plus systolic blood pressure, use 

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

medications, diabetes mellitus and eGFR. Relative risk ratios were additionally adjusted for 

time between scans in model 1. In women, Model 2 was also adjusted for current use of 

hormone therapy and age at menopause.
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We further analyzed the prevalence and incidence ratios of ECC in a supplemental model 

4 with sex hormones adjusted for each other including total T, E2, and SHBG in the same 

model. (Since bio T and free T are calculated from total T and SHBG, they were not 

included in the same model). In sensitivity analysis we explored further analysis excluding 

women taking hormone therapy at baseline for comparison of the different associations.

Note that we did perform some diagnostic checking on the models we performed. For the 

Poisson models, we checked for overdispersion by comparing the mean and variance of the 

outcome variances. Mean and variance were similar which means overdispersion was not 

present in the data. We used the post estimation test “estat gof” in STATA 15.0 to measure 

the goodness of fit of the model which showed the Poisson model was appropriate for the 

data as p >0.05. For the Linear mixed effects regression model, we checked for linearity by 

plotting a scatter plot of the dependent variables against independent variables. Normality 

of residuals was checked by plotting a kernel density estimate of the residuals. We checked 

for homoscedasticity of the residuals by plotting RVF plots. Multicollinearity was assessed 

by the variance inflation factor which was less than 3.0 for all the variables included in the 

model.

All analyses were performed using the STATA 15.0 version (StataCorp LP, College Station, 

TX). p values were two-sided, and significance level was set at 0.05 for primary results. 

Given that these results were meant to be exploratory and based on a prior hypothesis, we 

used a traditional p-value threshold <0.05 to be considered statistically significant. However, 

to address concerns regarding multiple testing, we also additionally noted results in our 

Tables that were considered statistically significant using a Bonferroni adjusted two-sided p 
<0.002.

3. Results

3.1 Baseline characteristics

The baseline characteristics are summarized in Table 1. There was a total of 5,867 

participants in our study population including 2,737 post-menopausal women and 3,130 

men. The mean (SD) age was 65 (9) years in women and 62 (10) in men, with 39% White, 

~27% Black, ~23% Hispanic and 12% Chinese participants in both groups.

3.2 Cross-sectional analysis

The prevalence of ECC for ATAC, DTAC, MAC and AVC among female participants at 

baseline was 4%, 34%, 13% and 12% (Figure 1A) and for male participants was 4%, 26%, 

8% and 17%, respectively (Figure 1B). The prevalence ratios (95% CI) of the ECC per 1 SD 

increment of sex hormones (free T and SHBG) in men and women are shown in Table 2 and 

the percent difference in extent of ECC by sex hormone levels are shown in Table 3.

3.2.1 ATAC: There was no statistically significant association found between endogenous 

sex hormones and prevalence or extent of ATAC at baseline among MESA participants 

(Tables 2 and 3).
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3.2.2 DTAC: There was no statistically significant association found between endogenous 

sex hormones and prevalence or extent of DTAC at baseline among MESA participants 

(Tables 2 and 3).

3.2.3 AVC: There was no statistically significant association found between endogenous 

sex hormones and prevalence of AVC at baseline among MESA participants (Table 2). 

Among women, SHBG was inversely associated with AVC extent only in the demographic 

model 1 (Table 3), which was no longer statistically significant in further adjusted models.

3.2.4 MAC: In men, after adjustment for demographic and lifestyle factors (model 2), 

greater SHBG and lower free T were associated with prevalent MAC (>0) that remained 

statistically significant in model 3, which was further adjusted for intermediary CVD risk 

factors (SHBG: prevalence ratio 1.24 (95% CI 1.08, 1.43); Free T: 0.83 (0.73, 0.95)) (Table 

2). Additionally in men, higher free T was associated with less MAC extent [−5% (−10, 

0)] while higher SBHG was associated with greater MAC extent [5% (0, 11)] (Table 3). 

On the contrary, there was no association of sex hormones with prevalent MAC in women. 

However, greater free T and lower SHBG were associated with MAC extent in demographic-

adjusted model in women, but this association was not significant in additionally adjusted 

models (Table 3).

3.3 Longitudinal analysis

The mean follow-up time between CT scans was 2.4 (0.9) years. After excluding 

participants with ECC score >0 at baseline, the percentage of study participants that 

developed incident ECC >0 for ATAC, DTAC, AVC and MAC was 2%, 15%, 4% and 

6% in women (Figure 1A) and 2%, 11%, 5% and 4% in men, respectively (Figure 1B).

3.3.1 ATAC: For both men and women, we observed no association between sex 

hormones and incident ATAC, as well as 2-year change in ATAC in all our models (Tables 4 

and 5).

3.3.2 DTAC: Though the association between sex hormones and incidence and 

progression of DTAC was not significant in women, the strongest relationship of sex 

hormones among all ECC markers was observed with DTAC in men. Among men with 

no DTAC (score=0) at baseline, higher free T (per 1-SD) was significantly associated with 

a lower risk of incident DTAC in model 3 adjusted for lifestyle and CVD risk factors with 

an incident ratio of 0.86 (0.75, 0.99) (Table 4). Furthermore, low free T and higher SHBG 

was associated with 2-year progression of DTAC, a finding that remained unchanged and 

significant in further adjusted models (Table 5). Per 1-SD increment in free T, there was 7% 

less DTAC progression [−7% (−11, −3)] and per 1-SD increment in SHBG, there was 6% 

greater DTAC progression [6% (2, 10)].

3.3.3 AVC: Our analysis found no association between sex hormones and incident AVC 

or 2-year change in AVC in any model for both women and men (Table 4 and 5).

3.3.4 MAC: In women, higher free T and lower SBHG were positively associated with 

incident MAC in model 1, but these associations were attenuated in subsequent models 
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adjusted for lifestyle factors, CVD risk factors and medications (Table 4). Furthermore, 

no association was observed between sex hormones and 2-year change in MAC score in 

women. For men, there was no association of MAC incidence or progression with free T or 

SHBG.

3.4 Other comparisons and sensitivity analysis

We conducted a sensitivity analysis for the association of sex hormones with incident ECC 

and 2-year progression after excluding women who were currently on hormone therapy. 

This showed similar results for free T and SHBG for DTAC, AVC, and MAC, except for 

the incidence ratios for SHBG for ATAC which is now statistically significant in model 3 

(Supplemental Table 1).

We also examined the associations of the other sex hormones of total T, E2, and DHEA 

with ECC and did find some associations in the most-adjusted models (Supplemental Tables 

2-5). Notably, lower DHEA was associated with MAC prevalence in women. Higher E2 was 

associated with decreased prevalent DTAC, decreased incident MAC, and increased incident 

ATAC in women. Total T was associated with decreased incident DTAC. In men, higher 

DHEA was associated with less AVC extent in men, and higher total T being associated with 

less DTAC extent. In men, higher total T and DHEA were both associated with decreased 

progression of MAC and DTAC, and higher E2 associated with decreased progression of 

DTAC. Again, we consider these exploratory analyses since our a priori hypotheses focused 

on free T and SHBG, presented in main results.

We also conducted a supplemental model analysis with the sex hormones (Total T, E2 and 

SHBG) adjusted for each other and all included in the same model (Supplemental Tables 6 

and 7). There were some statistically significant associations noted; although no consistent 

pattern of sex hormones across the various ECC measures.

4. Discussion

Our study demonstrated certain associations of sex hormones with measures of ECC in this 

community-based cohort of individuals free of baseline CVD. In women, greater free T 

and low SHBG were associated with incident MAC in a demographic-adjusted model but 

were no longer statistically significant after adjustment for CVD risk factors. In men, greater 

SHBG and low free T were associated with prevalent MAC, low free T with incident DTAC, 

and greater SHBG and low free T with DTAC progression in the most adjusted models. No 

association was found between sex hormones and AVC or ATAC in either men or women.

Prior studies have implicated sex hormones to be related to CVD risk. Among post-

menopausal women, a more androgenic profile was found to be associated with increased 

concentric left ventricular remodeling over 10 years,29 greater prevalence of endothelial 

dysfunction,30 increased aortic stiffness,31 and higher NT-proBNP levels.27 Moreover, 

among postmenopausal women in MESA, the more androgenic profile of higher T/E2 ratio 

was associated with an increased risk for incident total CVD, CHD, and HF events, while 

higher estradiol was associated with a decreased risk for CHD and HF with reduced ejection 

fraction.24 These same associations were not found or were attenuated in men.29,30 Thus, 
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sex differences in endogenous sex hormone profiles may explain the observed differences in 

cardiovascular outcomes among women and men.37

Regarding the relationship of sex hormones and subclinical atherosclerosis, specifically, 

prior work in MESA has also examined the cross-sectional relation between sex hormones 

and markers of atherosclerosis and found higher T and lower SHBG to be associated with 

carotid artery intimal-medial thickness and CAC in post-menopausal women.38 While in that 

same cross-sectional study, higher SHBG and lower T were associated with greater baseline 

CAC score among women with CAC >0.38 Another study evaluated the cross-sectional 

association between sex hormones and abdominal aortic calcification (AAC) and suggested 

an inverse association of SHBG with the presence and extent of AAC in women.39 Those 

studies were limited by cross-sectional design. In a prospective follow-up in MESA, we 

previously found that higher free T and lower SHBG were associated with CAC progression 

over 10 years among postmenopausal women.25 Thus, given the close association of CAC 

with ECC, we focused primarily on the association of these two hormones (free T and 

SHBG) with ECC progression as well. Although some significant associations were found 

between sex hormones and ECC presence and/or progression that were independent of CVD 

risk factors, the relationships were not consistent between cross-sectional and longitudinal 

analyses, and also there were inconsistencies in the associations depending on how we 

modeled sex hormones in our sensitivity analyses. These findings suggest the role of 

sex hormones and atherosclerosis is complex, and ECC progression could not easily be 

attributed to one hormone pattern vs another. Also, ECC, particularly valvular calcification, 

is not as closely tied to atherosclerosis as CAC, and this may be another reason we did not 

find the same associations of free T and SHBG with ECC progression that we previously 

found with CAC.25

Even if sex hormone levels were causally linked to atherosclerosis progression, it is 

unclear what the best intervention is to modify sex hormone levels for risk reduction. 

Contrary to observational studies, randomized clinical trials failed to show a beneficial 

effect of hormone therapy on CVD risk in generally older post-menopausal women.40-42 

In contrast, among younger post-menopausal women age 50-59 years who were closer 

to the menopausal transition, estrogen therapy during the Women’s Health Initiative trial 

was associated with lower burden of CAC at trial completion.43 However, given overall 

unfavorable results in these trials, currently hormone therapy is not recommended for the 

sole purpose of CVD prevention. While a sex hormone profile might be a useful marker 

in identifying those at risk for atherosclerosis progression, our findings are not robust 

enough to recommend sex hormone screening in clinical practice for the purposes of 

CVD risk stratification. Nevertheless, we undertook this study to try to better understand 

sex-differences in atherosclerosis progression and CVD risk from a mechanistic standpoint 

as the relationship of sex hormones with atherosclerosis progression across vascular beds 

had not previously been well established.

4.1 Limitations and strengths

Our findings should be considered with several limitations. Sex hormones were measured 

only once at baseline, so we could not examine for change in sex hormone levels. There 
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were very few pre-menopausal women in MESA, whom we excluded from our analyses, so 

we could not examine the relationship of sex hormones with ECC in the pre-menopausal 

period. The selection bias and temporal bias are limitations for observational analysis. There 

may be survival bias in this prospective cohort, although we examined ECC change over 

a relatively short period of 2.4 years. We performed multiple statistical tests of several sex 

hormones with multiple measures of ECC, so findings may be due to chance. However, 

we tried to focus on two sex hormones in particular based on strength of evidence from 

prior work. Furthermore, we considered all associations with cautious interpretation as 

exploratory, and we hope the patterns we found can be confirmed in further research.

Despite these limitations, our study had many strengths. To our knowledge, this is the 

first study that comprehensively examined sex hormone levels with longitudinal changes 

with 4 distinct ECC measures (AVC, MAC, DTAC, and ATAC), which each have different 

prognostic value for CVD events. We examined these relationships among both men and 

women in an ethnically diverse cohort of individuals who had comprehensive assessment of 

risk factors for covariate adjustment.

4.2 Conclusion

In sum, our study helped further characterize sex differences in CVD risk by assessing the 

association between sex hormones level and ECC prevalence and progression in men and 

women. Although the clinical implication of these results is uncertain, these findings add to 

our existing knowledge on sex-specific CVD risk that may shape future work in this area.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Sex hormones (SH) may explain sex differences in cardiovascular disease 

(CVD)

• Extra coronary calcium (ECC) and its progression are markers of subclinical 

atherosclerosis and prognostic of CVD risk.

• In a multi-ethnic cohort free of baseline CVD, we examined the association of 

SH with ECC measured by cardiac CT.

• We found some associations of SH with ECC measures which differed by 

sex and differed across vascular beds, although the clinical significance is 

uncertain.

• Our findings suggest SH may influence vascular calcification.
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Figure 1: 
Flow diagram for participant inclusion/exclusion in study for women (A) and men (B)
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Table 1.

Baseline characteristics of study participants, MESA 2000-2002

Women Men

N 2,737 3,130

Age, years 65 (9) 62 (10)

Race/ethnicity

 White 1,048 (38%) 1,228 (39%)

 Chinese American 342 (13%) 387 (12%)

 Black 737 (27%) 801 (26%)

 Hispanic 610 (22%) 714 (23%)

Education

 <Bachelor’s degree 1,966 (72%) 1,841 (59%)

 ≥Bachelor’s degree 771 (28%) 1,289 (41%)

Physical activity, MET-min/wk 3,510 (1,710-6,435) 4,470 (2,175-8,490)

Smoking status

 Current smoker 287 (10%) 449 (14%)

 Former smoker 824 (30%) 1,406 (45%)

 Never smoker 1,626 (59%) 1,275 (41%)

Pack-years of smoking if >0 15 (6-31) 18 (7-35)

BMI, kg/m2 29 (6) 28 (4)

Health insurance

 Yes 2,507 (92%) 2,851 (91%)

 No 230 (8%) 279 (9%)

Systolic blood pressure, mmHg 129 (24) 126 (19)

Total cholesterol, mg/dL 202 (36) 188 (35)

HDL-cholesterol, mg/dL 57 (15) 45 (12)

Diabetes mellitus 338 (12%) 429 (14%)

eGFR, ml/min per 1.73m2 75 (16) 78 (16)

Use of antihypertensive medication 1,147 (42%) 1,114 (36%)

Use of lipid-lowering medication 522 (19%) 511 (16%)

Total T (nmol/L) 0.9 (0.6-1.3) 14.2 (11.3-17.8)

Free T (%) 1.3 (0.9-1.7) 2.0 (1.7-2.3)

Estradiol (nmol/L) 0.07 (0.05-0.15) 0.11 (0.09-0.14)

DHEA (nmol/L) 10.2 (6.9-14.5) 12.5 (9.1-17.1)

SHBG (nmol/L) 59.7 (40.6-93.9) 40.8 (31.4-52.6)

BMI, Body mass index; CT, Computed tomography; eGFR, Estimated glomerular filtration rate; DHEA, Dehydroepiandrosterone; HDL; High 
density lipoprotein; MESA, Multi-Ethnic Study of Atherosclerosis; MET-min/wk, Metabolic equivalent of task-minutes/week; SHBG, Sex 
hormone binding globulin; T, Testosterone.

Data were presented as mean (SD) for normally distributed variables, median (IQR) for skewed variables and count (percentage) for categorical 
variables.
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Table 2.

Association between sex hormones and prevalent extra-coronary calcification at MESA exam 1 (2000-2002).

Women Men

Free
Testosterone

SHBG Free
Testosterone

SHBG

Prevalence ratio (95% CI)

Aortic valve

Model 1 1.09 (0.98, 1.21) 0.91 (0.82, 1.01) 1.05 (0.97, 1.15) 0.95 (0.87, 1.03)

Model 2 1.05 (0.94, 1.18) 0.94 (0.84, 1.05) 1.04 (0.95, 1.14) 0.97 (0.88, 1.06)

Model 3 0.96 (0.85, 1.08) 1.03 (0.91, 1.17) 0.99 (0.91, 1.09) 1.02 (0.93, 1.11)

Mitral valve

Model 1 1.03 (0.94, 1.14) 0.96 (0.87, 1.06) 0.89 (0.79, 1.01) 1.13 (0.99, 1.30)

Model 2 0.93 (0.83, 1.05) 1.06 (0.95, 1.19) 0.86 (0.75, 0.97) 1.20 (1.04, 1.38)

Model 3 0.89 (0.78, 1.01) 1.11 (0.98, 1.27) 0.83 (0.73, 0.95) 1.24 (1.08, 1.43)

Ascending aorta

Model 1 1.17 (0.95, 1.43) 0.87 (0.72, 1.06) 0.91 (0.75, 1.10) 1.08 (0.87, 1.33)

Model 2 1.09 (0.84, 1.41) 0.94 (0.74, 1.21) 0.94 (0.78, 1.15) 1.04 (0.83, 1.29)

Model 3 0.98 (0.74, 1.29) 1.05 (0.81, 1.37) 0.91 (0.74, 1.11) 1.08 (0.87, 1.35)

Descending aorta

Model 1 1.03 (0.98, 1.08) 0.98 (0.92, 1.02) 1.01 (0.95, 1.07) 0.98 (0.92, 1.05)

Model 2 1.02 (0.97, 1.08) 0.98 (0.92, 1.03) 1.01 (0.95, 1.08) 0.98 (0.92, 1.05)

Model 3 0.97 (0.91, 1.03) 1.04 (0.97, 1.10) 0.98 (0.93, 1.04) 1.02 (0.95, 1.08)

CI, Confidence intervals; MESA, Multi-Ethnic Study of Atherosclerosis; SHBG, Sex hormone binding globulin.

Prevalence ratio was derived from Poisson regression with robust variance estimation for extra-coronary calcification greater than zero at baseline.

The independent variables (sex hormones) were natural log-transformed and modeled per one standard deviation.

Results in bold font indicate statistical significance at p <0.05.

Results in bold font with asterisk indicate Bonferroni corrected statistical significance at p <0.002.

Model 1: adjusted for age, race/ethnicity and MESA study site.

Model 2: adjusted for model 1 covariates plus education, physical activity, smoking, pack-years of smoking, BMI and health insurance.

Model 3: adjusted for model 2 covariates plus systolic blood pressure, anti-hypertensive medication, total cholesterol, HDL-C, lipid-lowering 
medication, diabetes mellitus, and eGFR.

In women, model 2 was additionally adjusted for age at menopause and current use of hormone therapy.
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Table 3.

Cross sectional association between sex hormones and extra-coronary calcification at MESA exam 1 

(2000-2002)

Women Men

Free testosterone SHBG Free testosterone SHBG

Percent difference (95% CI)

Aortic valve

Model 1 6 (1, 11) −6 (−11, −1) 0 (−6, 7) −1 (−7, 5)

Model 2 4 (−2, 10) −4 (−10, 1) −1 (−8, 5) 1 (−5, 8)

Model 3 −1 (−7, 5) 0 (−6, 6) −5 (−11, 2) 4 (−2, 11)

Mitral valve

Model 1 7 (0, 13) −6 (−12, 0) −3 (−8, 2) 3 (−2, 7)

Model 2 −2 (−9, 5) 2 (−5, 10) −5 (−10, 0) 5 (0, 11)

Model 3 −7 (−14, 0) 7 (−1, 16) −5 (−10, 0) 5 (0, 11)

Ascending aorta

Model 1 3 (0, 5) −2 (−5, 0) −2 (−5, 1) 2 (−1,5)

Model 2 1 (−2, 5) −1 (−4, 3) −1 (−4, 2) 1 (−2, 4)

Model 3 −1 (−4, 3) 1 (−2, 5) −2 (−5, 1) 2 (−1,5)

Descending aorta

Model 1 7 (−2, 17) −6 (−14, 2) 1 (−7, 11) −3 (−10, 6)

Model 2 4 (−6, 16) −4 (−14, 7) 3 (−5, 13) −5 (−12, 4)

Model 3 −8 (−18, 3) 9 (−2, 22) −1 (−9, 8) −1 (−9, 7)

CI, Confidence intervals; MESA, Multi-Ethnic Study of Atherosclerosis SHBG, Sex hormone binding globulin.

Percent difference was derived from linear mixed effect models and calculated by ([Exp (β) −1]*100).

Extra-coronary calcification was analyzed as ln(ECC+1).

The independent variables (sex hormones) were natural log-transformed and modeled per one standard deviation.

Results in bold font indicate statistical significance at p <0.05.

Results in bold font with asterisk indicate Bonferroni corrected statistical significance at p <0.002.

Model 1: adjusted for age, race/ethnicity and MESA study site.

Model 2: adjusted for model 1 covariates plus education, physical activity, smoking, pack-years of smoking, BMI and health insurance.

Model 3: adjusted for model 2 covariates plus systolic blood pressure, use of anti-hypertensive medication, total cholesterol, HDL-C, use of 
lipid-lowering medication, diabetes mellitus and eGFR.

In women, model 2 was additionally adjusted for age at menopause and current use of hormone therapy.

Atherosclerosis. Author manuscript; available in PMC 2023 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sharma et al. Page 19

Table 4.

Association between sex hormones and incident extra-coronary calcification at exam 2/3 (2002–2005)

Women Men

Free
Testosterone

SHBG Free Testosterone SHBG

Incidence rate ratios (95% CI)

Aortic valve

Model 1 0.96 (0.76, 1.21) 1.03 (0.81, 1.29) 1.13 (0.91, 1.39) 0.87 (0.70, 1.08)

Model 2 0.96 (0.73, 1.26) 1.02 (0.78, 1.34) 1.07 (0.86, 1.33) 0.92 (0.73, 1.15)

Model 3 0.86 (0.64, 1.15) 1.14 (0.85, 1.53) 1.04 (0.84, 1.28) 0.95 (0.76, 1.20)

Mitral valve

Model 1 1.27 (1.05, 1.53) 0.79 (0.66, 0.95) 1.16 (0.92, 1.47) 0.81 (0.64, 1.03)

Model 2 1.21 (0.97, 1.52) 0.82 (0.66, 1.03) 1.13 (0.90, 1.42) 0.85 (0.68, 1.07)

Model 3 1.09 (0.86, 1.37) 0.92 (0.73, 1.16) 1.12 (0.89, 1.41) 0.86 (0.68, 1.09)

Ascending aorta

Model 1 0.94 (0.72, 1.25) 1.07 (0.82, 1.40) 0.87 (0.59, 1.29) 1.11 (0.74, 1.67)

Model 2 0.84 (0.60, 1.16) 1.21 (0.88, 1.67) 0.85 (0.56, 1.27) 1.14 (0.75, 1.75)

Model 3 0.73 (0.52, 1.04) 1.40 (0.99, 1.98) 0.77 (0.50, 1.18) 1.28 (0.81, 2.01)

Descending aorta

Model 1 1.09 (0.97, 1.24) 0.91 (0.80, 1.03) 0.95 (0.83, 1.08) 1.02 (0.89, 1.17)

Model 2 1.13 (0.98, 1.30) 0.88 (0.77, 1.01) 0.94 (0.82, 1.07) 1.04 (0.91, 1.20)

Model 3 1.06 (0.91, 1.24) 0.94 (0.81, 1.09) 0.86 (0.75, 0.99) 1.13 (0.97, 1.32)

CI, Confidence intervals; MESA, Multi-Ethnic Study of Atherosclerosis; SHBG, Sex hormone binding globulin.

Incidence rate ratio was derived from Poisson regression with robust variance estimation for extra-coronary calcification greater than zero at exam 
2/3 among participants with zero extra-coronary calcification at baseline.

The independent variables (sex hormones) were natural log-transformed and modeled per one standard deviation.

Results in bold font indicate statistical significance at p <0.05.

Results in bold font with asterisk indicate Bonferroni corrected statistical significance at p <0.002.

Model 1: adjusted for age, race/ethnicity, MESA study site and time between scans.

Model 2: adjusted for model 1 covariates plus education, physical activity, smoking, pack-years of smoking, BMI and health insurance.

Model 3: adjusted for model 2 covariates plus systolic blood pressure, use of anti-hypertensive medication, total cholesterol, HDL-C, use of 
lipid-lowering medication, diabetes mellitus and eGFR.

In women, model 2 was additionally adjusted for age at menopause and current use of hormone therapy.
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Table 5.

Association between sex hormones and 2-year change in extra-coronary calcification from MESA exam 1 

(2000–2002) to exam 2/3 (2002–2005)

Women Men

Free testosterone SHBG Free
testosterone

SHBG

Percent change (95% CI)

Aortic valve

Model 1 1 (−2, 4) −1 (−4, 2) 0 (−3, 3) 0 (−3, 3)

Model 2 1 (−2, 4) −1 (−4, 2) 0 (−3, 3) 0 (−3, 3)

Model 3 1 (−2, 4) −1 (−4, 2) 0 (−3, 3) 0 (−3, 3)

Mitral valve

Model 1 1 (−2, 4) −1 (−4, 2) −2 (−4, 1) 1 (−2, 3)

Model 2 1 (−2, 4) −1 (−4, 2) −1 (−4, 2) 0 (−2, 3)

Model 3 1 (−2, 4) −1 (−4, 2) −1 (−4, 2) 0 (−2, 3)

Ascending aorta

Model 1 −1 (−3, 1) 1 (−1, 3) 0 (−2, 2) 0 (−2, 2)

Model 2 −1 (−3, 1) 1 (−1, 3) 0 (−2, 2) 0 (−2, 2)

Model 3 −1 (−3, 1) 1 (−1, 3) 0 (−2, 2) 0 (−2, 2)

Descending aorta

Model 1 3 (−2, 8) −3 (−7, 1) −8 (−11, −4)* 6 (2, 11)

Model 2 3 (−2, 8) −3 (−7, 1) −7 (−11, −3)* 6 (2, 10)

Model 3 3 (−2, 7) −3 (−7, 1) −7 (−11, −3)* 6 (2, 10)

CI, Confidence intervals; MESA, Multi-Ethnic Study of Atherosclerosis; SHBG, Sex hormone binding globulin.

Percent change was derived from linear mixed effect models and calculated by ([Exp (β) −1]*100).

Extra-coronary calcification was analyzed as ln(ECC+1).

The independent variables (sex hormones) were natural log-transformed and modeled per one standard deviation.

Results in bold font indicate statistical significance at p <0.05.

Results in bold font with asterisk indicate Bonferroni corrected statistical significance at p <0.002.

Model 1: adjusted for age, race/ethnicity and MESA study site.

Model 2: adjusted for model 1 covariates plus education, physical activity, smoking, pack-years of smoking, BMI and health insurance.

Model 3: adjusted for model 2 covariates plus systolic blood pressure, use of anti-hypertensive medication, total cholesterol, HDL-C, use of 
lipid-lowering medication, diabetes mellitus and eGFR.

In women, model 2 was additionally adjusted for age at menopause and current use of hormone therapy.
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