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Abstract

Background and aims: Extra-coronary calcification (ECC) is a marker of atherosclerosis 

and independently associated with cardiovascular disease (CVD). Adipokines may mediate the 

effect of obesity on atherosclerosis. However, the relationship of adipokines with ECC is not 

well-established. We examined the associations of leptin, resistin and adiponectin with ECC in a 

diverse community-based cohort.

Methods: We performed a cross-sectional analysis of 1,897 adults without clinical CVD in the 

MESA cohort. Serum adipokine levels and non-contrast cardiac CT scans were obtained at Exam 

2 or 3 (randomly assigned). ECC was quantified by Agatston score and included calcification of 

the mitral annulus (MAC), aortic valve (AVC), ascending thoracic aorta (ATAC) and descending 
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thoracic aorta (DTAC). We used multivariable regression to evaluate the associations between 

leptin, resistin and adiponectin [per 1 SD ln(adipokine] with ECC prevalence (score >0) and extent 

[ln(score+1)].

Results: The mean age of participants was 65±10 years; 49% women. After adjusting for 

demographic factors, adiponectin was inversely associated with AVC prevalence and extent; leptin 

positively associated with MAC prevalence and extent; and resistin positively associated with 

ATAC prevalence and extent and DTAC extent. After adjustment for BMI and other CVD risk 

factors, adiponectin remained inversely associated with AVC prevalence, and resistin remained 

associated with greater ATAC prevalence and extent. Leptin was not associated with measures of 

ECC after full adjustment. No adipokine was associated with MAC after full adjustment.

Conclusions: We identified significant associations between select adipokines and specific 

markers of ECC. Adipokines may play a role in the development of systemic atherosclerosis.

1. INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death in the United States and 

around the world.[1] As such, increased focus has been directed towards preventing the 

development and progression of CVD through the modification of risk factors.[1, 2] Obesity 

has been clearly implicated as one such risk factor,[3–5] though the mechanisms by 

which risk is conferred are complex and not fully understood. One potential contribution 

comes from the dysregulation of endogenous hormones secreted by adipose tissue—called 

adipokines.[6]

Leptin, adiponectin, and resistin are adipokines that influence various metabolic processes, 

including insulin sensitivity, endothelial function, and appetite regulation.[7–11] In general, 

increasing fat mass is associated with unfavorable changes in these adipokine levels. 

Leptin, involved in processes such as satiety and lowering blood glucose, is higher among 

individuals who are obese, secondary to a leptin-resistant phenotype.[12] Adiponectin, 

which reduces inflammation and improves insulin sensitivity, is lower in patients who 

are obese.[11] Resistin, which promotes endothelial dysfunction and foam cell formation, 

is greater in states of chronic inflammation such as obesity.[13] Given the variety of 

cardiometabolic pathways involving adipokines, it is plausible that dysregulation of these 

hormones can lead to negative cardiovascular health.[14] However, the association of 

adipokines with incident CVD events has been inconsistent, with some studies showing 

strong associations[15, 16] and others suggesting these relationships are attenuated after 

accounting for adiposity and other CVD risk factors.[17, 18]

A putative mechanism by which adipokine dysregulation would influence CVD is via 

atherosclerosis. For example, leptin is known to promote calcification of vascular cells 

in vitro—an important marker of atherosclerotic cardiovascular disease (ASCVD).[19] In 

this regard, coronary artery calcification (CAC) and extra-coronary calcification (ECC) 

are useful tools for cardiovascular prognostication as they have both been shown to 

predict incident CVD events independently of other CVD risk factors.[20–25] While 

CAC and ECC share many overlapping risk factors, they differ somewhat in terms of 

associated CVD risk and each provide added value for risk stratification.[26–29] ECCs 
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(which include calcification of the ascending thoracic aorta [ATAC], descending thoracic 

aorta [DTAC], the mitral annulus [MAC], and the aortic valve [AVC]) are independent 

predictors of major adverse cardiovascular events, including myocardial infarction, stroke, 

and all-cause mortality.[20, 22, 23, 30, 24, 31] Therefore, ECC represents an important 

indicator of incipient CVD. Nevertheless, few studies have assessed the association of 

various adipokines with vascular calcification of different arterial beds, including ECC.

To explore the relationship of adipokines with calcified subclinical atherosclerosis, 

we performed a cross-sectional analysis of the Multi-Ethnic Study of Atherosclerosis 

(MESA) cohort examining the association of circulating adipokine levels with ECC. We 

also examined adipokine levels with history of ECC progression, which was examined 

retrospectively. Given the association with the relatively pro-inflammatory effects of 

leptin and resistin, as well as the purported anti-inflammatory effects of adiponectin, we 

hypothesized that higher serum levels of leptin and resistin, but lower levels of adiponectin, 

would be associated with a greater prevalence and burden of ECC. Given the dynamic nature 

of atherosclerosis, we also predicted that these same patterns of adipokine levels would 

predict a greater odds of having had ECC progression over time.

2. PATIENTS AND METHODS

2.1 Study population

The MESA is a prospective cohort study examining subclinical atherosclerosis in 

community-dwelling men and women who self-reported Black, Hispanic, Chinese, and 

non-Hispanic White race or ethnicity. The study enrolled 6,814 individuals aged 45–84 years 

without clinically apparent CVD from six field sites in the United States between July 2000 

and August 2002. Further details regarding the MESA design are published elsewhere.[32]

In an ancillary study of MESA to study abdominal aortic calcification, a random subset 

of 1,970 participants underwent a non-contrast cardiac computed tomography (CT) scan 

at either Exam 2 (2002–2004) or Exam 3 (2004–2005), by random assignment.[33] In a 

subsequent ancillary study related to body composition, adipokine levels were measured 

among these same participants from stored frozen serum samples obtained at the respective 

visits (2 or 3) of their CT scan.[5] The present study focuses on this same subset of 

participants, and thus Exam 2 or 3 (the time of the adipokine assessment) is the baseline visit 

for the reported analyses.

In the parent MESA study, individuals with clinically significant CVD, defined as prior 

myocardial infarction, angina, stroke, transient ischemic attack, or heart failure; use of 

nitroglycerin; current atrial fibrillation; or those who had undergone a procedure related 

to CVD were excluded from enrollment. For the present analysis, participants were also 

excluded if there were missing data on adipokine levels, ECC measurements, or covariates 

relevant to our analyses. After exclusions, this gave a final analytical sample of 1,897 

(Figure 1).

The MESA study protocols were approved by the institutional review boards at all study 

sites, and participants gave written informed consent.
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2.2 Measurement of endogenous adipokines

The primary independent variables of interest were the levels of the endogenous adipokines 

leptin, adiponectin, and resistin. Adiponectin, leptin, and resistin levels were obtained from 

serum at Exam 2 or 3 by random assignment and analyzed using Bio-Rad Luminex flow 

cytometry (Millepore, Billerica, MA) at the Laboratory for Clinical Biochemistry Research 

(University of Vermont, Burlington, VT), as previously reported.[5] The coefficients of 

variation for these assays ranged from 6 to 13%.

2.3 Measurement of extra-coronary calcification

Four measures of ECC were assessed including ascending thoracic aortic calcification 

(ATAC), descending thoracic aortic calcification (DTAC), mitral annular calcification 

(MAC), and aortic valvular calcification (AVC). All ECC measures were assessed by 

Agatston scoring from ECG-gated non-contrast cardiac CT scans with density and area 

cutoffs of 130 Hounsfield units and 1 mm2, respectively. All MESA participants had a 

cardiac CT scan by either electron-beam CT or a four-slice multi-detector row helical 

CT at Exam 1 (2000–2002). Participants were then randomly assigned for a follow-up 

CT scan at either Exam 2 (2002–2004) or Exam 3 (2004–2005), as described above. 

Scanning parameters were kept identical between Exams 1, 2, and 3. CT scans were 

originally performed for CAC assessment but were later over-read by experienced readers 

at the core lab at the Los Angeles Biomedical Research Institute at Harbor-UCLA Medical 

Center. ECC was measured using a 3-dimensional reconstruction program (Rapidia, Infinite 

Co., Ltd, Seoul, Korea). Each scan was assessed by two readers who were blinded to 

clinical information and to the other reader’s evaluation. ECC measures are not available at 

subsequent MESA Exams 4, 5, or 6. Prevalent ECC was defined as ECC scores > 0. ECC 

progression was defined as > 0 Agatston units of change per year as has been previously 

defined in MESA.[34] Complete MESA CT scanning protocols are described elsewhere.[35]

2.4 Measurement of body composition assessment

As part of the aforementioned body composition ancillary study utilizing data from Exam 

2 or 3, abdominal CT scans were used to measure visceral adipose tissue (VAT) and 

subcutaneous adipose tissue (SAT). VAT was measured as the total adipose tissue in the 

abdominal cavity and subcutaneous adipose tissue (SAT) measured as the total adipose 

tissue outside of the abdominal cavity but not within muscle tissue. VAT and SAT were 

measured as area values (in cm2) from the average of two CT slices obtained at L2-L3 and 

adjusted for height, as previously performed.[5]

2.5 Covariates

The primary covariates included in this analysis were obtained from Exam 2 or 3 (whichever 

visit was concordant with a given participant’s adipokine measurement) except for education 

and estimated glomerular filtration rate (eGFR), which were carried forward from Exam 1. 

These variables included the following demographic, behavioral and ASCVD risk factors 

measured at the baseline exam: age, sex, race/ethnicity, study site, level of education (less 

than a bachelor’s degree vs greater than or equal to a bachelor’s degree), body mass 

index (BMI; as a continuous variable), smoking status, pack-years of smoking, physical 
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activity level (MET hours/week of moderate or vigorous activity, continuous), systolic blood 

pressure, use of antihypertensive medications, total cholesterol, high density lipoprotein 

cholesterol (HDL-C), use of lipid lowering therapy, history of diabetes (defined as fasting 

blood sugar ≥ 126 mg/dL, non-fasting glucose ≥ 200 mg/dl, or diabetic medication use), 

eGFR, and visceral and subcutaneous adipose tissue cross-sectional area (VAT, SAT) 

measured from abdominal CTs from Exam 2 or 3.

2.6 Statistical analysis

Demographic covariates were compared and stratified by BMI groups (≥30 vs <30 kg/m2) 

and by sex. Given their non-normal distributions, adipokine levels and their ratios were 

log transformed and modeled per one standard deviation (SD) increment in natural log-

transformed adipokine level. Agatston scores were also subjected to ln(Agatston score+1) 

transformation as it has been done in previous work to address issues with skewing of data 

stemming from multiple measures equal to zero.[36]

Multivariable, progressively adjusted, robust Poisson regression models were used to 

estimate the adjusted prevalence ratios (PR) of ECC (AVC, MAC, ATAC, DTAC) per 1 

SD increment in ln(adipokine) level at visit 2/3. Similar models were used to estimate the 

associations of adipokine level with ECC extent (handled as ln[ECC+1]) at visit 2/3 using 

linear regression. Beta coefficients from linear regression models were exponentiated and 

are reported as ratios of the geometric mean of the model coefficients (extent ratio, ER).

For secondary analysis, logistic regression was used to estimate the association of adipokine 

levels at Exams 2/3 with the odds of having met criteria for ECC progression between Exam 

1 and 2/3, retrospectively assessed. ECC progressors between first and second CT scans 

(median 3 years) were defined as participants with >0 Agatston units of change per year 

and compared to non-progressor (i.e., participants with ≤0 Agatston units of change per year 

between CT scans).

For all analyses, we used progressively adjusted regression models. Model 1 adjusted for the 

demographics of age, sex, race/ethnicity and study site. Model 2 included Model 1 variables 

and added behavioral/lifestyle factors of education, BMI, smoking, pack years of smoking, 

and physical activity. Model 2 was our primary analytical model. Model 2b included Model 

2 variables plus additionally VAT and SAT. Model 3 included Model 2 variables plus 

additionally ASCVD risk factors that may be intermediate variables in the association of 

adipokines with atherosclerosis (systolic blood pressure, anti-hypertensive medication, total 

cholesterol, HDL-C, lipid-lowering medication, diabetes mellitus and eGFR). Model 3b 

included Model 3 variables plus VAT and SAT.

The 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.
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3. RESULTS

3.1 Baseline characteristics

The baseline characteristics of the study population are presented stratified by BMI and sex 

in Table 1 and Supplementary Table 1, respectively. The mean age of the 1,897 participants 

was 65±10 years; 49% were women. The cohort included 40% White, 13% Chinese, 20% 

Black and 26% Hispanic adults. When compared with participants with BMI <30, those with 

a BMI ≥30 kg/m2 were more likely to be female, to have higher blood pressure, or to have 

diabetes. These participants were also less likely to have a bachelor degree and, on average, 

had lower HDL-C. Women were also more likely to have higher leptin levels and higher 

adiponectin levels than men (Supplementary Table 1).

Participants with higher BMI had higher median levels of leptin (30.0 ng/mL [interquartile 

range (IQR): 16.6–50.6] vs 8.7 ng/mL [4.0–17.8], p<0.001) and resistin (15.4 ng/mL [12.5–

19.7] vs 14.8 ng/mL [11.5–18.17], p=0.03), and lower levels of adiponectin (14.7 mcg/mL 

[10.4–21.5] vs 18.6 mcg/mL [12.5–27.6], p<0.001) than non-obese counterparts (Table 1). 

The associations of adipokine levels with BMI, VAT, and SAT are shown in Supplementary 

Table 2. BMI, VAT, and SAT were all positively associated with leptin levels and inversely 

associated with adiponectin levels, whereas resistin levels were not significantly associated 

with these adiposity measures.

Across all participants, the unadjusted prevalence of AVC, MAC, ATAC, and DTAC was 

15%, 12%, 4%, and 34%, respectively (Table 1 and Figure 1). ECC prevalence was not 

significantly different between obese and non-obese participants with the exception of 

MVC, which was more prevalent in non-obese participants (61% vs 39%, p=0.01, Table 

1). AVC was more prevalent in male participants than female participants (63% vs 37%, 

p<0.001, Supplementary Table 1).

There was a median (IQR) of 3 (1.5, 3.3) years between baseline Exam 1 CT scan 

and subsequent scan at Exam 2 or 3. The proportion of study participants who showed 

progression of AVC, MAC, ATAC, or DTAC between these 2 scans was 12%, 10%, 4%, and 

29%, respectively (Figure 1). The percent of population with prevalent ECC and history of 

ECC progression by tertiles of adipokine levels is shown in Supplementary Figures S1 and 

S2. The multivariable-adjusted associations of adipokines with ECC measures are described 

below.

3.2 Leptin

After adjusting for demographics (Model 1), higher serum leptin levels at Exam 2/3 were 

significantly associated with greater odds of having prevalent MAC (Table 2), greater MAC 

extent (Table 3), and greater odds of having had MAC progression between Exam 1 and 

Exam 2/3 (Table 4). However, the magnitude of these positive relationships was attenuated 

after adjustment for education, BMI, smoking, and physical activity and were no longer 

significant. There were no significant associations between leptin levels and other measures 

of ECC extent, prevalence, or progression.
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3.3 Resistin

With adjustment for the variables in Model 2, higher serum resistin levels were significantly 

associated with greater odds of having prevalent ATAC (Table 2), greater ATAC extent 

(Table 3), and greater odds of having had ATAC progression between Exam 1 and Exam 

2/3 (Table 4). These associations for ATAC prevalence and extent remained significant after 

adjustment for ASCVD risk factors (model 3), but were attenuated after adjustment for VAT 

and SAT (models 2b and 3b).

There was also a significant association of higher serum resistin levels with extent and odds 

of progression of DTAC (Tables 3 and 4, model 2). Even in our most fully adjusted model 

including demographics, ASCVD risk factors, VAT and SAT (Model 3b, Table 4), greater 

resistin remained associated with a greater odds of having had DTAC progression between 

the 2 CT scans, retrospectively assessed (OR 1.17; 95% CI: 1.00–1.36, p = 0.045).

There were no significant interactions between resistin levels and other measures of ECC 

extent, prevalence, or progression.

3.4 Adiponectin

After adjustment for the variables in Model 2, higher serum adiponectin levels were 

significantly associated with a lower odds of prevalent AVC (Table 2), lower odds of 

extensive AVC extent (Table 3), and a higher odds of AVC progression between Exam 1 

and Exam 2/3 (Table 4). The inverse association of adiponectin with AVC prevalence and 

history of progression remained significant after adjustment for ASCVD risk factors (model 

3). Even in our most fully adjusted model that included demographics, ASCVD risk factors, 

VAT and SAT (Model 3b, Table 4), greater adiponectin remained associated with a lower 

odds of having had AVC progression between the 2 CT scans, retrospectively assessed (OR 

0.77 95% CI: 0.61–0.96). There were no significant interactions between adiponectin levels 

and other measures of ECC extent, prevalence, or progression.

3.5 Adipokine ratios

The ratios of leptin to adiponectin and resistin to adiponectin were also assessed for 

associations with ECC. The ratio of leptin to adiponectin was directly proportional to 

the extent, prevalence, and likelihood of progression of AVC in our primary model, but 

these relationships were attenuated to non-significance after controlling for education, BMI, 

smoking, pack years of smoking, and physical activity. Somewhat similarly, the ratio of 

resistin to adiponectin was directly associated with AVC extent, prevalence, and likelihood 

of progression; ATAC extent, prevalence, and progression; and DTAC extent and likelihood 

of progression (but not prevalence). These relationships were robust after adjustment for 

age, sex, race/ethnicity, study site, education, BMI, smoking, pack years of smoking, and 

physical activity, but lost significance after further adjustment.

4. DISCUSSION:

In this cross-sectional analysis of data from the MESA cohort, we found some significant 

associations between specific circulating adipokine levels and the prevalence, extent, and 
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likelihood of progression of ECC. Findings varied by adipokine and across vascular beds. 

Not surprisingly, given the established relationship of adiposity with circulating adipokines, 

many of these associations were attenuated and became not significant after adjustment 

for visceral fat measures. This suggests that visceral fat burden may, in part, explain 

the relationship between adipokines with atherosclerosis. For example, adiponectin was 

inversely associated with AVC prevalence and resistin positively associated with ATAC 

prevalence in models that included BMI and CVD risk factors (model 3) but not when 

further adjusted for VAT (model 3b). It should be noted that BMI is more strongly correlated 

with SAT than with VAT (Supplementary Table 2). However, we did find, even in our 

most adjusted models that included ASCVD risk factors and measures of visceral adiposity 

(VAT), that (1) adiponectin remained inversely associated with history of AVC progression 

and (2) resistin remained positively associated with history of DTAC progression. Leptin 

was not associated with any measures of ECC after adjustment. This suggests that not all 

of the relationship between adipokines and atherosclerosis is accounted for by visceral fat 

measures and vascular risk factors. In sum, our findings indicate that the pathophysiology of 

obesity associated inflammation and atherosclerosis is complex.

While a link between obesity and vascular calcification has been established,[37, 38] prior 

explorations into the associations of adipokines and ECC have been limited. A prior study 

from MESA did not find any independent association of adipokines with prevalence or 

severity of abdominal aortic calcification;[39] while another MESA analysis found higher 

leptin was associated with a history of CAC progression.[40] Other vascular beds and 

valvular calcium had not been explored before this present analysis. In some studies that did 

show a relationship between these hormones and CVD events, the effects were attenuated 

after adjustment for adiposity and other CVD risk factors.[17, 18] The results of our study 

suggest that adipokines, in particular resistin and adiponectin, are related to measures of 

ECC and that these relationships are preserved after adjustment for other CVD risk factors.

The mechanisms by which these various molecules influence atherosclerosis have been 

postulated. Adiponectin inhibits endothelial NF-kB, tumor necrosis factor-alpha (TNF-

α)–induced monocyte adhesion, and the expression of other adhesion molecules that 

are involved in atherogenesis.[41, 42] TNF-α in particular has been implicated in the 

development and exacerbation of AVC,[43] which is consistent with our findings. The 

adverse effects of obesity on ASCVD may be mediated, in part, by reductions in adiponectin 

leading to activation of these atherogenic pathways. These putative pathways are not 

exclusive to the aortic valve tissue, though, and so further investigation is required to explain 

why the relationship between adiponectin and ECC was not seen in other arterial beds.

Leptin and adiponectin are thought of as having antagonistic effects with respect to 

endothelial function and inflammation. Indeed, we found the ratio of leptin to adiponectin 

was positively associated with calcification of the aortic valve and descending thoracic aorta, 

though this association did not remain significant after adjustment. Similarly, leptin alone 

was not associated with ECC in our models after adjustment for covariates. The relationship 

of leptin with CVD risk has been conflicting across studies. A prior analysis from MESA 

did find that higher leptin levels were associated with increased odds of having had CAC 

progression, retrospectively assessed.[40] Yet, a previous MESA study by Martin et al. 
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failed to identify significant associations between leptin levels and incident CVD events.[17] 

A subsequent meta-analysis of 13 studies investigating leptin and risk of CVD and stroke 

also showed no relationship after adjustment for established cardiovascular risk factors.[44] 

Our study results are in line with these prior findings and suggest that changes in leptin 

associated with obesity may not play a significant role in development of atherosclerosis.

Resistin induces insulin resistance which is independently associated with vascular 

calcification.[13, 15] In our models, resistin was significantly associated with aortic 

calcification even after adjustment for diabetes history suggesting it is involved in 

mechanisms of ASCVD independent of insulin resistance. Resistin has been shown to 

potentiate the release of endothelin-1, increase chemokine expression, and upregulate cell 

surface adhesion molecules ICAM-1 and VCAM-1—all important steps in atherogenesis.

[45–47] These effects have been demonstrated in human aortic endothelial cells, specifically, 

which supports the relationship identified in our models.[48]

4.1 Strengths/limitations

Our study has many strengths including evaluation of three key adipokine measures with 

multiple markers of calcification outside of the coronary territory to give further insight 

into mechanisms linking adiposity with atherosclerosis. We utilized a well-characterized, 

diverse cohort and were able to account for a number of potential confounding as well as 

intermediary variables such as the measurement of visceral fat.

On the other hand, our findings should be considered in the context of several limitations. 

First, adipokine levels and VAT/SAT were only in a subset of individuals as part of an 

ancillary study. This reduced sample size and limited the statistical power for subgroup 

analysis. Second, adipokine levels and VAT/SAT were only measured at Exams 2/3 and 

as such we were unable to examine the association of adipokines concurrently with Exam 

1 ECC measures. We could only retrospectively examine for ECC progression between 

Exam 1 and Exams 2/3 in order to look at differences in adipokine levels between past 

“progressors” and “non-progressors” in secondary analysis. This introduces uncertainty by 

assuming adipokine levels were constant in the interval between CT scans when we know 

these levels are dynamic, especially in the setting of weight change and other lifestyle 

modifications.[49, 50] However participants’ mean BMI measured at Exam 1 was strongly 

correlated with BMI at Exams 2 and 3 (correlation coefficients 0.97–0.99, Supplementary 

Table 3), suggesting weight was generally very stable over this ~3year period in this cohort. 

Third, given the lack of currently available data on ECC values after Exams 2/3, we are 

unable to evaluate for incidence of ECC or future progression beyond Exam 2/3. Future 

studies should include CT scans obtained after adipokine measurement as well as repeat 

adipokine measurements to allow prospective analysis of the relationships identified here. 

Fourth, recent studies suggest an inverse relationship between arterial calcification density 

and incident CVD events.[51] Our study does not include ECC density measurements; 

however future studies examining the relationship of adipokines with calcification density 

and volume as distinct variables may provide additional and interesting insights. Finally, 

we performed a number of statistical tests and some significant findings may have been 

by chance. However, our analyses were driven by a priori hypotheses, our findings were 
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generally consistent across models, and our analyses were meant only to be exploratory and 

hypothesis generating, warranting confirmation in other studies and populations

4.2 Conclusion

In summary, we have shown through a cross-sectional analysis of a large, diverse cohort 

of community-dwelling men and women free from CVD at baseline that serum levels 

of adipokines, particularly adiponectin and resistin, are associated with extra-coronary 

calcification. Moreover, serum leptin levels are not associated with the presence or severity 

of subclinical atherosclerosis. Our study was an exploratory effort to further characterize the 

role of adipokines in obesity-related CVD risk. Further work, including prospective studies 

and therapeutic trials targeting circulating adiponectin and resistin, is required to better 

understand these relationships.

Supplementary Material

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

• Adiponectin, resistin, and leptin levels are dysregulated in obese individuals

• Low adiponectin levels were associated with aortic valve calcification 

progression

• Higher resistin levels were associated with thoracic aortic calcification 

progression

• Leptin does not appear to be associated with extra-coronary calcification

• There is complex interplay between obesity, adipokine levels, and 

atherosclerosis
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Figure 1. 
Flow chart of study inclusion and exclusion criteria, as well as the proportion of participants 

who had prevalent extra-coronary calcification (ECC) at baseline and the proportion with 

ECC progression.
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Table 1

Characteristics of study participants by body mass index (BMI) categories.

Total BMI <30 BMI ≥30 p value

N = 1897 n = 1304 n = 593

Age 65 (10) 65 (10) 64 (9) 0.002

Sex

 Men 959 (51%) 688 (53%) 271 (46%) 0.004

 Women 938 (49%) 616 (47%) 322 (54%)

Race/ethnicity

 White 766 (40%) 551 (42%) 215 (36%)

 Chinese-American 253 (13%) 240 (18%) 13 (2%) <0.001

 Black 383 (20%) 227 (17%) 156 (26%)

 Hispanic 495 (26%) 286 (22%) 209 (35%)

Education

 ≥ bachelor’s degree 683 (36%) 509 (39%) 174 (29%) <0.001

 < bachelor’s degree 1212 (64%) 793 (61%) 419 (71%)

BMI, kg/m2 28 (5) 25 (3) 34 (4) <0.001

Smoking status

 Never 864 (46%) 632 (49%) 232 (39%)

 Former 804 (43%) 521 (40%) 283 (48%) 0.001

 Current 216 (11%) 143 (11%) 73 (12%)

Pack-years of smoking if > 0 17 (7–35) 18 (8–35) 15 (7–35) 0.72

Physical activity, MET-min/wk 3540 (1815–6390) 3600 (1928–6420) 3458 (1624–6305) 0.88

Systolic blood pressure, mmHg 124 (21) 122 (21) 128 (21) <0.001

Antihypertensive medication 834 (44%) 518 (40%) 316 (53%) <0.001

Total cholesterol, mg/dL
b 190 (35) 190 (34) 189 (38) 0.59

HDL-C, mg/dL
b 51 (15) 53 (16) 47 (12) <0.001

Lipid-lowering medication 477 (25%) 315 (24%) 162 (27%) 0.14

Diabetes 276 (15%) 141 (11%) 134 (23%) <0.001

eGFR, ml/min per 1.73 m2 73 (15) 73 (15) 74 (16) 0.29

SAT, cm2 146 (102–202) 128 (95–171) 261 (202–328) <0.001

VAT, cm2 151 (93–226) 128 (79–194) 219 (158–281) <0.001

AVC 287 (15%) 189 (66%) 98 (34%) 0.25

MVC 221 (12%) 134 (61%) 87 (39%) 0.01

ATAC 82 (4%) 56 (68%) 26 (32%) 0.93

DTAC 653 (34%) 465 (71%) 188 (29%) 0.09

Leptin, ng/mL
c 13.4 (5.6–28.2) 8.7 (4.0–17.8) 30.0 (16.6–50.6) <0.001

Resistin, ng/mL
c 15.1 (11.9–19.1) 14.8 (11.5–18.7) 15.4 (12.5–19.7) 0.03

Adiponectin, mcg/mL
c 17.3 (11.8–26.1) 18.6 (12.5–27.6) 14.7 (10.4–21.5) <0.001
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ATAC, ascending thoracic aortic calcium; AVC, aortic valve calcium; BMI, body mass index; DTAC, descending thoracic aortic calcium; eGFR, 
estimated glomerular filtration rate; HDL-C, high density lipoprotein-cholesterol; MET, metabolic equivalent of task; MVC, mitral annular 
calcium; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.

a
Data were presented as mean (SD) or number (percentage) or median (interquartile range).

b
To convert total and HDL-C cholesterol from mg/dL to mmol/L, divide by 38.67.

c
Conversion to SI units not available.
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Table 2.

Multivariable-adjusted association between adipokines and prevalent ECC

Model 1 Model 2 Model 2b Model 3 Model 3b

Aortic valve calcium (AVC)

Leptin 1.08 (0.95, 1.23) 0.97 (0.83, 1.13) 0.89 (0.72, 1.11) 0.89 (0.77, 1.04) 0.83 (0.67, 1.02)

Resistin 0.99 (0.89, 1.11) 0.99 (0.88, 1.10) 0.97 (0.84, 1.11) 0.93 (0.83, 1.04) 0.91 (0.79, 1.05)

Adiponectin 0.82 (0.73, 0.93) 0.83 (0.73, 0.94) 0.86 (0.73, 1.00) 0.86 (0.76, 0.97) 0.89 (0.76, 1.03)

Leptin/Adiponectin 1.16 (1.03, 1.30) 1.11 (0.96, 1.29) 1.05 (0.87, 1.27) 1.02 (0.88, 1.19) 0.96 (0.79, 1.17)

Resistin/Adiponectin 1.16 (1.04, 1.30) 1.15 (1.02, 1.29) 1.11 (0.96, 1.28) 1.09 (0.96, 1.23) 1.04 (0.90, 1.21)

Mitral annular calcium (MVC)

Leptin 1.20 (1.02, 1.41) 1.04 (0.85, 1.27) 0.96 (0.73, 1.27) 1.03 (0.84, 1.28) 0.97 (0.73, 1.29)

Resistin 1.03 (0.92, 1.16) 1.02 (0.91, 1.15) 0.96 (0.82, 1.13) 1.01 (0.88, 1.15) 0.96 (0.81, 1.14)

Adiponectin 0.99 (0.86, 1.14) 1.05 (0.91, 1.22) 0.97 (0.79, 1.18) 1.04 (0.90, 1.20) 0.96 (0.79, 1.18)

Leptin/Adiponectin 1.14 (0.99, 1.31) 0.99 (0.83, 1.17) 1.00 (0.79, 1.27) 1.00 (0.84, 1.19) 1.01 (0.79, 1.28)

Resistin/Adiponectin 1.03 (0.90, 1.17) 0.97 (0.85, 1.12) 1.00 (0.84, 1.19) 0.97 (0.85, 1.12) 1.01 (0.84, 1.21)

Ascending thoracic aortic calcium (ATAC)

Leptin 1.11 (0.85, 1.45) 1.20 (0.83, 1.73) 0.97 (0.58, 1.61) 1.08 (0.76, 1.54) 0.90 (0.56, 1.45)

Resistin 1.29 (1.08, 1.55) 1.37 (1.12, 1.68) 1.15 (0.92, 1.44) 1.32 (1.06, 1.64) 1.10 (0.85, 1.41)

Adiponectin 0.86 (0.69, 1.07) 0.87 (0.69, 1.09) 0.94 (0.70, 1.28) 1.00 (0.80, 1.25) 1.09 (0.81, 1.47)

Leptin/Adiponectin 1.16 (0.92, 1.45) 1.25 (0.92, 1.69) 1.02 (0.70, 1.50) 1.06 (0.79, 1.41) 0.87 (0.62, 1.24)

Resistin/Adiponectin 1.33 (1.08, 1.63) 1.38 (1.11, 1.73) 1.15 (0.89, 1.49) 1.21 (0.95, 1.53) 0.99 (0.74, 1.32)

Descending thoracic aortic calcium (DTAC)

Leptin 1.06 (0.99, 1.14) 1.05 (0.96, 1.15) 1.04 (0.93, 1.17) 1.02 (0.93, 1.12) 1.02 (0.91, 1.14)

Resistin 1.04 (0.99, 1.10) 1.04 (0.98, 1.10) 1.04 (0.97, 1.12) 1.02 (0.96, 1.09) 1.04 (0.97, 1.12)

Adiponectin 0.96 (0.91, 1.02) 0.97 (0.91, 1.03) 0.98 (0.91, 1.05) 1.00 (0.94, 1.06) 1.02 (0.95, 1.09)

Leptin/Adiponectin 1.06 (0.99, 1.13) 1.06 (0.98, 1.14) 1.04 (0.95, 1.15) 1.01 (0.94, 1.10) 1.00 (0.90, 1.10)

Resistin/Adiponectin 1.06 (1.00, 1.12) 1.05 (0.99, 1.11) 1.05 (0.98, 1.12) 1.01 (0.95, 1.08) 1.01 (0.94, 1.09)

a
Results were derived from multivariable Poisson regression models with robust variance estimation and presented as prevalence ratios.

b
Adipokines were log-transformed for analysis and compared per 1 standard deviation (SD).

c
Prevalent extra-coronary calcium (ECC) was defined as Agatston score >0.

d
Model 1: adjusted for age, sex, race/ethnicity and study site

e
Model 2: Model 1 + education, body mass index, smoking, pack years of smoking, and physical activity.

f
Model 2b: Model 2 + visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT).

g
Model 3: Model 2 + systolic blood pressure, anti-hypertensive medication, total cholesterol, HDL-cholesterol, lipid-lowering medication, diabetes 

mellitus and eGFR.

h
Model 3b: Model 3: VAT and SAT.

i
Statistically significant results are in bold font. p value = 0.049 for result in italics.
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Table 3.

Multivariable-adjusted association between adipokines and ECC extent.

Model 1 Model 2 Model 2b Model 3 Model 3b

Aortic Valve Calcium (AVC)

Leptin 1.07 (0.98, 1.16) 0.99 (0.89, 1.11) 0.94 (0.82, 1.07) 0.95 (0.85, 1.07) 0.91 (0.79, 1.04)

Resistin 1.03 (0.96, 1.10) 1.01 (0.94, 1.09) 1.01 (0.93, 1.09) 0.99 (0.92, 1.06) 0.99 (0.91, 1.07)

Adiponectin 0.89 (0.83, 0.96) 0.90 (0.83, 0.97) 0.93 (0.85, 1.02) 0.92 (0.84, 1.00) 0.95 (0.86, 1.05)

Leptin/adiponectin 1.10 (1.02, 1.19) 1.07 (0.97, 1.18) 1.01 (0.89, 1.14) 1.02 (0.92, 1.13) 0.97 (0.86, 1.09)

Resistin/adiponectin 1.11 (1.03, 1.19) 1.10 (1.02, 1.19) 1.06 (0.97, 1.16) 1.06 (0.98, 1.15) 1.03 (0.94, 1.13)

Mitral annular calcium (MVC)

Leptin 1.11 (1.02, 1.21) 1.00 (0.89, 1.13) 0.99 (0.86, 1.13) 1.01 (0.90, 1.14) 1.00 (0.87, 1.14)

Resistin 1.06 (0.98, 1.13) 1.04 (0.97, 1.12) 1.01 (0.93, 1.09) 1.04 (0.96, 1.12) 1.01 (0.93, 1.10)

Adiponectin 1.00 (0.92, 1.08) 1.04 (0.96, 1.13) 0.99 (0.90, 1.09) 1.03 (0.95, 1.13) 0.98 (0.89, 1.08)

Leptin/Adiponectin 1.08 (1.00, 1.17) 0.98 (0.88, 1.08) 1.00 (0.88,1.13) 0.99 (0.89,1.10) 1.01 (0.90, 1.15)

Resistin/adiponectin 1.04 (0.96, 1.12) 1.00 (0.92, 1.08) 1.01 (0.93, 1.11) 1.00 (0.92, 1.09) 1.03 (0.93, 1.13)

Ascending thoracic aortic calcium (ATAC)

Leptin 1.01 (0.96, 1.07) 1.03 (0.96, 1.10) 0.99 (0.91, 1.08) 1.01 (0.94, 1.08) 0.98 (0.90, 1.07)

Resistin 1.06 (1.02, 1.11) 1.07 (1.02, 1.11) 1.03 (0.98, 1.09) 1.06 (1.02, 1.11) 1.03 (0.98, 1.08)

Adiponectin 0.98 (0.93, 1.02) 0.98 (0.93, 1.03) 1.00 (0.94, 1.05) 1.00 (0.95, 1.05) 1.01 (0.95, 1.07)

Leptin/Adiponectin 1.02 (0.97, 1.07) 1.03 (0.97, 1.10) 1.00 (0.93, 1.07) 1.01 (0.95, 1.07) 0.98 (0.91, 1.06)

Resistin/Adiponectin 1.06 (1.01, 1.10) 1.06 (1.01, 1.11) 1.03 (0.97, 1.08) 1.05 (1.00, 1.10) 1.02 (0.96, 1.08)

Descending thoracic aortic calcium (DTAC)

Leptin 1.09 (0.96, 1.23) 1.11 (0.94, 1.32) 1.14 (0.93, 1.40) 1.04 (0.88, 1.23) 1.09 (0.89, 1.34)

Resistin 1.13 (1.01, 1.26) 1.11 (1.00, 1.24) 1.12 (0.99, 1.26) 1.07 (0.96, 1.19) 1.08 (0.96, 1.22)

Adiponectin 0.93 (0.83, 1.04) 0.93 (0.82, 1.05) 0.93 (0.81, 1.08) 0.98 (0.87, 1.12) 0.99 (0.86, 1.15)

Leptin/Adiponectin 1.10 (0.98, 1.23) 1.13 (0.97, 1.31) 1.15 (0.96, 1.38) 1.04 (0.90, 1.21) 1.07 (0.89, 1.28)

Resistin/Adiponectin 1.14 (1.02, 1.28) 1.14 (1.02, 1.28) 1.14 (1.00, 1.31) 1.07 (0.95, 1.21) 1.07 (0.93, 1.23)

a
Results were derived from multivariable linear regression models and presented as exponentiated beta coefficients.

b
Adipokines were log-transformed for analysis and compared per 1 standard deviation (SD).

c
Extra-coronary calcium (ECC) was log-transformed and evaluated continuously as Log (ECC +1).

d
Model 1: adjusted for age, sex, race/ethnicity and study site

e
Model 2: Model 1 + education, body mass index, smoking, pack years of smoking, and physical activity.

f
Model 2b: Model 2 + visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT).

g
Model 3: Model 2 + systolic blood pressure, anti-hypertensive medication, total cholesterol, HDL-cholesterol, lipid-lowering medication, diabetes 

mellitus and eGFR.

h
Model 3b: Model 3: VAT and SAT.

i
Statistically significant results are in bold font. p value = 0.047 for result in italics.
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Table 4.

Multivariable-adjusted association between adipokines and ECC progression (retrospectively assessed)

Model 1 Model 2 Model 2b Model 3 Model 3b

Aortic valve calcium (AVC)

Leptin 1.13 (0.95, 1.36) 0.96 (0.75, 1.22) 0.83 (0.60, 1.15) 0.86 (0.67, 1.10) 0.75 (0.54, 1.05)

Resistin 1.00 (0.86, 1.17) 0.99 (0.85, 1.16) 0.93 (0.77, 1.13) 0.93 (0.79, 1.10) 0.88 (0.71, 1.07)

Adiponectin 0.76 (0.65, 0.90) 0.77 (0.65, 0.92) 0.76 (0.62, 0.94) 0.79 (0.65, 0.95) 0.77 (0.61, 0.96)

Leptin/Adiponectin 1.24 (1.05, 1.46) 1.16 (0.93, 1.43) 1.10 (0.82, 1.46) 1.05 (0.84, 1.32) 1.01 (0.75, 1.35)

Resistin/Adiponectin 1.24 (1.06, 1.45) 1.22 (1.03, 1.44) 1.18 (0.96, 1.45) 1.16 (0.97, 1.39) 1.13 (0.91, 1.42)

Mitral annular calcium (MVC)

Leptin 1.26 (1.03, 1.54) 1.06 (0.81, 1.39) 0.94 (0.66, 1.32) 1.08 (0.82, 1.42) 0.95 (0.67, 1.36)

Resistin 1.01 (0.86, 1.19) 1.00 (0.84, 1.18) 0.94 (0.77, 1.16) 0.97 (0.80, 1.16) 0.94 (0.75, 1.17)

Adiponectin 0.96 (0.81, 1.15) 1.04 (0.87, 1.25) 0.94 (0.75, 1.18) 1.01 (0.83, 1.23) 0.94 (0.74, 1.19)

Leptin/Adiponectin 1.19 (1.00, 1.43) 1.01 (0.80, 1.28) 1.01 (0.74, 1.36) 1.04 (0.82, 1.33) 1.02 (0.74, 1.39)

Resistin/Adiponectin 1.04 (0.88, 1.23) 0.96 (0.81, 1.15) 1.01 (0.81, 1.26) 0.97 (0.79, 1.17) 1.01 (0.80, 1.28)

Ascending thoracic aortic calcium (ATAC)

Leptin 1.12 (0.83, 1.51) 1.12 (0.75, 1.69) 0.82 (0.49, 1.38) 1.00 (0.66, 1.51) 0.76 (0.45, 1.28)

Resistin 1.29 (1.02, 1.64) 1.33 (1.04, 1.70) 1.13 (0.84, 1.52) 1.27 (0.97, 1.66) 1.06 (0.77, 1.47)

Adiponectin 0.83 (0.63, 1.07) 0.86 (0.65, 1.13) 0.83 (0.59, 1.17) 0.98 (0.73, 1.32) 0.96 (0.67, 1.38)

Leptin/Adiponectin 1.18 (0.90, 1.54) 1.21 (0.85, 1.73) 1.01 (0.64, 1.60) 1.01 (0.70, 1.46) 0.85 (0.53, 1.35)

Resistin/Adiponectin 1.36 (1.06, 1.75) 1.36 (1.05, 1.78) 1.25 (0.90, 1.72) 1.20 (0.89, 1.60) 1.07 (0.75, 1.53)

Descending thoracic aortic calcium (DTAC)

Leptin 1.13 (0.98, 1.30) 1.11 (0.92, 1.34) 1.07 (0.84, 1.37) 1.03 (0.85, 1.26) 1.03 (0.80, 1.32)

Resistin 1.15 (1.02, 1.29) 1.13 (1.00,1.27) 1.17 (1.01, 1.35) 1.12 (0.99, 1.28) 1.17 (1.00, 1.36)

Adiponectin 0.90 (0.79, 1.02) 0.91 (0.79, 1.04) 0.94 (0.80, 1.10) 0.97 (0.84, 1.13) 1.03 (0.86, 1.23)

Leptin/Adiponectin 1.14 (1.01, 1.30) 1.15 (0.97, 1.36) 1.11 (0.89, 1.37) 1.04 (0.87, 1.25) 1.00 (0.79, 1.26)

Resistin/Adiponectin 1.18 (1.05, 1.34) 1.17 (1.03, 1.33) 1.18 (1.01, 1.37) 1.11 (0.96, 1.28) 1.10 (0.93, 1.31)

a
Results were derived from multivariable logistic regression models and presented as odds ratios comparing extra-coronary calcium (ECC) 

progressors to non-progressors.

b
Adipokines were log-transformed for analysis and compared per 1 standard deviation (SD).

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

d
Model 2: Model 1 + education, body mass index, smoking, pack years of smoking, and physical activity.

e
Model 2b: Model 2 + visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT).

f
Model 3: Model 2 + systolic blood pressure, anti-hypertensive medication, total cholesterol, HDL-cholesterol, lipid-lowering medication, diabetes 

mellitus and eGFR.

g
Model 3b: Model 3: VAT and SAT.

h
Statistically significant results are in bold font. p value = 0.047 and 0.045 for results in italics [1.13 (1.00, 1.27)] and [1.17 (1.00, 1.36)], 

respectively.

Atherosclerosis. Author manuscript; available in PMC 2022 December 01.


	Abstract
	INTRODUCTION
	PATIENTS AND METHODS
	Study population
	Measurement of endogenous adipokines
	Measurement of extra-coronary calcification
	Measurement of body composition assessment
	Covariates
	Statistical analysis

	RESULTS
	Baseline characteristics
	Leptin
	Resistin
	Adiponectin
	Adipokine ratios

	DISCUSSION:
	Strengths/limitations
	Conclusion

	References
	Figure 1
	Table 1
	Table 2.
	Table 3.
	Table 4.



