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Abstract

Background: Adipokines play a role in cardiometabolic pathways. Coronary artery calcium 

(CAC) progression prognosticates cardiovascular disease (CVD) risk. However, the association 

of adipokines with CAC progression is not well established. We examined the association of 

adipokines with CAC progression in a multi-ethnic cohort free of CVD at baseline.

Methods: We included 1,904 randomly-selected adults enrolled in the Multi-Ethnic Study of 

Atherosclerosis who had both adipokine levels [leptin, resistin, adiponectin] and CAC by CT 

measured at either exam 2 (2002–2004) or exam 3 (2004–2005). CAC was previously measured at 

exam 1 (2000–2002) and a subset (n=566) had CAC measured at exam 5 (2010–2012). We used 

logistic regression to examine odds of CAC progression between exam 1 and 2/3 (defined as >0 

Agatston units of change/year). We used linear mixed effect models to examine CAC progression 

from exam 2/3 to 5.
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Results: At exam 2/3, the mean age was 65(10) yrs; 50% women. In models adjusted for 

sociodemographic factors and BMI, the highest tertile of leptin, compared to lowest, was 

associated with an increased odds of CAC progression over the preceding 2.6yrs [OR 1.60 (95% 

CI: 1.10–2.33)]. In models further adjusted for visceral fat and CVD risk factors, the highest tertile 

of leptin was statistically significantly associated with a 4% (1–7%) greater CAC progression over 

an average of 7yrs. No associations were seen for resistin and adiponectin.

Conclusions: Higher leptin levels were independently, but modestly, associated with CAC 

progression. Atherosclerosis progression may be one mechanism through which leptin confers 

increased CVD risk.
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1. INTRODUCTION

Adipose tissue, particularly in the visceral space, is associated with increased risk of 

cardiovascular disease (CVD).1–5 It is now well recognized that adipose tissue is not just 

a passive reservoir of fat storage for energy; rather it is a metabolically active tissue that 

plays an important role in hormonal response. Adipose tissue releases endocrine proteins, 

known as adipokines, which play a role in metabolism and inflammation.6,7 Adipokines, 

including adiponectin, leptin, and resistin, have differing relationships with CVD risk. While 

adiponectin is thought to be protective against CVD, leptin and resistin are associated with 

increased CVD risk.8–11 In prior work from the Multi-Ethnic Study of Atherosclerosis 

(MESA), the association of leptin with incident CVD events was attenuated after accounting 

for body mass index (BMI) and traditional CVD risk factors,12 whereas greater resistin 

levels remained independently associated with CVD even after accounting for these factors.8

Coronary artery calcium (CAC), assessed by non-contrast cardiac computed tomography 

(CT), is a measure of total coronary atherosclerotic burden. CAC, and its progression, are 

strongly associated with CVD events and mortality,13–15 and provide incremental prognostic 

information above 10-year CVD risk scores for patients.16 Atherosclerosis progression 

may be one mechanism linking adipokine levels with incident CVD events. Leptin may 

promote calcification of vascular cells.17 Additionally, leptin receptors have been found in 

atherosclerotic lesions,18 further implicating its role in the process.

In a prior study from the MESA, adiponectin, leptin, and resistin levels were not found to 

be independently associated with CAC prevalence or severity in cross-sectional analysis.5 

However, whether adipokines levels are associated with CAC progression was not evaluated 

in that study. The association of adipokines with CAC progression is not well established. 

Thus, we examined the association of adipokines with CAC progression in a multi-ethnic, 

community-based, cohort free of CVD at baseline to glean further insights on potential 

mechanisms linking adipokines with incident CVD events. Given the association of leptin 

and resistin with increased CVD risk, we hypothesized higher levels of these adiopkines 

would be associated with CAC progression over time. Similarly, given the likely protective 
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effects of adiponectin on CVD risk, we hypothesized higher levels of adiponectin would be 

inversely associated with CAC progression.

2. METHODS

2.1 Study Population and Design

The MESA study design has been previously described.19 Briefly, MESA originally 

enrolled 6,814 men and women aged 45 to 84 years who were free of clinical CVD at 

baseline, between the years of 2000–2002. Participants were recruited from 6 United States 

communities and included 4 self-reported racial/ethnic groups (Black, Hispanic, Chinese, 

and non-Hispanic White individuals). After the initial exam, there has been 5 subsequent 

follow-up exams. The MESA study design was approved by the institutional review boards 

(IRB) at all field centers, and participants provided written informed consent.

For this analysis, we included a subset of randomly selected MESA participants (n=1,904) 

who had adipokine levels measured as part of an ancillary study at either exam 2 (2002–

2004) or exam 3 (2004–2005).5,20 Participants also had a concurrent cardiac CT scan 

for CAC measurement at that same exam 2 or exam 3 visit. All included participants 

(n=1,904) had previously undergone a CAC measurement at exam 1 (2000–2002), and a 

subset (n=566) underwent another CT at exam 5 (2010–2012) (Figure 1). For this analysis, 

exam 2 or 3 (the visit with the adipokine measurement) serves as the starting point for this 

analysis, since adipokines were not measured at exam 1. From this visit (2 or 3), analyses of 

CAC progression was examined both retrospectively and prospectively.

2.2. Adipokine measurement

Adipokine levels were the exposure (independent) variables for this analysis. A random 

subset of participants (n=1,970) underwent abdominal CT scans at either visit 2 or visit 3 

(randomly assigned) to measure abdominal aortic calcium (AAC) as part of an ancillary 

study.21 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.4,5,20,22 The adipokines (adiponectin, leptin, and 

resistin) were analyzed using a Bio-Rad Luminex flow cytometry (Millepore, Billerica, MA) 

at the Laboratory for Clinical Biochemistry Research (University of Vermont, Burlington, 

VT), as previously reported.23,24 The coefficients of variation for these assays ranged from 6 

to 13%.

2.3 CAC measurement

CAC progression was the primary outcome variable for this analysis. CAC was assessed by 

the Agatston score; prevalent or incident CAC was defined as scores > 0. As mentioned, all 

participants originally underwent cardiac CT scan to measure CAC at exam 1 (2000–2002). 

Approximately half of participants were randomly selected to get a repeat cardiac CT scan at 

exam 2 (2002–2004) and the other half at exam 3 (2004–2005). Finally, an additional subset 

who were participants of the MESA AIR ancillary study underwent repeat CT scanning at 

exam 5 (2010–2012). Thus, some participants in our analysis had up to 3 CT scans.
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In order to leverage all the CAC data available for progression analysis, we performed three 

different analyses from this dataset. We examined the association of adipokines (measured at 

exam 2/3) with a retrospective history of CAC progression (defined below) from exam 1 to 

exam 2/3. Secondly, we evaluated the association of adipokines (exam 2/3) with incidence 

and progression of CAC (exam 2/3 to exam 5).

In supplemental analysis, we also evaluated the associated adipokines (exam 2/3) with CAC 

prevalence and extent from exam 2/3 as a cross-sectional assessment. The cross-sectional 

association of adipokines with CAC at exam 2/3 has been published,5 but that paper 

used slightly different regression models and covariates. Therefore we repeated the cross-

sectional analysis using the same model adjustments as our current analyses for context with 

the prospective and retrospective results, but only included the cross-sectional analysis as 

supplemental material as reference

2.4 Body composition measurement

As mentioned, the adipokines were measured as part of an ancillary study focused on body 

composition. Abdominal CT scans from exam 2 or 3 were initially interrogated for the 

presence and/extent of AAC. These were subsequently assessed for the extent of visceral 

(VAT) and subcutaneous adipose tissue (SAT). VAT was defined as the total adipose tissue 

in the abdominal cavity, and SAT was defined as the total adipose tissue outside of the 

abdominal cavity but not within muscle tissue. As previously described, VAT and SAT were 

measured from the average of two CT slices obtained at L2-L3 and adjusted for height.4

2.5 Covariates

For this analysis, we included covariates that were measured at exam 2/3, the time of 

the adipokine measurement, unless otherwise noted. In our analysis, we considered age, 

sex, race, MESA field site, education (carried forward from exam 1), physical activity 

(MET-min-week of moderate + vigorous activity), smoking status (never, former, current), 

pack years of smoking, BMI, VAT, SAT, systolic blood pressure, use of medication for 

hypertension, total cholesterol, HDL-cholesterol, use of lipid lowering medication, diabetes 

status (which includes medication usage), and estimated glomerular filtration rate (eGFR).

2.6 Statistical analyses

Our study population was characterized with respect to baseline demographic and clinical 

factors, stratified by having a history of CAC progression between exam 1 and exam 

2/3. Continuous variables were expressed as mean and standard deviations and categorical 

variables as percentages.

Given their non-normal distribution, adipokines were categorized into tertiles, using the 

lowest tertile as reference. “CAC progressors” between the first (exam 1) and second (exam 

2 or 3) CT scans were defined as participants with >0 Agatston units of change per year 

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

year between CT scans) as has been previously defined in MESA.25 Multivariable logistic 

regression was used to examine the association of adipokine levels with history of CAC 

progression (retrospectively assessed).
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Prevalent CAC was defined as CAC >0 Agatston units at exam 2/3 and measured using 

multivariable-adjusted Poisson regression with robust variance estimation. Multivariable-

adjusted Poisson regression with robust variance estimation were also used to examine risk 

of incident CAC at exam 5 for participants who had respective CAC score of 0 at exam 2/3.

For the primary analysis of CAC progression, the longitudinal change in CAC scores 

was prospectively assessed from exams 2/3 to 5 for each of the adipokines separately. 

Given skew and high prevalence of zero scores, natural log of (CAC +1) was used as the 

outcome measure. Mixed linear effects models were used allowing for random variations in 

baseline CAC scores and longitudinal slope for CAC score progression across participants. 

The advantage of using a mixed effects model for longitudinal data is that it 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. This type of analysis for CAC progression has previously been performed in 

MESA.26,27 Percent differences in CAC progression, compared to reference group, were 

calculated from exponentiated beta coefficients using formula: [Exp (β) −1]*100.

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

for age, sex, race/ethnicity and study site. Model 2 included model 1 variables as well 

as education, physical activity, smoking, pack-years of smoking and BMI. Model 2b 

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

systolic blood pressure, anti-hypertensive medication, total cholesterol, HDL-cholesterol, 

lipid-lowing medication, diabetes mellitus, and eGFR. Model 3b included model 3 variables 

plus VAT and SAT.

STATA 15.0 version (StataCorp LP, College Station, TX) was used for the analyses. Two-

sided P values were used, with significance level set at 0.05.

3. RESULTS

3.1 Baseline characteristics

There were 1,904 participants with adipokines measured at exam 2/3 that were included 

in the analysis. The mean (SD) age of participants was 65 (10) years; 50% were women. 

There were 40% White, 13% Chinese, 21% Black, and 26% Hispanic adults (Table 1). At 

exam 2/3, 53% of participants had a history of interim CAC progression (>0 Agatston units 

of change per year) since the prior CT scan at exam 1. Individuals with a history of CAC 

progression were more likely to be older, male, less physically active, have greater pack 

year of smoking, use anti-hypertensive and lipid lowering medications, have diabetes, and 

have greater VAT, compared to individuals who had not had interim CAC progression. In 

unadjusted analysis, the mean resistin levels were higher among CAC progressors compared 

to non-progressors (Figure 2), but there was no significant difference in. mean leptin and 

adiponectin levels among CAC progressors compared to their counterparts.

3.2 Adipokines with history of CAC progression, retrospectively assessed

Table 2 shows the adjusted associations of adipokine tertiles with history of CAC 

progression, retrospectively assessed, after an average of 2.6 years. After adjusting for age, 
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sex, race/ethnicity and study site (model 1), the highest tertile of leptin, compared to lowest, 

was positively associated with having a history of CAC progression from exam 1 to exam 

2/3 (retrospectively assessed) [OR=1.99 (95% CI, 1.48, 2.69)]. This positive association 

persisted, but was attenuated, when adjusting for previously mentioned demographics as 

well as education, physical activity, smoking status, pack-years of smoking and BMI (model 

2) [OR=1.60 (1.10, 2.33)]. However, the association was no longer significant with further 

adjustment for the visceral fat and other covariates included in models 2b, 3, and 3b.

The highest tertile of adiponectin, compared to the lowest, had an inverse association with 

CAC progression from exam 1 to exam 2/3 when adjusting for the covariates included in 

model 1 [OR=0.71 (0.54, 0.93)]. However, this relationship was attenuated and no longer 

significant after further adjustment in models 2 and 3. Resistin levels were not significantly 

associated with CAC progression.

3.3 Cross-sectional association of adipokines with CAC prevalence and extent

There were 1,102 individuals (58%) who had prevalent CAC (score >0) at exam 2 or 

3. When performing a cross-sectional analysis at exam 2/3, we found the highest tertile 

of leptin was associated with a greater likelihood of having prevalent CAC at exam 2/3 

[PR=1.25 (1.13, 1.38)] in models adjusted for demographics (model 1) (Supplemental Table 

1). Higher leptin was also associated with greater CAC extent [i.e. with CAC assessed 

as continuous measure as ln (CAC+1)] (Supplemental Table 2). These associations were 

no longer significant with further covariate adjustment in models 2 or 3. Similarly, while 

the highest tertile of adiponectin had a significant inverse association with prevalence of 

CAC at exam 2/3 when adjusting for the demographic covariates included in model 1 

[PR=0.91 (0.83, 1.00)], as well as a lower percent difference in CAC extent compared to 

lowest tertile of adiponectin, this relationship did not remain significant when adjusting for 

variables in models 2 and 3. There were no significant associations between resistin levels 

and prevalence of CAC.

3.4 Association of adipokines with future CAC incidence and progression

There were 566 individuals who had CAC measured at exam 5; of these 232 had incident 

CAC (score >0). The highest tertile of leptin was associated with an increased risk of 

incident CAC in demographic adjusted models [RR=1.48 (1.08, 2.05)] which did not remain 

statistically significant after further adjustment (Table 3).

In our primary prospective analysis, we examined adipokines with CAC progression as a 

continuous measure [ln (CAC scores+1)], from exam 2/3 to exam 5 (Table 4). In models 

fully adjusted for visceral fat (VAT) and CVD risk factors, the highest tertile of leptin was 

associated with a 4% (1, 7) greater CAC progression over an average of 7 years, compared 

to the lowest tertile. No associations were seen for resistin and adiponectin in adjusted 

models.
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4. DISCUSSION

4.1 Overview of study findings

In this longitudinal study from the MESA cohort, we found statistically significant positive 

associations between higher levels of leptin and CAC progression. In all three analyses

—the retrospective analysis of the progression of CAC from exam 1 to exam 2/3, the 

cross-sectional analysis of the prevalence of CAC at exam 2/3, and the prospective analysis 

of CAC progression from exam 2/3 to exam 5—we found higher levels of leptin to 

be statistically significantly associated with CAC prevalence or progression in at least 

one of the models. However, these changes were modest and the clinical relevance of 

these findings is uncertain. Furthermore, some of these associations were attenuated after 

further adjustment for adiposity and other covariates. Notably, in our primary prospective 

analysis examining CAC progression from exam 2/3 to exam 5, the highest tertile of 

leptin remained associated with greater risk of CAC progression even after adjustment 

for other cardiovascular risk factors and measurements of adiposity including visceral fat 

measurements. On the other hand, resistin and adiponectin were not associated with CAC 

progression in models adjusted for adiposity.

4.2 Study findings in context with prior work

There had been limited prior studies examining the association of adipokines with vascular 

calcification. In a prior study from MESA, while inflammatory markers were associated 

with arterial calcification as assessed by the prevalence and severity of CAC and AAC, 

adiponectin, leptin, and resistin were not independently associated with CAC or AAC 

prevalence or severity in cross-sectional analysis.5 This cross-sectional analysis had been 

published previously, but we replicated the analysis in supplemental data with our updated 

models to be more comparable with our newly performed retrospective and prospective 

analyses. In another MESA analysis examining extra-coronary calcification (ECC), while 

some of the adipokines were associated with valvular and aortic calcification, leptin was not 

associated with measures of ECC after full covariate adjustment.20 In a cross-sectional study 

from a different population, while both leptin and adiponectin levels were associated with 

metabolic and inflammatory markers, only leptin was a significant independent predictor 

of CAC score among White individuals without diabetes.28 In a cross-sectional study of 

individuals with type 2 diabetes, plasma leptin levels were associated with CAC even 

after controlling for C-reactive protein and BMI.29 In sum, the aforementioned studies 

evaluating adipokines and CAC have shown mixed findings, were limited in temporality by 

cross-sectional design,5,28,29 or were limited in generalizability to almost exclusively White 

individuals.28 Little had been known about the association of adipokines and atherosclerotic 

progression over time, which is why we undertook this study. Our findings, conducted in a 

diverse population, do suggest that higher leptin levels may be associated with modest CAC 

progression. The clinical significance is unknown.

Findings from prior studies examining the association of leptin with incident clinical 

CVD events have also been mixed, with some studies showing increased risk while 

other studies found the association to be attenuated after accounting for BMI.11,12,30 On 

the other hand, studies have found that adiponectin is inversely associated with CVD 
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risk.9,10,31 Our models support a positive association between leptin and CAC progression, 

with adiponectin illustrating a potential inverse relationship. As CAC has been shown 

to be strongly associated with CVD events and mortality,13–15 it is possible that leptin 

plays a pathophysiologic role further contributing to this process as it was found to be 

independently associated with CAC progression even when adjusting for smoking, diabetes, 

BMI, VAT, blood pressure, and cholesterol in our prospective model. As mentioned before, 

the pathophysiologic relationship between leptin and CVD risk is not fully understood; 

however, proposed mechanisms include calcification of vascular cells17 and leptin receptors 

having been found in atherosclerotic lesions18, suggesting direct involvement in the process. 

Our results further suggest that the pathophysiology of adipokines, atherosclerosis, and 

cardiovascular disease is complex and requires further understanding.

4.3 Strengths and Limitations

Our study included multiple strengths which may fill gaps in relation to previous data. 

First, we used a multi-ethnic cohort. We also used a longitudinal model meaning we 

evaluated the relationship between three different adipokines with CAC progression over 

time as opposed to cross-sectional analysis only allowing for an absolute value of CAC 

at one point in time. However, our study had a number of limitations. First, given the 

observational design, causality of associations cannot be determined. We adjusted for a 

number of potential confounding variables, but residual confounding may still explain in 

part associations seen. Second, the adipokines were only measured at one point in time 

(exam 2 or 3). Third, our sample size was significantly reduced for the prospective analyses. 

Finally, we also performed multiple analyses; thus, some of our results may have been due 

to chance. However, our study was meant to be exploratory and hypothesis-generating to 

provide mechanistic insight linking adipokines with future CVD risk.

4.4 Conclusions

In conclusion, we found in a diverse community-based cohort that higher leptin levels 

were independently but modestly associated with CAC progression. The clinical significance 

remains uncertain. Atherosclerosis progression may be one mechanism through which leptin 

confers increased CVD risk.

Supplementary Material

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

• Adipose-related hormones called “adipokines” have been linked to incident 

CVD

• We examined whether adipokines were associated with CAC progression

• We found higher leptin levels were modestly associated with CAC 

progression over 7yrs

• No associations were seen for resistin and adiponectin in adjusted models.

• Atherosclerosis progression may be one mechanism linking leptin with 

incident CVD
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Figure 1: 
Study Flow Chart
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Figure 2. 
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Median Adipokines levels for CAC progressors vs CAC non-progressors. Panel A shows 

levels for Leptin and Resitin. Panel B shows levels for Adiponectin.
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Table 1.

Characteristics of study participants

Total CAC non-progressor CAC progressor P value

N = 1,904 n = 903 n = 1,001

Age, years 65 (10) 61 (9) 68 (9) <0.001

Sex

 Women 946 (50%) 541 (60%) 405 (40%) <0.001

 Men 958 (50%) 362 (40%) 596 (60%)

Race/ethnicity

 White 755 (40%) 304 (34%) 451 (45%)

 Chinese-American 254 (13%) 134 (15%) 120 (12%) <0.001

 Black 407 (21%) 223 (25%) 184 (18%)

 Hispanic 488 (26%) 242 (27%) 246 (25%)

Education

 ≥ Bachelor’s degree 690 (36%) 329 (36%) 361 (36%) 0.89

 < Bachelor’s degree 1,212 (64%) 574 (64%) 638 (64%)

Physical activity, MET-min/wk 3,536 (1,815–6,360) 4,050 (2,145–7,110) 3150 (1,568– 5,839) <0.001

Smoking

 Never 878 (46%) 483 (54%) 395 (40%)

 Former 808 (43%) 310 (35%) 498 (50%) <0.001

 Current 205 (11%) 105 (12%) 100 (10%)

Pack-years of smoking if >0 16 (7, 34) 15 (5, 30) 18 (8, 38) <0.001

BMI, kg/m2 28 (5) 28 (5) 28 (5) 0.03

Systolic BP, mmHg 124 (21) 121 (20) 127 (20) <0.001

Anti-hypertensive medication 819 (44%) 291 (33%) 528 (54%) <0.001

Total cholesterol, mg/dL 189 (35) 193 (35) 186 (36) <0.001

HDL-C, mg/dL 52 (15) 53 (16) 50 (15) <0.001

Lipid-lowering medication 468 (25%) 152 (17%) 316 (32%) <0.001

Diabetes 274 (14%) 98 (11%) 176 (18%) <0.001

eGFR, ml/min per 1.73m2 73 (15) 76 (15) 72 (15) <0.001

SAT, cm2 147 (102, 205) 150 (101, 205) 144 (103, 206) 0.89

VAT, cm2 150 (91, 225) 128 (81, 189) 180 (108, 251) <0.001

Leptin, ng/mL 13.4 (5.6, 28.3) 14.3 (5.9, 30.4) 12.5 (5.5, 27.5) 0.10

Resistin, ng/mL 15.0 (11.9, 19.0) 14.5 (11.3, 18.2) 15.4 (12.2, 19.6) 0.004

Adiponectin, mcg/mL 17.3 (11.8, 26.2) 17.7 (11.9, 26.3) 17.0 (11.7, 25.7) 0.69

Abbreviations: BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; MET, metabolic equivalent of task; SAT, 
subcutaneous adipose tissue; VAT, visceral adipose tissue.

Data were presented as mean (SD), median (IQR) or n (%).
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Table 2.

Multivariable-adjusted associations of Adipokines with CAC progression (retrospectively assessed)

Odds Ratio (95% CI)

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

Leptin

 Tertile 1 Reference Reference Reference Reference Reference

 Tertile 2 1.37 (1.06, 1.77) 1.24 (0.94, 1.64) 1.14 (0.82, 1.60) 1.16 (0.87, 1.54) 1.10 (0.77, 1.55)

 Tertile 3 1.99 (1.48, 2.69) 1.60 (1.10, 2.33) 1.32 (0.84, 2.09) 1.46 (0.99, 2.15) 1.24 (0.77, 1.99)

Resistin

 Tertile 1 Reference Reference Reference Reference Reference

 Tertile 2 1.20 (0.94, 1.53) 1.17 (0.91, 1.50) 1.09 (0.81, 1.46) 1.16 (0.90, 1.51) 1.09 (0.81, 1.47)

 Tertile 3 1.26 (0.99, 1.62) 1.20 (0.93, 1.55) 1.13 (0.84, 1.53) 1.21 (0.92,1.58) 1.18 (0.86, 1.62)

Adiponectin

 Tertile 1 Reference Reference Reference Reference Reference

 Tertile 2 0.92 (0.72, 1.18) 0.99 (0.77, 1.28) 1.03 (0.76, 1.42) 1.03 (0.79, 1.35) 1.05 (0.76, 1.46)

 Tertile 3 0.71 (0.54, 0.93) 0.85 (0.64, 1.13) 0.98 (0.69, 1.39) 0.92 (0.67, 1.25) 1.01 (0.69, 1.46)

Adipokines and covariates were obtained at MESA visits 2 or 3 (randomly assigned) which was the baseline for this analysis.

Coronary artery calcification (CAC) progressors between first and second CT scans (median 2.4 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).

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

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

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

Model 3: model 2 + systolic blood pressure, anti-hypertensive medication, total cholesterol, HDL-cholesterol, lipid-lowing medication, diabetes 
mellitus, and estimated glomerular filtrate rate.

Model 3b: Model 3: VAT and SAT.

Results in bold font indicate statistical significance at p <0.05.
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Table 3.

Multivariable-adjusted associations of Adipokines (Exam 2/3) with incident CAC (Exam 5)

Incidence rate ratios (95% CI)

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

Leptin

 Tertile 1 Reference Reference Reference Reference Reference

 Tertile 2 1.24 (0.94, 1.63) 1.12 (0.84, 1.48) 1.15 (0.82, 1.62) 1.12 (0.83, 1.51) 1.19 (0.83, 1.72)

 Tertile 3 1.48 (1.08, 2.05) 1.05 (0.71, 1.56) 1.00 (0.62, 1.60) 1.05 (0.70, 1.58) 1.01 (0.62, 1.66)

Resistin

 Tertile 1 Reference Reference Reference Reference Reference

 Tertile 2 1.02 (0.81, 1.28) 1.01 (0.80, 1.26) 1.00 (0.77, 1.30) 1.05 (0.83, 1.32) 1.04 (0.80, 1.36)

 Tertile 3 0.94 (0.73, 1.20) 0.91 (0.71, 1.17) 0.91 (0.69, 1.22) 0.96 (0.74, 1.24) 1.00 (0.74, 1.35)

Adiponectin

 Tertile 1 Reference Reference Reference Reference Reference

 Tertile 2 0.87 (0.68, 1.11) 0.93 (0.73, 1.19) 0.95 (0.71, 1.27) 1.00 (0.78, 1.28) 1.03 (0.76, 1.38)

 Tertile 3 0.87 (0.67, 1.13) 0.99 (0.76, 1.29) 1.04 (0.76, 1.44) 1.25 (0.94, 1.66) 1.28 (0.92, 1.79)

Adipokines and covariates were obtained at MESA visits 2 or 3 (randomly assigned) which was the baseline for this analysis.

Incident coronary artery calcification (CAC) was defined as CAC >0 Agatston units at exam 5 and measured using multivariable-adjusted Poisson 
regression with robust variance estimation.

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

Model 2: model 1 + education (dichotomized), physical activity, smoking, pack-years of smoking and body mass index.

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

Model 3: model 2 + systolic blood pressure, anti-hypertensive medication, total cholesterol, HDL-cholesterol, lipid-lowing medication, diabetes 
mellitus, and estimated glomerular filtrate rate.

Model 3b: Model 3: VAT and SAT.

Results in bold font indicate statistical significance at p <0.05.
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Table 4.

Multivariable-adjusted associations of Adipokines with CAC progression from exam 2/3 to exam 5

Percent difference (95% CI)

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

Leptin

 Tertile 1 Reference Reference Reference Reference Reference

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

 Tertile 3 3 (0, 5) 3 (0, 5) 3 (0, 7) 3 (1, 6) 4 (1, 7)

Resistin

 Tertile 1 Reference Reference Reference Reference Reference

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

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

Adiponectin

 Tertile 1 Reference Reference Reference Reference Reference

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

 Tertile 3 0 (−3, 2) 0 (−3, 2) 1 (−2, 4) 1.00 (0.97, 1.02) 1 (−2, 4)

Adipokines and covariates were obtained at MESA visits 2 or 3 (randomly assigned) which was the baseline for this analysis.

Coronary artery calcification (CAC) progression at exam 5 was measured using multivariable-adjusted linear mixed effects models using naturally 
log transformed (CAC +1).

Percent differences (95% CI) were calculated from exponentiated beta coefficients as follows: [Exp (β) −1]*100.

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

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

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

Model 3: model 2 + systolic blood pressure, anti-hypertensive medication, total cholesterol, HDL-cholesterol, lipid-lowing medication, diabetes 
mellitus, and estimated glomerular filtrate rate.

Model 3b: Model 3: VAT and SAT.

Results in bold font indicate statistical significance at p <0.05. [P = 0.036 for 1.03 (1.00, 1.05); P = 0.029 for 1.03 (1.00, 1.05); P = 0.027 for 1.03 
(1.00, 1.07)].
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