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4. Rationale:  

 

Excess adiposity is an established risk factor for cardiovascular disease (CVD)(1), 

and recent data suggests that the obesity epidemic threatens to reverse advances in the 

cardiovascular health of the U.S. population that have been achieved over the last several 

decades(2). Overweight (body-mass index [BMI] 25 – 29.9 kg/m
2
) and obesity (BMI ≥ 

30 kg/m
2
) have been associated with measures of subclinical cardiovascular disease, such 

as coronary artery calcification(3) and asymptomatic left ventricular dysfunction(4), as 

well as with an increased incidence of cardiovascular events(5). The mechanisms 

underlying the association between obesity and CVD are incompletely understood. While 

obesity is associated with the development of several cardiovascular risk factors, such as 

diabetes, hypertension and dyslipidemia, previous studies suggest significant associations 

between obesity and CVD independent of these established risk factors(6).  

 

A novel measure that may improve our understanding of the relationship between 

obesity and CVD is a newly developed high-sensitivity assay for cardiac troponin T. 

Troponin is the preferred biomarker for detecting myocardial injury among individuals 

with acute coronary syndromes(7). Recently, high-sensitivity assays have been developed 

that are able to detect cardiac troponin T levels far below the thresholds of conventional 

assays. Previous studies within ARIC and other cohorts demonstrate that a significant 

proportion of asymptomatic adults have detectable troponin levels using these high-

sensitivity assays (hs-cTnT), and that elevated hs-cTnT levels are associated with an 

increased risk of cardiovascular events and mortality(8-10). 

  

Given the associations of obesity with imaging measures of subclinical 

cardiovascular disease, it is plausible that excess weight may be associated with elevated 

levels of hs-cTnT. However, there is presently limited data regarding the association 

between obesity and troponin measured with this novel high-sensitivity assay, and 

regarding whether obese individuals with elevated hs-cTnT are at increased risk of 

cardiovascular events compared to obese individuals without detectable levels. In this 

analysis of the Atherosclerosis Risk in Communities (ARIC) study, we propose to 

examine the association of BMI with levels of hs-cTnT among asymptomatic adults 

without known cardiovascular disease, and to assess the prognostic implications of 

elevated hs-cTnT among obese individuals. 

  

5. Main Hypothesis/Study Questions: 

 

Aims:  

 

1) To determine whether obesity is associated with an increased likelihood of 

detectable and elevated hs-cTnT, and to assess the extent to which any association 

is explained by traditional cardiovascular risk factors 

2) To assess whether obese individuals with elevated levels of hs-cTnT are at an 

increased risk of incident cardiovascular events compared with obese individuals 

without detectable hs-cTnT  



 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

Study design: We will evaluate the cross-sectional associations of increasing BMI 

categories with levels of hs-cTnT, and assess the prospective associations of hs-cTnT 

levels with incident CVD among individuals within the same BMI category. Data from 

ARIC Visit 4 (1996-1999) will be used for cross-sectional analyses, and Visit 4 will also 

be the baseline for prospective analyses. 

 

Exposures: For cross-sectional analyses, the exposure will be body-mass index (height in 

kilograms divided by meters squared), categorized into the following BMI categories: 

normal (BMI 18.5-24.9 kg/m
2
), overweight (25-29.9 kg/m

2
), obese (30-34.9 kg/m

2
) and 

severely obese (>35 kg/m
2
). We will also assess the continuous association between BMI 

and hs-cTnT using restricted cubic splines. For prospective analyses, the exposures will 

be BMI categories and levels of hs-cTnT.  

 

Outcomes: The primary outcomes for the cross sectional analyses will be detectable hs-

cTnT (>0.003 ng/ml, the detection threshold for the assay) and “high” hs-cTnT (>0.014 

ng/ml, the 90
th

 percentile of hs-cTnT in the ARIC cohort). The primary outcomes for the 

prospective analyses will be incident CHD (defined as fatal CHD, definite or probable 

nonfatal myocardial infarction, angioplasty, or coronary artery bypass graft surgery), and 

incident CHF occurring after Visit 4 through January 1, 2009 (or most current follow-up 

available). Secondary outcomes will be cardiovascular and all-cause mortality. 

 

Exclusions: We will exclude participants with known CVD prior to Visit 4 (self reported 

CVD or adjudicated CVD events at or prior to Visit 4). We will also exclude the small 

number of participants at Visit 4 who are not black or white, and those participants 

missing covariates of interest at baseline. 

 

Covariates: Age, sex, race, smoking status, hypertension (prior physician diagnosis, use 

of anti-hypertensive medications, SBP>140 mmHg or DBP>90 mmHg), systolic blood 

pressure, fasting glucose, diabetes, LDL-, and HDL-cholesterol, triglycerides. 

 

Main Analyses: Logistic regression analyses will be used to examine the association of 

BMI with detectable and elevated hs-cTnT, and Cox regression analyses will be used to 

evaluate the association of elevated hs-cTnT, among participants within each BMI 

category, with incident CVD.  

 

1) We will perform univariate comparisons of obese individuals with and without 

detectable hs-cTnT with regards to demographics and cardiovascular risk factors 

2) Using logistic regression, we will estimate the odds of detectable hs-cTnT 

associated with each BMI category, using individuals with a normal BMI (18.5-

24.9 kg/m
2
) as the reference group. Each BMI category will be assigned a dummy 



variable to assess its association with detectable hs-cTnT relative to the reference 

group. Stepwise regression will be used to assess associations after adjustment for 

demographics, smoking status and traditional risk factors. 

3) Logistic regression will also be used to estimate the odds of elevated hs-cTnT 

associated with each BMI category, using normal BMI as the reference group, 

before and after adjustment for the covariates of interest. 

4) Logistic regression will also be used to determine the cross-sectional associations 

of metabolically benign and metabolically abnormal obesity with detectable and 

elevated levels of hs-cTnT. Metabolically benign obesity will be defined as 

having obesity (BMI ≥ 30 kg/m
2
) with 0-1 of the following metabolic risk factors 

(fasting hyperglycemia [≥ 100 mg/dL], hyperinsulinemia [HOMA-IR >90
th

 

percentile of the ARIC population], low HDL [<40 mg/dL for men or <50 mg/dL 

for women], hypertriglyceridemia [≥ 150 mg/dL], hypertension [SBP ≥ 130 

mmHg, DBP ≥ 85 mmHg, prior physician diagnosis of hypertension or anti-

hypertensive medication use] or elevated hs-CRP [>3 mg/L]); metabolically 

abnormal obesity will be defined as having obesity with ≥ 2 metabolic risk 

factors. Similar analyses will be performed for individuals in the overweight BMI 

category (BMI 25-29.9 kg/m
2
). This analysis may be used as the basis for an 

additional manuscript. 

5) Restricted cubic splines will be used to assess the continuous association between 

BMI and hs-cTnT. Individuals with levels of hs-cTnT below the threshold of the 

assay will be assigned a value of 0.0015 ng/ml, as has been done in previous 

analyses. 

6) Within each BMI category, we will estimate hazard ratios and their 95% CIs for 

the association of high hs-cTnT with incident cardiovascular events and mortality, 

with the reference group being individuals within each BMI category without 

detectable hs-cTnT. 

 

Secondary Analyses:  

- We will also assess the association of abdominal obesity, assessed by waist 

circumference, with levels of hs-cTnT 

- Separate regression analyses will be performed to assess the prospective 

association between obesity at Visit 1 and detectable/elevated hs-cTnT levels at 

Visit 4 

 

Limitations: 

 There is the likelihood for some residual confounding in our efforts to assess the 

“independent” association between obesity and hs-cTnT 
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