1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Chem. Author manuscript; available in PMC 2019 January 01.

-, HHS Public Access
«

Published in final edited form as:
Clin Chem. 2018 January ; 64(1): 201-209. doi:10.1373/clinchem.2017.282798.

Weight History and Subclinical Myocardial Damage

Chiadi E. Ndumele, MD, MHS1:2, Laura Cobb, DrPH3, Mariana Lazo, MD, PhD?%4, Natalie A.
Bello, MD, MPH5, Amil Shah®, Vijay Nambi, MD, PhD”:8, Roger S. Blumenthal, MD?!, Gary
Gerstenblith, MD!, Scott D. Solomon, MD®, Christie M. Ballantyne, MD8, Elizabeth Selvin,
PhD, MPHZ2, and Josef Coresh, MD, PhD?

1Johns Hopkins Ciccarone Center for the Prevention of Heart Disease, Johns Hopkins University
School of Medicine, Baltimore, MD

2Department of Epidemiology and the Welch Center for Prevention, Epidemiology, and Clinical
Research, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

SVital Strategies, New York, NY

“Department of General Internal Medicine, Johns Hopkins University School of Medicine,
Baltimore, MD

SDivision of Cardiology, Columbia University Medical Center, New York, NY
5Division of Cardiology, Brigham and Women’s Hospital, Boston, MA
“Michael E DeBakey Veterans Affairs Hospital, Houston TX

8Division of Atherosclerosis and Vascular Medicine, Baylor College of Medicine, and Center for
Cardiovascular Disease Prevention, Methodist DeBakey Heart and Vascular Center, Houston, TX

Abstract

Introduction—Excess weight is associated with subclinical myocardial damage, as reflected by
high sensitivity cardiac troponin-T (hs-cTnT) concentrations, which portends high heart failure
risk. However, the association between weight history and myocardial damage is unknown.

Methods—We evaluated 9,062 ARIC Visit 4 (1996-99) participants with body-mass index
(BMI) = 18.5 kg/m?2 and no prior cardiovascular disease. We cross-tabulated Visit 4 (“current”)
BMI categories of normal weight, overweight and obese with those at Visit 1 (1987-89) and with
BMI categories calculated from self-reported weight at age 25. Duration of obesity was calculated
in years. A cumulative weight measure of “excess BMI years” was also calculated (product of
mean BMI [centered at 25 kg/m?] over all ARIC time points x follow-up duration). We used
logistic regression to estimate associations of weight history metrics with increased hs-cTnT (=14
ng/L) at Visit 4.

Results—Overall, 623 individuals (7%) had increased hs-cTnT at Visit 4. Within each current
BMI category, prior excess weight was associated with increased hs-cTnT, with the strongest
associations for those with past and current obesity (OR 3.85 [2.51-5.90] for obesity at age 25 and
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Visit 4). Each 10-years longer obesity duration was associated with increased hs-cTnT (OR 1.26;
1.17-1.35). Each 100 higher excess BMI years was also progressively associated with increased
hs-cTnT (OR 1.21; 1.14-1.27).

Conclusion—~Prior obesity and greater cumulative weight from young adulthood increase the
likelihood of myocardial damage, indicating chronic toxic effects of adiposity on the myocardium
and the need for weight maintenance strategies targeting the entire lifespan.
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Introduction

Obesity is a well-established risk factor for several types of cardiovascular disease (CVD),
but the pathways underlying these associations are incompletely understood(1;2). This is
particularly true for the relationship between obesity and heart failure (HF), where several
large epidemiologic studies demonstrate a risk association independent of traditional
mediators of the relationship between obesity and CVD, such as hypertension, diabetes and
dyslipidemia(3-6). A growing body of laboratory data suggest direct toxic effects of obesity
on the myocardium that predispose to the development of heart failure(7;8). Similarly,
clinical studies demonstrate a strong association between obesity and high sensitivity cardiac
troponin-T (hs-cTcT), a biomarker of subclinical myocardial damage, (9;10), and that the
combination of obesity and increased hs-cTnT is linked to a markedly increased risk for
future HF(10).

While most studies evaluating the relationship between excess weight and cardiovascular
disease risk utilize anthropometric measures from one time point, a growing body of data
demonstrates that weight history may significantly influence the likelihood of developing
cardiovascular events. In past studies, both a longer duration of obesity and higher measures
of cumulative weight were linked to increased risk for incident HF(11;12). While the
mechanisms for this association are not yet known, imaging studies indicate that a history of
excess weight is linked to several abnormalities of myocardial structure and function(13;14).
However, it is presently unknown how weight history impacts the likelihood of subclinical
myocardial damage, as indexed by hs-cTnT. Understanding the relationship between weight
history and hs-cTnT will both elucidate the timing of myocardial damage related to obesity
and inform recommendations for weight maintenance to promote optimal cardiovascular
prevention. Additionally, given the strong association of minute increases in hs-cTnT among
those without clinical CVD with future cardiovascular events and mortality(15;16), the
association between past weight patterns and subclinical myocardial damage is of
considerable clinical significance.

Therefore, in the present analysis, we examined the relationship between various weight
history metrics and increased hs-cTnT in the predominately bi-racial, community-based
Atherosclerosis Risk in Communities (ARIC) study. With repeated measures of weight
across the adult life span, detailed risk factor characterization, and continuous cardiovascular
event ascertainment allowing for the exclusion of individuals with clinical CVD, the ARIC
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study is well-suited to evaluate the link between weight history and subclinical myocardial
damage.

Materials and Methods

The ARIC study was originally designed to investigate the etiology of CVD and initially
recruited 15,792 participants from four U.S. population centers: Washington County,
Maryland; Forsyth County, North Carolina; Jackson, Mississippi; and suburbs of
Minneapolis, Minnesota. ARIC participants aged 45-64 years were recruited in 1987-89
(Visit 1) and subsequently examined at visits in 1990-92 (Visit 2), 1993-95 (Visit 3), 1996—
98 (Visit 4) and, most recently, from 2011-13 (Visit 5). In addition to undergoing detailed
history and examinations, including anthropometry, at each study visit, participants have
been followed continuously for cardiovascular events since baseline at Visit 1. Previous
papers described the design of ARIC in detail(17). The institutional review boards associated
with each ARIC site approved the study protocol and all ARIC participants provided
informed consent.

This analysis included participants who attended ARIC Visit 4 and who had available data
on body mass index (BMI) from each of the prior ARIC visits. Of 11,656 participants at
Visit 4, we excluded: 1,572 participants with a history of HF or CHD at, or prior to, Visit 4
(self-reported HF or CHD at Visit 1; or HF-related hospitalization or death, adjudicated non-
fatal myocardial infarction or coronary revascularization event, or silent myocardial
infarction by ECG criteria at or prior to Visit 4); 214 participants missing data on prevalent
HF or CHD; 417 participants missing data on BMI at one of the study visits; 222
participants missing data on hs-cTnT at Visit 4; 138 participants with BMI values less than
18.5 kg/m? at one or more of the study visits (due to the confounding associated with
underweight); and 31 not of black or white race, for a final study population of 9,062
individuals.

The primary exposure was BMI, based on measured weight and height at each visit and
calculated in kg/m2. BMI was categorized as normal weight (18.5 to <25 kg/m?), overweight
(25 to < 30 kg/m?) and obese (= 30 kg/m?). BMI measured at Visit 4, the time point of hs-
cTnT measurement, was defined as “current BMI”, while BMI measures from the past
ARIC study visits were defined as “past BMIs”. We additionally calculated BMI from self-
reported weight at age 25, a variable that was collected at ARIC Visit 1. We used these data
to evaluate the associations of weight history from ARIC Visits 1 through 4 (a 9-year span in
middle age) and from age 25 through Visit 4 (from young adulthood to late middle age) with
the likelihood of subclinical myocardial damage at Visit 4.

Information regarding demographics, health behaviors and cardiovascular risk factors was
obtained at ARIC Visit 4. Smoking status was categorized as current, former, and never
smoker. Alcohol intake was self-reported and calculated in grams per week. Diabetes was
defined as meeting one of more of the following criteria: a prior diagnosis of diabetes, the
use of hypoglycemic medications, a fasting blood glucose = 126 mg/dl or a non-fasting
blood glucose = 200 mg/dl. Systolic BP was measured twice at the study visit using
standardized techniques, and the mean of the measurements was used for analysis. Total
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cholesterol, HDL-cholesterol (HDL-C) and triglycerides were measured using enzymatic
assays. LDL-C was subsequently calculated using the Friedewald equation [TC - HDL-C -
(triglycerides/5)] for those with triglycerides less than 400 mg/dL. Estimated glomerular
filtration rate (eGFR) was calculated using the MDRD equation. NT-proBNP was measured
using the Elecsys proBNP Il immunoassay (Roche Diagnostics).

hs-cTnT was measured in 2010 from thawed Visit 4 plasma samples. Between Visit 4 and
2010, the samples were stored at -80 degrees C. hs-cTnT measurements were performed
using the Elecsys Troponin T high-sensitivity assay (Roche Diagnostics) on an automated
Cobas e411 analyzer. The between assay coefficients of variation for control materials with
mean hs-cTnT concentrations of 2,378 ng/L and 29 ng/L were 2.6% and 6.9%, respectively.
The primary outcome in the present study was increased hs-cTnT, defined as =14 ng/L, a
cutpoint that has been used in several prior analyses relating hs-cTnT to cardiovascular
endpoints and mortality(15;16).

Statistical Analysis

We performed univariate comparisons of demographic and clinical variables across BMI
categories at Visit 4, using chi-square tests for categorical variables and ANOVA for
continuous variables.

Logistic regression was used to assess the associations of different weight history patterns
with increased hs-cTnT concentrations at Visit 4. We used two regression models: Model 1
was adjusted for the potential confounders of age, sex, race, smoking status and alcohol
intake. Model 2 was adjusted for the Model 1 variables plus additional variables potentially
on the causal pathway between obesity and myocardial damage, including diabetes, systolic
blood pressure, anti-hypertensive medication use, LDL-C, HDL-C, triglycerides, eGFR, and
NT-proBNP.

We assessed how changes across the BMI categories of normal weight, overweight and
obese from Visit 1 to Visit 4 were associated with the likelihood of increased hs-cTnT at
Visit 4. We compared the likelihood of increased hs-cTnT between those individuals with
stable normal weight or overweight from Visit 1 to Visit 4 and those who transitioned from
normal weight to overweight or obesity, or from overweight to obesity (those whose BMI
category increased). Similarly, we compared those individuals with stable overweight or
obesity from Visit 1 to Visit 4 to those who transitioned from overweight to normal weight,
or from obesity to overweight or normal weight (those whose BMI category decreased). We
performed identical analyses using the time points of age 25 and Visit 4. We assessed the
improvements in model quality associated with separately adding BMI category at Visit 1
and BMI category at age 25 to regression models including BMI category at Visit 4 using
likelihood ratio tests.

We created cross-tabulations of BMI categories at Visits 1 and 4, with those individuals with
normal weight at both time-points serving as the reference, and estimated each subgroup’s
likelihood of increased hs-cTnT. We performed the same analysis using cross-tabulations of
BMI categories at age 25 and Visit 4. We similarly cross-tabulated tertiles of waist
circumference at Visits 1 and 4 as an additional measure of adiposity, and estimated each
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subgroup’s odds of increased hs-cTnT (with those in the lowest waist circumference tertile
at both time points serving as the reference). We tested for interactions between the weight
change patterns above and race, sex and age (= or < 65 years at Visit 4) on the outcome of
increased hs-cTnT.

To further evaluate the effects of chronic excess weight on the likelihood of myocardial
damage, we assessed the associations of duration of obesity and cumulative weight,
expressed in “excess BMI years” with increased hs-cTnT. Duration of obesity was calculated
by coding obesity at each time point from age 25 to Visit 4 as 0 or 1 (for absent or present,
respectively), and then multiplying the product of the obesity variable at two consecutive
time points by the duration in years between those time points and summing each of the
products. For those with obesity at Visit 1 but not at age 25, we assumed obesity onset
starting at age 40. We then evaluated the association between each 10 years longer duration
of obesity and the odds of increased hs-cTnT. This was performed for the entire population,
and in subgroups stratified by race, sex, age (>= or < 65 years), hypertension status, diabetes
status and presence of chronic kidney disease (CKD; eGFR < 60 ml/min/1.73 m2). Excess
BMI years was calculated by centering the BMI variable at 25 kg/m? (the upper limit of
normal weight), averaging BMI across the time points and multiplying the average of
centered BMI by the duration in years of observation (from age 25 to age at Visit 4). Using
this calculation, an average BMI of 30 kg/m? (5 units above 25 kg/m?) for 20 years would
equate to 100 excess BMI years. Analyses were performed assessing the odds of myocardial
damage associated with each 100 units higher excess BMI years. A restricted cubic spline
model (using Harrell’s method) was also constructed to assess the continuous association
between excess BMI years and increased hs-cTnT.

In sensitivity analyses, we evaluated the associations of duration of obesity and excess BMI
years with increased hs-cTnT using only BMI calculated from measurements from ARIC
Visits 1 through 4. In additional sensitivity analyses, we evaluated the associations of weight
and height separately with increased hs-cTnT, to assess how these two components of the
BMI calculation were associated with myocardial damage.

All analyses were performed using Stata 13.1 (StataCorp). All Pvalues presented are 2-
sided.

The mean age of the study population at Visit 4 was 63 years, with 58% women and 21%
African American. Those individuals in higher BMI categories were slightly younger, more
likely to be African American, and less likely to be current smokers (Table 1). Individuals
with obesity also had higher mean systolic blood pressures, a higher prevalence of anti-
hypertensive medication use and diabetes, generally more abnormal lipid values and lower
NT-proBNP concentrations.

Overall, 23% of individuals increased in BMI category from Visit 1 to Visit 4, while 72%
remained in a stable BMI category, and 5% decreased in BMI category. At Visit 4, 7% of
individuals (n=623) had increased hs-cTnT concentrations. Those individuals whose BMI

Clin Chem. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ndumele et al.

Page 6

category increased from Visit 1 to Visit 4 had an OR of 1.54 (95% CI: 1.20-1.97) for
increased hs-cTnT, relative to those with stable normal weight or overweight. For those
whose BMI category decreased from Visit 1 to Visit 4, there was no significant association
with increased hs-cTnT (OR 1.12; 95% CI: 0.78-1.61) relative to those with stable
overweight or obesity. From age 25 to Visit 4, 65% increased, 2% decreased and 33%
remained in a stable BMI category. A BMI category increase from age 25 to Visit 4 was
associated with an OR for increased hs-cTnT of 1.27 (95% CI: 1.02-1.59), whereas a BMI
category decrease over the same time frame had no significant association with increased hs-
cTnT (OR 1.06; 95% CI: 0.60-1.87). Overall, adding Visit 1 BMI category to a model
including Visit 4 BMI category improved the model fit (likelihood ratio test ~<0.01), as did
adding BMI category at age 25 to Visit 4 BMI category (likelihood ratio test A<0.001).

In evaluating the multivariate associations of cross-tabulations of BMI at Visit 1 and Visit 4
with myocardial damage (Table 2), we generally found that within each current BMI
category a history of excess weight was associated with a greater likelihood of increased hs-
cTnT. Those with both current and past obesity had a tendency towards greater odds of
increased hs-cTnT (OR 2.15; 95% ClI: 1.57-2.92) than those with current obesity and past
overweight at Visit 1 (OR 1.55; 95% CI: 1.07-2.22). Those with current overweight and past
obesity also had a high likelihood of increased hs-cTnT (OR 2.05; 95% CI: 1.25-3.38).
Interestingly, the odds of increased hs-cTnT (OR 1.57; 95% ClI: 1.07-2.32) were
significantly increased in those who transitioned from normal weight to overweight from
Visit 1 to Visit 4, whereas no association was seen for those with persistent overweight over
the same time period (OR 1.07; 95% CI: 0.79-1.45).

In the multivariate cross-tabulations of BMI at age 25 and Visit 4 (Table 2), we similarly
found that within each current weight category, a higher past weight category in young
adulthood was associated with an increased likelihood of increased hs-cTnT. For example,
among those individuals with current obesity, a progressive increase in the odds of increased
hs-cTnT was seen for those with past normal weight (OR 1.71; 95% ClI: 1.22-2.39), past
overweight (OR 2.04; 95% CI: 1.44-2.90) and past obesity (OR 3.85; 95% CI: 2.51-5.90) at
age 25. Overall, when considering cross-tabulations of BMI at Visit 1 and Visit 4 or at age
25 and Visit 4, those individuals with both past and current obesity had the greatest
likelihood of increased hs-cTnT.

We found similar patterns across subgroups defined by race, gender, and age, with no
significant interactions between these demographic variables and changes in weight
categories on the outcome of increased hs-cTnT. Similar patterns were also seen when we
evaluated cross-tertiles of waist circumference at Visits 1 and 4 (Table 3), with those in the
highest waist circumference tertile at both time points having the greatest likelihood of
increased hs-cTnT (OR 2.67; 95% ClI: 1.91-3.72).

The duration of obesity within the study population ranged from 0 to 50.1 years. On average,
each 10 years longer duration of obesity was associated with an OR of 1.26 (95% CI: 1.17—
1.35) for increased hs-cTnT. Significant associations between duration of obesity and
increased hs-cTnT were seen in all demographic subgroups and among those participants
with and without hypertension, diabetes and CKD at Visit 4 (Figure 1), with no statistically
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significant interactions between obesity duration and each of these subgroups (all #> 0.05).
The association between obesity duration and increased hs-cTnT remained significant after
adjustment for current BMI (£<0.001).

The range of excess BMI years above 25 kg/m? in the study population was from -274 to
1,205 kg/m? * years. Individuals with negative values were those who had BMI values of
less than 25 kg/m? at one or more of the study time points. There was a strong, positive
continuous association between excess BMI years and the likelihood of increased hs-cTnT,
as shown in the restricted cubic spline in Figure 2. On average, each 100 higher excess BMI
years was associated with a 21% higher odds of increased hs-cTnT (95% CI: 1.14-1.27).
This association remained significant and was slightly stronger after additional adjustment
for current BMI at Visit 4 (HR 1.38: 95% CI: 1.18-1.62).

We also found significant associations for duration of obesity and excess BMI years with
increased hs-cTnT in sensitivity analyses using only measured BMI from ARIC Visits 1
through 4. In additional sensitivity analyses, we found that higher tertiles of weight at Visit 1
and Visit 4 and cross-categories of weight tertiles at both time points were significantly
associated with increased hs-cTnT, whereas height tertiles were not independently
associated with increased hs-cTnT at either time point.

Discussion

In this analysis of 9,062 individuals in the ARIC study, we demonstrated that weight history
influences the likelihood of subclinical myocardial damage. After adjustment for
demographics and comorbid conditions, increases in BMI category during middle age, and
from young adulthood through late middle age, relative to stable normal weight or
overweight, were associated with increased hs-cTnT. Additionally, within each category of
current weight, a history of obesity was associated with increased hs-cTnT, with those
individuals who were obese in both young adulthood and late middle age having the greatest
overall likelihood of having increased hs-cTnT. The impact of chronic excess weight on the
likelihood of myocardial damage was further demonstrated by strong associations of both
obesity duration and cumulative BMI, expressed in excess BMI years, with increased odds
of increased hs-c-TnT. These findings, which remained consistent across various
demographic subgroups, illustrate the importance of long term weight maintenance for
minimizing the likelihood of future myocardial damage.

Obesity is a potent risk factor for several forms of cardiovascular disease, but the pathways
underlying these risk associations are divergent and incompletely understood(1;2;18). While
the associations of obesity with coronary heart disease and stroke are largely explained by
traditional mediators of cardiovascular disease, such hypertension, dyslipidemia and
diabetes(19;20), the link between obesity and HF is uniquely unexplained by these
traditional CVD mediators(3—6). A growing body of evidence suggests direct effects of
obesity on the myocardium, which may explain the potent association between obesity and
HF that is independent of comorbid conditions. Clinical studies demonstrate that obesity is
independently linked to several abnormalities of myocardial structure and function that
predispose to the development of HF(21-23). Laboratory studies have shown that rodents
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genetically predisposed to obesity demonstrate evidence of increased myocyte damage
relative to wild-type mice(7;8). Clinical studies within ARIC and other cohorts demonstrate
a strong and independent association between obesity and hs-cTnT among individuals
without clinical cardiovascular disease(9;10). Increased hs-cTnT has been linked to
increased CVD risk in prospective studies, particularly HF(15;16). Furthermore, prior work
within this cohort demonstrates that the combination of severe obesity and increased hs-
cTnT is associated with 9-fold higher risk of incident HF over a decade compared to those
with normal weight and undetectable hs-cTnT(10). This analysis expands on prior work by
demonstrating the cumulative effects of long-term obesity and increasing weight over time
on the likelihood of subclinical myocardial damage.

The precise mechanisms by which obesity leads to myocardial damage have not yet been
elucidated. We demonstrated a similar association between the duration of obesity and
increased hs-cTnT among individuals with and without hypertension, diabetes and CKD,
demonstrating that the link between a history of excess weight and myocardial damage is
not entirely explained by these comorbid conditions. Several factors have been proposed as
potential contributors, including increased myocardial demand due to hemodynamic
stress(21;22;24), the effects of obesity-associated adipokines and cytokines on the
myocardium(6;25-28), and the toxic effects of adipose tissue accumulation in myocardial
tissues(29-32).

In this analysis, we saw high odds of increased hs-cTnT for those who transitioned from
obese to overweight from Visit 1 to 4, and from overweight to normal weight from Age 25
to Visit 4. The implications of this finding are uncertain, as the intentionality of weight loss
within a cohort study is unknown. While speculative, it is possible that this association
reflects reverse causality due to weight loss from undetected clinical comorbidities. On the
other hand, prior research suggests that marked intentional weight loss occurring after
bariatric surgery is associated with reduced myocardial damage, as assessed by high
sensitivity cardiac troponin | concentrations(33). Further research is needed to elucidate the
effects of intentional weight loss through lifestyle modification on myocardial damage.
However, the rates of significant and sustained intentional weight loss remain relatively low
in the general population (34;35). Therefore, understanding the pathways linking chronic
obesity and increased hs-cTnT may inform novel strategies to reduce myocardial damage
and the likelihood of future C\VVD events among those with obesity.

From a clinical standpoint, this analysis underscores the importance of long-term weight
control for optimizing cardiovascular prevention. A history of excess weight was linked to a
greater likelihood of myocardial damage at each level of current weight, and those
individuals with both past and present obesity had the highest odds of increased hs-cTnT.
These findings were even more pronounced when considering weight at age 25.
Furthermore, the finding that the duration of obesity was linked to a similar likelihood of
subclinical myocardial damage among individuals with and without diabetes, hypertension
and chronic kidney disease indicates the limitations of traditional risk factor control alone
for addressing the toxic effects of chronic obesity on the myocardium. These results indicate
the importance of defining and implementing strategies to promote weight management,
even from young adulthood, for reducing the likelihood of developing myocardial damage.
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Cumulative weight measured in excess BMI years demonstrated a strong association with
increased hs-cTnT. A metric such as excess BMI years could prove useful for
communicating to young and middle aged adults the risks of excess weight from early in life
and the importance of maintaining a normal weight for decreasing long-term cardiovascular
risk.

This analysis has some limitations. As an observational study, it is susceptible to residual
confounding. Additionally, while most of the BMI values were based on measured weight
and height, BMI at age 25 was based on self-report, which is subject to recall bias.
Additionally, being a cohort study in which most individuals gained weight over time and
the intentionality of any weight loss is uncertain, this study is poorly equipped to assess the
impact of weight loss on the likelihood of myocardial damage. In addition, some survival
bias is introduced by only including individuals who survived and were without CVD by
Visit 4. An important consideration regarding the excess BMI years construct is its heavy
dependence on age, as an older individual with the same obesity status as a younger person
would have a greater number of excess BMI years. However the strong risk association
between excess BMI years and myocardial damage, after adjustment for age and other
confounders, also underscores the importance of maintaining a healthy weight in the context
of aging. Additionally, unlike excess BMI years, the duration of obesity variable doesn’t
reflect the risk associated with BMI values in the high overweight range (e.g., BMI 29 kg/
m?2). Nonetheless, this analysis from an extremely well-characterized cohort with repeated
measures of weight across the adult lifespan provides important insights about the
association between weight history and subclinical myocardial damage. Furthermore, the
use of a community-based bi-racial cohort of men and women makes the results broadly
generalizable.

In conclusion, we found that a past history of excess weight and increasing weight over time
are associated with a greater likelihood of future myocardial damage. These findings are also
seen when considering past weights from young adulthood, which underscores the
importance of weight management across the entire adult lifespan for the lowest likelihood
of myocardial damage and related cardiovascular events.
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Figure 1. Association Between Each 10 years Longer Duration of Obesity and Odds of Increased

hs-cTnT (=14 ng/L) Within Demographic and Clinical Subgroups

Adjusted for age, sex, race, cigarette smoking, alcohol use, LDL-C, HDL-C, triglycerides,
systolic blood pressure, anti-hypertensive medication use, diabetes, NT-proBNP and
estimated GFR. When stratified by a given subgroup, the covariate defining the subgroup
[e.g., sex for sex-stratified analyses or estimated GFR for analyses stratified by CKD] was
removed from the regression model with the exception of age modeled continuously, which
was kept in all models. All Pvalues for interactions across subgroups > 0.05.
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Figure 2.
Restricted Cubic Spline for the Association between Excess BMI years and OR of Increased

hs-cTnT (=14 ng/L)

Adjusted for age, sex, race, cigarette smoking, alcohol use, LDL-C, HDL-C, triglycerides,
systolic blood pressure, anti-hypertensive medication use, diabetes, NT-proBNP and
estimated GFR. Restricted cubic spline centered at median value for excess BMI years.
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Table 1

Characteristics of Study Population at Visit 4, Stratified by BMI Category

Normal Weight Overweight Obese P value
N=2,352 N=3,748 N=3,184

Mean Age, in years (SD) 62.9 (5.8) 62.8 (5.7) 62.1 (5.5) <0.001
Female — % 64.8 50.7 61.3 <0.001
African American — % 12.5 19.2 28.7 <0.001
Current Smokers — % 20.6 13.6 9.2 <0.001
Mean systolic blood pressure, in mmHg (SD) 122.8 (19.3) 126.7 (18.1) 130.3 (17.9) <0.001
Use of anti-hypertensive medication — % 19.5 29.9 441 <0.001
Diabetes — % 5.9 12.5 23.2 <0.001
Mean LDL-C, in mg/dL (SD)* 119.0 (33.5) 124.5 (32.8) 124.0 (33.8) <0.001
Mean HDL-C, in mg/dL (SD)* 57.9 (18.0) 49.3 (15.5) 46.7 (14.5) <0.001
Median triglycerides, in mg/dL (Interquartile interval)* 103 (75-143) 123 (90-175) 134 (99-187) <0.001
Median eGFR, in ml/min/1.73 m2 (Interquartile interval)) | 80.8 (70.8-93.0) 81.0 (71.0-93.0) 81.3(70.3-94.4) 0.11
Median NT-proBNP, in pg/ml (Interquartile interval) 80.6 (42.5-138.4) | 58.1(29.4-111.3) | 55.9 (26.7-108.1) | <0.001
Mean waist circumference, in cm (SD) 87.3(7.6) 99.2 (6.9) 115.3 (11.4) <0.001

To convert mg/dL to mmol/L multiply by 0.2586 for cholesterol, by 0.01129 for triglycerides
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Hazard Ratios (95% CIs) for Associations of Cross-Tabulations of Waist Circumference Tertiles at Visit 1 and

Visit 4 With Increased hs-cTnT

15t Waist Circumference

2nd Waist Circumference

3rd Waist Circumference Tertile

Tertile at Visit 1 Tertile at Visit 1 at Visit 1
15t Waist Circumference Tertile n=57/2,212 [2.6%] n=55/614 [9.0%)] n=28
at Visit 4 Ref=1 1.92 n/a
(1.26-2.94)
2nd \Waist Circumference Tertile n=20/633 [3.2%] n=118/1,807 [6.5] n=53/555 [9.6%]
at Visit 4 1.36 1.53 1.66
(0.77-2.40) (1.07-2.18) (1.08-2.55)
3rd Waist Circumference Tertile n=2/98 [2.0%] n=38/670 [5.7%] n=278/2,441 [11.4%]
at Visit 4 2.04 1.91 2.67
(0.47-8.75) (1.21-3.04) (1.91-3.73)

n = number with increased hs-cTnT within subgroup [proportion with increased hs-cTnT]

n/a = associations cannot be estimated due to the high imprecision resulting from the small sample size (< 50 individuals) in this group

Adjusted for age, sex, race, cigarette smoking, alcohol use, LDL-C, HDL-C, triglycerides, systolic blood pressure, anti-hypertensive medication
use, diabetes, NT-proBNP and estimated GFR
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