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4. Rationale:  
 
Heart failure (HF) is one of the most common presentations of cardiovascular (CV) 
complications in diabetes (DM) and is associated with a 30% 1-year mortality among patients 
with DM.1 HF can develop in individuals with DM without hypertension, coronary heart disease 
(CHD), or valvular heart disease. Recent research suggests that cardiac dysfunction and 
remodeling measured by echocardiography, including diastolic dysfunction, left atrial 
enlargement, left ventricular (LV) hypertrophy, and with or without elevated NP-pro BNP, was 
associated with up to 2.5-fold higher risk of HF among patients with DM. 2 Using the same 
measurements, we found that up to 10% of older adults (mean age 75 years) with pre-diabetes 
(pre-DM) had two or more cardiac dysfunction markers, and this group was also at a 
significantly increased risk of HF. These findings suggest the association between hyperglycemia 
and HF 3 and warrant research to lend insights into the novel biomarkers and pathways of cardiac 
dysfunction to aid in early intervention. A better understanding of the subclinical alterations in 
cardiac function and structure will facilitate strategies to reduce the risk of HF in older adults 
with diabetes before the advent of symptoms.  
 
Molecular phenotyping is a promising approach for identifying individuals with DM and cardiac 
dysfunction while implicating novel biological pathways in HF pathogenesis, which can provide 
additional insights for therapeutic development. 4 Because metabolites represent a collective 
output of genetic and environmental factors and share a proximal relationship with clinical 
phenotypes, metabolomics profiling is a promise ng molecular tool for precision initiatives.5 6 
However, very few studies have evaluated the metabolic derangements that characterize cardiac 
dysfunction and remodeling in patients with pre-DM or DM. 2, 5 In previous metabolomics 
studies, arginine and branched-chain amino acid (BACC) metabolism, and fatty acid oxidation 
metabolism (e.g., medium- and long-chain acylcarnitines), and ketones are all potentially 
involved with the pathogenesis of HF 7, 8, but to what extent these metabolites is associated with 
the risk of HF in diabetes less known. Additionally, emerging research has shown sex differences 
in diabetic HF. DM is a more potent risk factor for HF development in women than men (5-fold 
risk in women with DM vs. two-fold risk in men with DM). 9 Women with DM have a higher 
prevalence of cardiac abnormalities, predominantly characterized by LV diastolic dysfunction 
than men. While men with DM are more likely to have LV hypertrophy and systolic dysfunctions. 10 
Despite the sex heterogeneity of cardiac phenotypes in DM, our understanding of the sex 
differences in metabolic signatures with cardiac abnormalities in DM is limited.  
 
 
5. Main Hypothesis/Study Questions: 
 
Objective 1 To identify differentiating metabolites associated with cardiac dysfunction in older 
adults with and without DM in a cross-sectional study. 
 
We hypothesize that serum metabolites, such as those involved in biological pathways of amino 
acids, particularly arginine, branched-chain amino acid (BACC) and aromatic amino 
metabolism, fatty acid oxidation metabolism, and ketone metabolism, are more strongly 
associated with cardiac dysfunction and remodeling in people with DM than those without DM.  
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Objective 2 To evaluate the associations between cardiac dysfunction-related metabolites and 
incident cardiac abnormalities, including subclinical left ventricular dysfunction and remodeling,  
and HF.  
 
We hypothesize that cardiac dysfunction-related metabolites are associated with future risk of 
cardiac dysfunction and HF. 
 
Our sub-hypothesis is that men and women with DM exhibit different metabolic signatures with 
cardiac dysfunction, and HF. 
 
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). 
 
Data and sample: We will use data from metabolome profiles based on visit 5 serum samples 
(n=4,000). Metabolomic profiling techniques and metabolite selection methods were described 
previously. 6  
 
DM status is measured by a self-reported DM diagnosis, fasting glucose (FG) 126 mg/dL, non-
FG ≥200 mg/dL, hemoglobin A1c (HbA1c) >6.5%, or the use of insulin or oral antidiabetic 
medication. We also consider the confirmatory definition of diabetes by both elevated FG and 
A1c or any antidiabetic treatment.11 
 
Pre-DM is measured by either FG 100-126 mg/DL,or HbA1c 5.7%-6.5% (ADA) or both We also 
consider IEC criterion of HbA1c 6.0% to 6.4% (IEC) and WHO FG levels of 100-126 mg/dL, 
separately to define pre-DM.  
 
We will exclude prevalent cases of HF, or those with missing glycemic measures or metabolite 
data at visit 5.  
 
 
Exposures:  The exposures are untargeted serum metabolites measured by liquid 
chromatography mass spectrometry. We exclude metabolites that had unknown structure, 
missing rate >25%, CV >50% or Spearman correlation coefficient <0.3 in blind duplicate pairs. 
The remaining metabolites will be analyzed as continuous variables.  
 
 
Outcome:  
 
A composite cardiac dysfunction and remodeling outcome is defined by at least 2 
echocardiographic abnormalities using data from visit 5, including LV remodeling, including, 
left ventricle hypotrophy, left atrial enlargement, and diastolic dysfunction (i.e., E/e’>13, E/A <1 
and E-wave ≤50 cm/s, E/A>2, E/A<1 and right ventricle systolic pressure>35 mmHg, 
isovolumic relaxation time>100 ms, and E-wave deceleration time>240 ms). 
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We will also evaluate a more stringent definition includes ≥2 echocardiographic abnormalities 
plus elevated pro-BNP>125 pg/mL for BMI≤30 OR NT-proBNP>100 pg/mL for BMI>30, OR 
troponin T (TnT) >14 ng/L in women and > 22 ng/L in men. 
 
Incident cardiac dysfunction and remodeling is defined as those without cardiac abnormalities at 
visit 5 but developed cardiac dysfunction and remodeling at visit 7 using echo data. 
 
Incident HF is defined as a new diagnosis of definite or probable acute decompensated HF. 
Incident HF is based on HF hospitalization or HF death according to the ICD-9 or 10 codes 
obtained by active surveillance of all hospitalizations and death.  
For those with data on cardiac function at the time of hospitalization, we will further classify HF 
as HF with preserved ejection fraction (HFpEF) by LVEF ≥50% and HF with reduced ejection 
fraction (HFrEF) by LVEF <50%.  
 
Follow-up is available through December 31, 2020. 
 
Analysis:  
 
Metabolites will be natural logarithmic transformed before the analysis. Before association 
analyses, we will standardize the levels of metabolites by dividing each metabolite by its 
respective SD. We will impute the missing value of metabolites with half of the lowest detected 
value.  
 
Each metabolite will be individually tested for association with cardiac dysfunction and 
remodeling within each group: euglycemia, prediabetes, or diabetes. We will also test each 
metabolite among people who had cardiac dysfunction and remodeling across three groups using 
logistic regression. In the models, we will account for age, race, sex, education, cigarette 
smoking, alcohol drinking, average systolic blood pressure, body mass index, low-density 
lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, estimated glomerular 
filtration rate (eGFR) by CKD-EPI equation antihypertensive medications, and lipid-lowering 
medications. We will evaluate the standard and biomarker-included definition (i.e., with elevated 
pro-BNP or TnT) of cardiac dysfunction and remodeling. We will replicate the cross-sectional 
analysis in men and women, separately, to compare sex differences in individual metabolites 
associate with the outcomes.  
 
For metabolites that are identified to be associated cardiac dysfunction and remodeling cross-
sectionally, we will assess their association with the incident cardiac dysfunction and remodeling 
and HF using multivariable-adjusted Poisson or Cox regression models, following the 
aforementioned covariates and time-varying coronary artery disease. 6 We will further adjust 
CVD treatments, such as beta-blocker, ACE inhibitors, or ARBs in the model.  If sex differences 
in metabolites and cardiac dysfunction and remodeling are shown in the cross-sectional analysis, 
we will perform sex-stratified prospective analysis to evaluate risk of cardiac abnormalities and 
HF and report the relative risk (women vs. men) of the outcomes.  
 
We will conduct a series of sensitivity analyses, i.e., excluding people with hypertension, 
obesity, atrial fibrillation, or end-stage renal disease.  
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We will conduct exploratory analyses to assess association between metabolites and HFpEF and 
HFrEF separately. To account for the multiplicity of hypothesis tests in the metabolomics 
analysis, False Discovery Rate (FDR) adjusted p values will be calculated using the two-stage 
Benjamini and Hochberg step-up FDR-controlling procedure. 
 
 
For internal validation, we will use ARIC visit 3 data to replicate metabolite-HF associations 
primarily and metabolite-subclinical cardiac abnormalities, secondarily.  
 
We also consider replicating the analysis in an external cohort with similar metabolomic 
platform. Candidate cohorts include the Jackson Heart Study (JHS), the Hispanic Community 
Health Study (SOL), or the Women’s Health Initiative (WHI).  
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