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4. Rationale:  

   

Depression is an established risk factor for coronary heart disease, possibly mediated via 

inflammation which has been shown to be increased in depression 1. Depression has also been 

associated with heart failure (HF), although the existing data are more limited. The prevalence of 

depression is higher among persons with versus without HF, and co-morbid depression is a 

predictor of mortality and morbidity in HF, including rehospitalization.2 Depression is also a risk 

factor for incident HF, independent of coronary heart disease. In one large population-based 

study, depression was an independent risk factor for incident HF over a mean follow-up of 11.3 

years 3. Similar independent associations between prevalent depression and incident HF have 

been observed in smaller studies in patients with isolated hypertension,4 elderly women and men 
5 6, patients who reported poor health at baseline,7 and veterans.8 However, there are limited data 

regarding the prevalence of depression amongst HF sub-groups based on LVEF (i.e. HFpEF vs 

HFrEF),9–11 and the prognostic relevance of depressive symptoms for incident HFpEF versus 

HFrEF. In addition, limited data exist regarding mechanisms linking depression to HF risk, and 

antecedent alterations in cardiac structure and function specifically, although heightened 

systemic inflammation has been proposed as inflammatory markers are elevated in both 

conditions 12,13. Depressive symptoms have been associated with worse Tissue Doppler Imaging 

E’, an echocardiographic measure of diastolic function, 14,15 although little is known about the 

relationship between depressive symptoms and contemporary echocardiographic measures of 

cardiac structure and function 14,15, or the extent to which these associations account for the 

potential relationships between depression and either HFpEF or HFrEF. We recognize that this 

proposal is thematically related to Dr Janice E. Williams’ MP#2233  “Depression and incident 

heart failure: A prospective analysis from the ARIC Study”. We have discussed this with Dr 

Williams, who is a member of the writing group for this proposal, and have agreed that focusing 

on incident HF phenotype (HFpEF vs HFrEF) as opposed to HF overall in this proposal will 

avoid overlap.  

  

 

5. Main Hypothesis/Study Questions: 

 

Study aims: 

Aim 1: Determine prevalence of depression and severity of depressive symptoms in 

HFpEF and HFrEF compared to HF-free people in late life.  

Aim 2: Among persons free of HF, determine the extent to which depression associates 

with impairments in cardiac structure and function. 

Aim 3: Determine the extent to which depression in late life predicts HF phenotype (i.e. 

LVEF ≥50% vs <50%), and determine the degree to which these associations (if present) 

are accounted for by associated impairments in cardiac function as defined in Aim 2.  

 

 

 



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: 

Aims 1 and 2 will be cross-sectional in nature, using data at Visit 5. Aim 3 will assess the 

relationship between depressive symptoms at Visit 5 and incident HF phenotype post-Visit 5.  

 

Exclusion 

All aims: absent or incomplete response on CES-D; missing data on prevalent or previous HF  

Aims 2 and 3 only: Prevalent HF at Visit 5 

Aim 2 only: missing echocardiographic data at Visit 5 

 

Key variables of interest: 

 

1. Primary exposure: Depression scale, CES-D-11 (visit 5) 

2. Anthropometrics (visit 5): height, weight, BMI 

3. Echocardiographic variables (visit 5 echo): 1) LV structure (LV end-diastolic and end-

systolic volumes and dimensions, wall thickness, and mass); (2) LV diastolic function (E 

wave, A wave, TDI E’, and LAVi); (3) LV systolic function (LVEF and longitudinal 

strain) 

4. Demographics: gender, ethnicity, age, education, income, field center 

5. Clinical covariates (visit 5): heart rate, history of hypertension, history of diabetes, 

prevalent coronary artery disease, prior MI, prior stroke, prevalent heart failure, eGFR, 

physical activity 

6. Outcomes: Incident adjudicated HF phenotype (HFpEF, HFrEF) post-Visit 5, incident 

CHD post-Visit 5, death 

 

 

Data analysis:  

Aim 1: We will compare the prevalence of depression among the following Visit 5 participants:  

those with prevalent HFpEF; those with prevalent HF with LVEF <50%; and those free of HF. 

Depression will be defined using the cut-off value of ≥9 of the individual total CES-D score. To 

compare severity of depressive symptoms between HF phenotypes and the HF-free group, 

adjusted median regression will be performed given the skewed distribution of CES-D score.  

 

Aim 2: The relationship between depressive symptoms based on CES-D score and 

echocardiographic measures at Visit 5 will be assessed using multivariable linear regression. 

Depression, the primary predictor, will be modeled in 2 different ways in separate analyses. First, 

depression will be dichotomized (depressed/non-depressed), while in a second analysis raw CES-

D score will be employed as a continuous variable.  

 

Aim 3: The risk of incident heart failure with LVEF ≥ versus <50% (i.e. HFpEF versus HFrEF) 

post-Visit 5, associated with depression at Visit 5, will be estimated using multivariable Cox 

proportional hazard regression. We will include the following covariates in additive 

multivariable models: 1) demographics [age, sex, race, field center, education, income]; 2) 



cardiovascular risk factors [BMI, hypertension, diabetes, CHD, stroke, AF, prior MI, physical 

activity, cigarette, and alcohol use]; 3) echocardiographic parameters significantly associated 

with depression in Aim 2. We will consider adding inflammation marker CRP to the model to 

examine possible pathophysiological mechanisms contributing to the risk of incident heart 

failure phenotype among the depressed population. 
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