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Abstract

Objectives—Clinical outcomes are worse for patients with heart failure (HF) and elevated 

depression symptoms. Depression related sympatho-immune dysregulation may be one 

mechanism leading to poorer HF prognosis. Sympathetically mediated adrenergic activity is 

known to regulate immune activity via β-adrenergic receptors (β-ARs). However, studies show 

conflicting relationships between leukocyte β-AR sensitivity and depression symptoms. The aim 

of this study was to determine in patients with HF the relationship of leukocyte β-AR sensitivity 

with two diverse measures of depression, self-report questionnaire versus clinical diagnostic 

interview.

Methods—Patients with HF (N=73, mean age = 56.3, S.D. = 13.0) completed the Beck 

Depression Inventory −1A (BDI) and a modified Structured Clinical Interview for the DSM-IV 

(SCID). Leukocyte β-AR sensitivity was determined from isoproterenol stimulated cyclic AMP 

levels; plasma norepinephrine and epinephrine were also assessed.

Results—Patients with major depression determined by SCID had significantly higher β-AR 

sensitivity than non-depressed (F(6, 72) = 9.27, p = .003, η2 = .12). Meanwhile, the BDI revealed 

a more complex relationship. Minimal, mild, and moderate-to-severe depression symptom groups 

had significant differences in β-AR sensitivity (F(7, 72) = 7.03, p = .002, η2 = .18), with mild 

symptoms appearing to correspond with reduced β-AR sensitivity and moderate-to-severe 

symptoms with higher β-AR sensitivity.

Conclusions—By deconstructing depression measurements a greater depth of information may 

be garnered to potentially reveal subtypes of depression symptoms and their relation to β-AR 

sensitivity in HF.
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INTRODUCTION

Between 20% and 65% of patients with symptomatic heart failure (HF) have clinically 

significant depression symptoms (1). In turn, elevated depression symptoms and major 

depression in patients with HF are associated with significantly increased risk of 

cardiovascular hospitalization and premature mortality, independent of HF severity (2-4). 

Neuroimmune factors have been proposed as mechanistic linkages between symptoms of 

depression and injury to the cardiovascular system (5, 6) that can worsen HF prognosis (7, 

8). Both depression and HF are characterized by sympathetic nervous system (SNS) 

dysregulation (9-12). In HF, as a compensatory response to preserve perfusion during low-

output states, autonomic hyperactivity and neurohormonal activation become pathologic 

over time, leading to deterioration of left ventricular function (13). Elevated depressive 

symptoms have also been associated with increased and prolonged sympathetic activation 

including, norepinephrine (NE), heart rate and blood pressure responses to stress and greater 

psychological stress-induced myocardial ischemia (9, 14). Although, the association 

between resting levels of NE and depression symptoms is less clear and have been reported 

in some studies to have a non-linear relationship (9). Sympathetic innervation is involved in 

regulating the immune system (15, 16), a relationship thought to be important in the 

development and progression of cardiovascular disease (CVD) (17). Sympathetic activity 

mediated through endogenous adrenergic activity is known to regulate cytokine 

production(18), immune cell proliferation (19) and mobilization (20) which can affect 

immune cell recruitment, infiltration and proliferation in myocardial and vascular tissue and 

prospectively influence cardiovascular remodeling (7, 8) and ventricular hypertrophy (21). 

Thus, multiple pathophysiological processes of SNS dysregulation associated with 

depression may exacerbate HF-related autonomic dysfunction.

However, definitive relationships between depressive symptoms and immune cell beta-

adrenergic receptor (β-AR) function are unclear, and findings have been conflicting. Animal 

models of depression found an increment in leukocyte β-AR number and intracellular 

responses to a β-agonist (22) and increased leukocyte sensitivity to stress hormones, such as 

NE (23). Our research in patients with HF suggest that elevated depression symptoms are 

associated with augmented immune cell mobility to β-agonist following exercise (20), 

suggesting increased β-AR sensitivity. In contrast, other studies have found either no 

relationship(24), or reduced sensitivity of β-ARs in depressed patients (25). Inconsistent 

findings such as these may be attributable to the methods by which depression is measured 

and potentially the heterogeneity of depression itself, as well as the subject populations 

being studied (i.e. physically healthy versus patients with HF). Although many depression 

studies in humans present findings based on a continuum of depression symptom level 

scores, others present data based on a binomial, positive or negative diagnosis of major 

depression (e.g. meta-anlaysis: (26)). We investigated peripheral blood mononuclear cell 

(PBMC) β-AR sensitivity in relation to depression in patients with HF, which has not been 
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previously examined to the best of our knowledge. Studies such as ours including both 

symptom severity and diagnostic measures of depression may offer improved insights into 

the depression- β -adrenergic activity relationship in patients with HF.

METHODS

Study participants

The study included 73 patients with HF assessed for β-AR sensitivity, depressive symptom 

level, major depression diagnostic criteria, sociodemographic variables and plasma NE and 

epinephrine (Epi) levels, from 2005 to 2010. Patients were recruited from the VA San Diego 

Healthcare System and the University of California-San Diego Medical Center as part of a 

larger study on the effects of depression on neuroimmunity in HF. Patients with HF fell 

within New York Heart Association (NYHA) functional classes II (n = 61) and III (n = 12), 

had symptoms of HF for at least 3 months, were optimally treated with diuretics, and 

angiotensin-converting enzyme inhibitors, and had systolic dysfunction, defined by an left 

ventricular ejection fraction (LVEF) < 45%, or HF with preserved EF (HFpEF). In order to 

reduce heterogeneity that may occur by including patients taking diverse β -blockers, 73 

patients with HF were included in the present study that were taking carvedilol, a non-

specific β - 1 and β -2 adrenergic receptor blocker frequently used to treat HF. LVEF was 

assessed by echocardiography. Exclusion criteria included recent myocardial infarction (1 

month), significant cerebral neurological impairment, severe chronic obstructive pulmonary 

disease, benzodiazepines, steroidal medications, and psychiatric illnesses with the exception 

of major depression. The protocol was approved by the University of California-San Diego, 

Institutional Review Board, and participants gave written informed consent. The study was 

performed in accordance with the principles of the Declaration of Helsinki.

Depression

Depressive symptoms were assessed with the 21-item Beck Depression Inventory-1A (BDI), 

which is an instrument recommended for the measurement of depression in CVD (27). BDI 

scores were subcategorized into minimal (0-10), mild (11-19), and moderate-to-severe 

symptoms of depression (20+) (28). Various studies have used these categories in relation to 

CVD risk. For example, moderate to severe depression symptoms have been associated with 

subclinical alterations in left ventricular (LV) structure and function (29) and dose-response 

relationships have been found between depression symptoms and 5-year prognosis in post 

myocardial infarction patients (30). A modified Structured Clinical Interview for DSM-

IV(31) was used to evaluate for major depressive disorder.

Blood draws

Blood was drawn into Vacutainer tubes (BD Biosciences, San Jose, California) coated with 

ethylenediaminetetraacetic acid after participants fasted for at least 12 hours, at 

approximately 0800 following a 10 minute rest period, while participants were in a sitting 

position.
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β-adrenergic receptors

β-AR sensitivity was determined for peripheral blood mononuclear cells (PBMC's) as 

described earlier (32). Briefly, PBMCs were suspended in cold Dulbecco's Modified Eagle's 

Medium (DMEH). A 100 ul suspension of approximately 2×105 cells was brought up to 1 

ml with 37 °C DMEH containing 100 mmol/l isobutylmethylxanthine (IBMX) to inhibit 

cyclic nucleotide phosphodiesterase activity. Half of the tubes were incubated with 10 μM 

isoproterenol. Upon reaction termination, the tubes were frozen at 4 pH at −20°C in sample 

kit Stop solution and later assayed for cyclic AMP (Perkin Elmer, Boston, MA) using a 

radio immune assay. Samples are stable for up to a year at −20°C. The assays were run 

within four weeks of receiving the kits. All kits were from the same lot number. Interassay 

and intra-assay coefficients of variation were < 10%, and < 11% respectively. The detection 

range is 500 – 50,000 fmol/mL Beta-adrenergic receptors can be in either a high-affinity, 

coupled (functionally capable of coupling to the G-protein-adenyl cyclase complex 

following agonist binding) or a low-affinity, uncoupled state. “Sensitivity” is used to signify 

the responsiveness of the β-receptor to isoproterenol stimulation and thus the ratio of 

isoproterenol-stimulated cyclic AMP to non-stimulated cyclic AMP was calculated as a 

stimulation index (SI).

NE and Epi measures

NE and Epi levels were determined as described earlier (33). Briefly, blood samples were 

centrifuged, and plasma was stored at −80°C until analysis. NE and Epi are stable in plasma 

stored below −70 degrees for one year. The plasma samples had catecholamines extracted 

by chelation with diphenylborate into a lipid layer and then extracted into dilute acetic acid 

to eliminate calcium and S-adenosylmethionine, which can interfere with the assay. The NE 

and Epi were converted to their radiolabelled metanephrine metabolites by catechol-O-

methyltransferase, chromatographically separated, and the radioactivity counted. Sensitivity 

of the assay for NE and Epi is 10 and 6 pg/mL respectively in 1 ml of plasma. The 

intraassay coefficients of variation for NE and Epi are 4 and 13% and the interassay 

coefficients of variation for NE and Epi are 10 and 16% in human plasma. The major 

advantage of the assay is its sensitivity, which permits more accurate estimation of the low 

Epi levels in resting subjects.

Statistical analyses

Calculations were performed using SPSS version 21 (SPSS, Inc., Chicago, Illinois). Cases 

with missing data were excluded using list-wise deletion(34). Skewed data distribution was 

determined by the Kolmogorov- Smirnov test, and variables not normally distributed were 

log transformed. Analyses of categorical data were performed with Mann-Whitney U tests. 

Receiver operating characteristics (ROC) were computed to determine the relationship of 

BDI scores as related to the DSM-IV diagnosis of depression. A linear regression analysis 

was performed to examine the association between BDI scores and PBMC β-AR sensitivity. 

An additional regression analysis was performed with a quadratic function to determine 

whether there was a curvilinear relationship between BDI scores and PBMC β-AR 

sensitivity. Two analyses of covariance (ANCOVA) were performed to examine: 1) 

differences in major depression status for β-AR sensitivity, NE and Epi and 2) differences in 
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BDI categories of depression severity (minimal, mild, and moderate-to-severe) for β-AR 

sensitivity, NE and Epi. Analyses were adjusted for cardiovascular risk factors including 

LVEF, NYHA class and HFpEF. Analyses were adjusted for antidepressant use due to their 

potential effects on depression scores, and race because of potential differences in β-AR 

sensitivity (35). The effect sizes are reported as Partial Eta Squared (η2). Cohen (1988), p. 

283 suggests for η2 where 0.0099 constitutes a small effect, 0.0588 a medium effect and 

0.1379 a large effect (36). Analyses were also rerun without LVEF as a covariate since 

contractility depends on SNS drive.

RESULTS

Sociodemographic and medical characteristics of the study groups

Table 1 presents sociodemographic and medical characteristics in relation to major 

depression status. The BDI scores, NE, E and β-AR sensitivity variables were not normally 

distributed (Kolmogorov-Smirnov tests p < .001). BDI scores, NE and E were normalized 

with log transformation. However, log transformation did not result in complete 

normalization of stimulated cAMP (β-AR sensitivity), with the Kologorov-Smirnov test 

yielding p = .042. Nonetheless, a normal probability P-P plot suggested that transformed β-

AR sensitivity had a linear pattern with only minor deviations from the line fit to the points 

on the probability plot indicating that they approach a normal distribution. The ROC 

analysis (see Supplementary Figure 1) revealed that BDI scores significantly predicted 

diagnosis (area under the curve (AUC) = .94, SEM = .026, p < 0.001, r = .66). Additional 

analyses revealed that patients with HF with systolic dysfunction versus those with HFpEF 

did not differ in PBMC β-AR sensitivity (p = .87), BDI scores (p =0.85), NE (p = .52) and 

Epi (p = .48). There were no sex differences in PBMC β-AR sensitivity (p= .87), BDI scores 

(p = .64), NE (p = .38) and Epi (p = .93). There were no differences between NYHA II and 

III for β-AR sensitivity (p = .41), NE (p = .67) and Epi (p = .89), although there was a trend 

for higher BDI scores in NYHA III (p = .091). Patients with HF taking antidepressants 

compared with those not taking antidepressants did not differ in BDI scores (p =.38), or β-

AR sensitivity (p = .21), or NE (p = .11), although there was a trend for patients taking 

antidepressants to have higher Epi levels (p = .06).

Depressive symptoms and cAMP, NE and Epi

An ANCOVA revealed that in patients with HF, major depression (binomial categories: yes 

or no) was associated with differential PBMC β-AR sensitivity (F(6, 72) = 9.27, p = .003, η2 

= .12) (see figure 1), whereby those with major depression (n = 17, 20% of the cohort) had 

increased β-AR sensitivity. Whereas, linear regression analyses revealed that BDI scores 

treated as a continuous independent variable of depression symptoms were not significantly 

related to β-AR sensitivity (p = .13, standardized β = .19). Adding a quadratic function to the 

regression equation revealed only a slight improvement in the fit of the model with the R2 

increasing from .032 to .045 which was not significant (p = .37). This suggests that the 

relationship between BDI scores and β-AR sensitivity do not fit a simple curvilinear model 

(see Supplementary Figure 3). However, an ANCOVA comparing categories of depression 

symptom groups from BDI scores: minimal (n = 34), mild (n = 23), and moderate-to-severe 

(n = 14) revealed significant differences in β-AR sensitivity (F(7, 72) = 7.03, p = .002, η2 = .
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18) (see figure 2). Pair-wise comparisons revealed that those with moderate-to-severe 

depression symptoms had significantly higher β-AR sensitivity than those with mild 

depression symptom levels (p = .001). Whereas, those with mild depression symptom levels 

had significantly lower β-AR sensitivity than those with minimal depression symptom levels 

(p = .049). This suggests that differential β-AR sensitivity may occur depending on the BDI 

severity category. Meanwhile, neither major depression status (p = .86 and p = .10 

respectively) or BDI categories of depression symptom severity were related to Epi and NE 

(p = .66 and p = .49 respectively). Furthermore, β-AR sensitivity was not related to Epi and 

NE levels (p = .40, r = −.10 and p = .12, r = −.19 respectively). All analyses were performed 

adjusting for LVEF, NYHA class, antidepressant use, race and HFpEF. The analyses were 

repeated without statistically adjusting for LVEF, since ejection fraction depends on 

contractility that in turn depends on SNS drive. Results did not differ when LVEF was 

removed as covariate from the analyses.

DISCUSSION

Patients with HF with major depression had increased PBMC β-AR sensitivity to an agonist. 

This relationship is consistent with our previous report that showed in response to exercise 

patients with HF with elevated depression levels had an increase in immune cell 

mobilization to β -agonist (20). Our results are consistent with research that psychological 

factors are associated with reduced β -blockade efficacy in CVD patients (37). However, our 

present findings are in contrast with investigations that found reduced β-AR sensitivity in 

physically healthy patients with major depression (25, 38). Conflicting findings in β-AR 

sensitivity may be due to HF-related sympathetic dysregulation in combination with major 

depression. As there are no other studies that we are aware of that have examined β-AR 

sensitivity in patients with HF and co-morbid major depression further study is needed to 

replicate our results. Heightened leukocyte β-AR sensitivity to agonists including 

catecholamines can potentially further affect cardiovascular physiology via leukocyte 

mobilization (20), especially to cardiac tissue which is related to greater risk of left 

ventricular hypertrophy (21), and cardiovascular remodeling (7, 8). Indeed, leukocyte 

mobilization to isoproterenol at rest described in our previous report (20) was significantly 

correlated with isoproterenol stimulated cAMP (p = .02, R2 change = .11) after adjusting for 

cardiovascular risk factors, and antidepressant use. Importantly, the present study suggests 

that some patients with HF with major depression may differentially respond to β -blockers 

since their PBMC β -adrenergic receptors are hyper-responsive to an agonist compared to 

those without current major depression. Thus, there may be clinical implications to this 

finding in this specific population although this still needs to be further investigated.

Unexpectedly, we did not find relationships between depression symptoms and plasma 

catecholamines (NE and Epi). There may be various explanations for this lack of 

relationship in the present study. It is well documented that patients with HF have 

heightened cardiac sympathetic activation and increased central nervous system 

catecholamine turnover (12), which may mask associations with depression. The wide use of 

β -blockers to treat HF may further mask such a relationship. Additionally, other studies 

have similarly observed that depression symptoms were not related to resting levels of 

catecholamines, but instead found that elevated catecholamines were related to depression 
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symptoms only in response to stress (14). Changes in β-AR sensitivity in response to stress 

were not examined in the present study. We also did not find a relationship between 

leukocyte β-AR sensitivity and catecholamines, which corresponds with studies that found a 

similar lack of association in depressed patients (25). Although plasma catecholamines 

reflect overall SNS activity, β-AR sensitivity of circulating mononuclear cells may be 

mediated locally in the spleen and lymphatic structures where sympathetic nerves have 

terminals in close apposition to sequestered cells (15). Other investigations have found local 

SNS activity to be associated with depression. Muscle SNS activity was elevated in major 

depression disorder (MDD) patients that had high depression symptoms compared with 

MDD patients with lower depression symptoms (10). Despite the lack of relationship 

between depression and catecholamines in the present study, observed differences in 

leukocyte β-AR sensitivity in relation to major depression may illustrate that functional 

measures of SNS may be important in depression studies for examining SNS activation.

In contrast to binomial assessments of major depression, when depression symptoms were 

examined as a continuous variable a relationship was not found between symptoms of 

depression and β-AR sensitivity. This confirms observations from other studies that also did 

not find a correspondence between depression as a continuous variable and β-AR sensitivity 

(24). However, some studies have found non-linear relationships between sympathetic 

activity and depression symptoms (10), 13). For example, the overall rate of spillover of NE 

to plasma did not differ between the healthy subjects and the patients with major depressive 

disorder (MDD); whereas the rate of NE spillover to plasma followed a bimodal distribution 

with a subset of MDD patients having very high sympathetic nervous activity, including 

sympathetic outflow to the heart (13). Upon further analysis, we found subcategories of 

depression symptom severity had differential relationships with β-AR sensitivity. Moderate-

to-severe depression symptoms appeared to have greater β-AR sensitivity than patients with 

mild depression symptoms. Whereas, mild depression symptoms were associated with lower 

β-AR sensitivity compared with patients with minimal depression symptoms. However, our 

analyses did not determine a definitive curvilinear pattern of β-AR sensitivity in relation to 

continuous depression scores as might have been expected from the pattern exhibited from 

minimal, mild and moderate/severe depression symptom categories. This may be due to the 

small number of patients in the study with moderate/severe depressive symptoms and further 

investigation is needed to elucidate the precise parameters of the relationship. β-AR 

sensitivity differences did not appear to reflect antidepressant treatments, since β-AR 

sensitivity did not differ between those taking antidepressants and those who did not. 

Similar to our findings of reduced leukocyte β-AR sensitivity in patients with HF with mild 

depression symptoms, reduced β-AR sensitivity is found with chronic stress (39, 40) which 

has been linked with attenuated adrenergic immune regulation and corresponding 

augmented inflammation (41) that is related to chronic inflammatory diseases including 

CVD (40). However, more investigation is needed to determine whether mild depression 

symptoms associated with reductions in β-AR sensitivity indeed impact inflammation and 

whether this has an influence on HF prognosis. Heterogeneous patterns of SNS activity and 

depression severity should be further investigated, as differential depression symptomology 

may reflect a specific stage and/or etiology of depression, which may possess an array of 

differential neuroimmune characteristics from major depression. Although ROC analysis 
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exhibited a high correlation between major depression diagnosis and BDI scores, this strong 

relationship may not extend to biological markers. Thus, the method of measuring 

depression may be an important factor when evaluating depression and β-AR sensitivity and 

may give disparate results depending on the depression measure used. We are not aware of 

other studies that have examined depression symptom score categories and β-AR sensitivity 

in healthy or clinical populations, and further investigation is needed.

Limitations of this study include the small number of patients with HF in the subcategories 

of depression symptom severity and major depression status. A larger scale investigation is 

needed to confirm and potentially strengthen our findings. In addition, the patients in our 

study were heterogeneous and included patients with HF with and without preserved systolic 

function. However, these groups did not differ in PBMC β-AR sensitivity or total BDI 

scores, and preserved systolic function was adjusted for in all analyses. The present 

investigation is likely limited in generalizability to patients with HF taking β -blockers. 

Since the current medical regimen for most patients with HF involves β -blockers it would 

be almost impossible to examine patients with HF that are not on β -blockers in order to 

separate out the effects of β -blockers versus the effects of HF itself on β-AR sensitivity in 

this cohort. The present study, however does suggest that some patients with major 

depression may be differentially responding to β -blockers since their β -adrenergic 

sensitivity appears to be increased compared with patients with HF without major 

depression. Another limitation is that there was a greater proportion of men in this study and 

thus, it is unknown if these findings are generalizable to women. However, there were no 

sex differences in PBMC β-AR sensitivity or BDI scores. Nonetheless, future studies should 

include larger populations of women to confirm that these findings do not differ by gender. 

It also should be noted that the measures of depression (BDI and SCID) together did not 

cleanly differentiate symptom severity (see Supplementary Figure 2). Some patients with 

major depression determined with the SCID also fell into the category of mild depression 

symptoms measured with the BDI (n = 5) and a couple of patients with moderate-to-severe 

depression symptoms were not found to have major depression (n = 2). Thus, major 

depression may not always result from of an accumulation of depression symptoms, but may 

have a qualitative component that is not measured with depression severity indexes such as 

the BDI (42). At the same time, self-report indexes of depression may provide added 

information and can provide a means of exploring categories, such as mild depression 

symptoms that may be missed with binomial determinations of major depression. Another 

potential limitation of this study was the lack of measurement of depression with a scale that 

eliminates the effects of somatic symptoms since this was a clinical population with 

underlying physical pathophysiology. However, our preliminary analyses did not find an 

association between somatic-affective symptoms of depression in the subscale of the BDI 

and β-AR sensitivity. Further investigation is needed in order to clarify the interactions 

among depression severity, subcategories of depressive symptoms, sympathetic activity, and 

HF status. Also, it is unknown whether these relationships are limited to patients with HF 

and may not generalize to other CVD populations. Additionally, research is needed to 

establish whether PBMC β-AR sensitivity is related to HF progression to reveal clinical 

implications of these results.
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CONCLUSIONS

Our results suggest that depending on the category of depression symptoms, PBMC β-AR 

sensitivity may be differentially affected. Thus, patients with HF with major depression may 

have disparate sympathetic regulatory functions than those with mild depression symptoms. 

Patients with HF with major depression appear to have increased PBMC β-AR sensitivity, 

which may indicate that psychological disorders may undermine medications prescribed to 

reduce sympathetic activity. By deconstructing measurements of depression a greater depth 

of information may be garnered to potentially reveal subtypes of depression symptoms and 

their relation to β -adrenergic sensitivity in HF. This potentially reveals the necessity for 

diverse treatments of depression in patients with HF since they may be related to different 

mechanistic pathways to worsening HF. More research is needed to determine the clinical 

significance of these differences in PBMC β-AR sensitivity in HF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Heart failure patients with major depression had significantly higher beta 2- adrenergic 

receptor sensitivity (determined with cAMP stimulation index) compared with heart failure 

patients without major depression. Reported means are adjusted for LVEF, NYHA class and 

HF with preserved systolic function, antidepressant use and race. Error bars consist of 

standard error of the mean (SEM). log cAMP SI = log isoproteronol stimulated /log non-

stimulated cAMP levels of peripheral blood mononuclear cells. * p < .05
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Figure 2. 
A comparison of heart failure patients that scored in the range of minimal, mild and 

moderate-to-severe depression symptoms using the Beck Depression Inventory for beta 2- 

adrenergic receptor sensitivity (determine with cAMP stimulation index). Patients with mild 

depression symptoms had significantly lower beta 2- adrenergic receptor sensitivity than 

those with minimal symptoms. Patients with moderate-to-severe depression symptoms had 

significantly higher beta 2- adrenergic receptor sensitivity than patients with mild depression 

symptoms. Reported means are adjusted for LVEF, NYHA class and HF with preserved 

systolic function, antidepressant use and race. Error bars consist of standard error of the 

mean (SEM). log cAMP SI = log isoproteronol stimulated /log non-stimulated cAMP levels 

of peripheral blood mononuclear cells. * p < .05
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Table 1

Patient characteristics

Measure Major Depression (N = 17) No Major Depression (N = 56) Total (N = 73) p value

BNP, pg/mL (mean ± s.d) 156.1 (178.4) 237.5 (319.7) 219.2 (294.7) 0.21

Age (mean ± s.d) 52.9(12.6) 57.4 (13.0) 56.3 (13.0) 0.15

BMI (mean ± s.d) 34.1 (10) 31.5 (7.6) 32.0 (8.2) 0.45

BDI (mean ± s.d) 23.7 (8.6) 9.3(5.0) 12.6 (8.6) < 0.001

Women (N, %) 7 (41%) 11 (20%) 18 (25%) .065

Antidepressants (N, %) 4 (23%) 5 (9%) 9 (12%) 0.10

Current Smoker (N, %) 2 (12%) 9 (16%) 11 (15%) 0.68

College grad (N, %) 1 (6%) 10 (18%) 11 (15%) 0.13

White (N, %) 10 (59%) 39 (70%) 49 (67%) 0.82

HF with preserved systolic function (N, %) 2 (12%) 3 (5%) 5 (7%) 0.35

LVEF (%) 32.2% 29.5% 30.1% 0.35

NYHA III (N, %) 5 (29%) 10 (18%) 15 (20%) 0.28

s.d. = standard deviation, BNP = brain- type natriuetic peptide, BMI = body mass index, BDI = Beck Depression Inventory, s.i. = stimulation 
index, Epi = epinephrine, NE = norepinephrine, HF = heart failure, EF = ejection fraction, NYHA = New York heart association.
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