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Abstract

BACKGROUND—Hypoalbuminemia is common in patients with chronic heart failure, and is a 

marker of disease severity associated with an adverse prognosis. Whether hypoalbuminemia 

contributes to (or is associated with) worse outcomes in AHF is unclear. We sought to determine 

the implications of low serum albumin in patients receiving decongestive therapies for acute heart 

failure (AHF).

Address for Correspondence: W. H. Wilson Tang, MD; 9500 Euclid Avenue, Desk J3-4, Cleveland, OH 44195, U.S.A.; Tel: (216) 
444-2121; Fax: (216) 445-6165; tangw@ccf.org.
1Dr. Grodin has no relevant disclosures to report.
2Dr. Lala has no relevant disclosures to report.
3Susanna Stevens has no relevant disclosures to report.
4Dr. DeVore has no relevant disclosures to report.
5Dr. Cooper has no relevant disclosures to report.
6Dr. AbouEzzedine has no relevant disclosures to report.
7Dr. Mentz receives support from the National Institutes of Health, Amgen, AstraZeneca, Bristol-Myers Squibb, GlaxoSmithKline, 
Gilead, Novartis, Otsuka and ResMed; honoraria from Thoratec and HeartWare; and advisory board for Luitpold Pharmaceuticals.
8Dr. Groarke has no relevant disclosures to report.
9Dr. Joyce has no relevant disclosures to report.
10Dr. Rosenthal has no relevant disclosures to report.
11Dr. Vader has no relevant disclosures to report.
12Dr. Tang has no relevant disclosures to report.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
J Card Fail. Author manuscript; available in PMC 2017 November 01.

Published in final edited form as:
J Card Fail. 2016 November ; 22(11): 884–890. doi:10.1016/j.cardfail.2016.01.015.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



METHODS—Baseline serum albumin levels were measured in 456 AHF subjects randomized in 

the DOSE-AHF and ROSE-AHF trials. We assessed the relationship between admission albumin 

levels (both as a continuous variable and stratified by median albumin [≥3.5 g/dL]) and worsening 

renal function [WRF], worsening heart failure [WHF], and clinical decongestion by 72 hours; 7-

day cardiorenal biomarkers; and post-discharge outcomes.

RESULTS—The mean baseline albumin level was 3.5±0.5 g/dL. Albumin was not associated 

with WRF, WHF, or clinical decongestion by 72 hours. Furthermore, there was no association 

between continuous albumin levels and symptom change by visual analog scale or weight change 

by 72 hours. Albumin was not associated with 60-day mortality, rehospitalization or unscheduled 

emergency room visits.

CONCLUSIONS—Baseline serum albumin levels were not associated with short-term clinical 

outcomes for AHF patients undergoing decongestive therapies. These data suggest serum albumin 

may not be a helpful tool to guide decongestion strategies.
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INTRODUCTION

Human serum albumin is a 65-kilodalton protein that comprises over 50% of the total 

plasma protein concentration1. Albumin binds to exogenous particles and may have both 

anti-oxidant and antiinflammatory properties, and it is responsible for nearly 70–80% of the 

plasma oncotic pressure.1

Hypoalbuminemia is common in patients with chronic heart failure 2, 3 with a prevalence of 

approximately 25%, and may be even more common in the elderly or frail.4 In acute heart 

failure (AHF), hypoalbuminemia may facilitate increased peripheral edema and pulmonary 

congestion at lower left atrial pressures.5 Hypoalbuminemia (< 3–3.5 g/dL) has been 

associated with incident worsening renal function (WRF) during decongestive therapy for 

AHF.6, 7 In particular, low albumin levels have been postulated to cause an inability to 

regulate volume status and lead to intravascular volume losses and reduced renal perfusion.6 

Furthermore, hypoalbuminemia in AHF is associated with a higher incidence of adverse 

outcomes, and its prognostic impact may be more pronounced in patients with reduced left 

ventricular ejection fraction.8 However, whether the phenotypic presentation and clinical 

course during decongestion in AHF vary according to albumin levels need further 

clarification.

We hypothesize that lower baseline albumin levels will be associated with incident WRF, 

worsening heart failure (WHF), and less response to decongestive therapies. The Diuretic 

Strategies in Patients with Acute Decompensated Heart Failure (DOSE-AHF) and the Low-

dose Dopamine or Low-dose Nesiritide in Acute Heart Failure with Renal Dysfunction 

(ROSE-AHF) trials provide a well-characterized AHF cohort with adjudicated outcome data 

to study these relationships.
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METHODS

Study Population

We included two studies conducted within the NHLBI-sponsored Heart Failure Clinical 

Trials Network. The protocols were approved by the Institutional Review Board at each site 

and written informed consent was obtained from all patients prior to randomization. All 

trials were conducted in the United States and Canada.

DOSE-AHF and ROSE-AHF were prospective double-blinded trials that tested the 

effectiveness and renal consequences of different decongestive strategies in AHF patients 

with clinical evidence of congestion. The diagnosis of AHF was based on the presence of at 

least one sign (rales, peripheral edema, ascites, or radiographic evidence of pulmonary 

congestion) and one symptom (dyspnea, orthopnea or edema), regardless of ejection 

fraction. DOSE-AHF tested high vs. low dose loop diuretic and bolus vs. continuous 

infusion intravenous loop diuretic dosing in hospitalized patients with AHF, using a 2x2 

factorial design.9 Of the 308 patients randomly assigned, 151 were assigned to low dose 

loop diuretic, 157 to high dose loop diuretic, 156 to bolus dosing, and 152 to continuous 

infusion dosing. The ROSE-AHF trial tested the effectiveness of additional low-dose 

dopamine (2 μg/kg/min) or low-dose nesiritide (0.005 μg/kg/min) in hospitalized patients 

with AHF and renal dysfunction (glomerular filtration rate 15–60mL/min/1.73 m2 as 

estimated by the Modification of Diet and Renal Disease equation).10 Of the 360 patients 

randomly assigned, 122 were assigned to low-dose dopamine and 119 to low-dose nesiritide 

which were both compared to placebo.

In both trials, patients with advanced chronic kidney disease were excluded. In DOSE-AHF 

this was defined as a serum creatinine >3.0 mg/dL and in ROSE-AHF as an estimated GFR 

of <15 mL/min/1.73m2. Patients with a terminal illness other than heart failure with an 

expected survival of < 1 year were also excluded from both trials. There were no exclusion 

criteria for liver disease in either trial.

Cohort selection criteria

All randomly assigned patients with albumin levels checked locally at the enrolling sites 

(N=456) were included in this analysis. If patients were enrolled in both trials, only the 

observations from DOSE-AHF were included as this was the first trial enrollment.

Outcome assessment

All outcomes were assessed from randomization. WRF was defined as an increase in serum 

creatinine of >0.3 mg/dl from baseline until 72 hours. WHF was defined as the need for 

rescue therapy (additional open label loop diuretic, addition of a thiazide, vasoactive therapy, 

ultrafiltration, or mechanical circulatory or respiratory support from baseline until 72 hours). 

Freedom from congestion was defined as JVP <8 cm H2O, no orthopnea, and, at most, trace 

peripheral edema after 72 hours of treatment. The effectiveness of decongestive therapies 

was determined by improvement in symptoms (as measured by dyspnea and global well-

being analogue scales); net fluid loss and weight change; and diuretic efficiency (net fluid 

loss produced per 40 mg of furosemide equivalents) until 72 hours.11
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Cardiorenal biomarkers included serum creatinine, cystatin C, and amino terminus pro-B-

type natriuretic peptide (NT-proBNP). These biomarkers were measured at baseline and, for 

DOSE, 7 days after enrollment. They were analyzed at a biomarker core laboratory at the 

University of Vermont, Burlington, VT.

Post-hospitalization clinical outcomes were previously adjudicated as part of the clinical 

trials.9, 10 They included death, rehospitalization, and emergency department visits at 60 

days.

Statistical analysis

Continuous variables were expressed as medians with the 25th and 75th percentile. 

Categorical variables were expressed as frequencies with percentages. Baseline 

characteristics of albumin levels ≥ or < 3.5 g/dL (median value) were compared by the 

Wilcoxon rank sum test or Pearson’s chi square test where appropriate. Logistic and general 

linear regression were used to determine the association between albumin levels and clinical 

decongestion endpoints, symptom change and fluid status by 72 hours, and for change in 

cardio-renal biomarkers by 7 days. All models were adjusted for the clinical trial with 

additional adjustment for baseline values when modeling a change for a continuous variable. 

Interactions with left ventricle ejection fraction (LVEF) > or ≤45% and albumin level were 

checked. Cox-proportional hazards models were used to determine the association between 

baseline albumin and death, rehospitalization, or unscheduled emergency department visits 

by 60-days. Two-sided P-values <.05 were considered statistically significant and double-

sided P-values <.1 were used to identify potential interactions. Statistical analyses were 

completed using SAS software, version 9.2 (SAS Institute Inc., Cary, North Carolina).

RESULTS

Baseline Characteristics

Serum albumin levels were available for 456 subjects (Figure 1). Mean baseline albumin 

level Figure 2) was 3.5±0.5 g/dL. Baseline characteristics stratified by albumin level are 

described in Table 1. Lower albumin was associated with a higher prevalence of rales on 

auscultation (P<0.001), a trend towards increased significant peripheral edema (P=0.09), but 

not JVP ≥ 8 cm H2O (P=0.45, Figure 3).

Clinical decongestion endpoints

At 72 hours the incidence of WHF or WRF in the combined studies was 29.6% (N=131, 

Table 2). Individually, the incidence of WHF was 13.1% (N=58) and the incidence of WRF 

was 19.8% (N=88). This incidence of WRF was similar in DOSE-AHF and ROSE-AHF 

(19.5% and 20.0%, respectively). However, DOSE-AHF had a higher incidence of WHF 

than ROSE-AHF (21.2% and 6.8%, respectively). Only a minority of patients were free of 

congestion at the end of 72 hours: 13.9% (N=56). Baseline albumin levels were not 

associated with the incidence of WHF, WRF, or freedom from congestion (P>.05 for all, 

Table 2) and there were no interactions between albumin and LVEF for each (p>0.1 for all). 

The results were similar when albumin was analyzed as a continuous variable. In a 

sensitivity analysis, the assumption of linear risk-relationship of continuous albumin levels 
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with respect to each outcome was tested. We were unable to reject the null hypothesis of a 

linear relationship with albumin modeled for WRF or WHF, P=0.68; for WRF, P=0.70; for 

WHF, P=0.55; or for freedom from congestion, P=0.39. Thus, there were no signs of a 

threshold effect for albumin.

Symptom change, fluid loss, and change in cardiorenal biomarkers

Albumin levels were not associated with changes in dyspnea or global well-being by visual 

analogue scales by 72 hours (Table 3). Baseline albumin levels were associated with net 

fluid loss (Δ −578 mL/ albumin g/dL, P=0.048) but not weight change (P=0.43) or lower 

diuretic efficiency (P=0.053). All three outcomes were not associated with baseline albumin 

≥ 3.5 g/dl (P>.05 for all). Further, there were no associations between baseline albumin 

levels and change in measured cardiorenal biomarkers at 7 days: creatinine (P=0.75), 

cystatin C (P=0.76), nor NT-proBNP (P=0.60). Comparable findings were seen for albumin 

≥ 3.5 g/dl (P>.05 for all). There were no interactions with LVEF and albumin for any of the 

continuous 72-hour or 7-day outcomes (p>0.1 for all).

Post-discharge hospitalization events

The composite outcome--death, rehospitalization, unscheduled ER visit--occurred in 195 

patients (43.4%) over 60 days of follow-up. Individually, there were 40 deaths (8.8%), 144 

rehospitalizations (32.3%), and 51 unscheduled ER visits (11.4%, Table 4). Baseline 

albumin ≥3.5 g/dL was not associated with the composite outcome (HR 0.97, 95% CI 0.73–

1.29, P=0.84), nor rehospitalizations (HR 1.05, 95% CI 0.76–1.47, P=0.76). There was a 

non-significant trend for a reduced risk of death by 60-days for albumin ≥3.5 g/dL (HR 0.64, 

95% CI 0.37–1.12, P=0.12. Otherwise, all other findings were comparable when albumin 

was analyzed as a continuous variable.

DISCUSSION

This analysis has several important findings which inform our understanding of what the 

clinical implications of serum albumin levels are in patients hospitalized for AHF. First, 

serum albumin levels were largely within the normal range in this AHF trial population. 

Despite this, lower albumin levels within this range were associated with physical exam 

findings of peripheral congestion but not central venous congestion (JVP ≥ 8 cm H2O), 

suggesting that the former is more affected by oncotic pressure and the latter by hydrostatic 

pressure. Second, besides net fluid loss at 72 hours, admission albumin level was not 

associated with short-term clinical endpoints, symptom change, nor change in cardiorenal 

biomarkers with decongestive therapies. Third, baseline serum albumin level was not 

associated with mortality, rehospitalization or ER visits. Taken in aggregate, these data 

suggest that although patients with lower serum albumin may have more peripheral edema 

upon presentation, serum albumin may not influence short-term clinical and cardiorenal 

changes during decongestive therapies for AHF.

In AHF, venous congestion is a result of elevated cardiac filling pressures in addition to salt 

and water retention by the kidney. This causes increased hydrostatic pressure in capillary 

beds throughout the body, which counterbalances the osmotic gradient between the 
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intravascular space and the interstitium resulting in a low protein edema.12 Our finding that 

lower albumin levels were associated with increased peripheral and pulmonary edema on 

exam, but not central congestion supports the assertion that lower plasma oncotic pressure 

further augments the hydrostatic-mediated extravasation of fluid into the interstitium and 

that central venous pressure is not the sole determinant of pulmonary or peripheral 

edema.13, 14

These findings conflict with prior reports suggesting that lower albumin levels were 

associated with incident WRF during treatment for AHF. A single-center, prospective cohort 

of 80 patients with AHF had a 26% incidence of WRF, (increase in serum creatinine ≥0.3 or 

25%).6 Their analysis suggested that serum albumin <3.5 g/dL was independently associated 

with WRF. Another retrospective study of 177 patients hospitalized with AHF receiving 

continuous loop diuretic infusions demonstrated a 27% incidence of WRF, suggested that a 

serum albumin ≤3.0 g/dL was a strong independent predictor.7 In contrast, our cohort has a 

much larger sample size (N=456) with more outcomes (N=88) comprised of randomized 

patients from multiple centers receiving protocolized decongestive therapy, therefore 

reducing potential bias related to regional treatment and practice patterns. Along similar 

lines, this discrepancy may also be explained by these studies having broader, non-trial 

populations. Further strengthening this assertion was the lack of association between 

albumin and serum creatinine or cystatin C change.

Based on these prior studies6, 7 and the notion that plasma oncotic pressure may lead to 

dysregulation of intravascular volume with subsequent decrements in renal blood flow and 

more peripheral and pulmonary edema, we hypothesized that lower albumin would be 

associated with both WRF and WHF. However, this was not the case in the present analysis. 

Low albumin may be a minor contributor to WRF as renal impairment in heart failure results 

from a complex interplay between both hemodynamic and non-hemodynamic factors.15

In addition to the preservation of renal function, decongestion and preventing clinical 

worsening is paramount during AHF treatment. WHF during the course of AHF treatment 

identifies patients with either worsening symptoms or poor response to initial therapy in 

whom treating clinicians may intensify treatment.16 As such, this outcome encompasses 

both heart failure pathophysiology and the clinician’s interpretation of the patient’s clinical 

status and response to treatment. Given the observation that albumin was not associated with 

subjective change in symptoms, it is not surprising that we found no association between 

baseline albumin levels and WHF.

Pharmacologically, albumin may interact with decongestive therapies. Hypoalbuminemia 

has been postulated to contribute to loop diuretic resistance as albumin-loop diuretic binding 

facilitates drug delivery to the kidney.17 From this, intravenous albumin administration may 

increase diuretic efficacy, but there are mixed reports regarding its clinical benefit. Any 

increase in diuretic efficacy may be primarily in patients with chronic renal dysfunction and 

nephrotic syndrome or cirrhosis and the benefit may only be within the first 24 hours.18–20 

In contrast, our results suggest that patients with lower albumin levels had higher net fluid 

loss and a trend towards increased diuretic efficiency. Potential explanations for this include: 

1) serum albumin levels in heart failure patients are relatively higher in comparison to 
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patients with cirrhosis or nephrotic syndrome whereby albumin-facilitated loop diuretic 

delivery to the kidney plays a minor role in the development of diuretic resistance in heart 

failure. 2) AHF patients with lower albumin have more peripheral edema, hence clinicians 

may continue decongestive therapies longer. Similar results have previously been reported. 

A retrospective analysis of 162 patients with AHF showed that hypoalbuminemia (albumin ≤ 

3 g/dL) had no association with diuretic effectiveness in patients receiving continuous 

infusions of loop diuretics.21 Taken in aggregate, albumin levels in general AHF 

populations, without significant renal or hepatic abnormalities, may not significantly impact 

decongestive treatment.

Hypoalbuminemia in HF may result from inflammatory stress,22, 23 hepatic congestion and 

right heart failure,24 and malnutrition resulting in impaired protein synthesis.25 Although 

low baseline albumin levels were associated with higher NT-proBNP and a trend towards 

worse NYHA status, we found no association between baseline albumin levels and 

prognosis in this cohort.4, 8 This finding may be representative of selection bias given the 

inclusion criteria of DOSE-AHF and ROSE-AHF and, therefore, not generalizable to more 

advanced heart failure. As such, prior cohorts demonstrating the prognostic role of lower 

albumin should not be discredited.

This analysis must be interpreted within the context of several limitations inherent to its 

design. This is a post-hoc analysis of a composed cohort from two randomized controlled, 

double-blinded trials (DOSE-AHF and ROSE-AHF), which were not adequately powered to 

detect clinical endpoints according to baseline albumin levels. Yet, all short-term and post-

discharge clinical endpoints were adjudicated within the confines of a clinical trial, 

supporting the validity of these findings. In contrast to prior analyses with highly 

heterogenous AHF cohorts, the present study represents carefully selected AHF populations 

with prospectively collected outcomes and, therefore, minimizes unintential biases and other 

factors that may have confounded the albumin-risk relationship. Along the same lines, these 

results may not be generalizable to a more severe AHF phenotype, those with hypotension 

requiring intravenous vasoactive or inotropic therapies or those with significant hepatic or 

renal dysfunction.

CONCLUSION

Patients with lower serum albumin levels on admission have evidence of peripheral 

congestion upon presentation. However, there was no association with albumin levels and in-

hospital endpoints, long-term endpoints, symptomatic change, or change in cardiorenal 

biomarkers. In populations without severe hypoalbuminemia, the intention to achieve 

adequate diuresis may overcome the impact of lower albumin during acute therapy for 

decompensation. It is not known whether therapy directed specifically to improve nutrition 

would improve post-discharge outcomes.
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Highlights

• Binding of albumin to diuretics are key to delivery to the nephron, and 

low albumin levels diminish intravascular oncotic pressures necessary 

to maintain intravascular volume for effective diuresis.

• Based on prospectively collected data from two acute heart failure 

clinical trials (DOSE-AHF and ROSE-AHF), this may not be the case 

in acute heart failure populations largely free of nephrotic syndrome or 

cirrhosis.

• Our data from two well characterized cohorts of patients with acute 

heart failure suggested serum albumin may not be a helpful tool to 

guide decongestion strategies or determine effectiveness of therapy.
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Figure 1. 
Consort Diagram
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Figure 2. 
Baseline Albumin Levels
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Figure 3. 
The Relationship of Albumin Levels to Physical Examination Findings

P-values by Pearson’s chi square test For edema ≥2+ P=0.09; for JVP ≥ 8 cm water P=0.45; 

and for rales P<0.001.
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Table 1

Baseline Characteristics

Characteristic Albumin < 3.5 g/dl (N=204) Albumin ≥ 3.5 g/dl (N=252) p-value*

Demographics

Age, years 68 (57.5, 78) 68 (59, 77) 0.80

Male sex 151/204 (74.0) 192/252 (76.2) 0.59

White race 124/204 (60.8) 197/252 (78.2) <0.001

Clinical History

Ejection fraction, % 33 (20, 55) 29.5 (20, 50) 0.23

Ischemic etiology 102/204 (50.0) 150/252 (59.5) 0.042

Diabetes 115/204 (56.4) 138/252 (54.8) 0.73

ICD 63/204 (30.9) 128/252 (50.8) <0.001

Chronic Liver Disease 8/204 (3.9) 8/252 (3.2) 0.67

Malignancy 11/204 (5.4) 19/252 (7.5) 0.36

Tricuspid regurgitation 0.84

 None/trivial 71/202 (35.1) 85/251 (33.9)

 Mild 49/202 (24.3) 58/251 (23.1)

 Moderate 50/202 (24.8) 60/251 (23.9)

 Severe 32/202 (15.8) 48/251 (19.1)

NYHA classification at baseline 0.051

 II 8/192 (4.2) 8/242 (3.3)

 III 123/192 (64.1) 181/242 (74.8)

 IV 61/192 (31.8) 53/242 (21.9)

Medications

 ACE inhibitor or ARB 117/204 (57.4) 140/252 (55.6) 0.70

 Beta-blocker 170/204 (83.3) 205/252 (81.3) 0.58

 Aldosterone antagonist 52/204 (25.5) 80/252 (31.7) 0.14

 Oral diuretic dose pre-hospitalization, furosemide equivalents in 
mg/day

80 (80, 160) 80 (80, 160) 0.088

HF Clinical Assessment

Body mass index, kg/m2 31.4 (26.7, 36.8) 30.6 (26.2, 37.3) 0.64

Self-assessment

Global VAS at baseline 49 (34, 63) 50 (30, 69) 0.48

Dyspnea VAS at baseline 50 (33, 75) 57 (38, 76) 0.063

Local Labs

Sodium, mg/L 138 (136, 141) 138 (136, 141) 0.47

Hemoglobin, g/dL 11.2 (9.9, 12.6) 11.8 (10.6, 13.2) 0.002

Blood urea nitrogen, mg/dl 31.5 (24, 47.5) 34 (24, 50) 0.20

Core Labs

Creatinine, mg/dl 1.49 (1.17, 1.94) 1.58 (1.22, 1.90) 0.60

NT-proBNP, pg/ml 5268 (3071, 10703) 4240 (1923, 9618) 0.030

Cystatin C, mg/L 1.59 (1.27, 2.08) 1.58 (1.25, 2.04) 0.70
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Variables are expressed as median (25th and 75th percentile) or n/N (%)

*
P-values by Wilcoxon Test, Fisher’s Exact, or Chi-square

Abbreviations: ICD, implantable cardioverter-defibrillator; NYHA, New York Heart Association; ACE, angiotensin converting enzyme; ARB, 
angiotensin receptor blocker; VAS, visual analogue scale; and NT-proBNP, amino terminal pro-B-type natriuretic peptide.
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