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Abstract

Background—Body weight changes during and after hospitalization for acute heart failure 

(AHF) and the relationships with outcomes have not been well-characterized.

Methods—A post-hoc analysis was performed of the ASCEND-HF trial, which enrolled patients 

admitted for AHF regardless of ejection fraction. In-hospital body weight change was defined as 

the difference between baseline and discharge/day 10, while post-discharge body weight change 

was defined as the difference between discharge/day 10 and day 30. Spearman rank correlations of 

weight change, urine output (UOP), and dyspnea relief as assessed by a 7-point Likert scale are 

described. Logistic and Cox proportional hazards regression was used to evaluate the relationship 

between weight change and outcomes.

Results—Study participants with complete body weight data (n = 4,172) had a mean age of 

65±14 years and 66% were male. Ischemic heart disease was reported in 60% of patients and the 

average ejection fraction was 30±13%. The median change in body weight was −1.0 kg 

(interquartile range [IQR]: −2.1, 0.0) at 24 hr and −2.3 kg (IQR: −5.0, −0.7) by discharge/day 10. 

At hour 24, there was a weak correlation between change in body weight and UOP (r = −0.381) 

and minimal correlation between body weight change and dyspnea relief (r = −0.096). After risk 
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adjustment, increasing body weight during hospitalization was associated with a 16% increase per 

kg in the likelihood of 30-day mortality or HF readmission for patients showing weight loss ≤1 kg 

or weight gain during hospitalization (Odds Ratio per kg increase 1.16, 95% Confidence Interval 

[CI] 1.09–1.27; p<0.001). Among the subset of patients experiencing > 1 kg increase in body 

weight post-discharge, increasing body weight was associated with higher risk of 180-day 

mortality (Hazard Ratio per kg increase 1.16, 95% CI 1.09–1.23; p<0.001).

Conclusion—A substantial number of patients experienced minimal weight loss or frank weight 

gain in the context of an AHF trial, and increasing body weight in this subset of patients was 

independently associated with a worse post-discharge prognosis.

Graphical abstract
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Introduction

There are more than 1 million hospitalizations for acute heart failure (AHF) annually in the 

United States representing 1–2% of all admissions (1). Signs and symptoms of congestion 

due to elevated cardiac filling pressures are the most common precipitant for hospitalization 

and readmission (2,3). As a result, relieving congestion has traditionally been one of the 

primary goals of therapy during hospitalization (4). Although the outpatient management of 

HF has been transformed by guideline-directed medical therapies, there have been few 

advances in the inpatient management of AHF and the cornerstone of decongestion remains 

diuretics (5). Despite the fundamental role congestion plays in AHF, there is little consensus 

among clinicians with respect to assessing and grading congestion during hospitalization. 

Moreover, limited data exist regarding the association between congestion, symptoms, 

changes in weight, and outcomes in patients following a hospitalization for AHF.

Elements of the history and physical exam, body weight change, and net fluid balance must 

ultimately be integrated into a comprehensive evaluation of volume status in order to make 

vital treatment decisions regarding the duration and intensity of therapy and patient 

disposition. However, the accuracy and reproducibility of surrogate measures of congestion 

and their associations with post-discharge outcomes remain unclear (6–8). Thus, the 

objective of this secondary analysis of the global ASCEND-HF (Acute Study of Clinical 
Effectiveness of Nesiritide and Decompensated Heart Failure) trial was to systematically 

characterize the relationship between body weight change during hospitalization and 

following discharge and patient characteristics, markers of congestion, and outcomes.
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Methods

Overview

The study design (9) and primary results (10) of the ASCEND-HF trial have been previously 

reported. Briefly, ASCEND-HF was a global, prospective, randomized, double-blind, 

placebo-controlled trial designed to examine the short- and long-term efficacy and safety of 

nesiritide, a recombinant natriuretic peptide. A total of 7141 patients hospitalized for HF as 

evidenced by dyspnea at rest or with minimal activity, ≥1 accompanying sign, and ≥1 

objective measure were randomized to nesiritide or placebo, in addition to standard therapy, 

within 24 hours of the first intravenous HF-related treatment. Relevant exclusion criteria 

included a high likelihood to be discharged from the hospital in ≤24 hours or a comorbid 

condition with an associated life expectancy of <6 months. The ASCEND-HF trial was 

conducted in accordance with the Declaration of Helsinki, the protocol was independently 

approved by the institutional review board or ethics committee at each participating center, 

and written informed consent was obtained from all participants.

Study Definitions and Endpoints

Patient weight was routinely collected according to local practice as part of study 

assessments. In-hospital body weight change was defined as the absolute difference between 

baseline and discharge or day 10, whichever occurred first, while post-discharge body 

weight change was defined as the absolute difference between discharge/day 10 and day 30. 

Study participants with a body weight change less than the 1st percentile or greater than the 

99th percentile were excluded. In-hospital body weight change was categorized as significant 

loss (i.e. change < −5 kg), moderate loss (i.e. −5 kg ≤ change < −1 kg), no loss (i.e. −1 kg ≤ 

change < 1 kg), and gain (i.e. change ≥1 kg). Dyspnea relief was measured 24 hours after 

enrollment using a selfreported 7-point categorical Likert scale (i.e. markedly worse = −3, 

moderately worse = −2, minimally worse = −1, no change = 0, minimally better = 1, 

moderately better = 2, and markedly better = 3). Urine output (UOP) was measured in 

milliliters (mL) from baseline to hour 24 (11).

The primary outcome of the ASCEND-HF trial was 30-day all-cause mortality or HF 

hospitalization. Additional outcomes of interest for the present analysis were 30-day HF 

hospitalizations, all-cause mortality, and the composite of all-cause mortality or all-cause 

hospitalization and 180-day all-cause mortality. An independent and blinded adjudication 

committee determined the cause of all hospitalizations and deaths occurring within 30 days. 

Hospitalization for HF was defined as admission for worsening signs or symptoms of HF 

resulting in the new administration of intravenous therapies, mechanical or surgical 

intervention, or provision of ultrafiltration, hemofiltration, or dialysis specifically for the 

management of persistent or worsening HF.

Statistical Analysis

All continuous data were reported as median (25th, 75th) percentiles and as frequencies and 

percentages for categorical data. Baseline patient characteristics including demographics, 

medical history, laboratory values, and medication use were compared by in-hospital body 

weight change. Categorical variables were assessed using Chi-square test or Fisher’s exact 
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test, while continuous variables were evaluated using analysis of variance or Kruskal-Wallis 

testing, as appropriate. The relationship between in-hospital body weight change, dyspnea 

relief and UOP was evaluated using Spearman’s rank correlation. The association between 

in-hospital body weight change and 30-day outcomes was assessed using logistic regression. 

Cox proportional hazards regression was utilized to assess the association between in-

hospital body weight change and 180-day mortality, similarly for post-discharge body 

weight change. To investigate the relationship between post-discharge body weight change 

and 180-day mortality, the reference time for 180-day mortality was reset to the date of 

discharge/day 10. Piecewise linear splines were used to model the nonlinear relationship 

between body weight change and both 30-day and 180-day clinical outcomes. Models were 

adjusted for potential confounders including age, gender, body mass index (BMI), ejection 

fraction (EF), New York Heart Association (NYHA) functional class, heart rate (HR), 

systolic blood pressure (SBP), Na, serum creatinine (sCr), blood urea nitrogen (BUN), b-

type natriuretic peptide (BNP)/amio terminal-proBNP (NT-proBNP), comorbidities 

(coronary artery disease [CAD], atrial fibrillation [afib], diabetes mellitus type II [DMII], 

chronic kidney disease [CKD], chronic obstructive pulmonary disease [COPD]), baseline 

medications (i.e. beta-blocker, angiotensin-converting enzyme inhibitor [ACEI]/angiotensin 

receptor blocker [ARB], mineralocorticoid receptor antagonist [MRA], digoxin, and 

inotropes), loop diuretics (i.e. total loop diuretics in oral furosemide equivalents from 

randomization to 24 hours post-randomization), and treatment assignment (i.e. nesiritide vs. 

placebo). The method of multiple imputations was utilized for missing data for prespecified 

covariates under the assumption that data were missing at random. Each adjustment variable 

had some degree of missingness. The majority of the pre-specified variables had less than 

1% missing data. Three variables had more than 1% but less than 10% missing data (Na; 

sCr; BUN). In addition, three variables had > 10% missing data (EF: 13.4%; NYHA 

functional class: 17.3%; NT-proBNP: 47.9%). Statistical analyses were performed using 

SAS software, version 9.4 (SAS Institute, Cary, NC).

Funding and Manuscript Preparation

Scios Inc. (Mountain View, CA) provided financial and material support for the ASCEND-

HF trial. Database management and statistical analysis was performed by the Duke Clinical 

Research Institute. The authors take responsibility for the manuscript’s integrity, and had 

complete control and authority over its preparation and the decision to publish.

Results

Study Population

A total of 4172 patients had body weight measured at baseline and discharge/day 10. Study 

participants had a mean age of 65±14 years, 65% were male, and 47% self-identified as non-

white (Table 1). Ischemic heart disease was reported in 60% of patients and the average 

ejection fraction was 30±13%. The prevalence of cardiac and non-cardiac comorbidities was 

high and patients were well-treated with guideline-directed medical therapies.
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Clinical Course of Body Weight Change

The median change in body weight was −1.0 kg (-2.1, 0.0) at hour 24 and −2.3 kg (−5.0, 

−0.7) at discharge/day 10 (Figure 1). Overall, 67% of patients (n = 2776) showed significant 

(i.e. change < −5 kg) or moderate weight loss (i.e. −5 kg ≤ change < −1 kg) during 

hospitalization, while 26% (n = 1068) showed no loss (i.e. −1 kg ≤ change < 1 kg) and 8% 

(n = 328) experienced weight gain (i.e. change ≥1 kg). Between discharge/day 10 and day 

30, study participants reported a change of +0.2 kg (−1.3, 2.0). At 30 days, 26% of patients 

(n = 945) showed significant or moderate weight loss, while 34% (n = 1211) showed no loss 

and 40% (n = 1438) experienced weight gain.

In-Hospital Body Weight Change and Patient Characteristics

Patients experiencing no weight loss or weight gain during hospitalization tended to self-

identify as non-white and were more likely to be female. This subgroup of patients also had 

a higher prevalence of cardiac and non-cardiac medical comorbidities. Although patients 

experiencing no weight loss or weight gain had less severe signs and symptoms of volume 

overload and lower natriuretic peptide levels at baseline, there were no clinically significant 

between-group differences in the rate of prescription or dose of loop diuretics. With the 

exception of β-blocker usage, there was no significant difference between groups in 

utilization of guideline-directed medical therapies.

Correlation Between Surrogate Markers of Congestion

At hour 24, there was a weak correlation between change in body weight and UOP (r = 

−0.381) and minimal correlation between body weight change and dyspnea relief (r = 

−0.096) (Table 2, Figure 2–4). In addition, there was minimal correlation between dyspnea 

relief and UOP (r = 0.111). The overlapping 95% CIs for the mean trajectory of sCr and 

BUN during hospitalization and post-discharge suggest that these markers did not differ over 

time by in-hospital body weight change (Figure 5–6).

Association Between Body Weight Change and Outcomes

The relationship between body weight change and 30-day and 180-day events was non-

linear—demonstrating a general decrease in risk for patients who lost weight and an increase 

in risk for patients who gained weight. Among patients with weight loss ≤1 kg or weight 

gain during hospitalization, increasing body weight during hospitalization was associated 

with a 16% increase (per kg) in the likelihood of 30-day mortality or HF readmission after 

risk adjustment (Odds Ratio [OR] per kg increase 1.16, 95% Confidence Interval [CI] 1.09– 

1.27; p<0.001) (Table 3). The association between in-hospital body weight change and 180-

day mortality did not reach the threshold for statistical significance (p = 0.086) in this subset 

of patients after risk adjustment (Table 4). In contrast, there was no statistically significant 

association between inhospital body weight change and 30-day and 180-day outcomes 

among patients reporting weight loss > 1 kg.

Among the subset of patients experiencing > 1 kg increase in body weight post-discharge, 

increasing body weight was associated with a 16% increase (per kg) in the risk of 180-day 

mortality after risk adjustment (HR per kg increase 1.16, 95% CI 1.09–1.23, p<0.001) (Table 

5). In contrast, for patients reporting <1 kg weight gain or weight loss, decreasing body 
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weight was associated with greater risk of death at day 180 (HR per kg increase 0.93, 95% 

CI 0.89–0.97).

Discussion

This study found that more than 30% of patients admitted for a primary diagnosis of AHF 

experience minimal weight loss or even frank weight gain during hospitalization. Despite 

reporting fewer signs and symptoms of congestion and lower natriuretic peptide levels at 

baseline, the prescription and dosing of loop diuretics was comparable to patients 

experiencing more marked in-hospital weight loss. Although there was a weak correlation 

between in-hospital body weight change and UOP, there was minimal correlation between 

dyspnea relief and either in-hospital body weight change or UOP. Finally, for the subset of 

patients experiencing weight gain during hospitalization or following discharge, body weight 

increases were associated with higher readmission rates and reduced survival.

The observation that 30% of patients experience minimal weight loss or gain weight during 

hospitalization for AHF is consistent with previously published estimates (6,12). When first 

considered, this observation could be surprising and even counterintuitive, however there are 

several contributing factors that help explain this finding. First, there are inherent practical 

barriers to weighing patients in a standardized fashion (i.e. timing, scale calibration, amount 

of clothing, patient positioning, etc.) that limit the precision and accuracy of body weight 

measurements. Second, at least a fraction of patients may be discharged with minimal 

weight loss and incomplete clinical decongestion. Third, it is possible that some patients 

may exhibit diuretic resistance or refractoriness to medical therapy (13). Finally, this finding 

may also be explained by the complex pathophysiology of congestion, which likely is a 

result of both an absolute increase in intravascular volume as well as a relative redistribution 

of fluid from capacitance vessels to the effective circulation (14,15). Thus, it is possible that 

patients reporting minimal weight loss or weight gain may in part represent a distinct HF 

phenotype characterized by a relative redistribution of fluid as opposed to a more gradual 

absolute increase in intravascular volume. This hypothesis is supported by the fact that these 

patients had substantially lower levels of natriuretic peptides and less peripheral edema at 

baseline, findings more suggestive of an acute decompensation, but were otherwise quite 

similar to patients experiencing more substantial weight loss during hospitalization.

It is also noteworthy that there was minimal correlation between dyspnea relief and either in-

hospital body weight change or UOP (8,16). Worsening dyspnea is the most common 

presenting symptom in AHF (2,6,17) and dyspnea relief has traditionally been an important 

endpoint for clinical trials and regulatory approval (18). However, there are several 

shortcomings to exclusively relying on dyspnea for assessing volume status and treatment 

response. First, there is no universally agreed upon method for measuring dyspnea in the 

context of routine practice or in the setting of a clinical trial (19). Second, dyspnea is 

subjective and non-specific, which is particularly problematic in HF where the prevalence of 

cardiac (i.e. ischemic heart disease, atrial fibrillation, etc.) and non-cardiac comorbidities 

(i.e. chronic obstructive pulmonary disease, sleep disordered breathing, etc.) is high and may 

confound interpretation (20–22). Third, dyspnea may be elicited in patients who are 

asymptomatic at rest by performing provocative maneuvers (e.g. lying them supine, 
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ambulation, etc.) (23,24). In addition, measuring body weight and UOP in the context of a 

pragmatic clinical trial likely represents a ‘best-case scenario’ and the reproducibility and 

accuracy of these recordings are likely superior to ‘real-world’ measurements. Thus, this 

study clearly highlights the challenges faced by providers who must integrate potentially 

discrepant data points as part of a global assessment of congestion in order to make 

management decisions.

Finally, in both the in-hospital and post-discharge phase there was a clear association 

between increasing body weight and adverse events among the subset of patients 

experiencing weight gain. Over the last couple of decades there has been a trend towards 

shorter length of stay (LOS) for hospitalization in general and HF-related admissions in 

particular. The pressure placed on providers by hospital administrators, healthcare payers, 

and policy makers alike to decrease LOS has likely had the unintended consequence of a 

subset of patients being discharged prematurely. These patients likely experience minimal 

weight loss and/or incomplete clinical decongestion and are subsequently at higher risk for 

short-term readmissions. In examining the patients in this analysis, the LOS of patients with 

minimal weight loss or frank weight gain was on average one day shorter than patients 

experiencing > 1 kg weight loss. This supposition is strongly supported by the existing 

literature, which has shown a robust association between LOS and post-discharge outcomes 

(25,26). Of note, prior research has shown a relationship between post-discharge body 

weight increases and HF readmissions, but this is the first study to demonstrate an 

association with mortality (27). However, it does not necessarily follow that further 

reductions in body weight during hospitalization or soon after discharge would translate into 

improved outcomes. Additional research is required to evaluate body weight targets as a 

potential endpoint for therapy. Finally, the association between increasing post-discharge 

body weight and improved survival, among patients experiencing <1 kg weight gain or 

weight loss, may be explained by nutritional status as severe malnutrition (28,29) and 

cardiac cachexia (30,31) as well as subtle decreases in serum albumin within the normal 

range (32,33) have been associated with increased morbidity and mortality.

There are several limitations of the data that should be addressed. First, this study was 

conceived post-hoc and is therefore subject to the potential biases intrinsic to exploratory 

analyses of observational data including unmeasured or residual confounding. Second, per 

study protocol patients were enrolled within 24 hours of the first intravenous HF-related 

treatment and likely experienced some degree of weight loss during the timeframe between 

initial presentation and enrollment. Third, the ASCEND-HF study protocol did not require a 

systematic process for weighing patients, which may have impacted the reliability and 

reproducibility of changes over time. Fourth, the case report form did not include estimates 

of intake and thus UOP is used as a best approximate of net fluid balance. Fifth, dyspnea 

relief was assessed in the ASCEND-HF trial using a categorical Likert scale and using a 

continuous instrument such as a visual analogue scale to assess dyspnea may have modified 

the correlation between dyspnea relief and other surrogate markers of congestion. Finally, 

these data were collected in the context of a clinical trial with specific inclusion and 

exclusion criteria potentially restricting the generalizability of the results.
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In conclusion, more than 30% of patients admitted for a primary diagnosis of AHF reported 

minimal weight loss or gained weight during hospitalization. These patients tended to 

exhibit fewer signs and symptoms of volume overload and had lower natriuretic peptide 

levels, suggesting a rapid redistribution of fluid as the pathophysiologic basis of congestion. 

There was also a dissociation between early dyspnea relief and both body weight change and 

UOP, underscoring the challenges of evaluating congestion and determining the appropriate 

intensity and duration of therapy. Finally, among patients experiencing weight gain during 

hospitalization or soon after discharge, increasing body weight portended a poor prognosis 

and additional research is necessary to prospectively validate goal-oriented decongestion 

strategies.

Clinical Perspectives

More than 30% of patients admitted for a primary diagnosis of AHF reported minimal 

weight loss or frank weight gain during hospitalization. These patients tended to exhibit 

fewer signs and symptoms of volume overload and had lower natriuretic peptide levels, 

suggesting a unique clinical phenotype characterized by a rapid redistribution of fluid as the 

pathophysiologic basis of congestion. There was also a dissociation between early dyspnea 

relief and both body weight change and UOP, underscoring the challenges of evaluating 

congestion and determining the appropriate intensity and duration of therapy. Among 

patients experiencing minimal weight loss or frank weight gain during hospitalization or 

following discharge, increasing body weight was associated with increased risk of adverse 

outcomes.

Translational Outlook

Additional research is required to prospectively validate the role of body weight targets as 

part of a comprehensive goal-oriented decongestion strategy.
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Abbreviations

HF heart failure

AHF acute heart failure
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ASCEND-HFAcute Study of Clinical Effectiveness of Nesiritide and Decompensated 

Heart Failure

UOP urine output

BMI body mass index

EF ejection fraction

NYHA New York Heart Association

HR heart rate

SBP systolic blood pressure

sCr serum creatinine

BUN blood urea nitrogen

BNP b-type natriuretic peptide

NT-proBNP amino terminal-proBNP

CAD coronary artery disease

Afib atrial fibrillation

DMII diabetes mellitus type II

CKD chronic kidney disease

COPD chronic obstructive pulmonary disease

ACEI angiotensin-converting enzyme inhibitor

ARB angiotensin receptor blocker

MRA mineralocorticoid receptor antagonist

HR hazard ratio

CI confidence interval
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Figure 1. In-Hospital Body Weight Change
The distribution of (A) absolute and (B) relative in-hospital body weight change at hour 24, 

discharge/day 10, and day 30.
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Figure 2. Body Weight Change and Dyspnea
The correlation between in-hospital body weight change and dyspnea relief at 24 hours.
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Figure 3. Body Weight Change and Urine Output
The correlation between in-hospital body weight change and urine output at 24 hours.
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Figure 4. Urine Output and Dyspnea
The correlation between urine output and dyspnea relief at 24 hours.
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Figure 5. Serum Creatinine and Change in Body Weight
Serum creatinine over time by in-hospital body weight change.
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Figure 6. Blood Urea Nitrogen and Change in Body Weight
Blood urea nitrogen over time by in-hospital body weight change
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Table 2

Correlation Between Body Weight Change and Surrogates of Congestion at 24 Hours

Variable 1 Variable 2 r† P-value

Change in Body Weight (kg) Dyspnea Relief −0.09600 <.0001

Change in Body Weight (kg) Urine Output −0.38100 <.0001

Dyspnea Relief Urine Output 0.11100 <.0001

†
Spearman's rank correlation coefficient.
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