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Abstract

OBJECTIVES—The prevalence, profile and prognosis of severe obesity in a large contemporary 

acute HF (AHF) population was evaluated.

BACKGROUND—Better prognosis has been reported for obese compared to non-obese heart 

failure (HF) patients, but in other cardiovascular populations, this effect has not been demonstrated 

for severely obese patients.

METHODS—A cohort of 795 participants with body mass index (BMI) measured at time of 

admission and complete follow-up were identified from enrollment in 3 contemporary AHF trials 

(DOSE, CARRESS-HF and ROSE). Patients were stratified into 4 BMI categories according to 

standard World Health Organization criteria (normal weight, 18.5–25kg/m2 [n=128]; overweight, 

25–29.9kg/m2 [n=209]; mild-moderate obese, 30–39.9kg/m2 [n=301]; severe obese, ≥40kg/m2 

[n=157]). The relationship between BMI and 60-day composite outcome (death, rehospitalization 

or unscheduled provider visit) was investigated.
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RESULTS—Patients with severe obesity (19.7%) were younger, more often female, hypertensive 

and diabetic, and more likely to have higher blood pressures and left ventricular ejection fraction, 

and lower N-terminal pro-B-type natriuretic peptide and troponin I levels than other BMI category 

patients. Following admission for AHF, patients with normal weight showed the highest risk of the 

60-day composite outcome, followed by patients who were severely obese. Overweight and mild-

moderately obese patients showed lowest risk.

CONCLUSIONS—Nearly one-fifth of AHF patients enrolled in contemporary randomized 

clinical trials are severely obese. A U-shaped curve for short-term prognosis according to BMI is 

seen in AHF. These findings may help to better inform both HF clinical care and future clinical 

trial planning.

CONDENSED ABSTRACT

This study aimed to assess the prevalence, profile, and prognosis of severe obesity in a large, 

contemporary population derived from 3 randomized clinical trials (n=795 eligible participants) of 

decongestion strategies in AHF. Severe obesity was identified in 19.7% of participants who 

showed distinct clinical profiles compared to other BMI category patients. A U-shaped curve for 

short-term prognosis in AHF according to BMI was demonstrated, with the highest event rates 

occurring in normal weight and severely obese (BMIs>40kg/m2) patients. These findings may help 

to better inform both HF clinical care and future trial planning.
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Obesity has emerged as a global epidemic, including in the United States, where 69% of 

adults are now listed as overweight or obese, compared to approximately 25% 40 years ago.

(1–3) Importantly, the distribution of obesity according to BMI has also shifted, to the extent 

that the prevalence of severe obesity (defined by BMI >40kg/m2) has shown an incremental 

increase compared to that of overweight (BMI 25–29.9kg/m2) or mild-moderate (BMI 30–

40kg/m2) degrees of obesity.(1,4) The age-adjusted prevalence of severe obesity in 2013–

2014, based on a recently published analysis of data from the National Health and Nutrition 

Examination Survey, was 7.7% (5.5% for men and 9.9% for women).(5)

Obesity is a well-established risk factor for the development of incident heart failure (HF) 

often mediated through its strong association with other major cardiovascular risk factors, 

including atherosclerosis, hypertension, diabetes, dyslipidemia, sleep-disordered breathing 

and metabolic syndrome.(4) However, obesity is itself independently associated with 

adverse structural, functional and hemodynamic cardiovascular alterations, mediated 

primarily through excessive adipose tissue accumulation and related downstream effects on 

blood volume and adverse cardiac chamber remodeling.(6) This hostile pathophysiological 

milieu occurring in the setting of higher BMI is in turn most pronounced in those with 

severe obesity,(4,6) with one classic study of 74 severely obese patients documenting 

clinical HF in up to one-third of the cohort.(7)

Meanwhile, despite the relationship between obesity and risk of incident HF, once HF is 

manifest, multiple chronic HF studies have demonstrated a better prognosis for overweight 
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and obese patients with HF compared to normal or underweight HF patients, a phenomenon 

known as the obesity paradox.(8) This paradox has also been borne out in the acute HF 

(AHF) setting, both in an earlier large registry study (9) and a more recent combined 

analysis of 12 global prospective observational cohorts.(10)

However, in other cardiovascular populations, a differential effect of obesity on cardiac 

outcomes according to the severity of obesity have been reported, with beneficial effects 

limited to overweight and mild-moderately obese patients.(4,11) Two contemporary large 

registry studies in acute coronary syndrome (ACS) cohorts have confirmed this “U-shaped” 

relationship between BMI and mortality, with significant adverse risk also seen in severely 

obese in addition to normal and underweight patients.(12,13) In chronic HF, a large meta-

analysis of 6 studies also found that increasing degree of obesity was not linearly related to 

cardiovascular outcomes.(14) To date, whether or not a BMI-based U-shaped curve for 

prognosis exists in AHF patients, and whether it extends to additional outcomes such as 

readmission risk, has not been systematically studied.

Accordingly, we sought to explore the prevalence, clinical and biomarker profiles, and 

prognosis of severe obesity in a large, contemporary, well characterized AHF population 

derived from 3 prospective randomized clinical trials.

METHODS

Study Population

This analysis used data from three prospective, double-blinded, randomized trials (Diuretic 

Strategies Optimization Evaluation [DOSE], Cardiorenal Rescue Study in Acute 

Decompensated Heart Failure [CARRESS-HF] and Renal Optimization Strategies 

Evaluation in Acute Heart Failure [ROSE]) conducted by the National Heart, Lung and 

Blood Institute-funded Heart Failure Clinical Research Network.(15–17) Each study 

protocol was approved by the Steering, Protocol Review and Data Safety Monitoring 

Committees of the Heart Failure Network in addition to individual institutional review 

boards at each participating site. All study participants provided written informed consent 

prior to randomization.

Briefly, all three studies were designed to test the efficacy of specific decongestion strategies 

in patients hospitalized with AHF with objective evidence of congestion, irrespective of left 

ventricular ejection fraction (LVEF). DOSE-HF randomized 308 patients with AHF to 

receive intravenous furosemide by either intermittent bolus or continuous infusion 

administration and using either a low or high-dose strategy.(15) CARRESS-HF randomly 

assigned 188 patients with both AHF and worsened renal function to either stepped 

pharmacological therapy or ultrafiltration.(16) Finally, ROSE-HF randomized a total of 360 

AHF patients with renal dysfunction (defined by estimated glomerular filtration rate 15–

60mL/min/1.73m2) to either low-dose dopamine or low-dose nesiritide, compared with a 

pooled placebo group, in addition to high-dose intravenous loop diuretics.(17) All trials 

excluded patients with end-stage chronic kidney disease. For both DOSE-HF and 

CARRESS-HF, patients requiring intravenous inotropes or vasodilators were excluded.
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For the present analysis, all non-duplicate participants in each trial with both baseline height 

and weight measurements available at the time of admission and complete follow-up for 

outcome assessment, were included (Figure 1). BMI was calculated as weight (kg) divided 

by height squared (m2).

Biomarkers (serum creatinine, serum sodium, blood urea nitrogen, cystatin C, serum 

albumin, N-terminal pro-B-type natriuretic peptide [NT-proBNP] and cardiac troponin I) 

were measured at baseline and analyzed at a core laboratory at the University of Vermont, 

Burlington, VT.

Follow-up and Study Endpoints

Patients were followed after discharge at pre-specified intervals according to trial design. 

Clinical outcomes were assessed at 60-days for all patients. The primary outcome analyzed 

was a composite of death, rehospitalization, and unscheduled provider visit (clinic or 

emergency room) at 60-days.

Statistical Analysis

The study cohort was stratified into 4 BMI categories based on admission BMI according to 

standard World Health Organisation (WHO) criteria (normal, 18.5–25kg/m2 [n=128]; 

overweight, 25–29.9kg/m2 [n=209]; mild-moderate obese, 30–39.9kg/m2 [n=301]; severe 

obese, ≥40kg/m2 [n=157]). Of note, just 3 patients (0.4%) met WHO criteria for 

underweight status (<18.5kg/m2); for the purposes of the present analysis these patients 

were included in the <25kg/m2 category.

Continuous variables were expressed as median (25th, 75th percentile). Categorical variables 

were expressed as frequencies and percentages. Demographic, clinical and biochemical 

characteristics at time of AHF admission recorded per each trial protocol were compared 

across BMI groups using Pearson’s chi-square (categorical variables) or Kruskal-Wallis 

(continuous variables) statistical tests as appropriate. In the case of a significant p-value 

across categories, pairwise Wilcoxon rank sum and chi-square tests were performed for each 

category versus the severely obese group.

After testing whether the proportional hazard assumption was met, the association between 

60-day composite outcome (death, rehospitalization or unscheduled provider visit) and BMI 

was investigated using Cox proportional hazards regression models that adjusted for trial, 

hypertension, diabetes, HF with preserved (≥50%) LVEF (HFpEF) subtype and diuretic dose 

in the 24 hours prior to randomization. Linear splines were used to test whether the 

relationship between BMI and composite endpoint was linear. With a violation of the 

linearity assumption, predicted probability rates of composite endpoint at 60 days were 

plotted across BMI values.

Finally, the normal weight and overweight categories were combined and the association of 

BMI category (<30, 30–40, >40) with the composite endpoint was tested in relevant 

subgroups and shown with a forest plot. Hazard ratios associated with BMI occurring within 

the category of 30–40 or >40, compared to <30, were computed. Hazard ratios <1 indicate 

that particular BMI category has a lower risk of the composite endpoint compared to those 
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with BMI <30. Cox proportional hazards regression models that included the three-category 

BMI, the subgroup, and BMI category-by-subgroup interaction were used to test for 

differential associations between BMI and endpoint in various subgroups.

P-values <0.05 were considered statistically significant and there were no adjustments for 

multiple comparisons. SAS version 9.4 (Cary, NC) was used for all analyses.

RESULTS

Study Population

A total of 795 participants met study inclusion criteria (Figure 1). Baseline characteristics of 

the patient population according to BMI are shown in Table 1. Discharge or day 7 BMI was 

available for 94% of enrolled patients; correlation between admission BMI and 

discharge/day 7 BMI was 0.98.

Prevalence and Profile of Severe Obesity

Almost 20% (n=157, 19.7%) of the total cohort were classified as severely obese. These 

patients were younger, more likely female, and were more likely to be hypertensive and 

diabetic than their lower BMI counterparts. They also had higher LVEF and a greater 

proportion of HFpEF patients compared to the other BMI categories. These patients were 

also significantly more likely to be taking a higher diuretic dose in the 24 hours prior to trial 

randomization. Severely obese patients also differed by admission examination profile: 

systolic blood pressures were higher, edema ≥2+ was more likely and rales less likely than 

for normal weight, overweight or mild-moderately obese patients. Biochemical testing 

showed that those with a BMI ≥40kg/m2 also had significantly lower NT-proBNP 

(p<0.0001) and cardiac troponin I (p=0.0015) versus the lower BMI patients. Figure 2 

illustrates the relationship between BMI and NT-proBNP (log-transformed). These same 

relationships were significant in pairwise tests of mild or moderately obese versus severe 

obese categories with the exception of systolic blood pressure and diabetes prevalence which 

did not differ significantly when specifically comparing the different levels of obesity 

groups.

Post-hospitalization Outcome and Severe Obesity

At 60-days, 353 patients developed ≥1 adverse event, (12.7% [n=45] deaths without 

rehospitalization, 76.8% [n=271] rehospitalizations or unscheduled provider visits without 

death, and 10.5% [n=37] hospitalizations or unscheduled provider visit followed by death). 

As shown in Figure 3, following an admission for AHF, the lowest BMI patients had the 

highest risk of 60-day adverse events (BMI 25: 55.4%, 95%CI 49.2–60.8). Risk then 

declined as BMI progressively increased and reached a nadir in those with a BMI of 

40kg/m2 (36.2%, 95%CI 29.4–42.4). Above a BMI of 40kg/m2, the risk of the composite 

event rate rose again and continued to increase linearly in patients with BMIs of >40kg/m2 

(BMI 50: 40.3%, 95%CI 31.4–48.0), confirming a U-shaped relationship between BMI and 

short-term adverse events in the AHF population.
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Forest plots depicting the relationship between important subgroups (age, gender, LVEF <50 

versus ≥50%, ischemic etiology of HF, presence of diabetes or hypertension) and the 

composite endpoint according to BMI category (<30, 30–40, >40) are shown in Figure 4. 

The only evidence of a significant interaction (indicating that the relationship between the 

subgroup and the composite endpoint is different according to BMI category) occurred for 

ischemic versus non-ischemic etiology. In patients with ischemic heart disease, 

BMI>40kg/m2 conferred a lower risk of the composite endpoint compared to having a BMI 

<30kg/m2. For patients without ischemic heart disease, there was no association between 

BMI category and the composite endpoint. No other subgroup interaction terms including 

whether LVEF was preserved or reduced reached significance (Figure 4).

DISCUSSION

The present analysis confirms a high prevalence of severe obesity in contemporary AHF 

clinical trial populations. Almost one-fifth of patients enrolled in these recent trials of 

decongestion strategies in hospitalized HF patients were severely obese with a 

BMI>40kg/m2. Severely obese patients admitted with AHF had distinctive clinical (more 

likely younger, female, diabetic, hypertensive and more edema on presentation) and 

biochemical (lower NT-proBNP and troponin I) profiles. Post-discharge, a U-shaped 

relationship was confirmed between BMI and short-term adverse outcomes. This 

relationship was maintained in almost all relevant subgroups, including preserved or reduced 

LVEF groups.

Prevalence of Severe Obesity in AHF

The increasing prevalence of both obesity and heart failure recently observed has led to 

growing recognition of the inextricable links between the two conditions, which are not 

entirely explained by mutually associated risk factors including diabetes and hypertension.

(18) The impact of severe obesity on the prevalence of HF is becoming especially relevant 

given the shift in distribution in the profile of obesity, with disproportionate rise in severe 

obesity compared to milder degrees.(1–3) Despite this, very little is known about the 

prevalence of severe obesity in contemporary heart failure populations, including AHF. The 

Acute Decompensated Heart Failure National (ADHERE) registry analyzed 108,927 patients 

admitted with AHF from 2001–2004 according to quartiles of BMI and found an overall 

obesity prevalence of 38%. While no specific breakdown of severe obesity was provided, 

25% of the population had a BMI ranging from 33.4–60kg/m2.(9) The present analysis, 

derived from a more recent randomized clinical trial cohort (patients enrolled between 

2008–2013) found an overall obesity prevalence of 58%, with over one-third of these - 20% 

of the total population –fulfilling criteria for severely obese status. Notably, only 16% of 

patients were classified as “normal” weight based on BMI. The striking emergence of severe 

obesity in contemporary AHF highlights the need to better define clinical profiles and 

prognosis for these patients, so that both clinical care and research efforts can be better 

focused to improve their outcomes.
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Clinical Profile of Severe Obesity in AHF

Prior studies in obese populations including those in AHF have demonstrated increased 

prevalence of both hypertension and diabetes in obese compared to non-obese participants. 

(9,10,12) In the current study, severely obese patients had the highest overall prevalence of 

these cardiovascular risk factors. The increased incidence of hypertension in severely obese 

compared to mild-moderately obese patients has been previously documented in 

epidemiological studies and associated with higher systemic vascular resistance, 

compensatory concentric LV hypertrophy, and ultimately LV diastolic dysfunction and HF.

(11) Not surprisingly, in our study population, severely obese patients were more likely to 

have HFpEF than the other BMI categories, an observation also reported in the ADHERE 

registry (9) and, as suggested by recent data (19), severe obesity itself is likely to be a 

contributor to the HFpEF syndrome.

A distinct profile for severely obese HF patients compared to less obese or non-obese 

patients is also suggested by their different biomarker profiles. The reduced expression of B-

type natriuretic peptides has been consistently shown in obese HF populations, both in 

chronic stable outpatients and in AHF patients.(9,10,20) In the current analysis severely 

obese patients had significantly lower levels of NT-proBNP compared to mild-moderately 

obese patients. Expressed graphically, an approximate linear relationship was confirmed 

between BMI and NT-proBNP in this sizeable cohort of AHF patients. This relationship was 

seen despite the fact that severely obese patients were significantly more likely to be taking a 

higher diuretic dose in the 24 hours prior to trial randomization, underlining the difficulties 

associated with using this biomarker to guide clinical congestion in this patient group. 

Notably, none of the enrollment criteria for any of the 3 clinical trials included NT-proBNP; 

given the variation in levels according to BMI category, with overall similar clinical AHF 

syndromes, these findings suggest use of this biomarker to define contemporary HF 

populations for research or clinical therapy may result in unintended skewing of patient 

populations by weight. Cardiac troponins are well established as prognostic biomarkers in 

AHF (21,22); therefore it is noteworthy that severely obese patients, who had poorer 

outcomes, had significantly lower detected levels of cardiac troponin I to all other BMI 

groups, including mild-moderately obese patients. Other studies in AHF have also found 

decreased levels of troponin I in an all-comer obese (BMI >30) population compared to 

overweight and normal weight patients.(10)

Relationship between Severe Obesity and Outcome after AHF

The present study extends the findings of large ACS registries indicating a U-shaped rather 

than linear relationship between BMI and outcome.(12,13) It is important to point out that in 

contrast to these large ACS registries and other cardiovascular-centered obesity paradox 

studies, the endpoint used in the present study was a composite one which incorporated 

readmission and unscheduled provider visit rates as well as mortality rates. Given the short-

term post-hospitalization setting, the majority of events (87%) were driven by this 

component of the endpoint. Readmission rates after AHF remain a critical target for clinical 

outcomes improvement in HF and given the significant prevalence of severe obesity in this 

cohort, focusing on this composite endpoint with respect to BMI is particularly relevant.
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Although lowest risk for this composite endpoint was seen in overweight and mild-

moderately obese patients, event rates rose sharply again in patients with BMIs >40, 

illustrating the presence of this U-shaped relationship for short-term prognosis according to 

BMI in modern-era AHF populations. A potential shift in this curve to the right over time is 

suggested when compared to previous clinical trial data both in chronic HF as well as ACS 

registry data, both of which found mortality increasing as BMI rose >35.(13,23) Notably, the 

global registry of AHF patients (n=6,142) also found that when grades of obesity were 

looked at separately, those with BMI >40 did not have an equivalent or lower hazard of all-

cause mortality relative to normal weight patients.(10) The reasons for this perceived shift 

are outside the scope of the present analysis, but it is notable that it is occurring in parallel 

with the shift in the distribution of obesity in the overall population, with greater proportion 

of severely obese patients. It may also reflect unique pathophysiological differences between 

AHF and other cardiovascular disease states; perhaps a mildly higher BMI continues to be 

‘beneficial’ in these patients up to a threshold, which appears to be occur between 40–45. 

Notably the relationship between BMI and early post-discharge outcome in AHF was 

maintained across most relevant subgroups, including whether LVEF was preserved or 

reduced. Only in patients with HF of ischemic etiology was a lower risk of adverse outcome 

seen in those with BMI >40 compared to BMI<30 patients.

These findings may have clinical implications not only for AHF care planning and outcomes 

but also for future advanced therapy utilization and outcomes. Severely obese patients were 

found to be significantly younger than the other groups, with a median age of 63 years. 

Again this is a consistent finding for all-comer obese patients in HF studies (9,10); however 

it is a particularly notable finding alongside the prevalence of this population in 

contemporary AHF trials given the potential consequences for the future profile of 

candidates for advanced therapies, including mechanical circulatory support (MCS) and 

cardiac transplantation. Presently, severe obesity remains a relative contraindication for 

listing for cardiac transplantation (24). MCS devices may be required to support these 

patients while weight loss is attempted or ultimately as destination therapy; however, clinical 

trials of MCS devices have typically excluded those with a BMI ≥40kg/m2.(25)

Limitations

Several limitations should be acknowledged. This was a post hoc analysis of 3 randomized 

clinical trials in AHF patients testing differential hypotheses using different interventions. 

However, all studies required systematic phenotyping of enrolled patients at time of 

admission for AHF including BMI measurement and subsequent systematic follow-up of 

identical outcomes for equivalent time periods. Moreover, heterogeneity in clinical profiles 

and comorbidity burdens across trial populations - specifically, CARRESS-HF and ROSE 

patients were a “sicker” AHF population than DOSE patients based mainly on renal function 

– could also have influenced event rates across individual trials. However, the regression 

models used for outcome analysis were adjusted for individual trial as well as for relevant 

clinical variables that differed between BMI groups. Given that the study population was 

exclusively derived from trial populations with inherent exclusion criteria, results may not be 

generalizable to an all-comer AHF population, including those with hemodynamic 

instability or more severe degrees of renal impairment. Notably, only 3 of the 795 
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participants (0.38%) were underweight as defined by WHO criteria (BMI <18.5); these 

patients were included in the <25 category. It is unclear whether the under-representation of 

underweight patients across these 3 contemporary randomized clinical AHF trials represents 

a selection bias inherent in the original trial designs (such as exclusion of patients with 

cancer and other severe comorbidities leading to exclusion of these patients by default) 

and/or whether it simply represents a reflection of the dominant prevalence of patients with 

higher ranges of BMI in contemporary HF populations. BMI is a surrogate rather than a 

direct measure of total body fat, which may be more accurately reflected by anthropometric 

measures such as waist circumference or direct body fat measuring modalities. However, 

BMI and alternative measures of fat mass have been shown to be highly correlated;(26) 

furthermore the obesity paradox has also been demonstrated in HF populations using both 

waist circumference and percent body fat.(27,28) Finally, the outcomes analyses and related 

conclusions are limited by the shorter-term follow-up (60 days) pre-specified for these 

clinical trials; future prospective studies investigating longer-term outcomes according to 

BMI in contemporary HF cohorts are needed.

Conclusions

Almost one-fifth of AHF patients enrolled in contemporary clinical trials are severely obese, 

and represent a phenotypically different cohort to AHF patients with lower BMIs. The U-

shaped curve for short-term outcome according to BMI shown in other cardiovascular 

populations is also demonstrated in AHF patients, but has shifted to the right, with the 

lowest event rates occurring in patients with a BMI around 40kg/m2, and highest rates in 

normal weight patients followed by those with BMIs>40kg/m2. These findings have 

implications for both future clinical trial planning in HF populations as well as for real-

world HF clinical care.

ABBREVIATIONS AND ACRONYMS

ACS acute coronary syndrome

ADHERE Acute Decompensated Heart Failure National registry

AHF acute heart failure

BMI body mass index

CARRESS-HF Cardiorenal Rescue Study in Acute Decompensated Heart 

Failure

CI confidence interval

DOSE Diuretic Strategies Optimization Evaluation

HF heart failure

HFpEF heart failure with preserved left ventricular ejection 

fraction

LV left ventricular
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LVEF left ventricular ejection fraction

MCS mechanical circulatory support

NT-proBNP N-terminal pro-B-type natriuretic peptide

ROSE Renal Optimization Strategies Evaluation

WHO World Health Organisation
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CLINICAL PERSPECTIVES

Almost one-fifth of patients enrolled in contemporary clinical trials of decongestion 

strategies in AHF are severely obese, as defined by a BMI ≥40kg/m2. Severely obese HF 

patients have distinctive clinical and biochemical profiles on admission with AHF. A U-

shaped curve for short-term prognosis according to BMI is seen in AHF, with the lowest 

risk seen in overweight and mild-moderate obese patients compared to normal weight 

patients not maintained in severe obese patients.

TRANSLATIONAL OUTLOOK

Improved profiling of contemporary HF patients enrolling in randomized clinical trials 

may help to better inform future clinical trial planning in this important population as 

well as help to better direct real-world HF clinical care. The increasing prevalence of 

severe obesity in HF patients has major clinical implications for assessment, biomarker 

profile interpretation and management strategies in these patients, including downstream 

candidacy and utilization of mechanical circulatory support and heart transplantation.
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Figure 1. 
The CONSORT Diagram Illustrating Study Cohort Selection

BMI = body mass index; CARRESS-AHF = Cardiorenal Rescue Study in Acute Heart 

Failure; CONSORT = Consolidated Standards of Reporting Trials; DOSE-AHF = Diuretic 

Strategies Optimization Evaluation in Acute Heart Failure; ROSE-AHF = Renal 

Optimization Strategies in Evaluation in Acute Heart Failure.
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Figure 2. 
Relationship Between BMI and NT-proBNP in Acute Heart Failure

Graph of the log2 transformed NT-proBNP versus BMI showing an approximately linear 

relationship. Spearman’s correlation coefficient = −0.47 (p < 0.0001). NT-proBNP = N-

terminal pro–B-type natriuretic peptide; other abbreviation as in Figure 1.
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Figure 3. 
Predicted 60-Day Primary Composite Event Rates

Predicted rates for the primary composite endpoint of death, rehospitalization, or 

unscheduled provider visit at 60 days (N = 353 events). A U-shaped relationship is 

demonstrated between BMI and short-term adverse events in the AHF population. AHF = 

acute heart failure; other abbreviation as in Figure 1.
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Figure 4. 
Forest Plots Show Relationship Between Subgroups and Composite Endpoint According to 

BMI category

Forest plots show relationship between relevant subgroups (age, sex, LVEF <50% vs ≥50%, 

ischemia cause, presence of diabetes or hypertension) and the composite endpoint according 

to BMI category (<30, 30–40, >40 kg/m2), with BMI <30 kg/m2 serving as the reference 

group. Markers to the left of 1 indicate whether patients in that particular BMI category have 

a lower risk of composite endpoint than those with BMI <30 kg/m2. Interaction p values are 

shown. The only subgroup that showed a relationship different from that of the composite 

endpoint according to BMI category was ischemia versus nonischemia cause. LVEF = left 

ventricular ejection fraction; other abbreviation as in Figure 1.

Joyce et al. Page 16

JACC Heart Fail. Author manuscript; available in PMC 2019 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Joyce et al. Page 17

Ta
b

le
 1

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
of

 th
e 

to
ta

l c
oh

or
t b

y 
bo

dy
 m

as
s 

in
de

x 
ca

te
go

ry
 (

N
=

79
5)

A
ll 

pa
ti

en
ts

 (
N

=7
95

)
B

M
I 

<2
5m

g/
kg

2  
(N

=1
28

)
B

M
I 

25
–2

9.
9m

g/
kg

2 

(N
=2

09
)

B
M

I 
30

–3
9.

9m
g/

kg
2 

(N
=3

01
)

B
M

I 
≥4

0 
(N

=1
57

)
p-

va
lu

e*

D
em

og
ra

ph
ic

A
ge

, y
ea

rs
69

 (
60

, 7
8)

76
 (

66
, 8

3)
72

 (
65

, 8
2)

68
 (

59
, 7

6)
63

 (
54

, 7
3)

<0
.0

00
1 

ab
c

M
al

e 
se

x
58

7/
79

5 
(7

3.
8)

91
/1

28
 (

71
.1

)
17

2/
20

9 
(8

2.
3)

22
8/

30
1 

(7
5.

7)
96

/1
57

 (
61

.1
)

0.
00

01
 bc

W
hi

te
 r

ac
e

60
1/

79
5 

(7
5.

6)
10

2/
12

8 
(7

9.
7)

16
5/

20
9 

(7
8.

9)
22

6/
30

1 
(7

5.
1)

10
8/

15
7 

(6
8.

8)
0.

09
29

B
M

I,
 k

g/
m

2
31

.4
 (

26
.7

, 3
7.

8)
23

.3
 (

21
.5

, 2
4.

3)
27

.5
 (

26
.3

, 2
8.

5)
34

.2
 (

31
.8

, 3
6.

4)
46

.0
 (

41
.7

, 5
0.

4)
<0

.0
00

1 
ab

c

Is
ch

em
ic

 e
tio

lo
gy

47
3/

79
5 

(5
9.

5)
78

/1
28

 (
60

.9
)

13
5/

20
9 

(6
4.

6)
17

7/
30

1 
(5

8.
8)

83
/1

57
 (

52
.9

)
0.

15
19

E
je

ct
io

n 
fr

ac
tio

n,
 %

32
 (

20
, 5

4)
25

 (
19

, 4
2)

30
 (

20
, 5

0)
32

 (
22

, 5
5)

43
 (

25
, 5

5)
<0

.0
00

1 
ab

c

LV
E

F 
≥5

0%
24

2/
78

8 
(3

0.
7)

30
/1

27
 (

23
.6

)
56

/2
09

 (
26

.8
)

93
/2

97
 (

31
.3

)
63

/1
55

 (
40

.6
)

0.
00

83
 ab

c

D
ia

be
te

s
44

4/
79

5 
(5

5.
8)

38
/1

28
 (

29
.7

)
96

/2
09

 (
45

.9
)

20
0/

30
1 

(6
6.

4)
11

0/
15

7 
(7

0.
1)

<0
.0

00
1ab

A
tr

ia
l f

ib
ri

lla
tio

n 
/ f

lu
tte

r
44

6/
79

5 
(5

6.
1)

76
/1

28
 (

59
.4

)
12

4/
20

9 
(5

9.
3)

17
0/

30
1 

(5
6.

5)
76

/1
57

 (
48

.4
)

0.
15

55

H
yp

er
te

ns
io

n
65

1/
79

5 
(8

1.
9)

88
/1

28
 (

68
.8

)
17

0/
20

9 
(8

1.
3)

24
9/

30
1 

(8
2.

7)
14

4/
15

7 
(9

1.
7)

<0
.0

00
1 

ab
c

C
lin

ic
al

H
F-

ho
sp

ita
liz

at
io

n 
in

 p
as

t y
ea

r
55

9/
78

7 
(7

1.
0)

83
/1

28
 (

64
.8

)
14

7/
20

6 
(7

1.
4)

21
9/

29
9 

(7
3.

2)
11

0/
15

4 
(7

1.
4)

0.
37

41

N
Y

H
A

 c
la

ss
0.

55
41

 
I/

II
26

/7
44

 (
3.

5)
8/

12
2 

(6
.6

)
8/

19
8 

(4
.0

)
9/

27
7 

(3
.2

)
1/

14
7 

(0
.7

)

 
II

I
47

6/
74

4 
(6

4.
0)

78
/1

22
 (

63
.9

)
12

6/
19

8 
(6

3.
6)

17
6/

27
7 

(6
3.

5)
96

/1
47

 (
65

.3
)

 
IV

24
2/

74
4 

(3
2.

5)
36

/1
22

 (
29

.5
)

64
/1

98
 (

32
.3

)
92

/2
77

 (
33

.2
)

50
/1

47
 (

34
.0

)

H
ea

rt
 r

at
e,

 b
ea

ts
/m

in
75

 (
66

, 8
5)

74
 (

69
, 8

7)
75

 (
65

, 8
2)

75
.5

 (
64

.5
, 8

5)
75

 (
69

, 8
6)

0.
33

69

Sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e,

 m
m

H
g

11
4 

(1
03

, 1
28

)
10

9 
(1

00
, 1

21
)

11
2 

(1
01

, 1
24

)
11

7 
(1

04
, 1

28
)

11
8 

(1
09

, 1
37

)
<0

.0
00

1 
ab

E
de

m
a 

≥2
+

61
4/

79
3 

(7
7.

4)
83

/1
27

 (
65

.4
)

16
4/

20
9 

(7
8.

5)
23

0/
30

1 
(7

6.
4)

13
7/

15
6 

(8
7.

8)
0.

00
01

 ab
c

O
rt

ho
pn

ea
69

1/
76

0 
(9

0.
9)

11
0/

12
1 

(9
0.

9)
18

3/
20

4 
(8

9.
7)

26
0/

28
8 

(9
0.

3)
13

8/
14

7 
(9

3.
9)

0.
55

88

JV
P 

≥8
cm

71
6/

75
9 

(9
4.

3)
11

8/
12

3 
(9

5.
9)

19
8/

20
8 

(9
5.

2)
26

5/
28

8 
(9

2.
0)

13
5/

14
0 

(9
6.

4)
0.

17
72

R
al

es
44

6/
79

0 
(5

6.
5)

76
/1

27
 (

59
.8

)
12

7/
20

7 
(6

1.
4)

17
5/

30
0 

(5
8.

3)
68

/1
56

 (
43

.6
)

0.
00

36
 ab

c

M
ed

ic
at

io
ns

 
A

C
E

 in
hi

bi
to

r 
or

 A
R

B
42

2/
79

5 
(5

3.
1)

66
/1

28
 (

51
.6

)
10

1/
20

9 
(4

8.
3)

17
0/

30
1 

(5
6.

5)
85

/1
57

 (
54

.1
)

0.
32

31

JACC Heart Fail. Author manuscript; available in PMC 2019 August 14.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Joyce et al. Page 18

A
ll 

pa
ti

en
ts

 (
N

=7
95

)
B

M
I 

<2
5m

g/
kg

2  
(N

=1
28

)
B

M
I 

25
–2

9.
9m

g/
kg

2 

(N
=2

09
)

B
M

I 
30

–3
9.

9m
g/

kg
2 

(N
=3

01
)

B
M

I 
≥4

0 
(N

=1
57

)
p-

va
lu

e*

 
H

yd
ra

la
zi

ne
13

9/
79

5 
(1

7.
5)

13
/1

28
 (

10
.2

)
35

/2
09

 (
16

.7
)

59
/3

01
 (

19
.6

)
32

/1
57

 (
20

.4
)

0.
08

24

 
N

itr
at

es
21

9/
79

5 
(2

7.
5)

32
/1

28
 (

25
.0

)
60

/2
09

 (
28

.7
)

87
/3

01
 (

28
.9

)
40

/1
57

 (
25

.5
)

0.
75

98

 
B

et
a-

bl
oc

ke
r

65
4/

79
5 

(8
2.

3)
10

2/
12

8 
(7

9.
7)

17
5/

20
9 

(8
3.

7)
24

4/
30

1 
(8

1.
1)

13
3/

15
7 

(8
4.

7)
0.

60
75

 
A

ld
os

te
ro

ne
 a

nt
ag

on
is

t
21

8/
79

5 
(2

7.
4)

39
/1

28
 (

30
.5

)
56

/2
09

 (
26

.8
)

86
/3

01
 (

28
.6

)
37

/1
57

 (
23

.6
)

0.
57

02

 
D

ig
ox

in
19

0/
79

5 
(2

3.
9)

40
/1

28
 (

31
.3

)
56

/2
09

 (
26

.8
)

66
/3

01
 (

21
.9

)
28

/1
57

 (
17

.8
)

0.
03

54
 ab

 
IV

 f
ur

os
em

id
e 

eq
ui

va
le

nt
 d

iu
re

tic
 d

os
e 

in
 th

e 
24

h 
be

fo
re

 r
an

do
m

iz
at

io
n

10
0 

(6
0,

 1
70

)
10

0 
(6

0,
 1

60
)

10
0 

(6
0,

 1
60

)
80

 (
60

, 1
60

)
12

0 
(8

0,
 2

22
)

0.
02

93
ab

c

B
io

ch
em

ic
al

 
A

lb
um

in
, g

/d
L

**
*

3.
50

 (
3.

10
, 3

.9
0)

3.
60

 (
3.

10
, 3

.9
9)

3.
50

 (
3.

10
, 3

.9
0)

3.
50

 (
3.

12
, 3

.8
0)

3.
50

 (
3.

20
, 3

.9
0)

0.
68

54

 
C

re
at

in
in

e,
 m

g/
dl

1.
63

 (
1.

27
, 2

.0
5)

1.
56

 (
1.

23
, 1

.9
0)

1.
69

 (
1.

29
, 2

.1
6)

1.
60

 (
1.

27
, 1

.9
8)

1.
66

 (
1.

28
, 2

.2
5)

0.
17

94

 
C

ys
ta

tin
 C

, m
g/

L
1.

72
 (

1.
37

, 2
.2

0)
1.

61
 (

1.
33

, 2
.1

9)
1.

81
 (

1.
40

, 2
.2

5)
1.

69
 (

1.
37

, 2
.1

3)
1.

84
 (

1.
45

, 2
.3

2)
0.

14
32

 
So

di
um

, m
g/

L
13

8 
(1

36
, 1

41
)

13
7 

(1
35

, 1
40

)
13

8 
(1

35
, 1

41
)

13
9 

(1
36

, 1
41

)
13

9 
(1

36
, 1

41
)

0.
00

01
 ab

 
G

FR
, m

L
/m

in
/1

.7
3m

2
41

.2
 (

30
.8

, 5
5.

1)
41

.0
 (

30
.7

, 5
7.

2)
39

.8
 (

30
.2

, 5
4.

0)
42

.7
 (

32
.9

, 5
4.

4)
40

.4
 (

29
.5

, 5
7.

9)
0.

54
61

 
B

U
N

, m
g/

dl
38

 (
26

, 5
5)

38
 (

25
, 5

7)
41

 (
28

, 5
6)

38
 (

26
, 5

3)
33

 (
24

, 5
0)

0.
15

85

 
N

T-
pr

oB
N

P,
 p

g/
m

l
45

19
 (

23
01

, 1
00

64
)

84
47

 (
50

57
, 1

83
39

)
73

52
 (

34
10

, 1
23

23
)

38
65

 (
20

60
, 7

95
1)

21
06

 (
11

45
, 4

35
7)

<0
.0

00
1 

ab
c

 
T

ro
po

ni
n 

I 
(p

g/
m

L
)*

*
23

.9
 (

13
.8

, 4
7.

6)
25

.1
 (

15
.7

, 5
2.

9)
29

.7
 (

14
.9

, 5
7.

2)
24

.9
 (

14
.6

, 4
5.

6)
17

.1
 (

11
.1

, 3
0.

1)
0.

00
15

 ab
c

* R
ep

re
se

nt
s 

di
ff

er
en

ce
s 

ac
ro

ss
 g

ro
up

s 
us

in
g 

X
2  

or
 K

ru
sk

al
-W

al
lis

 a
s 

ap
pr

op
ri

at
e.

**
A

va
ila

bl
e 

fo
r 

n=
43

0 
pa

tie
nt

s.

**
* A

va
ila

bl
e 

fo
r 

53
9 

pa
tie

nt
s.

a in
di

ca
te

s 
a 

si
gn

if
ic

an
t d

if
fe

re
nc

e 
in

 th
e 

no
rm

al
 w

ei
gh

t a
nd

 s
ev

er
e 

ob
es

e 
ca

te
go

ri
es

.

b in
di

ca
te

s 
a 

si
gn

if
ic

an
t d

if
fe

re
nc

e 
in

 th
e 

ov
er

w
ei

gh
t a

nd
 s

ev
er

e 
ob

es
e 

ca
te

go
ri

es
.

c in
di

ca
te

s 
a 

si
gn

if
ic

an
t d

if
fe

re
nc

e 
in

 th
e 

m
ild

-m
od

er
at

e 
ob

es
e 

an
d 

se
ve

re
 o

be
se

 c
at

eg
or

ie
s.

A
C

E
, a

ng
io

te
ns

in
-c

on
ve

rt
in

g 
en

zy
m

e;
 A

R
B

, a
ng

io
te

ns
in

 r
ec

ep
to

r 
bl

oc
ke

r;
 B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 B

U
N

, b
lo

od
 u

re
a 

ni
tr

og
en

; C
A

R
R

E
SS

, C
ar

di
or

en
al

 R
es

cu
e 

St
ud

y 
in

 A
cu

te
 D

ec
om

pe
ns

at
ed

 H
ea

rt
 F

ai
lu

re
; 

D
O

SE
, D

iu
re

tic
 O

pt
im

iz
at

io
n 

St
ra

te
gy

 E
va

lu
at

io
n 

in
 A

cu
te

 D
ec

om
pe

ns
at

ed
 H

ea
rt

 F
ai

lu
re

; G
FR

, g
lo

m
er

ul
ar

 f
ilt

ra
tio

n 
ra

te
; H

F,
 h

ea
rt

 f
ai

lu
re

; J
V

P,
 ju

gu
la

r 
ve

no
us

 p
re

ss
ur

e;
 L

V
E

F,
 le

ft
 v

en
tr

ic
ul

ar
 e

je
ct

io
n 

fr
ac

tio
n;

 M
R

A
, m

in
er

al
oc

or
tic

oi
d-

re
ce

pt
or

 a
nt

ag
on

is
t; 

R
O

SE
, R

en
al

 O
pt

im
iz

at
io

n 
St

ra
te

gi
es

 E
va

lu
at

io
n;

 N
T-

pr
oB

N
P,

 N
-t

er
m

in
al

 p
ro

-b
ra

in
 n

at
ri

ur
et

ic
 p

ep
tid

e;
 N

Y
H

A
, N

ew
 Y

or
k 

H
ea

rt
 A

ss
oc

ia
tio

n.

JACC Heart Fail. Author manuscript; available in PMC 2019 August 14.


	Abstract
	CONDENSED ABSTRACT
	METHODS
	Study Population
	Follow-up and Study Endpoints
	Statistical Analysis

	RESULTS
	Study Population
	Prevalence and Profile of Severe Obesity
	Post-hospitalization Outcome and Severe Obesity

	DISCUSSION
	Prevalence of Severe Obesity in AHF
	Clinical Profile of Severe Obesity in AHF
	Relationship between Severe Obesity and Outcome after AHF
	Limitations
	Conclusions

	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1

