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Abstract

Background: Only limited data are available that address the association between body mass 

index (BMI) and clinical outcomes in patients with heart failure with reduced ejection fraction 

who are receiving sacubitril/valsartan.

Methods: We performed a retrospective multi-center cohort study in which we compared 3 body 

mass index groups (normal, overweight and obese groups) in patients with heart failure with 

reduced ejection fraction receiving sacubitril/valsartan. The follow-up period was at least 1 year. 

Propensity score weighting was performed. The primary outcomes were hospitalization for heart 

failure and all-cause mortality.

Results: Of the 721 patients in the original cohort, propensity score weighting generated a cohort 

of 540 patients in 3 groups: normal weight (n = 78), overweight (n = 181), and obese (n = 281). 

All baseline characteristics were well-balanced between 3 groups after propensity score weighting. 

Among our results, we found no significant differences in hospitalization for heart failure (normal 

weight versus overweight: average hazard ratio [AHR] 1.29, 95% confidence interval [CI] = 

0.76–2.20, P = 0.35; normal weight versus obese: AHR 1.04, 95% CI = 0.63–1.70, P = 0.88; 

overweight versus obese groups: AHR 0.81, 95% CI = 0.54–1.20, P= 0.29) or all-cause mortality 

(normal weight versus overweight: AHR 0.99, 95% CI = 0.59–1.67, P = 0.97; normal weight 
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versus obese: AHR 0.87, 95% CI = 0.53–1.42, P = 0.57; overweight versus obese: AHR 0.87, 95% 

CI = 0.58–1.32, P = 0.52).

Conclusion: We identified no significant associations between BMI and clinical outcomes in 

patients diagnosed with heart failure with a reduced ejection fraction who were treated with 

sacubitril/valsartan. A large-scale study should be performed to verify these results.
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Introduction

Obesity has been reported to have negative effects on hemodynamics as well as on cardiac 

function and structure.1 Obesity also activates sympathetic nerves and the renin-angiotensin

aldosterone systems and thus significantly increases the risk of new-onset heart failure 

(HF).2 Nonetheless, results from several recent studies revealed among patients with HF 

higher BMIs was associated with improved survival compared to those with lower BMIs 

or cachexia.3,4 These observation contribute to the theory known as the “obesity paradox.”5 

However, it is still not clear whether a reduced BMI might simply reflect the severity of HF 

or if obesity alone is truly a protective factor. Also, specific HF pharmacotherapy has not 

been fully evaluated in obese patients with HF with a reduced ejection fraction (HFrEF). 

To our knowledge, the only published study that addresses this issue is the post-hoc 

analysis of the Valsartan Heart Failure Trial (Val-He-FT). The results from this analysis, 

which included patients diagnosed with HFrEF who were undergoing treatment with 

valsartan, were consistent with obesity paradox.6 By contrast, an unpublished but nationally

presented post-hoc analysis of the Prospective Comparison of Angiotensin Neprilysin 

Inhibitor (ARNI) with Angiotensin Converting Enzyme Inhibitor (ACEI) to Determine 

Impact on Global Mortality and Morbidity in Heart Failure (the PARADIGM-HF) trial that 

included an evaluation of BMI and clinical outcomes in patients with HFrEF treated with 

sacubitril/valsartan presented results that were not consistent with the obesity paradox.7 The 

conclusions from post-hoc analyses of the Val-He-FT and PARADIGM-HF trials are in 

conflict with each other. Unfortunately, the post-hoc analysis of the PARADIGM-HF trial 

is only available as a conference abstract at this time. To address this important knowledge 

gap, we performed a real-world analysis using contemporary guideline-directed medical 

therapy to evaluate the relationship between BMI and clinical outcomes in patients with 

HFrEF treated with sacubitril/valsartan.

Methods

A retrospective, multi-center cohort study was performed in patients with HFrEF. Inpatients 

and outpatients aged greater than 18 years old who were diagnosed with HFrEF (EF ≤ 40%) 

and undergoing treatment with sacubitril/valsartan from July 2015 to December 2019 were 

included in this study. The follow-up period was at least 1 year. Patients who died within 1 

year while undergoing treatment with sacubitril/valsartan were included. Patients undergoing 

treatment with sacubitril/valsartan less than 1 year and/or who were undergoing dialysis 

were excluded. The entire cohort was divided into 3 groups based on baseline BMIs prior 
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to the initiation of sacubitril/valsartan: a normal weight group (BMI < 25), an overweight 

group (25 ≤ BMI < 30), and an obese group (30 ≤ BMI). Sacubitril/valsartan pharmacy 

claims were reviewed for patient dosing information. Baseline characteristics were collected 

from the most recent values obtained before the initial dose of sacubitril/valsartan. This 

study was approved by the review board of West Virginia University (WVU).

West Virginia Clinical and Translational Science Institute provided the dataset which 

included the patient demographics and clinical information needed to conduct this study. 

Investigators also performed a retrospective chart review to collect additional patient 

demographic information and clinical outcomes.

The 2 primary outcomes were all-cause mortality and rehospitalization for HF. Events at 

WVU medicine-affiliated healthsystems that were documented in electronic records were 

included in our analysis. Events taking place up to 3.5 years following the index date were 

also recorded. If the data analyst at the WV Clinical and Translational Science Institute were 

unable to locate a death record in the medical electronic records, the observational medical 

outcomes partnership database was searched to verify ongoing survival. HF hospitalization 

was defined as a minimum 24-hour inpatient admission with a primary diagnosis of 

acute decompensated heart failure requiring an intravenous inotrope, a vasodilator and an 

additional diuretic.

To examine the association between BMI and hospitalization for HF or all-cause mortality, 

univariate survival regression analysis was performed using the Cox proportional hazards 

(PH) model as the assumption of PH was met (Supplemental Table 1). To balance the 

covariates across the 3 BMI groups, propensity scores and corresponding inverse probability 

of treatment weights (IPTW) were calculated. This was followed by a weighted Cox 

regression analysis with IPTW. Treatment weights were obtained using a generalized 

boosted model (GBM). In the case of 2 treatment groups, GBM fits a piecewise constant 

model to predict a dichotomous outcome. This model consisted of many simple regression 

trees that were iteratively combined to create an overall piecewise constant function. As 

there were 3 treatment groups in this study, the iterative fitting algorithm was applied 

by first creating dummy indicators for each of the 3 treatment groups. Separate GBMs 

were fitted to each dummy treatment group indicator to obtain the estimated propensity 

score for each treatment group. The estimated propensity scores from each iteration of 

the GBM fits were used to compute the average weights needed to estimate treatment 

effects. To generate propensity scores, BMI was the outcome variable, while age, brain 

natriuretic peptide (BNP), sacubitril/valsartan dose, serum creatinine, diabetes, ejection 

fraction, gender, systolic blood pressure, and prior treatment with angiotensin-converting 

enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) use were the predictors. 

These predictors were selected based on both significant baseline characteristics between the 

groups and the investigators’ clinical experience.

In choosing between the Cox PH model where the assumption of PH was supposed to be 

met and the weighted Cox regression model with a robust sandwich estimator where the 

assumption of PH was not supposed to be met, 2 tests were conducted via the zph.cox 

function from R and the 2 P-values were 0.021 and 0.004, for hospitalization for HF 
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and all-cause mortality, respectively. Therefore, the weighted Cox regression model with 

a robust sandwich estimator was used in the regression analysis. In addition, from the 

distribution of weights used in the Cox regression models (Supplemental Figures 1 and 

2), there were extremely large censoring weights after year 2 for both hospitalization for 

HF and all-cause mortality. Therefore, in order to remove the undue influence from those 

weights, the obtained weights were truncated at their 95th percentile. After truncation, the 

range of the normalized total weights looked consistent (Supplemental Figures 3 and 4), 

and the results from the weighted Cox regression were less likely to be biased. When the 

PH assumption was not met, instead of hazard ratio, average hazard ratio (AHR), defining 

each hazard relative to the sum of hazards was used in the interpretation of the results. 

The hazard ratios (HRs), or average hazard ratios, and their 95% confidence intervals (CIs) 

were calculated. The significant level was set at 0.05. All statistical analyses were performed 

using R (Version 4.0.5), using twang (Version 2.0), coxphw (Version 4.0.2), and survival 

(Version 3.2–10) packages.

Results

A total of 131 patients in normal weight group (BMI < 25), 201 patients in overweight 

group (25 ≤ BMI < 30), and 389 patients in obese group (30 ≤ BMI) were included in 

this study (Figure 1). The propensity score weighting generated a cohort of 540 patients: 

normal weight (n = 78), overweight (n = 181), and obese (n = 281). Baseline characteristics 

are shown in the Table 1. Age, sacubitril/valsartan dose, diabetes, serum creatinine, BNP, 

and previous ACE-I/ARB treatment were significantly different between the 3 groups 

(Table 1). After propensity weighting, there were no significant differences in all baseline 

characteristics between the 3 groups (Table 1).

Survival analysis revealed no significant differences in the cumulative risk of all-cause death 

or hospitalization for HF during the follow-up period between any of 3 BMI categories 

(log-rank test, P = 0.67 for hospitalization for HF and P = 0.17 for all-cause mortality; 

Figure 2). Our unadjusted analysis revealed all-cause mortality rates at 25.19% in the normal 

weight group, 22.39 % in the overweight group and 19.02% in the obese group (normal 

weight versus obese: HR 1.49, 95% CI = 0.99–2.24, P = 0.06; overweight versus obese: HR 

1.31, 95% CI = 0.90–1.89, P = 0.16; normal weight versus overweight: HR 1.14, 95% CI 

= 0.73–1.79, P = 0.57; Table 2). Hospitalization rates for HF were 24.43% in the normal 

weight group, 21.5% in the overweight group and 23.71% in the obese group (normal 

weight versus obese: HR 1.15, 95% CI = 0.77–1.73, P = 0.49; overweight versus obese: HR 

0.94, 95% CI = 0.65–1.35, P = 0.74; normal weight versus overweight: HR 1.23, 95% CI = 

0.78–1.94, P = 0.38) (Table 2).

Analysis of this dataset after propensity score weighting also revealed no significant 

differences in hospitalization rates for HF (normal weight versus obese: AHR 1.04, 95% CI 

= 0.63–1.70, P = 0.88; overweight versus obese: AHR 0.81, 95% CI = 0.54–1.20, P = 0.29; 

normal weight versus overweight: AHR 1.29, 95% CI = 0.76–2.20, P = 0.35) or all-cause 

mortality (normal weight versus obese weight groups: AHR 0.87, 95% CI = 0.53–1.42, P = 

0.57; overweight versus obese groups: AHR 0.87, 95% CI = 0.58–1.32, P = 0.52; normal 

weight versus overweight: AHR 0.89, 95% CI = 0.59–1.67, P = 0.97).
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Discussion

To the best of our knowledge, this is the first real-world study that evaluated the associations 

between BMI and clinical outcomes in patients with HFrEF who were undergoing treatment 

with sacubitril/valsartan. Our results revealed no significant differences in hospitalization for 

HF or all-cause mortality in patients that were assigned to 1 of the 3 standard BMI groups.

Interestingly, our real-world study did not reproduce the results of the post-hoc analysis 

of the Val-He-FT trial which showed that a higher BMI was associated with a lower 

mortality rate in patients with HFrEF undergoing a treatment with valsartan.6 Similar to 

the post-hoc analysis of the Val-He-FT trial, we controlled for the impact of potential 

prognostic predictors, including BNP, EF, serum creatinine and systolic blood pressure by 

propensity score weighting. However, the results of our study did not support the obesity 

paradox for sacubitril/valsartan therapy. These seemingly contradictory results might be 

related to differences in the analyses (e.g., propensity score weighting in our study versus 

multivariate Cox proportional hazards model in the post-hoc analysis of Val-He-FT trial), 

drug therapies (sacubitril/valsartan versus valsartan), and the nature of the data source (e.g., 

real-world data versus findings from a randomized controlled trial). Although the findings 

have not yet been fully published, results of the post-hoc analysis of the PARADIGM-HF 

trial were also not consistent with the obesity paradox. The results of the PARADIGM-HF 

trial, which evaluated the association between BMI and clinical outcomes in patients with 

HFrEF receiving either enalapril or sacubitril/valsartan, are consistent with the results of our 

real-world study.7

It is well-known in clinical practice that a higher BMI is associated with a higher mortality 

rate in the general population.8,9 By contrast, several reports focused on patients with HF 

suggested an inverse relationship between these factors, as they found that lower BMIs 

were associated with a higher mortality rate in this specific patient cohort.4,5 The similar 

obesity paradox was also evident in a cohort of patients diagnosed with atrial fibrillation 

who were undergoing treatment with direct oral anticoagulants.10–12 The obesity paradox 

did not hold true for the patients in our study; this may be due to persistent benefits from 

sacubitril/valsartan regardless of BMI. Although further investigation will be needed, this 

is the first study that has revealed no association between BMI and clinical outcomes in 

patients with HFrEF who were treated with sacubitril/valsartan.

There were several limitations to this study. First, we did not have access to some of the 

clinical data, including device therapies (implantable cardioverter defibrillator or cardiac 

resynchronization therapy), and the New York Heart Association functional classifications or 

American College of Cardiology/American Heart Association staging. Second, we were 

unable to estimate the sample size because we had no previous data that addressed 

this research aim. Thus, the possibility of type 2 errors cannot be excluded completely. 

Third, these real-world data are based on retrospective study results which can only show 

association between BMI and clinical outcomes, not causality. Future prospective studies 

might be designed to address this point. Fourth, we could not access a cause of each death 

event. Thus, we used all-cause mortality as an outcome, and cardiovascular mortality rate 

was not reported. Finally, the BMI values recorded at enrollment were used for patient 
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assignments to 1 of 3 specific BMI groups. However, patients rarely maintained the same 

BMI throughout the entire follow-up. Some of the patients in our study might have been 

categorized into multiple different BMI groups at different times during the follow-up 

period, given the degree of weight fluctuation as well as original weights that were close to 

the cut-off values between BMI categories.

Conclusion

The study revealed no significant associations between BMI and hospitalization for HF 

or all-cause mortality in patients diagnosed with HFrEF who were treated with sacubitril/

valsartan. Further investigation with a larger scale study will be needed to verify these 

results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Patient selection flow diagram.
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Figure 2. 
Kaplan-Meier analysis for (A) time-to-first hospitalization for HF and (B) all-cause 

mortality.
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Table 2.

Hospitalization and Mortality Before and After Propensity Score Weighting.

Pre Hazard ratio 95% CI P-value

Hospitalization Normal weight vs. Obese weight 1.15 0.77–1.73 0.49

Overweight vs. Obese 0.94 0.65–1.35 0.74

Normal weight vs. Overweight 1.23 0.78–1.94 0.38

All-cause mortality Normal weight vs. Obese 1.49 0.99–2.24 0.06

Overweight vs. Obese 1.31 0.90–1.89 0.16

Normal weight vs. Overweight 1.14 0.73–1.79 0.57

Post Average hazard ratio 95% CI P-value

Hospitalization Normal weight vs. Obese 1.04 0.63–1.70 0.88

Overweight vs. Obese 0.81 0.54–1.20 0.29

Normal weight vs. Overweight 1.29 0.76–2.20 0.35

All-cause mortality Normal weight vs. Obese 0.87 0.53–1.42 0.57

Overweight vs. Obese 0.87 0.58–1.32 0.52

Normal weight vs. Overweight 0.99 0.59–1.67 0.97

Abbreviation: CI, confidence interval.
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