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Background: Overweight and mildly obese individuals have a lower risk of death than their normal-weight counterparts; this phenomenon is termed “obesity paradox.” Whether this “obesity paradox” exists in patients with heart failure (HF) or can be modified by comorbidities is still controversial. Our current study aimed to determine the association of body mass index (BMI) with outcomes with patients with HF with preserved ejection fraction (HFpEF) with or without coexisting atrial fibrillation (AF).

Methods: Patients with HFpEF from the Americas in the TOPCAT trial were categorized into the 3 groups: normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obesity (≥30 kg/m2). The Cox proportional-hazards models were used to calculate the adjusted hazard ratios (HRs) and CIs.

Results: We identified 1,749 patients with HFpEF, 42.1% of which had baseline AF. In the total population of HFpEF, both overweight (HR = 0.59, 95% CI: 0.42–0.83) and obesity (HR = 0.49, 95% CI: 0.35–0.69) were associated with a reduced risk of all-cause death. Among patients with HFpEF without AF, overweight (HR = 0.51, 95% CI: 0.27–0.95) and obesity (HR = 0.64, 95% CI: 0.43–0.98) were associated with a lower risk of all-cause death. In those with AF, obesity (HR = 0.62, 95% CI: 0.40–0.95) but not overweight (HR = 0.81, 95% CI: 0.54–1.21) was associated with a decreased risk of all-cause death.

Conclusions: The “obesity paradox” assessed by BMI exists in patients with HFpEF regardless of comorbid AF.

Clinical Trial Registration: https://clinicaltrials.gov, identifier: NCT00094302.
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INTRODUCTION

Both obesity and heart failure (HF) have become the global epidemics. In the United States, e.g., 35% of the Americans are obese, and HF affects over 3.5 million people, placing a massive burden on the expenditure of healthcare (1, 2). Obesity defined by body mass index (BMI) is a well-established risk factor for HF (3, 4). A BMI of >25 kg/m2 is associated with a greater risk of HF with preserved ejection fraction (HFpEF) than HF with reduced ejection fraction (HFrEF) (3, 4). However, in established patients with HF, overweight and mildly obese individuals have a lower risk of death than their normal-weight counterparts, giving rise to a phenomenon termed the “obesity paradox” (2, 5). A prior meta-analysis found that the “obesity paradox” could exist in patients with HF across the whole spectrum of the left ventricular ejection fraction (LVEF) (6). Although the “obesity paradox” in HF has been described in the literature for many years, the applications to the clinical practice are still debated. More currently, Donataccio et al. (7) have systematically performed a narrative review of the relationship between “obesity paradox” and HF, and presented several studies that did not support the “obesity paradox” in HF.

Several studies have found that the “obesity paradox” in HF could be modified by etiology and coexisting comorbidities of HF. The prognostic benefit of obesity is suggested to be maintained only in non-ischemic patients with HF regardless of LVEF (8). Moreover, there is a debate over the paradoxical association of obesity with outcomes in the presence of diabetes mellitus (DM) (9–11). The evidence so far tends to suggest that the “obesity paradox” might not be evident in patients with HF with DM (12). HFpEF is a heterogeneous condition, representing ~50% of all cases of HF. Atrial fibrillation (AF) and HFpEF share common risk factors and often coexist. In patients with HFpEF, the prevalence of AF is dramatically increased, and AF is associated with worse clinical outcomes (13, 14). Links between obesity and survival benefits in AF have been proposed (15, 16). Nevertheless, whether the prognostic benefits of obesity could be observed in patients with HFpEF with comorbid AF remains unclear.

Based on the data from the Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) trial, we aimed to assess the relationship between BMI and adjudicated clinical outcomes in patients with HFpEF having baseline AF or not.



METHODS


Data Source

The TOPCAT trial, a multicenter, international, randomized, double-blind, placebo-controlled trial, assessed the role of spironolactone vs. placebo in treating patients with HFpEF with a mean follow-up time of 3.3 years. This trial was approved by the Medical Ethical Committee of each of the participating centers, and each subject gave written informed consent. The data set in this trial was obtained from the National Heart, Lung, and Blood Institute (NHLBI) by applying to the Biologic Specimen and Data Repository Information Coordinating Center (BIOLINCC, https://biolincc.nhlbi.nih.gov/).

As reported previously (17), the TOPCAT trial enrolled 3,445 patients, including those in the Americas, Russia, and Georgia. The selected patients had: (1) an age of 50 years or older, (2) an LVEF of ≥45% and at least one sign and symptom of HF, (3) controlled systolic blood pressure, a serum potassium level <5.0 mmol/L, and an estimated glomerular filtration rate of ≥30 ml/min per 1.73 m2 of body surface area, and (4) a history of HF hospitalization within 12 months before enrollment, or an elevated level of natriuretic peptide (BNP) within 60 days before randomization (a BNP of ≥100 pg/ml or N-terminal pro-BNP of ≥360 pg/ml).

Since the regional differences in patient profiles and event rates suggested that the Americas were more representative of an HFpEF population (18, 19), we only included the Americas for analysis. The primary measure of adiposity was BMI assessed at baseline. Patients were stratified according to the WHO classification of BMI: normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obesity (≥30 kg/m2). Baseline AF cases were identified by a positive AF history or an AF pattern on an electrocardiogram confirmed by an enrolling physician. Due to the limited sample size, the underweight population (n = 8) was not assessed. After excluding 1,678 patients with HFpEF from Russia and Georgia, nine patients with missing BMI data, 1 patient with missing AF status, and 8 underweight patients, we finally included a studied population of 1,749 (mean age: 71.5 ± 9.6 years, and female proportion: 50.1%) patients. Reporting of the study conforms to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement (20).



Outcomes

Consistent with the TOPCAT trial, the primary outcome was defined as a composite of cardiovascular death, HF hospitalization, or aborted cardiac arrest. The secondary outcomes were all-cause death, cardiovascular death, any hospitalization, and HF hospitalization (21). The detailed definitions of these outcomes referred to the previous descriptions (22). During the follow-up, the outcomes were monitored through subject contacts and by interview and medical record review at the clinic site. The Clinical Endpoints Center independently adjudicated the event of each outcome (22).



Clinical Follow-Up

Follow-up visits to monitor symptoms, medications, and events, and to dispense the study drug were scheduled every 4 months during the first year of the subject of the study, and every 6 months thereafter. Data on participants who did not have an event of time-to-event outcomes were censored at the date of last available follow-up information for the clinical events (23).



Statistical Analysis

Continuous variables were expressed as the means with SD for normal distribution or medians with interquartile ranges for the non-normal distributions. The differences between groups for continuous variables were compared using the unpaired Student's t-tests (normal distribution) or the Wilcoxon–Mann–Whitney U test (non-normal distribution). Categorical variables, reported as counts and percentages, were compared between groups using the chi-squared test. For the non-normally distributed categorical variables, the Kruskal–Wallis test was used. Survival analysis was performed using the Kaplan–Meier estimates tested by the log-rank method. The Cox proportional-hazards models were used to calculate the adjusted risk estimates [i.e., hazard ratios (HRs) and CIs]. The covariates from backward stepwise methods with a significance level of <0.10 in univariable models and additional clinically meaningful confounders were selected in the multivariable models.

All the statistical analyses were performed using SPSS Statistics version 26.0 (IBM Corporation, Armonk, New York, USA) and R (version 4.0.1) software. A two-sided p < 0.05 was considered as statistically significant.




RESULTS


Baseline Characteristics of the Patient

The baseline characteristics of the total HFpEF population across the BMI categories are shown in Supplementary Table 1. Compared with the normal-weight individuals, obese patients were younger and had larger waist circumference, increased alcohol consumption, lower levels of BNP at baseline, higher proportions of the previous HF hospitalization, comorbid DM, hypertension, and dyslipidemia, and more prescription medications including diuretics, statins, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, and calcium channel blockers. We further divided the total population into two groups according to AF status at baseline. As shown in Table 1, 1,012 (57.9%) patients with HFpEF had no AF at baseline, whereas 737 (42.1%) patients had AF. Compared with patients without AF, those with AF were older and were more likely to be Caucasian. Patients with baseline AF had significantly lower systolic blood pressure, a lower estimated glomerular filtration rate, lower alcohol consumption, higher BNP levels at baseline, less DM and peripheral arterial disease, more current smokers, fewer aspirin users, and more prescription use of warfarin and diuretics than those without AF.


Table 1. Baseline characteristics of patients with HFpEF by atrial fibrillation status.
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Association of BMI With Outcomes in the Total HFpEF Population

The event rates of the primary composite outcome were similar across the BMI categories (Figure 1). For the secondary outcomes, the K–M curves showed that the event rates of cardiovascular death and all-cause death occurred less frequently in patients with overweight or obesity than in normal-weight individuals (Figure 2).


[image: Figure 1]
FIGURE 1. K–M survival curves for the primary composite outcome based on the predefined body mass index (BMI) categories in HFpEF. HFpEF, heart failure with preserved ejection fraction; HF, heart failure.
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FIGURE 2. K–M survival curves for cardiovascular death (A), all-cause death (B), HF hospitalization (B), and any hospitalization (D) based on the predefined BMI categories in HFpEF. HFpEF, heart failure with preserved ejection fraction; HF, heart failure.


The results of the univariate and multivariate Cox regression analyses are shown in Table 2. After adjustments for potential covariates, both overweight and obesity were independently associated with the reduced risks of all-cause death (overweight: HR = 0.59, 95% CI: 0.42–0.83 and obesity: HR = 0.49, 95% CI: 0.35–0.69) compared with normal weight. We observed no significant associations between overweight or obesity and outcomes of the primary composite outcome, any hospitalization, HF hospitalization, or cardiovascular death. When BMI was analyzed as a continuous variable, we found no significant associations of increasing BMI (per 5 unit increment) with any outcome.


Table 2. The univariate and multivariate Cox regression analysis for outcomes in patients with HFpEF by atrial fibrillation status.
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Association of BMI With Outcomes in HFpEF Stratified by AF Status

In patients with HFpEF without AF, the Cox multivariable analysis showed that being overweight was associated with lower risks of cardiovascular death (HR = 0.51, 95% CI: 0.27–0.95) and all-cause death (HR = 0.54, 95% CI: 0.33–0.86) compared with normal weight. Obesity was associated with a decreased risk of all-cause death (HR = 0.64, 95% CI: 0.43–0.98) but was not associated with the primary composite outcome, any hospitalization, cardiovascular death, or HF hospitalization (Table 2). In patients with AF, overweight was not associated with any outcome, whereas obesity was associated with decreased risks of all-cause death (HR = 0.64, 95% CI: 0.43–0.98) and cardiovascular death (HR = 0.45, 95% CI: 0.26–0.78). When BMI was analyzed as a continuous variable, we found no significant associations of increasing BMI (per 5 unit increase) with any outcome in patients with or without AF.




DISCUSSION

To the best of our knowledge, this was the first study to assess whether the prognostic benefits of obesity were observed in patients with HFpEF having AF or not. Our principal observation was the “obesity paradox” that was evident in patients with HFpEF regardless of the comorbid AF.

Several studies have assessed the “obesity paradox” in patients with HFpEF. Ken et al. (24) reported a “U”-shaped association between BMI and death risk in patients with HFpEF with an LVEF of >40%. Subsequently, similar results were found in HFpEF with a more contemporary ejection fraction (LVEF >50%) (25). Consistent with these findings (6, 26–28), our results based on data from the TOPCAT trial showed that overweight or obesity was associated with improved survival. Two prior studies from the TOPCAT trial [Tsujimoto et al. (29) and Pandey et al. (30)] analyzed the effect of obesity on outcomes and obtained similar findings, although different individuals were selected. Regarding the study cohort of the TOPCAT trial, there were many concerns about the population included from Russia and Georgia, not only because of the adherence to the study treatment but also because of the clinical characteristics and diagnosis of HF in this subpopulation. This study excluded patients from Russia and Georgia, making our findings more reliable to avoid potential clinical heterogeneity.

In the study by Wang et al. (31), the “obesity paradox” existed in patients with HF with AF, but HFrEF and HFpEF might have been mixed for the analysis. AF is associated with worse outcomes in patients with HFpEF, and the “obesity paradox” exists in patients with AF (15, 16, 32). Several studies have suggested that current definitions of HFpEF may comprise distinct groups of the participants (33–35). A recent study has identified distinct HFpEF phenogroups with differential characteristics. Across these subsets of phenogroups, significant differences in the prevalence of concomitant AF, anemia, and kidney disease were observed (35). The heterogeneity in the clinical profiles among HFpEF definitions is mirrored by differing clinical outcomes, with a nearly 4-fold difference in the incidence rate of subsequent cardiovascular events between different phenogroups. Therefore, the “obesity paradox” might be modified by distinct phenogroups stratified by the heterogeneity of the clinical profiles. Several recent articles have reinforced this view. For example, Zamora et al. (12) showed that the “obesity paradox” only existed in patients with HF without DM. Gentile et al. (8) showed that the obesity-related prognostic benefit is restricted to patients with non-ischemic HF. However, the effect of BMI on the clinical outcomes is still unclear in patients with HFpEF with concomitant AF.

Atrial fibrillation has an adverse influence on the diastolic filling due to the loss of atrial kick and high heart rates (36). This may contribute to worsened right ventricular function, and the right ventricle may be adversely affected and contribute to exercise intolerance (36). In addition, obesity is linked to an increased risk of left ventricular hypertrophy and left ventricular diastolic dysfunction and is an independent risk factor for new-onset AF and AF progression (37). Weight reduction could slow AF progression and improve prognosis in patients with AF (38). Based on these points, we supposed that obesity would adversely affect the outcomes among patients with HFpEF with comorbid AF. Inversely, based on data from the TOPCAT trial, we found that obesity was protective in patients with HFpEF regardless of comorbid AF.

It has been assessed whether the “obesity paradox” in HF could be modified by HF etiology (8) and coexisting comorbidities such as DM (9–11) and AF (this study). In addition, psychosocial stress and obesity often coexist. A prior study by Agrimi et al. (39) found that psychosocial stress and obesity could synergistically deteriorate cardiac structure and function. Further studies could determine whether the associations of BMI with adjudicated clinical outcomes in HFpEF will be modified by psychosocial stress state.

Although the exact mechanisms of the prognostic benefits in HF are poorly understood, several potential explanations have been proposed. Obesity is linked to HF risk, and thus, obese individuals are diagnosed with HF at an earlier age. Younger patients might receive therapy earlier and generally have a better prognosis. In addition, obese patients may have better nutrition status, high-physical fitness levels, and increased various anti-inflammatory adipokines. Nevertheless, several studies did not support the contradictory phenomenon of “obesity paradox” in HF (7). Those obese patients with the lower death risks may have high levels of physical fitness. Moreover, BMI was used as the indicator of obesity in many previous studies, which did not distinguish between metabolically healthy and metabolically unhealthy obesity. In contrast to BMI, other parameters of the body fat and body composition (e.g., waist circumference, waist–hip ratio, body fat distribution, or epicardial fat) should be assessed in further studies.


Limitations

This study had several limitations as follows. First, given a retrospective analysis of the TOPCAT trial, causality could not be established. Some unmeasured factors might result in the presence of residual confounding and, thus, our results should be interpreted with caution. Second, since we included individuals from the Americas, whether our findings could be generalized to other regions is unclear. Third, we only evaluated the BMI at enrollment. The changes in BMI were not reassessed during the follow-up duration, resulting in possible misclassification bias. Finally, BMI was used as the indicator of obesity in this study. Cardiorespiratory fitness was also not considered. Further studies should take the distribution of adiposity and cardiorespiratory form into consideration.




CONCLUSION

The results of this study suggest that the “obesity paradox” exists in patients with HFpEF regardless of baseline AF status. The potential mechanisms of the “obesity paradox” in HFpEF require further exploration.
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