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Abstract

Aims Although body mass index (BMI) is the most commonly used anthropometric measure, newer indices such as the waist-to- 
height ratio, better reflect the location and amount of ectopic fat, as well as the weight of the skeleton, and may be more 
useful.

Methods 
and results

The prognostic value of several newer anthropometric indices was compared with that of BMI in patients with heart failure 
(HF) and reduced ejection fraction (HFrEF) enrolled in prospective comparison of ARNI with ACEI to determine impact on 
global mortality and morbidity in heart failure. The primary outcome was HF hospitalization or cardiovascular death. The 
association between anthropometric indices and outcomes were comprehensively adjusted for other prognostic variables, 
including natriuretic peptides. An ‘obesity-survival paradox’ related to lower mortality risk in those with BMI ≥25 kg/m2 

(compared with normal weight) was identified but this was eliminated by adjustment for other prognostic variables. This 
paradox was less evident for waist-to-height ratio (as an exemplar of indices not incorporating weight) and eliminated 
by adjustment: the adjusted hazard ratio (aHR) for all-cause mortality, for quintile 5 vs. quintile 1, was 1.10 [95% confidence 
interval (CI) 0.87–1.39]. However, both BMI and waist-to-height ratio showed that greater adiposity was associated with a 
higher risk of the primary outcome and HF hospitalization; this was more evident for waist-to-height ratio and persisted 
after adjustment e.g. the aHR for HF hospitalization for quintile 5 vs. quintile 1 of waist-to-height ratio was 1.39 (95% CI 
1.06–1.81).

Conclusion In patients with HFrEF, alternative anthropometric measurements showed no evidence for an ‘obesity-survival paradox’. 
Newer indices that do not incorporate weight showed that greater adiposity was clearly associated with a higher risk of 
HF hospitalization.
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Structured Graphical Abstract

The upper part of the figure describes the calculation of each of the anthropometric measures. The lower part of the figure shows the risk of out-
comes according to continuous body mass index (left panel) and waist-to-height ratio (right panel). The solid line represents the hazard ratio and the 
shaded area the 95% confidence interval. The blue spline is adjusted for treatment and region. The red spline is adjusted for treatment, age, sex, 
region, systolic blood pressure, heart rate, estimated glomerular filtration rate, left ventricular ejection fraction, log of n-terminal pro-B-type natri-
uretic peptide, body mass index (only in the waist-to-height ratio analyses), New York Heart Association functional class, heart failure aetiology, 
duration of heart failure, prior heart failure hospitalization, a history of diabetes, and atrial fibrillation. BMI, body mass index; BRI, body roundness 
index; BSA, body surface area; BSI, body shape index; CI, confidence interval; HF, heart failure; HR, hazard ratio; RFM, relative fat mass; WHR, waist- 
to-hip ratio; WHtR, waist-to-height ratio; WWI, weight-adjusted-waist index.

Keywords Heart failure with reduced ejection fraction • Obesity • Body mass index • Angiotensin receptor-neprilysin inhibitor • 
Clinical trial
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Introduction
Although obesity has been repeatedly shown to be an independent risk 
factor for the development of heart failure (HF),1–3 its prognostic import-
ance in established HF, especially HF with reduced ejection fraction 
(HFrEF), is less clear and an ‘obesity-survival paradox’ has been described 
in patients with HFrEF.4–8 However, the associations between obesity and 
outcomes in HFrEF have generally been based on body mass index (BMI), 
calculated as weight in kilograms divided as height in meters squared, 
which has many limitations as a measure of adiposity. BMI does not 
take into account the location of body fat or its amount, relative to muscle, 
or the weight of the skeleton, which may differ according to sex, age, and 
race.9–12 In HF specifically, there is also the contribution of retained fluid 
to body weight. Consequently, alternative anthropometric indices have 
been proposed such as waist circumference, waist-to-hip ratio, and 
weight-adjusted-weight index, which may better reflect intra-abdominal 
fat (‘central obesity’) and body shape index, body roundness index, and 
relative fat mass, which have been suggested to better reflect the distribu-
tion of body fat and total fat mass.13–17 Recently, some of these were 
found to be better predictors of incident HF in the general population 
than BMI,18–20 but they are not commonly measured in clinical practice.

Waist-to-height ratio is of particular interest as it should, to some ex-
tent, take account of sex- and race-based differences in stature and the 
distribution of body fat, and the National Institute for Health and Care 
Excellence in the United Kingdom has recently suggested that 
waist-to-height ratio should replace BMI in the evaluation of adiposity.21,22

To complicate matters further, the association between BMI (and poten-
tially any other anthropometric index) and outcome in patients with HFrEF 
is also confounded by the relationship between adiposity and natriuretic 
peptide levels. Higher BMI is associated with lower natriuretic peptide levels, 
possibly due to increased clearance or potentially because patients with 
obesity present with symptoms at an earlier stage in the development of 
HF.23,24 Although natriuretic peptide level is one of the most powerful 
prognostic variables in HFrEF,25 few analyses of the association between 
BMI (or other anthropometric indices) and outcome have accounted for 
this.4–8,26–34 Therefore, we have examined the newer anthropometric indi-
ces described above in patients with HFrEF, focusing on their prognostic va-
lue and whether an ‘obesity-survival paradox’ is observed, as has been 
reported for BMI. We have also adjusted all analyses for natriuretic peptide 
levels. We carried out these analyses in a global population enrolled in the 
prospective comparison of angiotensin receptor-neprilysin inhibitor with 
angiotensin-converting enzyme inhibitor (ACE-i) to determine impact on 
global mortality and morbidity in heart failure trial (prospective comparison 
of ARNI with ACEI to determine impact on global mortality and morbidity 
in heart failure [PARADIGM-HF]) which included 1832 women and 6567 
men with HFrEF enrolled in 47 countries on six continents.35

Methods
PARADIGM-HF was a randomized, double-blind, placebo-controlled trial in 
patients with chronic HFrEF, evaluating the efficacy and safety of the angio-
tensin receptor-neprilysin inhibitor sacubitril/valsartan compared with ena-
lapril, added to standard care. The design and primary results of 
PARADIGM-HF have been reported previously.35,36 The institutional re-
view boards of all participating institutions approved the protocol, and all 
patients gave written informed consent.

Patients and study procedures
Key inclusion criteria were age ≥18 years, New York Heart Association (NYHA) 
functional class II-IV, left ventricular ejection fraction (LVEF) of ≤35% (changed 

from ≤40% by a protocol amendment), elevated natriuretic peptide levels, 
and treatment with a stable dose of an ACE-i or angiotensin receptor blocker 
(ARB) equivalent to enalapril 10 mg/day for at least 4 weeks before the screening 
visit. Key exclusion criteria were symptomatic hypotension or systolic blood 
pressure <95 mmHg at randomization (100 mmHg at screening), estimated 
glomerular filtration rate (eGFR) < 30 mL/min/1.73 m2 at randomization (or 
screening), potassium >5.4 mmol/L at randomization (>5.2 mmol/L at screen-
ing), a history of angioedema, and intolerance to ACE-i or ARB.36

On trial entry, ongoing therapy with ACE-i or ARB was stopped, and pa-
tients received enalapril 10 mg twice daily for 2 weeks followed by sacubi-
tril/valsartan, up-titrated from 100 mg twice daily to 200 mg twice daily, for 
additional 4–6 weeks. Patients tolerating both drugs at the target doses 
were then randomly assigned to double-blind therapy with sacubitril/valsar-
tan or enalapril in a 1:1 ratio.36

Anthropometric measures
Data on anthropometric measures were obtained at the randomization vis-
it. The calculation of each of these measures is described in Figure 1.

In the analyses using BMI, patients were divided according to the World 
Health Organization (WHO) BMI categories, i.e. underweight (<18.5 kg/m2); 
normal weight (18.5–24.9 kg/m2); overweight (25.0–29.9 kg/m2); obesity class 
I (30.0–34.9 kg/m2); obesity class II (35.0–39.9 kg/m2) and obesity class III 
(≥40 kg/m2). The choice of waist-to-height ratio as the exemplar anthropo-
metric index that does not include weight was prespecified as it is easiest to 
calculate. We analyzed this index by quintile as the lowest quintile identified pa-
tients with a waist-to-height ratio in the range 0.150–0.520, the upper end of 
which approximates the <0.5 regarded as healthy.

Outcomes
The primary outcome in PARADIGM-HF was the composite of HF hospi-
talization or cardiovascular death. In the present analysis, we also examined 
each of the components of the primary outcome, non-cardiovascular death, 
and death from any cause.

Statistical analyses
Baseline characteristics were summarized as frequencies with percentages, 
means with standard deviation (SD), or medians with interquartile ranges. 
Differences in baseline characteristics were tested using the Cochran– 
Armitage trend test for binary variables, the Cochran–Mantel–Haenszel test 
for categorical variables, and the Jonckheere–Terpstra test and linear regression 
for non-normal and normally distributed continuous variables, respectively.

Time-to-event data, regardless of treatment allocation, were evaluated 
using Cox proportional-hazards models, adjusted for treatment-group as-
signment and geographic region, and hazard ratios (HR) with 95% confi-
dence intervals (CIs) were reported. In addition, HRs adjusted for 
treatment-group assignment, age, sex, race, geographic region, systolic 
blood pressure, heart rate, eGFR, LVEF, BMI (not included when analyzing 
outcomes according to BMI), log of n-terminal pro-B-type natriuretic pep-
tide (NT-proBNP), NYHA functional class, HF aetiology, duration of HF, 
prior HF hospitalization, and a history of diabetes and atrial fibrillation 
were reported. The relationship between anthropometric measurements 
as continuous variables and the risk of outcomes was also examined in re-
stricted cubic spline analyses (with the median value as reference).

To compare the effects of sacubitril/valsartan vs. enalapril, time-to-event 
data were evaluated with Cox proportional-hazards models, with geo-
graphical region and treatment-group assignment as fixed-effect factors.

All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, 
NC) and STATA version 17.0 (College Station, TX). A P-value of .05 was 
considered statistically significant.

Results
Of the 8399 patients randomized in PARADIGM-HF, data on BMI were 
available in 99.9% (as were data on body surface area), and data on 
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waist-to-height ratio were available in 98.6% (as were data on waist cir-
cumference, relative fat mass, body roundness index, body shape index, 
and weight-adjusted-weight index although our focus was on 
waist-to-height ratio). Waist-to-hip ratio was available in 97.7% of ran-
domized patients. Median duration of follow-up was 27 months 
(25th-75th percentile, 19–36 months).

Patient characteristics
Body mass index
Median BMI was 27.5 kg/m2 (25th-75th percentile, 24.5–31.0 kg/m2) 
and 27.6 kg/m2 (25th-75th percentile, 24.0–32.0 kg/m2) in men and 
women, respectively (Figure 2A). In total, 153 patients had a BMI 
<18.5 kg/m2; 2268 patients between 18.5–24.9 kg/m2; 3249 patients 
between 25–29.9 kg/m2; 1810 patients between 30–34.9 kg/m2; and 
909 patients ≥35 kg/m2. Detailed baseline characteristics according 
to these BMI categories are presented in Table 1a. Compared with pa-
tients with normal weight, those with higher BMI were younger, more 
often female, and white. Patients with higher BMI had more comorbid-
ity, longer duration HF, more prior hospitalization for HF, and worse 
NYHA functional class, and Kansas City Cardiomyopathy 
Questionnaire (KCCQ) scores. However, they had higher LVEF and 
were more likely to have a non-ischemic aetiology (although patients 

with a BMI <18.5 kg/m2 were more likely than the other BMI categories 
to have a non-ischemic aetiology). Patients with higher BMI had lower 
natriuretic peptide levels (irrespective of the presence of atrial fibrilla-
tion) but a higher urinary cGMP/BNP ratio (as a marker of tissue re-
sponsiveness to natriuretic peptides). Patients with higher BMI had 
higher aldosterone, hemoglobin, uric acid, and blood urea nitrogen, le-
vels, as well as neutrophil/lymphocyte ratio, compared with patients 
with normal weight, but a lower eGFR (Table 1a).

Waist-to-height ratio
Median waist-to-height ratio was 0.58 (25th-75th percentile, 0.54–0.64) 
and 0.59 (25th-75th percentile, 0.53–0.66) in men and women, respect-
ively (Figure 2B). Baseline characteristics of patients according to quintiles 
of waist-to-height ratio are presented in Table 1b. Overall, the differences 
were similar to those described above and in Table 1a.

Overlap between body mass index 
categories and waist-to-height ratio 
quintiles
The overlap between BMI categories and waist-to-height ratio quintiles 
is shown in Table 2. Of the 2397 patients not overweight or obese, 

Figure 1 Calculation of anthropometric measures. This figure describes the calculation of each of the anthropometric measures. BMI, body mass 
index; BRI, body roundness index; BSA, body surface area; BSI, body shape index; RFM, relative fat mass; WHR, waist-to-hip ratio; WHtR, 
waist-to-height ratio; WWI, weight-adjusted-waist index.

Body mass index Waist-to-height ratio

Body mass index, kg/m2 Waist-to-height ratio

Figure 2 Distribution of body mass index and waist-to-height-ratio according to sex. This figure shows the frequency distribution curves of body mass 
index and waist-to-height ratio, respectively, according to sex. The red line and bars represent women, and the blue line and bars represent men.
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according to BMI, only 1253 (52%) were in waist-to-height ratio quintile 
1 (covering the range of waist-to-height ratio thought to be healthy). 
The remaining 1144 participants (48%) not overweight or obese, ac-
cording to BMI, were in waist-to-height ratio quintiles 2–5 (mainly quin-
tiles 2 and 3).

There was less reclassification of patients classified as obese by BMI; 
of the 2680 patients categorized as in obesity class I or class II/III, 2249 
(84%) were in the fourth or fifth quintile of waist-to-height ratio.

Outcomes according to anthropometric 
measures
Body mass index
In the analyses of BMI by WHO category, the risk of the primary out-
come did not differ significantly between patients with obesity and 
those with normal weight in the analysis adjusted for only region and 
treatment. However, the risk of death (whether due to cardiovascular 
or all causes), was significantly lower in overweight and obese patients; 
conversely, the risk of heart failure hospitalization was higher among in-
dividuals in obesity class II/III (Table 3a). After adjustment for prognostic 
variables, including NT-proBNP, the association between higher BMI 
and lower risk of death was eliminated and the association between 
higher BMI and higher risk of HF hospitalization was accentuated 
(Table 3a).

When BMI was examined as a continuous variable, a similar picture 
was evident although the small ‘underweight’ BMI category appeared to 
be associated with a higher risk of death from non-cardiovascular 
causes (Figure 3).

Waist-to-height ratio
In the analyses of waist-to-height ratio by quintile, the risk of the primary 
outcome did not differ significantly between patients in quintile 5, com-
pared to those in quintile 1, in the analysis adjusted for only region and 
treatment (Table 3b). However, the risk of death (whether due to cardio-
vascular or all causes), tended to be lower in patients in quintile 5, al-
though this was not as clear as for BMI. Conversely, the risk of HF 
hospitalization was significantly higher in individuals in quintile 5, com-
pared with quintile 1. After adjustment for prognostic variables, the asso-
ciation between higher waist-to-height ratio and lower risk of death was 
eliminated and the association between higher waist-to-height ratio and 
higher risk of HF hospitalization persisted (Table 3).

When waist-to-height ratio was examined as a continuous variable, a 
similar picture was evident although a low waist-to-height ratio did not 

appear to be associated with a higher risk of death from non- 
cardiovascular causes (Figure 4).

Other anthropometric measures
The association between the other anthropometric measures exam-
ined as continuous variables and outcomes are shown in 
Supplementary material online, Figures S1–S7. The association between 
waist-to-hip ratio examined as a continuous variable and outcomes in 
men and women, respectively, are shown in Supplementary material 
online, Figures S8 and S9. After adjustment for prognostic variables, 
greater adiposity, as assessed by body roundness index and relative 
fat mass, was associated with a higher risk of HF hospitalization. 
None of the anthropometric measures (i.e. waist circumference, 
waist-to-hip ratio, body shape index, weight-adjusted-waist index, 
and body surface area) was associated with cardiovascular death.

Effects of sacubitril/valsartan according to 
anthropometric measures
Body mass index
Compared with enalapril, sacubitril/valsartan reduced the risk of HF 
hospitalization or cardiovascular death across BMI categories (P for 
interaction = 0.50) (Table 4). The beneficial effect of sacubitril/valsartan 
was consistent across BMI categories for HF hospitalization (P for inter-
action = .41), cardiovascular death (P for interaction = .81), and death 
from any cause (P for interaction = .97) (Table 4).

Waist-to-height ratio
The beneficial effect of sacubitril/valsartan was also consistent for the 
primary and secondary endpoints according to quintiles of 
waist-to-height ratio (see Supplementary material online, Table S1).

Discussion
Among the patients with HFrEF in PARADIGM-HF, there was no long-
er evidence of a BMI-related ‘obesity-survival paradox’ after compre-
hensive adjustment for other prognostic variables. Moreover, the 
counterintuitive epidemiologic observation of a lower risk of death in 
patients with greater adiposity was less apparent with the newer an-
thropometric indices. All anthropometric indices examined showed 
that greater adiposity was associated with a higher risk of HF hospital-
ization as this was more evident with the newer indices (Structured 
Graphical Abstract).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Correlation between body mass index categories and waist-to-height ratio quintiles

Underweight Normal weight Overweight Obesity class I Obesity II/III
BMI <18.5 BMI 18.5–24.9 BMI 25–29.9 BMI 30–34.9 BMI ≥35

n = 151 n = 2246 n = 3203 n = 1779 n = 901

WHtR quintile 1 129 1124 347 30 5

WHtR quintile 2 14 746 819 69 11

WHtR quintile 3 4 282 1055 295 21

WHtR quintile 4 2 71 745 715 122

WHtR quintile 5 2 23 237 670 742

Spearman correlation coefficient: 0.74.
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In the minimally adjusted analyses (adjusted for only region and treatment 
assignment), overweight and obesity, defined using conventional BMI cat-
egories, were associated with a lower risk of death from any cause, and car-
diovascular causes, compared with normal weight, as has been reported 
previously.4–8,37–40 However, most prior studies did not adjust for other 
prognostic variables which vary greatly across BMI categories, particularly 

the most powerful of these, i.e. natriuretic peptides.4–8,26–34,37–40 We 
were able to adjust for a broad range of prognostic variables, including 
NT-proBNP, and thereby minimize the impact of any potential residual con-
founding. After this adjustment, the ‘survival paradox’ related to high BMI 
was eliminated. Furthermore, none of the newer anthropometric measures 
showed the same association between greater adiposity and a lower risk of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3a Outcomes according to body mass index

Underweight Normal weight Overweight Obesity class I Obesity class II/III
BMI <18.5 BMI 18.5–24.9 BMI 25–29.9 BMI 30–34.9 BMI ≥35

n = 153 n = 2268 n = 3249 n = 1810 n = 909

HF hospitalization or cardiovascular death

n (%) 38 (24.8) 556 (24.5) 764 (23.5) 432 (23.9) 239 (26.3)

Event rate per 100 person-years (95% CI) 12.5 (9.1–17.1) 12.1 (11.1–13.1) 11.2 (10.4–12.0) 11.3 (10.3–12.4) 12.6 (11.1–14.3)

HR (95% CI)a 1.02 (0.73–1.42) Reference 0.94 (0.84–1.06) 0.94 (0.83–1.08) 1.04 (0.88–1.21)

HR (95% CI)b 1.20 (0.86–1.67) Reference 0.90 (0.81–1.01) 0.86 (0.75–0.99) 0.92 (0.78–1.09)

HR (95% CI)c 1.06 (0.76–1.47) Reference 1.03 (0.92–1.16) 1.09 (0.95–1.25) 1.24 (1.05–1.48)

HF hospitalization

n (%) 18 (11.8) 289 (12.7) 451 (13.9) 273 (15.1) 163 (17.9)

Event rate per 100 person-years (95% CI) 5.9 (3.7–9.4) 6.3 (5.6–7.0) 6.6 (6.0–7.3) 7.1 (6.3–8.0) 8.6 (7.4–10.0)

HR (95% CI)a 0.96 (0.60–1.55) Reference 1.04 (0.90–1.22) 1.10 (0.93–1.31) 1.26 (1.03–1.54)

HR (95% CI)b 1.16 (0.72–1.88) Reference 0.98 (0.84–1.14) 0.96 (0.81–1.15) 1.06 (0.86–1.32)

HR (95% CI)c 1.03 (0.63–1.67) Reference 1.12 (0.96–1.31) 1.22 (1.01–1.46) 1.43 (1.15–1.78)

Cardiovascular death

n (%) 30 (19.6) 387 (17.1) 474 (14.6) 242 (13.4) 117 (12.9)

Event rate per 100 person-years (95% CI) 9.3 (6.5–13.3) 7.9 (7.1–8.7) 6.5 (5.9–7.1) 5.8 (5.1–6.6) 5.6 (4.6–6.7)

HR (95% CI)a 1.14 (0.78–1.65) Reference 0.85 (0.74–0.98) 0.77 (0.65–0.91) 0.75 (0.60–0.93)

HR (95% CI)b 1.27 (0.87–1.86) Reference 0.83 (0.73–0.96) 0.75 (0.63–0.89) 0.72 (0.58–0.91)

HR (95% CI)c 1.11 (0.76–1.63) Reference 0.96 (0.83–1.11) 0.96 (0.80–1.15) 1.00 (0.79–1.26)

Non-cardiovascular death

n (%) 6 (3.9) 79 (3.5) 119 (3.7) 65 (3.6) 24 (2.6)

Event rate per 100 person-years (95% CI) 1.9 (0.8–4.1) 1.6 (1.3–2.0) 1.6 (1.4–1.9) 1.6 (1.2–2.0) 1.1 (0.8–1.7)

HR (95% CI)a 1.47 (0.64–3.39) Reference 0.88 (0.66–1.17) 0.81 (0.58–1.13) 0.57 (0.36–0.91)

HR (95% CI)b 1.75 (0.75–4.08) Reference 0.87 (0.65–1.16) 0.83 (0.59–1.18) 0.64 (0.39–1.06)

HR (95% CI)c 1.70 (0.73–3.98) Reference 0.91 (0.68–1.23) 0.91 (0.64–1.30) 0.72 (0.44–1.19)

All-cause death

n (%) 36 (23.5) 466 (20.5) 593 (18.3) 307 (17.0) 141 (15.5)

Event rate per 100 person-years (95% CI) 11.2 (8.1–15.5) 9.5 (8.7–10.4) 8.1 (7.5–8.8) 7.4 (6.6–8.3) 6.7 (5.7–7.9)

HR (95% CI)a 1.18 (0.84–1.67) Reference 0.86 (0.75–0.97) 0.78 (0.67–0.90) 0.71 (0.58–0.86)

HR (95% CI)b 1.33 (0.94–1.88) Reference 0.84 (0.74–0.95) 0.76 (0.65–0.89) 0.71 (0.57–0.87)

HR (95% CI)c 1.19 (0.84–1.69) Reference 0.95 (0.84–1.08) 0.95 (0.81–1.11) 0.94 (0.76–1.16)

BMI, body mass index; CI, confidence interval; HF, heart failure; HR, hazard ratio. 
aAdjusted for treatment and region. 
bAdjusted for treatment, age, sex, region, systolic blood pressure, heart rate, estimated glomerular filtration rate, left ventricular ejection fraction, NYHA functional class, HF etiology, 
duration of HF, prior HF hospitalization, a history of diabetes, and atrial fibrillation. 
cAdjusted for the above-mentioned variables and log of NT-proBNP.
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cardiovascular and all-cause death as was seen with BMI when adjusted for 
conventional risk variables (but not NT-proBNP); additional adjustment 
for NT-proBNP eliminated any suggestion of an ‘obesity-survival paradox’ 
with BMI. Indeed, when each of these indices was analyzed as a continuous 
variable their relationship with death was entirely flat. It is not certain why 
the newer indices showed a weaker relationship between adiposity and 
fatal outcomes, compared with BMI. However, an inspection of patient 
characteristics and biomarkers suggested a somewhat steeper gradient 
in age, atrial fibrillation, and NYHA class, as well as natriuretic peptide, al-
dosterone, and hemoglobin levels across BMI categories (normal to obes-
ity class II/III) compared with the other indices (lowest to highest quintile). 
This may also explain why adjustment for other prognostic variables chan-
ged the association between higher adiposity and risk of death more for 
BMI than the other anthropometric indices.

Importantly, three of the newer anthropometric indices 
(waist-to-height ratio, relative fat mass, and body roundness index) de-
monstrated a significantly higher risk of HF hospitalization (and the com-
posite of HF hospitalization or death from cardiovascular causes) in 
patients with greater adiposity, an association that was less apparent 
with BMI. These newer indices incorporate waist circumference and 
height, with the former better reflecting intra-abdominal fat (‘central 
obesity’) and the latter accounting for sex- and race-based differences 
in stature and skeletal weight. Notably, neither newer index included 
measured overall weight, the interpretation of which in patients with 
HF may be confounded by fluid retention or unintentional weight loss 

due to other illness. Interestingly, despite the steeper gradient in prog-
nostic variables across BMI categories, compared to waist-to-height ratio 
quintiles, described above, the association between higher BMI and HF 
hospitalization was not as strong as that between higher waist-to-height 
ratio and HF hospitalization. This suggests that these new anthropomet-
ric indices identify pathophysiologic processes not reflected by conven-
tional prognostic variables e.g. related to the distribution of body fat.

Different associations with outcomes were seen at the lower end of 
the range of adiposity and these also varied between the anthropomet-
ric indices. When considered as a continuous variable, a very low BMI 
was associated with a higher risk of death, which has been shown 
previously. However, we demonstrated that this was explained by a sig-
nificant excess of non-cardiovascular death rather than cardiovascular 
death. The excess risk persisted after adjustment for other prognostic 
variables. This relationship was not as clearly evident with 
waist-to-height ratio (or the other newer anthropometric indices).

The relationship between adiposity and health-related quality of life 
(measured with the Kansas City Cardiomyopathy Questionnaire) was 
consistent between BMI and waist-to-height ratio. Both showed a steep 
decline in health-related quality of life with increasing adiposity, a rela-
tionship which was consistent with the relationship between 
waist-to-height ratio and HF hospitalization but opposite to that for 
BMI and mortality (in an unadjusted analysis).

Collectively these data show that greater adiposity in HFrEF is asso-
ciated with a higher symptom burden, worse quality of life, and a 
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Figure 3 Outcomes according to body mass index. This figure shows the risk of heart failure hospitalization or cardiovascular death, its components, 
and all-cause death, according to continuous body mass index. The solid line represents the hazard ratio and the shaded area the 95% CI. The reference 
is a body mass index of 25 kg/m2. The blue spline is adjusted for treatment and region. The red spline is adjusted for treatment, age, sex, region, systolic 
blood pressure, heart rate, estimated glomerular filtration rate, left ventricular ejection fraction, log of n-terminal pro-B-type natriuretic peptide, 
New York Heart Association functional class, heart failure aetiology, duration of heart failure, prior heart failure hospitalization, a history of diabetes, 
and atrial fibrillation. CI, confidence interval; HF, heart failure; HR, hazard ratio.
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greater risk of HF hospitalization. Other studies have shown that obese 
patients also have a higher risk of developing diabetes, atrial fibrillation, 
sleep apnea, and other comorbid conditions, compared with non- 
obese patients.26,34,41–44 Also, BMI > 35 kg/m2 is a contraindication 
to heart transplantation.45 Therefore, there is a strong rationale for 
promoting weight loss in obese patients especially as the ‘obesity- 
survival paradox’ seems to be an artifact of unadjusted analyses of 

BMI. Unfortunately, few randomized controlled trials using dietary 
and exercise intervention, bariatric surgery, or novel pharmacological 
therapies have been conducted in patients with HFrEF, although the lat-
ter are being investigated in individuals with HFpEF.46–52 The 2021 
European Society of Cardiology and 2022 American College of 
Cardiology/American Heart Association guidelines do not provide 
any recommendation regarding weight management in HFrEF.45,53

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3b Outcomes according to quintile of waist-to-height ratio

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
n = 1635 n = 1659 n = 1658 n = 1655 n = 1674

HF hospitalization or cardiovascular death

n (%) 378 (23.1) 378 (22.8) 433 (26.1) 390 (23.6) 425 (25.4)

Event rate per 100 person-years (95% CI) 11.4 (10.3–12.6) 10.9 (9.8–12.0) 12.4 (11.3–13.6) 11.2 (10.1–12.4) 12.3 (11.1–13.5)

HR (95% CI)a Reference 0.98 (0.85–1.13) 1.13 (0.98–1.30) 1.02 (0.88–1.18) 1.12 (0.97–1.29)

HR (95% CI)b Reference 1.00 (0.86–1.16) 1.18 (1.01–1.39) 1.12 (0.93–1.33) 1.18 (0.96–1.44)

HR (95% CI)c Reference 1.02 (0.88–1.19) 1.24 (1.06–1.46) 1.18 (0.99–1.41) 1.27 (1.03–1.55)

HF hospitalization

n (%) 198 (12.1) 208 (12.5) 257 (15.5) 230 (13.9) 284 (17.0)

Event rate per 100 person-years (95% CI) 6.0 (5.2–6.9) 6.0 (5.2–6.9) 7.4 (6.5–8.3) 6.6 (5.8–7.5) 8.2 (7.3–9.2)

HR (95% CI)a Reference 1.02 (0.84–1.24) 1.26 (1.04–1.52) 1.12 (0.92–1.37) 1.37 (1.13–1.65)

HR (95% CI)b Reference 1.01 (0.83–1.24) 1.24 (1.00–1.54) 1.13 (0.89–1.43) 1.30 (1.00–1.69)

HR (95% CI)c Reference 1.04 (0.85–1.28) 1.31 (1.05–1.62) 1.19 (0.93–1.51) 1.39 (1.06–1.81)

Cardiovascular death

n (%) 263 (16.1) 248 (14.9) 263 (15.9) 240 (14.5) 224 (13.4)

Event rate per 100 person-years (95% CI) 7.5 (6.6–8.4) 6.7 (5.9–7.6) 7.0 (6.2–7.9) 6.4 (5.6–7.3) 5.9 (5.2–6.7)

HR (95% CI)a Reference 0.93 (0.78–1.10) 0.98 (0.82–1.17) 0.91 (0.76–1.09) 0.85 (0.70–1.02)

HR (95% CI)b Reference 0.98 (0.82–1.18) 1.09 (0.90–1.33) 1.11 (0.89–1.39) 1.06 (0.82–1.38)

HR (95% CI)c Reference 1.01 (0.84–1.21) 1.16 (0.95–1.41) 1.19 (0.95–1.49) 1.15 (0.88–1.49)

Non-cardiovascular death

n (%) 58 (3.5) 55 (3.3) 58 (3.5) 60 (3.6) 55 (3.3)

Event rate per 100 person-years (95% CI) 1.6 (1.3–2.1) 1.5 (1.1–1.9) 1.5 (1.2–2.0) 1.6 (1.2–2.1) 1.4 (1.1–1.9)

HR (95% CI)a Reference 0.82 (0.56–1.19) 0.80 (0.55–1.16) 0.82 (0.56–1.18) 0.71 (0.49–1.04)

HR (95% CI)b Reference 0.82 (0.56–1.21) 0.81 (0.53–1.23) 0.86 (0.55–1.36) 0.87 (0.52–1.48)

HR (95% CI)c Reference 0.83 (0.57–1.22) 0.82 (0.54–1.25) 0.88 (0.56–1.39) 0.90 (0.53–1.52)

All-cause death

n (%) 321 (19.6) 303 (18.3) 321 (19.4) 300 (18.1) 279 (16.7)

Event rate per 100 person-years (95% CI) 9.1 (8.2–10.2) 8.2 (7.3–9.2) 8.5 (7.6–9.5) 8.0 (7.2–9.0) 7.3 (6.5–8.2)

HR (95% CI)a Reference 0.91 (0.77–1.06) 0.94 (0.81–1.11) 0.89 (0.76–1.05) 0.82 (0.69–0.97)

HR (95% CI)b Reference 0.95 (0.81–1.12) 1.04 (0.87–1.24) 1.06 (0.87–1.30) 1.03 (0.81–1.30)

HR (95% CI)c Reference 0.97 (0.83–1.15) 1.09 (0.91–1.31) 1.13 (0.92–1.38) 1.10 (0.87–1.39)

CI, confidence interval; HF, heart failure; HR, hazard ratio. 
aAdjusted for treatment and region. 
bAdjusted for treatment, age, sex, region, systolic blood pressure, heart rate, estimated glomerular filtration rate, left ventricular ejection fraction, body mass index, NYHA functional class, 
HF etiology, duration of HF, prior HF hospitalization, a history of diabetes, and atrial fibrillation. 
cAdjusted for the above-mentioned variables and log of NT-proBNP.
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Efforts to find effective and safe approaches to reducing weight in pa-
tients with HFrEF are therefore warranted.

Effect of sacubitril/valsartan according to 
anthropometric measures
The effect of HF therapies according to anthropometric measures is 
also of interest because of the hypothesis that the ‘obesity-survival 

paradox’ could, to some extent, reflect a greater effect of treatment in 
obese patients. Support for this was provided by a post hoc analysis of 
the Eplerenone in Mild Patients Hospitalization and Survival Study in 
Heart Failure (EMPHASIS-HF) trial, in which the benefit of the mineralo-
corticoid receptor antagonist, eplerenone, appeared to be greater in pa-
tients with larger waist circumference.54 However, such a relationship 
has not been established for other effective therapies in HFrEF, and a re-
cent analysis of the dapagliflozin and prevention of adverse outcomes in 
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Figure 4 Outcomes according to waist-to-height ratio. This figure shows the risk of heart failure hospitalization or cardiovascular death, its compo-
nents, and all-cause death, according to continuous waist-to-height ratio. The solid line represents the hazard ratio and the shaded area the 95% CI. The 
reference is the median waist-to-height ratio (0.58). The blue spline is adjusted for treatment and region. The red spline is adjusted for treatment, age, 
sex, region, systolic blood pressure, heart rate, estimated glomerular filtration rate, left ventricular ejection fraction, log of n-terminal pro-B-type natri-
uretic peptide, body mass index, New York Heart Association functional class, heart failure aetiology, duration of heart failure, prior heart failure hos-
pitalization, a history of diabetes, and atrial fibrillation. CI, confidence interval; HF, heart failure; HR, hazard ratio.
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Table 4 Effects of sacubitril/valsartan compared with enalapril according to body mass index

Underweight Normal weight Overweight Obesity class I Obesity class II/III P-value for  
interactionBMI <18.5 BMI 18.5–24.9 BMI 25–29.9 BMI 30–34.9 BMI ≥35

n = 153 n = 2268 n = 3249 n = 1810 n = 909
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

HF hospitalization or  
cardiovascular death

0.80 (0.42–1.53) 0.91 (0.77–1.07) 0.79 (0.68–0.91) 0.75 (0.62–0.90) 0.70 (0.54–0.91) .50

HF hospitalization 0.93 (0.37–2.38) 0.97 (0.77–1.22) 0.75 (0.62–0.90) 0.74 (0.59–0.95) 0.71 (0.52–0.97) .41

Cardiovascular death 0.79 (0.38–1.66) 0.88 (0.72–1.07) 0.80 (0.67–0.96) 0.72 (0.55–0.92) 0.73 (0.50–1.06) .81

All-cause death 0.81 (0.41–1.60) 0.90 (0.75–1.08) 0.82 (0.70–0.96) 0.83 (0.66–1.04) 0.81 (0.58–1.13) .97

BMI, body mass index; CI, confidence interval; HF, heart failure; HR hazard ratio. 
Models adjusted for region.
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heart failure (DAPA-HF) trial demonstrated that the benefit of dapagli-
flozin was consistent across the spectrum of BMI.34 In the present ana-
lysis, the beneficial effect of sacubitril/valsartan, compared with 
enalapril, was consistent for all outcomes across the spectrum of BMI 
and waist-to-height ratio. Specifically, there was no evidence of a dimin-
ished benefit in underweight patients or a larger benefit in obese patients.

Study limitations
This study has some limitations. Due to the observational nature of this 
study, the possibility of unmeasured confounding, despite adjustment 
for known prognostic variables, remains. Abdominal anthropometric 
measurements, such as waist circumference, are associated with higher 
measurement error than BMI, especially when these measurements are 
performed by different individuals.55 In addition, the analyses on the as-
sociation between anthropometric measures at randomization and 
clinical adverse outcomes did not account for any change in e.g. weight 
or waist circumference during follow-up. Previous studies have sug-
gested that the ‘obesity-survival paradox’ in HF may be affected by 
the level of cardiorespiratory fitness.56–59 Although it would have 
been interesting to examine the association between anthropometric 
measures and outcomes according to cardiorespiratory fitness levels, 
these data were not available. Finally, only 153 patients had a BMI 
<18.5 kg/m2 (the ‘underweight’ BMI category) and 171 patients a 
waist-to-height ratio <0.40, and our findings clearly cannot be extrapo-
lated to patients with a low BMI or waist-to-height ratio.

Conclusion
In a large cohort of patients with HFrEF, the ‘obesity-survival paradox’ 
related to BMI was eliminated by comprehensive adjustment for prog-
nostic variables. Importantly, alternative anthropometric measure-
ments showed less evidence of this paradox, and two indices that 
incorporate waist circumference and height, but not weight, showed 
a clearer association between greater adiposity and a higher risk of 
HF hospitalization. Greater adiposity was associated with worse symp-
toms and health-related quality of life, irrespective of the anthropomet-
ric index used. These findings collectively suggest a need to test the 
potential benefits of intentional weight loss in patients living with obes-
ity and HFrEF.
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