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Obesity remains one of the leading risk factors for the development of heart failure (HF), 

which is largely attributable to alterations in cardiac structure and function and a reduced 

cardiorespiratory fitness (CRF).1 However, once HF is diagnosed, patients with obesity, 

particularly those with class I obesity [body mass index (BMI) ≥30 and <35 kg/m2], present 

a more favourable survival, despite a greater risk for HF-related hospitalizations.2 This 

phenomenon has been termed the ‘obesity paradox’ in both HF with reduced ejection 

fraction (HFrEF) and HF with preserved ejection fraction (HFpEF).3 Weight loss has also 

been associated with worse survival in HF in observational studies; however, although long­

term adherence and weight regain remain a major concern, smaller single-centre randomized 

trials support the use of intentional weight loss using caloric restriction to improve CRF 

and patient-reported quality of life (QoL) in patients with obesity and concomitant HF.4 The 

obesity paradox ‘heavily’ challenges the concept that obesity should be even treated with 

weight loss in patients with established HF, to the extent that current recommendations do 

not universally recommend weight loss, unless patients have class II obesity or greater.

In an analysis of the DAPA-HF study,5 which had previously shown that dapagliflozin, a 

sodium-glucose co-transporter 2 (SGLT2) inhibitor, improves clinical outcomes in patients 

with HFrEF, with and without type 2 diabetes mellitus (T2DM),6 Adamson and colleagues 

investigated (i) the effects of BMI categories and short-term BMI reduction on survival and 

the risk for hospitalization in the overall population; (ii) the potential interaction of BMI 
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categories for the effects of dapagliflozin; (iii) the effect of dapagliflozin on body weight and 

cardiometabolic risk factors; and (iv) the safety of dapagliflozin across BMI categories.

Patients with obesity enrolled in DAPA-HF were younger, more likely to be white and 

female, with lower N-terminal pro-B-type natriuretic peptide (NT-proBNP) level, higher 

prevalence of T2DM, atrial fibrillation and a dramatically worse patient-reported QoL 

compared to those in the lower BMI categories. Patients with obesity were more likely 

to receive angiotensin receptor-neprilysin inhibitor, beta-blockers, statins, diuretics, and 

implantable cardioverter defibrillators. Patients with higher BMI were more likely to receive 

biguanides and insulin, and less likely to receive dipeptidyl peptidase-4 inhibitors.

In the whole study population, the authors found a non-linear relationship between BMI and 

the incidence of the primary composite endpoint of cardiovascular death or a worsening 

HF event, with patients with class I obesity presenting the most favourable prognosis 

compared to those with higher BMI, but also compared to those with lower BMI, including 

the underweight/normal weight group, confirming the previously reported obesity paradox. 

Consistently, also a BMI reduction of 2% in the overall population at 8 months was further 

associated with an increased risk for the composite cardiovascular death, HF hospitalizations 

and all-cause mortality. Of note, the number of individuals who were underweight was low; 

in fact, this group was analysed together with those who had a normal body weight, which 

might have affected the results of the study.

Consistent with the effects of most SGLT2 inhibitors in prior studies, dapagliflozin reduced 

systolic blood pressure and NT-proBNR and increased haematocrit. Dapagliflozin was also 

associated with a greater reduction in glycated haemoglobin in those with greater BMI and 

T2DM and a lower increase in creatinine in those with obesity. There was no significant 

interaction for BMI with the beneficial effects of dapagliflozin on clinical outcomes and 

QoL, substantiating that these favourable effects may be independent of BMI. In addition, 

the number of adverse events was not increased in patients with obesity treated with 

dapagliflozin, which considering the growing epidemic of obesity in the United States and 

worldwide, including in patients with established HFrEF, is reassuring.

Dapagliflozin has been also associated with favourable outcomes in primary prevention 

of cardiovascular disease (CVD) in patients with T2DM,7 proposing it as a powerful 

therapeutic agent available to clinicians across the board of different patient populations to 

reduce CVD risk. Despite the benefits of SGLT2 inhibitors, the mechanisms through which 

these agents improve clinical outcomes, especially HF-related outcomes, remain unclear.

One of the potential mechanisms through which SGLT2 inhibitors may improve outcomes 

is through improvement in CRF (Figure 1), which is a strong and modifiable risk factor 

for clinical outcomes in patients with HF, and SGLT2 inhibitors have been associated 

with improved CRF in this population.8,9 The determinants of CRF (central cardiac vs. 

peripheral) have been only partially investigated in patients treated with SGLT2 inhibitors, 

with reported beneficial effects on cardiac structure and function.8–10 Of note, the study 

by Adamson and colleagues did not provide data on physical activity or on measured nor 

estimated CRF. In fact, the obesity paradox has not been evident in patients with preserved 

Carbone et al. Page 2

Eur J Heart Fail. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CRF11 or greater levels of physical activity.12 Importantly, we want to point out that despite 

the fact that the obesity paradox exists in patients with established HF and many other CVD, 

we obviously should not encourage normal-weight individuals to accumulate adiposity; in 

fact, if obesity was prevented, many likely would have not developed HF in the first place.

Another potential mechanism through which SGLT2 inhibitors might exert their beneficial 

effects is their ability to act as ‘non-traditional diuretics’. To the contrary of what is typically 

seen in patients treated with diuretics (i.e. loop diuretics), those concomitantly treated with 

SGLT2 inhibitors do not experience an increase in the activation of the renin-angiotensin­

aldosterone system, which is detrimental in HF. SGLT2 inhibitors improve volume status, 

but without causing the negative effects characteristically resulting from volume contraction 

typically seen with other diuretics. In fact, these agents have been associated with either 

neutral, or even a reduction, in renin-angiotensin-aldosterone system activation.10 Of note, 

a recent analysis of the EMPEROR-Reduced trial with empagliflozin in HFrEF does not 

suggest that the benefits of SGLT2 inhibitors can be fully explained by its diuretic effects13; 

however, we cannot exclude the partial contribution from diuresis.

Improvements in metabolic flexibility, defined as the ability to switch from carbohydrates 

to lipid oxidation as energetic substrate of the body measured as a drop in the respiratory 

exchange ratio (or respiratory quotient when referring to direct cellular respiration; i.e. the 

ratio between carbon dioxide/oxygen production), have also been proposed as a potential 

beneficial mechanism of SGLT2 inhibitors to improve clinical HF-related outcomes. In 

patients with insulin resistance, characteristic of overweight and obesity, but also of other 

chronic diseases, such as HF, metabolic inflexibility is frequent, with the inability of the 

body, including the heart, to utilize fatty acids as an energetic substrate. In an elegant recent 

cross-over randomized controlled trial of patients with T2DM, but without HF, treatment 

with dapagliflozin for 5 weeks reduced 24 h respiratory exchange ratio measured using a 

whole-room indirect calorimeter, and increased fatty acid oxidation resulting in a negative 

fat balance.14 Taken together, the results of the study suggest that dapagliflozin improves 

metabolic flexibility resulting in a greater capability of the individual to utilize lipids as 

energetic substrate as opposed to carbohydrates.

The improvements in metabolic flexibility might also potentially explain how the SGLT2 

inhibitor empagliflozin reduced, for the first time in the history of CVD outcome trials 

in HFpEF, the composite primary endpoint of hospitalization and cardiovascular death in 

this population.15 In fact, most patients with HFpEF present with overweight and obesity, 

resulting in metabolic abnormalities, such as metabolic inflexibility and insulin resistance, 

and this metabolic approach had not been previously targeted by other agents for CVD. 

Importantly, also sotagliflozin, a dual SGLT1/SGLT2 inhibitor, has recently been associated 

with favourable outcomes in HFpEF in a sub-analysis of a larger study including both 

HFrEF and HFpEF.16

When evaluating the effects of dapagliflozin on body weight in the study by Adamson 

and colleagues, dapagliflozin induced a weight loss of 0.9 kg, without heterogeneity across 

BMI categories compared to placebo.5 This is of utmost importance considering that weight 

loss in observational studies has been associated with worse prognosis in HFrEF, and also 
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in this study, when patients were analysed as a whole without considering the effects of 

dapagliflozin, BMI reduction at 8 months was associated with a poor prognosis.5 However, 

when dapagliflozin was analysed separately, the benefits remained despite the weight 

reduction. This supports that weight loss achieved with SGLT2 inhibitors, due to increased 

glycosuria of approximately 50–100 g glucose per day, and therefore causing a daily caloric 

deficit, is safe. SGLT2 inhibitors have been proposed to mimic the molecular beneficial 

effects of caloric restriction.17 Some of the beneficial effects of caloric restriction are 

mediated by a nicotinamide adenine dinucleotide-dependent deacetylase, sirtuin 1 (Sirtl).17 

Activation of Sirtl, through resver-atrol, a polyphenol and well-known clinically available 

activator of Sirtl,17 has been associated with cardiovascular benefits in patients without 

HF, but also in pre-clinical models of HF.17 By inducing a mild yet continuous caloric 

deficit, SGLT2 inhibitors may mimic its downstream effects, ultimately increasing Sirtl and 

resulting in CVD protection.

Although understanding the exact mechanisms of action of SGLT2 inhibitors responsible for 

their evident cardiovascular and metabolic benefits in both HFrEF and HFpEF remains 

important, more importantly is concern that their implementation in clinical practice 

remains low. This is problematic considering their use is currently recommended by 

major cardiovascular-and T2DM-related guidelines, proposing that clinicians should make a 

greater effort to prescribe SGLT2 inhibitors.

In conclusion, we congratulate Adamson and colleagues5 for confirming the powerful 

beneficial effects of SGLT2 inhibitors in HFrEF in both patients with and without T2DM 

and with and without obesity, on major clinical cardiovascular outcomes and patient­

reported QoL, an effect which is evidently independent of their glucose-lowering effects. 

Moreover, dapagliflozin was proven safe also in patients with obesity. We also believe that 

understanding the mechanisms driving the benefits of SGLT2 inhibitors and developing 

strategies to promote their use in clinical practice are urgently needed.
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Figure 1. 
The potential beneficial effects of sodium-glucose co-transporter 2 (SGLT2) inhibitors, 

such as dapagliflozin, on heart failure-related outcomes and patient-reported quality of 

life, independent of body mass index. SGLT2 inhibitors may exert their beneficial effects 

by improving fitness, volume status (without activating the nenin-angiotensin-aldosterone 

system), and metabolic flexibility, in addition to other factors. CRF, cardiorespiratory 

fitness; CVD, cardiovascular disease.
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