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. VLCKD e rischio cardiometabolico

. Corpi chetonici e cuore: cenni di fisiologia 

. VLCKD e scompenso cardiaco: dati preclinici e clinici
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VLCKD is associated with a significant reduction in body weight and BMI at 1, 2, 4, 6, 12, and 24 months, and 
appears to be associated with larger weight loss rates compared to other diets with a different energy 
content (i.e., LCD and VLCD) of the same duration

VLCKD is associated with a significant reduction of WC (an expression of central fat) and FM, and this 
reduction is significantly larger than those achieved with other weight loss interventions of the same 
duration

VLCKD was associated with a reduction of the HOMAIR index and an improvement in insulin sensitivity, and 
this effect was superior to that of other weight loss programs

A significant reduction in TG from baseline was associated with a VLCKD and it was shown to be superior 
compared to other diets



Palgi A, Blackburn GL, Am J Public Health 1985; 75:1190-1194

attualità - rigore scientifico - sicurezza – efficacia (maggiore nei pazienti più obesi) –
pleiotropia di effetto - durability  



1. WOF Position Statement, G. Brey et al. Obesity Reviews 18, 715–723, July 2017; 2. A. De Lorenzo et al. / Nutrition 71 (2019) 110615

Obesity is a chronic relapsing progressive disease1

Obesity is a multifactorial disease2

Obesity is a social disease, involving the overcoming of
stigma, discrimination, and generalization2

Definition of obesity



Obesity increases both mortality and morbidity

More life-years and healthy-life years lost with increasing weight
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Life-years lost

Healthy life-years lost

Grover et al. Lancet Diabetes & Endocrinology. 2015;3:114-122
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Obesity is associated with multiple complications

Obesity-related complications include: 

Type 2
diabetes

Pulmonary
embolism

Hypertension
Coronary artery disease
Congestive heart failure

Cancer
(various)

Stroke

Asthma

Osteoarthritis

Back pain

Gallbladder 
disease

Sleep apnoea

NAFLD
NASH

Contributes to 44% of 
the diabetes burden

Contributes to 23% 
of the ischemic heart 

disease burden

Contributes to
7–41% of certain cancers







Although the recommended dietary allowance for carbohydrate for
adults without diabetes (19 years and older) is 130 g/day and is determined in
part by the brain’s requirement for glucose, this energy requirement can be
fulfilled by the body’s metabolic processes, which include glycogenolysis, gluconeogenesis (via 
metabolism of the glycerol component of fat or gluconeogenic amino acids in protein), and/or 
ketogenesis in the setting of VLCKD

For select adults with type 2 diabetes not meeting glycemic targets or where reducing antiglycemic 
medications is a priority, reducing overall carbohydrate intake with low- or very low carbohydrate 
eating plans is a viable approach



 Primary outcome: 
 To evaluate the superiority of VLCKD to reduce HbA1c plasma levels after 3 months. 

 Secondary outcomes: 
 To compare the effects of VLCKD and LCD upon on weight loss and metabolic parameters after 3 months. 
 To investigate the potential role of VLCKD in T2DM reversal and weight maintenance after 12 months. 
 To assess the reduction in pharmacological therapy after VLCKD or LCD after 12 months. 
 To compare changes in quality of life and eating behaviors in patients following VLCKD or LCD after 12 months. 

Moriconi et al. Nutrients 2021



VLCKD group LCD group

Baseline After 12 months Baseline After 12 Months

Subjects 15 15

Men 8 8

Women 7 7

Diabetes Duration
(years)

2,53 ± 1,19 2,47 ±1,36

Diet 1 4
15 8Metformin 5 11

Sulphonylurea 2 0 0 0

Metformin + GLP-1 
agonist

2 0 0 6

Metformin + SGLT2 
inhibitor

3 0 0 1

DD4-inhibitor 2 0 0 0

26.6% stopped antidiabetic 
drugs

73.3% were taking Metformin at 
the end of the study

46.6% increased 
antidiabetic 
medications

Variation of pharmacological therapy at baseline and after 12 months 

Moriconi et al. Nutrients 2021



ΔT0-T1 (mean ± DS) P-value ΔT2-T0 (mean ± DS) P-value

VLCKD LCD VLCKD LCD

HbA1c% 0,69 ± 0,65 0,42 ± 1,01 0,533 0,61 ± 0,54 0,13 ± 0,76 0,070

Kinetics of HbA1c % in patients
following a VLCKD vs a LCD

Moriconi et al. Nutrients 2021

5,00

5,50

6,00

6,50

7,00

7,50

8,00

0 3 12
H

bA
IC

 [%
]

Months

VLCKD

LCD
pT0T1=0,002

pT0T1=0,130 pT1T2=0,056

pT1T2=0,002



Variation of SF-36 score over the study: VLCKD group

Adherence diet score at T1 and T2 in VLCKD and LCD group

Moriconi et al. Nutrients 2021



↑ Hepatic
insulin sensitivity

(Lim et al., 2011) ↑ Peripheral
insulin sensitivity

(Viljanen et al., 2009)
↑ 1st phase 

insulin response
(Malandrucco et al., 2012) ↓HbA1c

(Saslow LR, et al. 2017)

days weeks months

Weight loss
A Moreno et al. 2016

VLCKD effects on glucose metabolism in obese subjects

Caprio M, Infante M et al. J Endocrinol Invest 2019 May 20



All KD rats responded to hypoglycemia with a robust increase in ASNA, which 
was initiated at significantly lower BG levels compared to Chow-fed rats. 







Excercise
Fasting 
Ketogenic diets

*



• Hypertension - or elevated blood pressure - is a serious medical condition that significantly 
increases the risks of heart, brain, kidney and other diseases.

• An estimated 1.13 billion people worldwide have hypertension, most (two-thirds) living in 
low- and middle-income countries.

• In 2015, 1 in 4 men and 1 in 5 women had hypertension.

Source WHO 
https://www.who.int/news-
room/fact-sheets/detail/hypertension

Key facts about the hypertension pandemic

• Fewer than 1 in 5 people with hypertension have the problem under 
control.

• Hypertension is a major cause of premature death worldwide.

• One of the global targets for noncommunicable diseases is to reduce 
the prevalence of hypertension by 25% by 2025 (baseline 2010).



Caloric Excess

Refined sugars

Complex sugars

Fat

Sodium

“Hunter Gatherer Populations” “Modern Life”

Slide kindly provided by JP Montani

Dietary Changes in human populations

Potassium



Dietary Potassium Intake in paleolithic ancestors: feast vs fast 
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Daily Recommended K+

Slide kindly provided by Paul A Welling

K/Na <20

• Potassium Switch Best
equipped for the
“Paleolithic” Diet

• Dietary Potassium
Restriction turns the
Switch, Causing Urinary
Sodium Retention

• Appropriate for a long
lasting fast or famine

Relatore
Note di presentazione
This is especially profound, if we consider our no-to-distant evolutionary past, And the ancient diet extremes of our Hunter-gather ancestors. In times of plenty, the cave man time contained over 3x the daily recommend level of potassium of modern times, and very little sodium. But in times of periodic or seasonal famine, they consumed very little potassium, and no sodium at all--



Paleolithic          Vs.        Modern Diet

•Potassium Switch Best equipped
for the “Caveman” Diet

• “Feeds the Fire” in Western
Sodium Rich Diet: a typical gene-
culture-environment mismatch

Illustration from From: 
Conquering Salt Habit to Reduce Hypertension,
Harvard Medical School Patient Education 

Practical Implications 
Potassium Deficiency of The Modern Diet

Slide kindly provided by Paul A Welling

K/Na >20 K/Na <0.8

High dietary sodium in the face of a signal for avid sodium reabsorption feeds the fire of hypertension

Relatore
Note di presentazione
Kidney Better equipped for the “Caveman” to conserve sodium and excrete potassium in times of feast, and retain both in times of famine.  But, The Modern diet is at odds with the kidney’s evolutionary past.  The Western diet contains far more sodium as potassium, largely a consequence the consumption of processing foods. This sodium/potassium imbalance is thought to be a major contributor to the development of hypertension.In dietary potassium deficiency, the kidney reacts to conserve both potassium and retain sodium. This would be an appropriate response to famine for a cave man, but the modern diet is always feast, and always sodium rich. High dietary sodium in the face of a signal for avid sodium reabsorption feeds the fire of HTN.  



Castro AI, Nutrients 2018





Cuore e metabolismo energetico
Il cuore è l’organo con il più alto consumo energetico e la più alta richiesta ossidativa dell 
organismo

Consumo metabolico giornaliero > 400 Kcal/kg; turnover di 6-35 kg ATP/giorno. Il 70% del 
suo rifornimento energetico deriva dall’ossidazione degli acidi grassi

Elevata flessibilità metabolica in condizioni fisiologiche!
In condizioni patologiche (cardiomiopatia diabetica, scompenso cardiaco, ipertensione) 
tale flessibilità metabolica viene persa!



Cuore e metabolismo energetico
In condizioni fisiologiche, il cuore ossida I corpi chetonici in modo proporzionale alla loro produzione, a 
discapito dell’ossidazione degli acidi grassi e del glucosio.
I corpi chetonici sono più efficienti dal punto di vista energetico, producendo più energia disponibile per la 
sintesi di ATP a parità di molecole di ossigeno utilizzate.

L’ossidazione dei corpi chetonici limita la produzione di ROS e lo stress ossidativo



Copyright 2001, Hypothesis Paper-Ketone Bodies, Potential Therapeutic Uses by Veech et
al. (8) Reproduced by permission of Taylor & Francis, Inc, http:/ /routledge-ny.com.

Cuore e metabolismo energetico

Studi preliminari di intervento e studi osservazionali suggeriscono un ruolo 
favorevole dei corpi chetonici sulla funzione cardiaca. In modelli sperimentali 
di ischemia e riperfusione, i corpi chetonici hanno mostrato un effetto
protettivo, probabilmente legato all’incremento dei mitocondri nel 
cardiomiocita, o all’upregulation di mediatori cruciali della fosforilazione ossidativa.
Veech (2003) ha dimostrato che 5 mM di corpi chetonici aggiunti
ad una soluzione glucosata aumentavano del 25% la contrattilità di
un cuore isolato e perfuso con una riduzione del consumo di ossigeno



Azioni biologiche dei corpi chetonici

Puchalska P and Crawford PA, Cell Metabolism 2017

- Riduzione dell’infiammazione (GPR109A è 
abbondantemente espresso da monociti e macrofagi)

- Riduzione dell stress ossidativo
- Aumento delle proteine antiossidanti
- Riduzione dell’appetito/aumento della sazietà
- Miglioramento delle proteine mitocondriali

Metodo che può essere applicato in diversi contesti clinici!



Salva R. Yurista et al. J Am Coll Cardiol 2021



Hammer S, J Am Coll Cardiol 2008



Hammer S, J Am Coll Cardiol 2008 *







Topi con difetto genetico nel metabolismo dei corpi chetonici (succinyl-CoA:3-oxoacid CoA transferase (SCOT) 
selettivamente nel cardiomiocita mostrano accelerato rimodellamento cardiaco patologico in risposta a danno 
sperimentale indotto da sovraccarico pressorio

Schugar RC et al. MOLECULAR METABOLISM 3 (2014) 754e769



Azione del 3-HBA sull’espressione
di adiponectina di adipociti in coltura

Nishitani S et al. Scientific reports, 2018 – 8:880









- βOHB improves single cell excitation-contraction coupling and is 
protective against hypoxia
- βOHB may be a beneficial adaptation for the heart during periods of 
nutrient scarcity and or metabolic dysregulation

*



no RCT data exists regarding the impact of other dietary interventions in HF, such as intermittent
fasting, ketogenic diet, and the DASH diet. 

Relatore
Note di presentazione
The ketogenic diet is of particular interest in HF; pre-clinical studies haveshown that the failing heart utilizes 3-hydroxybutyrate to decreasemetabolic stress. There is some evidence that ketone supplementationimproves haemodynamics in HF, and some investigatorseven credit the improved cardiovascular outcomes seenwith sodium–glucose co-transporter 2 inhibitors partly to the mildketosis induced by this class of drugs.Thus, there may be value in conducting clinical trials to evaluate the effect of ketogenic dietand well as exogenous ketone supplementation on clinical outcomes.However, conducting nutrition-based trials in HF patients isespecially challenging for many reasons. First, ensuring compliancein the trial participants is difficult and there is no reliable objectiveway to measure compliance in such patients. Second, blindedoutcome assessment of patients is difficult as patients might oftencomplain about their diet regimen on follow-ups. Third, the eventrates are generally low in stable HF patients meaning that a considerablesample size, and thus significant funding, would be requiredto establish a statistically significant benefit in stable HF patients.Fourth, funding for nutritional studies is hard to obtain withoutstrong supportive pilot data





Heart Failure Outcomes with Empagliflozin 
in Patients with Type 2 Diabetes 

at High Cardiovascular Risk: 
Results of the EMPA-REG OUTCOME® Trial

David Fitchett et al. Eur Heart J 2016 

Heart failure hospitalisation or CV death



Primary Outcome: a Composite of Cardiovascular Death or 
Hospitalization for Heart Failure

Secondary Outcome: Hospitalizations for Heart Failure.

In patients with heart failure and a preserved ejection fraction, 
SGLT2 inhibition with empagliflozin led to a 21% lower relative 
risk in the composite of cardiovascular death or hospitalization 
for heart failure, which was mainly related to a 29% lower risk 
of hospitalization for heart failure with empagliflozin

BREAKING NEWS!!!



Since SGLT2 receptors are not located in cardiomyocytes, indirect mechanisms, including ketosis, are likely 
to account for the benefit. SGLT2 inhibitors decrease the insulin to glucagon ratio and increase lipolysis, 
both of which favor formation of ketones. 
In fact, empagliflozin treatment mildly increases BHB levels (0.56 mmol/L in patients with diabetes, 0.27 
mmol/L in patient without diabetes) with chronic dosing (28 days). Because SGLT2 inhibitor therapy 
increases ketone metabolism in animal models of HF, increased circulating levels of ketones may plausibly 
increase myocardial utilization of ketones. Indeed, the systemic ketosis achieved with SGLT2 inhibitors that 
decrease HF hospitalization is similar to levels shown to be beneficial in HF 

BREAKING NEWS!
Is it because of ketone bodies??



Originally published 27 Jan 2020 https://doi.org/10.1161/CIRCULATIONAHA.119.044183

Results: Dapagliflozin reduced the risk of AF/AFL events by 19% (264 versus 325 events, 7.8
versus 9.6 events per 1000 patient-years, hazard ratio 0.81, 95% CI 0.68 to 0.95, P=0.009). The
reduction in AF/AFL events was consistent regardless of presence or absence of a history of
AF/AFL at baseline

Conclusions: Dapagliflozin decreased the incidence of reported episodes of AF/AFL adverse
events in high-risk patients with T2DM. This effect was consistent regardless of the patients' prior
history of AF, ASCVD, or HF



…….Other modifiable risk factors, including sedentary lifestyle, oxidative stress, smoking, obesity, 
diabetes mellitus, obstructive sleep apnea, and elevated blood pressure predispose to AF and each 
factor has been shown to induce structural and electrical remodeling of the atria. 



Open questions:

- Do ketone bodies work as alternate cardiac fuels, vasodilators, and/or via other signaling pathways? 
- Will they prove useful for both chronic and acute (boosting short-term activity tolerance or in decompensated heart failure) 

indications? 
- Could peripheral effects of ketosis contribute to improved outcomes in cardiomyopathies? 
- How does ketone body supplementation interact with myocardial branched-chain amino acid metabolism (a recently 

discovered pathway in HF genesis)? 



Ketogenic diets
Adapted from Selveraj S et al. Circulation 2020

Ketone Bodies and the heart



Take home messages

- VLCKD rapidly reduce all cardiovascular risks in obese patients, 
potentially preventing cardiovascular events and improving
quality of life in the long term.

- Ketone bodies are a precious source of energy for the heart
- Ketone bodies have promise as a novel therapeutic tool for

heart failure and arrhythmias



Thank you!! 
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