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What is obesity? 

Obesity is a condition in 
which excess body fat has 
accumulated to such an 
extent that health may be 
negatively affected (>25% 
males, >33% females) 

Hydrostatic weighing 

OBESITY 



WHO. Factsheet 311. 2014. http://www.who.int/  

Definition of obesity 

• Obesity is defined as abnormal  
or excessive fat accumulation that 
may impair health 

• Body mass index (BMI) provides the 
most convenient population-level 
measure of overweight and obesity 
currently available 

Classification BMI (kg/m2) 

Underweight <18.5 

Normal range ≥18.5 and <25 

Overweight ≥25 and <30 

Obesity ≥30 

 Obesity class I ≥30 and <35 

 Obesity class II ≥35 and <40 

 Obesity class III ≥40 BMI = 
weight (kg) 

height (m2) 

Children/Adolescents  

• Sex/age-specific BMI 

• BMI ≥ 95th percentile is obese 

• 85th to less than 95th percentile is 
overweight  

 

 

http://www.who.int/


Obesity is recognised as a disease and health issue 
American organisations and regulatory bodies 

“Obesity is a chronic relapsing health risk 
defined by excess body fat”3 

“…obesity is a primary disease, and the 
full force of our medical knowledge should 
be brought to bear on the prevention and 
treatment of obesity as a primary disease 
entity”1 

AACE FDA 

“Recognizing obesity as a disease will help 
change the way the medical community 
tackles this complex issue that affects 
approximately one in three Americans”2 

AMA 

American Medical Association 

“After extensive dialogue and careful 
consideration, the Council concludes that  
it is the official position of The Obesity 
Society that obesity should be declared  
a disease”4 

TOS 

The Obesity Society 

1. Mechanick et al. Endocr Pract 2012;18:642–8; 2. AMA position statement. Available at: http://www.ama-assn.org/; 3. Food and Drug Administration. Guidance for 
Industry Developing Products for Weight Management 2007 Available here. 4. Council of the Obesity Society. Obesity (Silver Spring) 2008;16:1151; 

American Association of Clinical Endocrinologists The US Food and Drug Administration 

http://www.ama-assn.org/
http://www.ama-assn.org/
http://www.ama-assn.org/
http://www.fda.gov/downloads/Drugs/.../Guidances/ucm071612.pdf


Obesity is recognised as a disease and health issue 
Global organisations and major regulatory bodies 

“Obesity is recognised as a chronic clinical  
condition and is considered to be the result 
of interactions of genetic, metabolic, 
environmental and behavioural factors, and 
is associated with increases in both 
morbidity and mortality”2 

“Obesity is a chronic disease, prevalent in 
both developed and developing countries, 
and affecting children as well as adults”1 

1. World Health Organization. Obesity: Preventing and Managing the Global Epidemic. World Health Organization: Geneva, Switzerland, 1998; 2. EMA Draft Guideline on  
clinical evaluation of medicinal products used in weight control EMA/CHMP/311805/2014. Available here; 3. OECD Obesity update 2014. Available here; 4. EASO: 2015 Milan 
Declaration: A Call to Action on Obesity. Available here 

WHO EMA 

World Health Organization European Medicines Agency 

“Overweight and obese people are a 
majority today in the OECD area. The 
obesity epidemic continues to spread, and 
no OECD country has seen a reversal of 
trends since the epidemic began”3 

OECD 

Organisation for Economic Co-operation 
and Development  

“A progressive disease, impacting 
severely on individuals and society alike, 
it is widely acknowledged that obesity is 
the gateway to many other disease 
areas…”4 

EASO 

European Association for the Study of Obesity 

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003067.pdf
http://www.oecd.org/els/health-systems/Obesity-Update-2014.pdf
http://easo.org/wp-content/uploads/2015/06/EASO-Milan-Declaration-FINAL.pdf


 Obesity is nearly doubled since 1980. 

 Obesity is challenging despite the efforts of both patients and physicians.   

 Obesity is one of the principle risk factors for cardiovascular disease 

and along with dyslipidaemia, hypertension and diabetes contributes to 

the metabolic syndrome.  



Prevalence of obesity globally 

Adults (18+) 

• 13% obese 
• 600 million 

• 39% overweight 
• 1.9 billion 

 

 

 

 

 

Children (under 5) 

• 6.7% overweight or 
obese 

• 43 million 

http://www.who.int/mediacentre/factsheets/fs311/en/ 
http://www.who.int/nutgrowthdb/publications/overweight_obesity/en/ 

http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/nutgrowthdb/publications/overweight_obesity/en/
http://www.who.int/nutgrowthdb/publications/overweight_obesity/en/


Obesity rates worldwide are 
increasing 

Adapted from NCD Risk Factor Collaboration (NCD-RisC). Lancet 2016:387;1377–96 
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East and South East Asia 
High-income Asia Pacific 
Oceania 

Latin America and Caribbean 
High-income English speaking countries and Western Europe 
Central and Eastern Europe 

Sub-Saharan Africa 
Central Asia, Middle East and North Africa 
South Asia 

400 

400 

400 

400 



http://www.commed.vcu.edu/Chronic_Disease/Obesity/2013/assessingobesity
interventions_0312.pdf 

http://www.commed.vcu.edu/Chronic_Disease/Obesity/2013/assessingobesityinterventions_0312.pdf
http://www.commed.vcu.edu/Chronic_Disease/Obesity/2013/assessingobesityinterventions_0312.pdf
http://www.commed.vcu.edu/Chronic_Disease/Obesity/2013/assessingobesityinterventions_0312.pdf


Prevalenza di sovrappeso e obesità (%) nei bambini di 8-9 anni per regione.  
Dati del 2014. 





Attributes associated 
with obesity 
Who is most affected? 



Race/ethnicity 

Adults (age-adjusted) 

• 47.8% non-Hispanic black  

• 42.5% Hispanic  

• 32.6% non-Hispanic white 

• 10.8% non-Hispanic Asian  

 

 

 

Children/Adolescents 

• 22.4% Hispanic 

• 20.2% non-Hispanic black  

• 14.1% non-Hispanic white  

•   8.6% non-Hispanic Asian  

 

http://www.cdc.gov/obesity/data/adult.html 
http://www.cdc.gov/obesity/data/childhood.html 

http://www.cdc.gov/obesity/data/adult.html
http://www.cdc.gov/obesity/data/adult.html
http://www.cdc.gov/obesity/data/childhood.html
http://www.cdc.gov/obesity/data/childhood.html


Race/ethnicity 

• Higher prevalence for American Indians, Alaska 
Natives, other Hispanic/Latino, Native Hawaiians, 
Pacific Islanders vs. non-Hispanic whites 

 

• Suggestion from WHO Western Pacific Region that 
BMI cutoffs may need to be lower for some Asian 
populations due to increased risk for poor health 
outcomes 

http://www.commed.vcu.edu/Chronic_Disease/2008/obesityRx_AHA.pdf 

http://www.commed.vcu.edu/Chronic_Disease/2008/obesityRx_AHA.pdf


http://www.niddk.nih.gov/health-information/health-
statistics/Pages/overweight-obesity-statistics.aspx#b 

Sex 

http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b


Genetics 

• Family history of obesity 

• Other conditions, such as Cushing’s disease or 
polycystic ovary syndrome 

• Potential gene variants affecting hunger or 
metabolism, interacting with environmental 
influences 

 

http://www.cdc.gov/obesity/adult/causes.html 

http://www.cdc.gov/obesity/adult/causes.html
http://www.cdc.gov/obesity/adult/causes.html
http://www.cdc.gov/obesity/adult/causes.html


Comparison of 

age-standardised 

mean BMI in 

children and 

adolescents and 
in adults 

The Lancet Volume 390, 

Issue 10113, 16–22 

December 2017 , Pages 

2627-2642  

https://www.sciencedirect.com/science/journal/01406736
https://www.sciencedirect.com/science/journal/01406736/390/10113
https://www.sciencedirect.com/science/journal/01406736/390/10113
https://www.sciencedirect.com/science/journal/01406736/390/10113
https://www.sciencedirect.com/science/journal/01406736/390/10113
https://www.sciencedirect.com/science/journal/01406736/390/10113
https://www.sciencedirect.com/science/journal/01406736/390/10113
https://www.sciencedirect.com/science/journal/01406736/390/10113
https://www.sciencedirect.com/science/journal/01406736/390/10113
https://www.sciencedirect.com/science/journal/01406736/390/10113
https://www.sciencedirect.com/science/journal/01406736/390/10113
https://www.sciencedirect.com/science/journal/01406736/390/10113


OBESITA’ 



Obesity is viewed from an epidemiological model, with an agent affecting the host and 

producing disease.  
An abundance of food or a dietary pattern, low physical activity and several other environmental factors interact with the 

genetic susceptibility of the host to produce positive energy balance.  

 

The majority of this excess energy is stored as fat in enlarged, and often more numerous fat cells, but some lipid may infiltrate 

other organs such as the liver (ectopic fat). The enlarged fat cells and ectopic fat produce and secrete a variety of metabolic, 

hormonal and inflammatory products that produce damage in organs such as the arteries, heart, liver, muscle and pancreas. The 

magnitude of the obesity and its adverse effects in individuals may relate to the virulence or toxicity of the environment 

and its interaction with the host.  

 

Thus, obesity fits the epidemiological model of a disease process except that the toxic or pathological agent is food rather than 

a microbe. Reversing obesity will prevent most of its detrimental effects. 



Obesity is a complex and multifactorial disease 

Energy intake 

Experienced 
palatability or 

pleasure 

Hedonic input 

Energy expenditure 

Environment 

Inactive lifestyle, 
smoking cessation, 
psychosocial factors 

pollutants 

Adipose tissue Gut Pancreas Genetics Medications 

1. Badman, Flier. Science 2005;307:1909–14; 2. US Department of Health and Human Services, 1998. NIH Publication No. 98-4083 



Energy homeostasis: Simplistic 

Yu YH et al. Obes Rev 2015;16:234–247 

Energy balance 

Energy intake Energy expenditure 



Central regulation of appetite 

Simpson et al. Expert Rev Endocrinol Metab 2008;3:577–92; Cooke, Bloom. Nat Rev Drug Discov 2006;5:919–31; Berthoud. Curr Opin Neurobiol 2011;21:888–96 

Hypothalamic regulation 
• The hypothalamus integrates signals from 

several different systems 
• Multiple hypothalamic nuclei are involved such as 

the ARC and PVN 
• Two main opposing neuronal types: 

• AgRP/NPY neurons (hunger) 
• CART/POMC neurons (satiety) 

ARC, arcuate nucleus; AgRP, agouti-related peptide; CART, cocaine and amphetamine regulated transcript; CCK, cholecystokinin; DMN, dorsomedial hypothalamic  
nucleus; GLP-1, glucagon-like peptide-1; NPY, neuropeptide Y; OXM, oxyntomodulin; LHA, lateral hypothalamic area; PP, pancreatic polypeptide; PYY, peptide-YY;  
POMC, pro-opiomelanocortin; PVN, paraventricular hypothalamic nucleus; NTS, nucleus tractus solitarius; VMN, ventromedial hypothalamic nucleus 

Hedonic control systems 
• Appetite is influenced by homeostatic 

(metabolic) and hedonic (pleasure, 
emotional) factors 

• Hedonic appetite systems comprise external 
sensory information processing, reward 
processing, and cognition and executive 
functions 

• Multiple different areas are involved including the 
amygdala and the cortex 

Gut hormone system 
• The gut and adipose tissue produces several 

hormones that promote satiety (e.g. GLP-1, CCK) 
or hunger (i.e. ghrelin) 

• These may influence central appetite control 
centres either directly or relayed indirectly via 
vagal afferents and the brainstem  



 

Cell,  J.S. Flier,116, 337, 2004 modified 

Immunological responses 

Lymphokines  

malt 

mitochondria 

ATP/AMP 

microbiota 

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj2vfqUp-vOAhUB1xoKHe_xBkcQjRwIBw&url=http://www.nuritas.com/tracking-growth-gut-microbiota-health/&psig=AFQjCNGHEnnGr33um27myctQlFp6tEaDsQ&ust=1472720884688210


Nutritional epidemiology and 

biochemical approaches, 

focusing primarily on the 

relationship between 

macronutrient consumption and 

metabolic outcomes, have not 

provided a translatable scientific 

basis to recommend diets that 

improve metabolic health for a 

broad range of  people.  

 

Alternatively, understanding our 

diets as a collection of  signaling 

molecules, having hormone-like 

actions via cell surface and 

nuclear receptor signaling, may 

provide new insights into the 

relationship between what we 

eat and metabolic disease. 

Moreover, this framework may 

eventually allow us to make 

dietary recommendations from 

the bottom up—based on the 

ability of  specific foods to alter 

relevant signaling pathways. 



Taste receptors in the oral cavity give rise to 
perceptions such as sweet and bitter, which 
enable organisms to identify nutrients and 
avoid toxins  Homologous post-oral taste 
receptors lining the gastrointestinal tract (GIT) 
also serve physiological functions, such as 
orchestrating reflexive responses including 
gastric emptying and hormone secretion to 
optimise nutrient metabolism.  
Fat taste sensitivity in the oral cavity and 
gastrointestinal tract and proposed differences 
between lean and obese individuals.  
Fats in food are broken down into FFAs by 
lipase enzymes in the mouth and interact with 
putative receptors within taste cells.  
 
Lean individuals may have an increased quantity 
of these receptors, compared to obese 
individuals.  
The presence of fatty acids in the mouth elicits 
the release of intracellular Ca2+ and 
neurotransmitter activation, eliciting a taste 
perception. The brain centre talks with GIT via 
vagus nerve. In normal weight individuals , fat 
ingestion triggers the release of satiety 
hormones including leptin, CCK, PYY, GLP-1, 
while comparatively, obese individuals  have 
decreased expression of fatty acid specific 
receptors, impairing fat sensing ability, thereby 
increasing energy intake. 



ENDOCRINE FUNCTIONS  
 

OF  ADIPOCYTE 
THE METABOLIC HORMONE FGF21 



Skeletal muscle 



As a bidirectional association between periodontal 
diseases and various systemic diseases are noted in type 2 
diabetes mellitus , preterm low-birth weight infant , and 
cardiovascular diseases .  
 
Such bidirectional association might be related to low 
vitamin D activities,  In fact, low vitamin D status is 
proposed to be the link between chronic periodontitis and 
erectile dysfunction .  
 
Periodontal diseases are usually associated with alveolar 
bone loss, possibly induced by the host immune response 
following bacterial insult. Vitamin D exerts a vital role in 
bone growth, proper function and its maintenance, as well 
as increases immunity .  
 
In fact, low vitamin D level has been shown to be 
associated with increased gingival inflammation, tooth 
loss, clinical attachment loss, and higher rate of maternal 
periodontal illness during pregnancy . 
 
 Moreover, inadequate vitamin D status can compromise 
osseous healing in the oral cavity and beyond .  











Female sex hormones levels influence the composition of the microbiota in many sites of 
the body, especially the gut.  
Interestingly, the presence or absence of estrogen may be able to alter the gut 
microbiota equilibrium and corresponding disease pathways.  
 
Obesity affects 65% of postmenopausal women and is associated with the onset of 
metabolic dysfunction and the  relationship between the gut microbiota and a lack of 
estrogen is likely responsible for weight gain and lipid deposition during menopause.  
The gut microbiota can metabolize estrogen-like compounds such as isoflavonoids, which 
are found in soy foods, and promote the growth of some specific bacteria. Indeed, the 
administration of soy isoflavones to postmenopausal women was shown to increase the 
concentration of Bifidobacterium and suppress Clostridiaceae,. This suppression of 
Clostridiaceae, a family of Clostridia associated with obesity , likely explains why diets 
containing phytoestrogens have been shown to improve weight gain in menopausal 
women. 
 
The intake of flaxseed mucilage, a prebiotic, is known to improve insulin sensitivity and 
alter the gut microbiota in obese postmenopausal women. 
 
The oral cavity (mouth) is composed of several distinct microbial habitats, including the 
lips, the teeth, the gingival sulcus, the tongue, the cheeks, the palate and the tonsils, which 
are colonized by hundreds of different bacterial, viral, and fungal species. 
 
Estrogen receptor-beta has been detected in the oral mucosa and salivary glands and 
some evidence shows age-related hormonal changes in the exfoliated normal buccal 
mucosa of women. Therefore, given that many menopausal women also suffer from oral 
discomforts in addition to climacteric symptoms, an understanding of the impact of 
female sex hormones on the characteristics of the oral microbiota may be clinically 
relevant, especially during menopause.  

Female sexual hormones levels influence the composition of the 
microbiota in many sites of the body, especially mouth and gut. The 
oral and gut microbiota have been shown to influence many 
diseases, such as osteoporosis, weight gain and lipid deposition, 
breast cancer and periodontitis. 











Nickel 





CAL= clinical attachment loss, PD= pocket depth 

Cross-sectional associations of concentrations of serum POPs with the prevalence of periodontal disease were 
investigated in 1,234 adults ≥ 20 years of age in the National Health and Nutrition Examination Survey 1999–
2002. 
POPs, especially OC pesticides, were positively associated with periodontal disease, possibly through 
immunomodulation due to OC pesticides. 



Interazione tra ciclo 

luce-buio e orario del 

pasto nel regolare i 

ritmi nel nucleo 

ipotalamico sopra-

chiasmatico (SNC), 

siti cerebrali extra-

SCN, fegato, tratto 

gastro-intestinale, 

tessuto adiposo e 

pancreas. 



ARC: Arcuate nucleus; ERα: Estrogen receptor α; GFAP: Glial fibrillary acidic protein; HFD: 
High fat diet; HYP: hypothalamus. POA: Preoptic area; PVN: Paraventricular nucleus; 

Males and females have distinct propensities 
to develop obesity and its related 
comorbidities, partially due to gonadal 
steroids. There are sex differences in 
hypothalamic neuronal circuits, as well as in 
astrocytes, that participate in metabolic control 
and the development of obesity-associated 
complications. Astrocytes are involved in nutrient 
transport and metabolism, glucose sensing, 
synaptic remodeling and modulation of neuronal 
signaling. They express receptors for metabolic 
hormones and mediate effects of these metabolic 
signals on neurons, with astrogliosis occurring 
in response to high fat diet and excess weight 
gain. Recent reports indicate that male and 
female astrocytes respond differently to 
metabolic signals and this could be involved in 
the differential response to high fat diet and the 
onset of obesity-associated pathologies.  
 

Obesità come malattia di 
genere  



Sexually dimorphic associations between circulating testosterone levels and 
increasing metabolic risk. The estimated metabolic risk for different 
populations suffering from femal androgen excess (Panel A) or male 
androgen deficiency (Panel B) is shown in relation to testosterone levels. 
Serum testosterone concentrations of women with androgen 
excess and men with androgen deficiency overlap and are associated with 

severe adverse metabolic consequences leading to the concept of 
the ‘metabolic valley of death’ as a metabolically 
adverse window of circulating androgen 
concentrations. Approximate hormone ranges are taken from recent 

publications using mass spectrometry-based quantification: 

Differential effects of androgens on adipose tissue and skeletal 
muscle and implications for global metabolism. Androgens may 
exert pro-lipogenic effects on adipose tissue, resulting in fat 
mass expansion. At higher concentrations, as 
observed in the healthy male range, net anabolic effects on 
increasing skeletal muscle bulk predominate. However, with 
circulating androgen levels in the range of female 
androgen excess and male androgen deficiency , a loss 
of muscle mass and an increase in abdominal obesity 
drive the systemic phenotype, and give rise to metabolic 
and cardiovascular disease. Testosterone (T), 
dihydrotestosterone (DHT), 11-ketotestosterone(11KT), 11-
keto-dihydrotestosterone (11KDHT). 
 



INFLAMMATION 

ANABOLIC DERANGEMENT 





Idiopathic Acquired Adult GHD: Enhancing 
Diagnostic Precision 



Stepwise linear regression analysis showed that GH levels were significantly 

negatively correlated with FLI, while the TrFM/ ASM ratio was positively 

associated with FLI, after adjustment for age, BMI, total fat mass, truncal fat 

mass, fat- free mass, and ISI- Matsuda. 

NAFLD with metabolic alterations such as type 2 

diabetes is well described and related to insulin 

resistance, with NAFLD being recognized as the 

hepatic manifestation of  metabolic syndrome. 

However, NAFLD may also coincide with 

endocrine diseases such as polycystic ovary 

syndrome, hypothyroidism, growth hormone 

deficiency or hypercortisolism. It is therefore 

essential to  remember, when discovering 

altered liver enzymes or hepatic steatosis, that 

endocrine diseases can cause NAFLD. Indeed, 

the overall prognosis of  NAFLD may be modified 

by treatment of  the underlying endocrine 

pathology.  



In the last decade, a growing body of 

evidence has led to the hypothesis that 

chronic heart failure (CHF) is indeed a 

multiple hormone deficiency syndrome 

(MHDS),  characterized by a reduced 

anabolic drive that bears relevant functional 

and prognostic implications.  Of note, GH or 

testosterone replacement therapy provides 

beneficial effects, particularly on exercise 

tolerance and well-being .  

2015 May;30(3):277-84 



Function and dysfunction of the hypothalamic–pituitary–adrenal axis in infl ammation. (A)  The central circadian 
oscillator and different stressors during physiological stress reactions trigger the hypothalamus to release CRH. CRH acts 
on the anterior pituitary and induces release of ACTH, which in turn stimulates the adrenal gland to produce and release 
cortisol.  
(B)  A new concept for the feedback loop: the hepato-hypothalamic–pituitary–adrenal–renal axis. The HPA axis 
is extended by GC metabolism: cortisol is converted to cortisone mainly by the kidney, via 11β-hydroxysteroid 
dehydrogenase (11β-HSD) type 2, in order to protect the nonspecifi c mineralocorticoid receptor from activation by 
cortisol. The major organ for converting cortisone to cortisol is the liver, via 11β-HSD1. In chronic infl ammation, 
conversion from cortisone to cortisol by 11β-HSD1 is increased (reviewed in [20]). This may amplify negative feedback and 
explain HPA dysfunction in infl ammation.  



Heymsfield SB, Wadden TA. N Engl J Med 2017;376:254-266. 

Some Pathways through Which Excess Adiposity Leads to 
Major Risk Factors and Common Chronic Diseases. 





Oral healthl 

Periodontitis caries tooth loss  



Colditz et al. Ann Intern Med 1995;122:481–6 

*vs. BMI <22 kg/m2; Data are for women only. n=114,281 female registered nurses aged 30–55 years; T2D, type 2 diabetes  
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Prospective Studies Collaboration. Lancet 2009;373:1083–96 

Data are based on male subjects; n=541,452 

Life expectancy decreases as BMI increases 
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METABOLIC SYNDROME 



Metabolic syndrome is a clinically useful 

tool to identify people at risk for diabetes 

and cardiovascular disease 

 

It indicates cumulative cardio metabolic 

risk exerted by abdominal obesity, 

hyperglycemia, high triglyceride, low high 

density lipoprotein cholesterol, and high 

blood pressure 











• Low chronic inflammation 
• Oral  diseases 





Proposed pathways, centered in the VAT, to autoimmune responses during obesity. Intrinsic inflammatory changes cooperate with obesity-associated dysbiosis in 

the gut to initiate self- or microbe-specific adaptive immune responses in the VAT, generating a feedforward inflammatory loop that worsens insulin signaling. Long-

term caloric excess causes hypertrophy and ER stress in white adipocytes, leading to the release of adipokines and chemo-attractants that help activate and/or 

recruit innate cells, such as macrophages, and adaptive immune cells, such as B and T cells, to the VAT. Obesity-associated dysbiosis contributes to increased gut 

permeability, facilitating leakage of microbial products and oral antigens across the gut epithelium. Together with lipid excess and dying adipocytes, these serve as 

potential sources of antigens and costimulatory signals for the activation of VAT B and T cells, a process that can potentially take place in the draining lymph nodes or 

locally in the VAT. Activated B and T cells, in turn, contribute to VAT inflammation through the secretion of  inflammatory cytokines and antibodies or through cross 

talk with other immune cells. DAMPs, danger-associated molecular patterns. PAMPs, pathogen-associated molecular patterns. 



. Secretion of pro-inflammatory cytokines including TNF- , IL-6, CRP, IL- 1 , etc. from the M1 macrophages of white adipose tissue is increased, whereas there occurs a steep decline in 
the production of anti-inflammatory cytokines like IL-10, IL-Ra, adiponectin. Not only the adipose tissue, but also the immune cells, liver, brain, muscles and pancreas suffers from the 
inflammatory insult during obese condition and are exaggeratedly affected. Macrophage-like Kupffer cells initiate the inflammatory process in the liver pre-ceding the inflammatory 
signals produced by the white adipose tissue which may further lead to hepatic-necro-inflammation. The muscle-fibre is affected by the cytokines and therefore results in decreased 
glycogen synthesis. The triggered hypothalamic—pituitary—adrenal axis further affects the expression of inflammatory cytokines thus altering insulin homeostasis and initiating 
glucose intolerance. Anti-inflammatory treatment so as to curb the severity of inflammatory responses includes administration of synthetic drugs to target the actual inflammatory 
molecules and various therapeutic interventions. 



OBESITY 



DIET 







Le diete chetogeniche fortemente ipocaloriche sfruttano il recupero di capacità 

metaboliche sviluppatesi nel periodo precedente la comparsa dell’agricoltura.  

 

L’uomo ha sviluppato competenze metaboliche fortemente influenzate dalle 

condizioni di vita e di alimentazione. 

 

Le caratteristiche dell’alimentazione, rimaste invariate da 2 milioni di anni fa a 

8.000 anni fa (periodo paleolitico e mesolitico, o dei fruttivori e carnivori cacciatori 

e raccoglitori), si possono così riassumere :  

 necessità di gestire la giornata prevalentemente in funzione della ricerca di cibo; 

 alternanza di scarsa disponibilità di cibo con periodi di relativa abbondanza 

(maggiore alimentazione) e di digiuno;  

 ciclica assunzione di elevate quantità di proteine di origine animale in caso di 

caccia fruttuosa, con contenuto di grassi medio-basso (solo animali selvatici), 

da consumare in pochi giorni;  

 apporti medi stimati di circa 70-80 g di proteine e 1.800/2.000 kcalorie;  

 scarsità di carboidrati, zuccheri semplici molto bassi;  

 apporto di fibre molto elevato.  



 Queste fluttuazioni hanno condizionato il nostro metabolismo, gradualmente 

disorientato dalla costante disponibilità di cibo, apparsa con l’avvento 

dell’agricoltura circa 8.000 anni fa e molto amplificata nell’era moderna 

industriale e post-industriale. 

 Il “gene risparmiatore”, influenzando fortemente la selezione degli individui e 

incrementando la sopravvivenza anche in funzione di nuove capacità 

metaboliche, è diventato co-protagonista della pandemia di obesità, diabete 

mellito tipo 2 e malattie cronico-degenerative correlate allo stile di vita.   

 Negli ultimi cinquant’anni si sono profondamente modificati i comportamenti 

alimentari. La crescente disponibilità di alimenti ad alta densità energetica è 

probabilmente l’elemento motore primario per l’epidemia di obesità e diabete. 

 Ricchezza e urbanizzazione hanno causato il passaggio a diete ricche in 

grassi e zuccheri.  



Mean adjusted intakes of macronutrients among adults aged 

20–74 y by NHANES study period. A: Results shown as absolute 

intake in grams per day. B: Results shown as percentage of 

energy intake. Results were adjusted for age, sex, race or 

ethnicity, educational status, and BMI 
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Primary care-led weight management for remission of type 2 diabetes (DiRECT): an 

open-label, cluster-randomised trial  Prof Michael EJ Lean, MD et al.  The Lancet (February 2018)  

Weight loss was induced 

with a total diet 

replacement phase using a 

low energy formula diet 

(825–853 kcal/day; 59% 

carbohydrate, 13% fat, 

26% protein, 2% fibre) for 3 

months (extendable up to 5 

months if wished by 

participant), followed by 

structured food 

reintroduction of 2–8 weeks 

(about 50% carbohydrate, 

35% total fat, and 15% 

protein), and an ongoing 

structured programme with 

monthly visits for long-term 
weight loss maintenance 
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A number of evidence-based methods to achieve clinically significant weight loss is described , but there appears to be little weight loss 

advantage or difference in metabolic health outcomes between dietary approaches and improvements in health are relative to degree 

of weight loss.  

Caloric restriction is the fundamental premise of every successful weight loss strategy, whether that is achieved by lowering fat or 

carbohydrate, fasting, or using meal replacements.  Given the seriousness of the increasing rates of obesity, it seems wise that we do 

not limit our options and take an individualized approach.  

Studies predominantly present outcomes as averages, but this hides the fact that in every study there is a minority who achieve an 

excellent response; therefore, no strategy that  profiled should be ruled out.  

Although overfeeding and underfeeding studies have demonstrated variable responses to the same energy prescription, the principle 

reason underpinning the success or failure of a dietary attempt will always be compliance. Practitioners must ask themselves not what 

the best diet is, but how they may optimize patient adherence to the plan 



British Journal of Nutrition (2013), 110, 1178–1187   
Very-low-carbohydrate ketogenic diet v. low-fat diet for long-term weight 

loss: a meta-analysis of randomised controlled trials  
Nassib Bezerra Bueno*, Ingrid Sofia Vieira de Melo, Suzana Lima de Oliveira 

and Terezinha da Rocha Ataide  





4.Le opzioni 
terapeutiche  



STADIO 1. Nessun fattore di rischio associato all’obesità (p. es. pressione arteriosa, profilo lipidico, glicemia a digiuno ecc., nella norma), nessun sintomo, nessuna 
manifestazione psicopatologica, nessuna limitazione funzionale e/o alterazione dello stato di benessere; 
STADIO 2. Presenza di fattori di rischio cardiovascolari correlati all’obesità (p. e. ipertensione arteriosa borderline, alterata glicemia a digiuno, enzimi epatici alterati), lievi 
sintomi (p. es. dispnea per sforzi di moderata intensità, occasionali dolori dell’apparato muscoloscheletrico, astenia, ecc.), lievi alte-razioni psicopatologiche, lievi 
limitazioni funzionali e/o lieve alterazione dello stato di benessere; 
STADIO 3. Presenza di patologie conclamate legate all’obesità (p. es. ipertensione arteriosa, diabete tipo 2, sindrome delle apnee notturne, osteoartriti, malattia da 
reflusso gastroesofageo, sindrome dell’ovaio policistico, sindromi ansioso-depressive, ecc.) moderate limitazioni nello svolgimento delle normali attività giornaliere, e/o 
dello stato di benessere; 
STADIO 4. Danno d’organo conclamato (infarto del miocardio, scompenso cardiaco, complicanze del diabete, osteoartriti disabilitanti, turbe psicopatologiche gravi, 
limitazioni funzionali e/o alterazioni dello stato di benessere significative; 
STADIO 5. Gravi disabilità (potenzialmente terminali) conseguenti alle patologie correlate all’obesità, turbe psicopatologiche gravi e disabilitanti, gravi limitazioni  
funzionali e/o dello stato di benessere 

Sharma AM and Kushner RF. A proposed clinical staging system for obesity. Int J Obes (Lond)33 (3): 289–295, 2009. 





1. Knowler et al. N Engl J Med 2002;346:393–403; 2. Li et al. Lancet Diabetes Endocrinol 2014;2:474–80; 3. Datillo et al. Am J Clin Nutr 1992;56:320–8;  
4. Wing et al. Diabetes Care 2011;34:1481–6; 5. Foster et al. Arch Intern Med 2009;169:1619–26; 6. Kuna et al. Sleep 2013;36:641–9; 7. Warkentin et al.  
Obes Rev 2014;15:169–82; 8. Wright et al. J Health Psychol 2013;18:574–86 

Weight loss may improve obesity related comorbidities 

Reduction in CV 
mortality2 

Improvements in 
blood lipid profile3 

Improvements in 
blood pressure4 

Benefits of 5–10% weight loss 

Reduction in risk of 
type 2 diabetes1 

Improvements in 
severity of 

obstructive sleep 
aponea5,6 

Improvements in 
health-related quality 

of life7,8 





Changes in BMI over 10 years in three large 
clinical trials and associated risk of 
cardiometabolic diseases with weight loss based 
on the presence or absence of metabolic health 
in obesity 
 
(A)Baseline and 10-year BMI values in the Look 

AHEAD trial, the Diabetes Prevention Program  
(DPP) Outcomes study, and the Swedish 
Obese Subjects (SOS) study according to 
intervention 
 

(B)Characteristics of people with MUHO and 
MHO by BMI and cardiometabolic risk. 
Weight loss of about 10% in people with 
MUHO might results in conversion to MHO, 
on the basis of the Look AHEAD trial. Once an 
individual has converted to MHO, only a 
further weight loss of about 20% will results 
in a BMI that is close to normal healthy 
weight range, where the risk of 
cardiometabolic diseases is lowest. 



5. Le criticità 



Physiol. Res. 58 (Suppl. 1): S1-S6, 
2009 



Schematic of factors that can influence energy balance. 

Pollutants 



. 

Weight gain can result from a combination of reduced metabolism,  

increased energy intake and/or reduced activity. 



Mean adjusted intakes of macronutrients among adults aged 

20–74 y by NHANES study period. A: Results shown as absolute 

intake in grams per day. B: Results shown as percentage of 

energy intake. Results were adjusted for age, sex, race or 

ethnicity, educational status, and BMI 
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Follow up range from 4 to 7 years 

Maintenance of weight loss is challenging 

Mean change from baseline to end of diet (kg) 

Mean change from baseline to follow-up (kg) 
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Physiological responses to weight loss favour 
weight regain1–2 

 GLP-1,  CCK,  
 PYY,  Ghrelin 

Gut 

 Hunger 
 Desire to eat 

Pancreas 

  Insulin 

Resting  
energy  
expenditure 

Adipose tissue 

  Leptin 

Energy  
intake 

1. Schwartz et al. Obes Rev 2010;11:531–47; 2. Sumithran et al. N Engl J Med 2011;365:1597–604 

CCK, cholecystokinin; GLP-1, glucagon-like peptide-1; PYY, peptide YY 
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definizione 

Le very low calorie ketogenic diets (VLCKD) moderne si basano sui principi della famosa dieta Blackburn (Lidner et 

al. 1976) e sono caratterizzate da: 

 

1. un basso contenuto calorico (<800 Cal/die) per garantire un dimagrimento rapido e motivante a un ritmo medio 

settimanale di circa 1,3-1,8 Kg;  

2. dallo sviluppo di una chetosi stabile e controllata per inibire efficacemente la sensazione di fame, e  

3. dalla riduzione selettiva della massa grassa assicurando una buona protezione della massa magra.  

 

Esse contemplano un ridotto apporto complessivo di carboidrati (tra 0,5 e 0,9 gr/kg bwid, per innescare e mantenere 

uno stato di chetosi) e di lipidi (0,2-0,5 gr/kg bwid, quota sufficiente prevenire la colelitiasi), mentre includono una 

quantità fisiologica di proteine (1,2 ± 0,2 gr/kg bwid) così come un apporto equilibrato di fibre vegetali, acqua, 

vitamine, sali minerali e oligoelementi.  

 

I liquidi non zuccherati (>2 litri/die) e le verdure cotte e crude favoriscono l'idratazione della massa magra, 

l'elasticità dei tessuti, la sintesi proteica, e contrastano la stipsi, l'iperazotemia, l'iperuricemia e la calcolosi 

renale; a essi vengono associati dei pasti sostitutivi contenenti proteine di elevato valore biologico derivate 

principalmente dai legumi e dal latte con un apporto standardizzato di nutrienti essenziali.  

 

A questa fase di dimagrimento, per stabilizzare il risultato ponderale segue una fase di transizione, la cui durata dovrà 

essere almeno pari a quella di dimagrimento e che si articola in 4 tappe nelle quali si aumenta gradualmente sia la 

quantità sia la qualità degli alimenti glucidici a basso indice e carico glicemico, sino ad arrivare alla fase di 

mantenimento, caratterizzata da un'alimentazione equilibrata normocalorica di tipo mediterraneo.  

 

La contrazione della quota glucidica alimentare riduce il rapporto insulina/glucagone, vera chiave di volta per indurre e 

mantenere chetosi e lipolisi, già dopo 48-72 ore. 

  









INDICAZIONI ALLE VLCKD IN CAMPO ENDOCRINO-METABOLICO 

 

• Obesità grave 

• Obesità con sindrome metabolica 

• Obesità con OSAS 

• Obesità con artropatie 

• DM2 

• NAFLD 

• PCOS 

• ACNE 

• Necessità di rapido dimagrimento per severe 
comorbilità 

• Pre-chirurgia bariatrica 

Insulinoresistenza 

Infiammazione di Basso Grado  



CONTROINDICAZIONI 

• DIABETE MELLITO TIPO 1 



DIETA CHETOGENICA 





OBESITA’ 





The active ketogenic phases were maintained until the single patient loses  most of weight loss target, 

ideally 80 %. The ketogenic phases were variable in time depending on the individual and the weight loss 

target, but they lasted between 30 and 45 days in total. 



Weight Kg 

Waist circumference  cm 



% fat 

LBM and FBM 



Both hypo and normocaloric diets with a high protein content have shown to assist in body composition improvements, 

whereas a hypercaloric intake from protein does not seem to play a significant role in increasing fat mass.  





Thus, the clinical benefit of a ketogenic diet is in preventing an 

increase in appetite, despite weight loss, although individuals may 

indeed feel slightly less hungry (or more full or satisfied). Ketosis 

appears to provide a plausible explanation for this suppression of 

appetite. 

Forest plot of change in 

appetite 

assessed with visual 

analogue scales 

between baseline and in 

response to a 

ketogenic low-

carbohydrate diet 



SINDROME METABOLICA 













DIABETE 





Very-Low-Calorie Diet and 6 

Months of Weight Stability in 

Type 2 Diabetes 

A robust and sustainable 

weight loss program achieved 

continuing remission of 

diabetes for at least 6 

months in the 40% who 

responded to a VLCD by 

achieving fasting plasma 

glucose of <7 mmol/L.  

T2DM is a potentially 

reversible condition 

Change in fasting plasma glucose (A), HbA1c (B), and weight 

(C) over the study in responders (   ) and  nonresponders (   ). 

The gray band represents the stepped transition from VLCD to 

isocaloric eating of solid foods. Data are mean + SEM. 





Effect of low-calorie versus low-carbohydrate ketogenic diet 

in type 2 diabetes.  

DM2, type 2 diabetes mellitus; VLCKD, very low-carbohydrate ketogenic diet. 

Comparison of low-glycemic index diet 

with high-cereal diet, and of  low 

glycemic index diet with low-CHO diet. 

CHO, carbohydrate; GI, glycemic index; 

HDL, high-density lipoprotein; LDL, low-

density lipoprotein; TG, triglyceride; Total-

C, total cholesterol. 





NAFLD- ACNE - PCOS 











PERIODONTITE 



Dietary recommendations were based on the 

current literature with regard to diet and 

general inflammation and gingival / periodontal 

inflammation.  

Dietary pattern in the experimental group included 

the following elements:  

– Reduction of the intake of carbohydrates as 

far as possible to a level <130 g/d, which can be 

considered as a low-carb diet. This included a 

restriction in the amount of fructose, disaccharides, 

sweetened beverages and meals, flour containing 

foods, rice and potatoes as far as possible. There 

were no restrictions regarding fruits and 

vegetables (polysaccharides) as long as the total 

amount of carbohydrates was considered.  

– Daily intake of Omega-3 fatty acids (such as 

fish oil capsules, a portion of sea fish, two spoons 

of flaxseed oil etc.), a restriction in the amount 

of trans-fatty acids as far as possible (such as 

fried meals, crisps, donuts, croissants etc.) and a 

reduction in Omega-6 fatty acids as far as 

possible (such as safflower oil, grape seed oil, 

sunflower oil, margarine, sesame oil, corn oil etc.).  

– Daily intake of a source of vitamin C (like two 

kiwis, one orange, one bell pepper etc.)  

– Daily intake of a source of vitamin D (15 min 

unprotected in the sun, supplementation with 500 

international units (12.5 μg), 300 g Avocado, etc).  

– Daily intake of antioxidants (such as a handful 

of berries, cup of green tea, coffee etc.) 

– Daily intake of fiber (vegetables and fruits). 

Regression analysis regarding the influence of the degree of compliance on the clinical parameters 

with time as a categorical variable adjusted by age, gender and BMI. Omega-3 FA Omega-3 fatty 

acids, PI plaque index, GI gingival index, BOP bleeding on probing, PISA periodontal inflamed 

surface area 



PATOLOGIE 

PSICHIATRICHE 







QUALITA’ DEL 

DIMAGRIMENTO 



Int J Clin Pract, October 2008, 62, 10, 1474–1483 

GH, T, E2, 
T3 ? 











CHIRURGIA BARIATRICA 





 





POSSIBILI MECCANISMI 

D’AZIONE 



Nutritional epidemiology and 

biochemical approaches, focusing 

primarily on the relationship between 

macronutrient consumption and 

metabolic outcomes, have not 

provided a translatable scientific 

basis to recommend diets that 

improve metabolic health for a broad 

range of people.  

 

Alternatively, understanding our diets 

as a collection of signaling molecules, 

having hormone-like actions via cell 

surface and nuclear receptor 

signaling, may provide new insights 

into the relationship between what we 

eat and metabolic disease. Moreover, 

this framework may eventually allow 

us to make dietary recommendations 

from the bottom up—based on the 

ability of specific foods to alter 

relevant signaling pathways. 







Noncanonical Signaling Roles for βOHB 



Signaling functions of β-hydroxybutyrate (BHB).  

(A) BHB is ametabolite that supports cellular energetic requirements and has signaling functions.  

(B) BHB targets distinct proteins or pathways to regulate metabolism, inflammation, stress 

resistance and longevity. Abbreviations: NLRP3 inflammasome, nod-like receptor family protein 3 

inflammasome; HCAR2, hydroxycarboxylic acid receptor 2; FFAR3, free fatty acid receptor 3; 

HDACs, histone deacetylases; FOXO3, forkhead box O3. 







Inhibitors of the NLRP3 inflammasome. In response 

to activation of innate immune receptors by stimuli 

such as microbial ligands, transcription of pro-

inflammatory genes including those encoding 

NLRP3 and pro-IL1β is induced. Transcription of 

proinflammatory genes primes components of the 

NLRP3 inflammasome complex. Upon stimulation 

with a variety of endogenous and exogenous 

signals, a common characteristic of which is the 

induction of K+ efflux from the activated cell, the 

NLRP3 inflammasome assembles as a complex 

with ASC and pro-caspase-1. As a consequence, 

caspase-1 cleaves pro-IL-1β into its active form for 

secretion. Youm et al.6 suggest that β-

hydroxybutyrate inhibits K+ efflux and prevents 

NLRP3 activation. Coll et al.7 describe the small 

molecule MCC950 as a specific inhibitor of NLRP3 

inflammasome assembly. PYD, pyrin domain; 

CARD, caspase activation and recruitment domain.  



NAD+ is a rate-limiting cofactor for the enzymatic activity of sirtuins. 

Boosting intracellular NAD+ levels by physiological (e.g. exercise, calorie restriction, fasting) or pharmacological [e.g. 

resveratrol, sirtuin activating compounds (STACs)] interventions, and inducing NAD+ biosynthesis through supplementation with 

precursors (e.g. NA, NAM, NR) or inhibition of NAD+ consuming enzymes leads to activation of sirtuins SIRT1 deacetylates and 

activates transcriptional regulators (e.g. PGC-1α, FOXO1), whereas SIRT3 deacetylates and activates multiple metabolic gene 

targets (e.g. succinate dehydrogenase, superoxide dismutase 2), which in turn regulate mitochondrial biogenesis and function.  

Ketone 

bodies 



Nutritional ketosis may initiate bioenergetic 

and mitohormetic signaling through an 

increase in catecholamines or adiponectin, 

a decrease in insulin or glycogen, or an 

increase in beta-oxidation that leads to an 

increase in mitochondrial reactive oxygen 

species (mtROS) or NAD+. 

 

Th…is leads to further signaling involving AMPK, 

SIRT1, peroxisome proliferator-activated 

receptor c coactivator 1 (PGC-1), forkhead box 

O 3a (FOXO3a), and nuclear factor erythroid-

derived 2-like 2 (NFE2L2), ultimately leading to 

transcription of genes related to oxidative 

capacity, mitochondrial uncoupling, and 

antioxidant  defense.  

…These adaptations collectively contribute to 

resistance against oxidative stress.  

Other proteins involved include liver kinase B1 

(LKB1), which activates AMPK; nicotinamide  

phospho-ribosyltransferase (NAMPT), which 

facilitates SIRT1 activation through NAD+ 

synthesis; and nuclear respiratory factors 1 and 

2 (NRF-1 and NRF-2) and mitochondrial 

transcription factor A (TFAM), which promote 

mitochondrial biogenesis. 



PLEIOTROPIC EFFECTS OF THE KETOGENIC DIET. 

 

 The therapeutic efficiency of a KD in a broad variety of 

diseases is mainly based on its ability to influence 

metabolism, cell signaling, and inflammation.  

.  

Metabolism: Parameters of metabolism and 

metabolites are known to correlate with disease 

severity. 

 

Signaling: Recently, regulation of several signaling 

molecules including hormones and growth factors 

as leptin or IGF-1 by a KD was shown.  

 

Inflammation: Several reports suggested that the KD 

has anti-inflammatory effects partially explaining the 

therapeutic efficacy in neurodegenerative disorders. 

 

 Abbreviations: Glut-1,glucose transporter 1; PDHD, pyruvate 

dehydrogenase complex deficiency 



In the well-fed state, the FOXO3a transcription factor is prevented from entering the nucleus by phosphorylation. FOXO3A is marked 

for degradation by ubiquitin (Ub). In a state of ketosis, HDAC is inhibited by D-b-hydroxybutyrate. The acetyl (Ac-) group neutralizes the 

charge on lysine opening the histone complex exposing the FOXO3a promoter and upregulating superoxide dismutase (MnSOD), catalase, 

and metallothionein MT.  





Ketogenic diets simultaneously target glucose metabolism and glucose-related 

signalling in tumour cells. A reduction in circulating glucose levels compromises 

energy production and macromolecular biosynthesis. The concomitant reduction in 

blood insulin/IGF-1 levels decreases signaling by the PI3K/Akt/mTOR pathway, thus 

impairing glycolytic metabolism and macromolecular biosynthesis. Moreover, in 

contrast with normal cells, tumour cells are unable to efficiently adapt to 

metabolize ketone bodies. Also shown are pharmacological disruptors of glucose 

metabolism and glucose-related signalling. 

 Abbreviations: 2-DG, 2-deoxy-Dglucose; AICAR, 5-aminoimidazole-4-carboxamide ribonucleotide; 

AMPK, AMP-activated protein kinase; GbL, G protein beta subunit-like; GLUT, glucose transporter; IGF-

1, insulin-like growth factor 1; IR, insulin receptor; IGF-1R, IGF-1 receptor; LDH, lactate dehydrogenase; 

PI3K, phosphatidylinositol-3 kinase; MCT, monocarboxylate transporter; mTORC1, mammalian target of 

rapamycin complex 1; mTOR, mammalian target of rapamycin; raptor, regulatory- associated protein of 

mTOR; ROS, reactive oxygen species. 







Increasing evidence is being gathered for 

the interplay between diet, microbiome, and 

autoantibody production.  

Deregulation of this system could contribute to 

different pathologies, including MS. A 

“Western-diet” consisting among others of 

high fat and high salt content has been 

associated with increased autoantibody 

production, obesity, inflammatory 

disorders, and autoimmune diseases.  

 

Dietary interventions and the use of 

probiotics could restore immune 

deregulation that is seen in case of diet-

induced microbiome alterations.  

 

In MS patients, IgA antibodies against several 

autoantigens have been described. 

Additionally, a disturbed microbiome has been 

observed in MS patients and animal studies 

have supported a possible link between the 

microbiome and the disease.  





Profiles of circulating glucose and ketone levels over 

48 hours in individuals with a typical American eating 

pattern or two different IF eating patterns. 

 

 (A) In individuals who consume three meals plus 

snacks every day, the metabolic switch is never 

‘‘flipped,’’ their ketone levels remain very low, and 

the area under the curve for glucose levels is high 

compared with individuals on an IF eating pattern.  

 

(B) In this example, the person fasts completely on 

the first day and then at three separate meals on the 

subsequent day. On the fasting day, ketones are 

progressively elevated and glucose levels remain 

low, whereas on the eating day, ketones remain low 

and glucose levels are elevated during and for 

several hours following meal consumption.  

 

(C) In this example, the person consumes all food 

within a 6-hour time window every day. Thus, the 

metabolic switch is flipped on following 12 hours of 

fasting and remains on for approximately 6 hours 

each day, until food is consumed after approximately 

18 hours of fasting. Modified from Mattson et al. 

(2016) 





Very-low-carbohydrate diets or 

ketogenic diets have been in use since 

the 1920s as a therapy for epilepsy 

and can, in some cases, completely 

remove the need for medication. From 

the 1960s onwards they have become 

widely known as one of the most 

common methods for obesity 

treatment. Recent work over the last 

decade or so has provided evidence of 

the therapeutic potential of ketogenic 

diets in many pathological conditions, 

such as diabetes, polycystic ovary 

syndrome, acne, neurological 

diseases, cancer and the amelioration 

of respiratory and cardiovascular 

disease risk factors. The possibility 

that modifying food intake can be 

useful for reducing or eliminating  

pharmaceutical methods of treatment, 

which are often lifelong with 

significant side effects, calls for 

serious investigation. 



 In humans and rodents, IF results in decreased levels of circulating insulin and leptin, elevated ketone levels, and reduced levels of 

proinflammatory cytokines and markers of oxidative stress. Liver cells respond to fasting by generating ketones and by increasing insulin 

sensitivity and decreasing lipid accumulation. Markers of inflammation in the intestines are reduced by IF. The insulin sensitivity of muscle cells is 

enhanced and inflammation reduced in muscle cells in response to the metabolic switch triggered by fasting and exercise. Emerging findings 

further suggest that exercise training in the fasted state may enhance muscle growth and endurance. Robust beneficial effects of IF on 

the cardiovascular system have been documented and include reduced blood pressure, reduced resting heart rate, increased heart rate 

variability (improved cardiovascular stress adaptation), and resistance of cardiac muscle to damage in animal models of myocardial infarction. 

Studies of laboratory animals and human subjects have shown that IF can improve cognition (learning and memory); the underlying 

mechanisms may involve neurotrophic factors, stimulation of mitochondrial biogenesis and autophagy, and the formation of new synapses. IF 

also increases the resistance of neurons to stress and suppresses neuroinflammation.  
*Demonstrated in animal models but not yet evaluated in humans. 

Examples of functional effects and 

major cellular and molecular 

responses of various organ 

systems to Intermittent Fasting 



LINEE GUIDA 







STADIO 1. Nessun fattore di rischio associato all’obesità (p. es. pressione arteriosa, profilo lipidico, glicemia a digiuno ecc., nella norma), nessun 

sintomo, nessuna manifestazione psicopatologica, nessuna limitazione funzionale e/o alterazione dello stato di benessere; 

STADIO 2. Presenza di fattori di rischio cardiovascolari correlati all’obesità (p. e. ipertensione arteriosa borderline, alterata glicemia a digiuno, enzimi 

epatici alterati), lievi sintomi (p. es. dispnea per sforzi di moderata intensità, occasionali dolori dell’apparato muscoloscheletrico, astenia, ecc.), lievi 

alte-razioni psicopatologiche, lievi limitazioni funzionali e/o lieve alterazione dello stato di benessere; 

STADIO 3. Presenza di patologie conclamate legate all’obesità (p. es. ipertensione arteriosa, diabete tipo 2, sindrome delle apnee notturne, 

osteoartriti, malattia da reflusso gastroesofageo, sindrome dell’ovaio policistico, sindromi ansioso-depressive, ecc.) moderate limitazioni nello 

svolgimento delle normali attività giornaliere, e/o dello stato di benessere; 

STADIO 4. Danno d’organo conclamato (infarto del miocardio, scompenso cardiaco, complicanze del diabete, osteoartriti disabilitanti, turbe 

psicopatologiche gravi, limitazioni funzionali e/o alterazioni dello stato di benessere significative; 

STADIO 5. Gravi disabilità (potenzialmente terminali) conseguenti alle patologie correlate all’obesità, turbe psicopatologiche gravi e disabilitanti, 

gravi limitazioni  

funzionali e/o dello stato di benessere 
Sharma AM and Kushner RF. A proposed clinical staging system for obesity. Int J Obes (Lond)33 (3): 289–295, 

2009. 
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Weight loss may improve obesity related comorbidities 
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Follow up range from 4 to 7 years 

Maintenance of weight loss is challenging 
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La maggior parte degli studi e le linee guida suggeriscono che il PIANO ALIMENTARE 

CHETOGENICO PER IL TRATTAMENTO DELL’OBESITÀ venga utilizzato per un periodo di 

8/12 settimane.  

 Al termine del percorso chetogenico il paziente deve essere guidato al progressivo 

reinserimento di alimenti contenenti carboidrati a basso indice glicemico, con un passaggio 

graduale a uno stile alimentare sostenibile nel lungo periodo, una vera dieta mediterranea, che 

possa permettere di mantenere i risultati raggiunti nel tempo, tasto dolente di molti dei modelli 

alimentari proposti per il dimagrimento. 

disordini biliari e colelitiasi 

deficit di vitamine idrosolubili 

da 3 mesi a oltre 2 anni 

PIANO ALIMENTARE CHETOGENICO PER EPILESSIA 
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