
La dieta chetogenica in pediatria

Claudio Maffeis

UOC Pediatria ad Indirizzo Diabetologico e Malattie del Metabolismo
Centro Regionale Diabetologia Pediatrica 

Università e Azienda Ospedaliera Universitaria Integrata Verona

E mail: claudio.maffeis@univr.it



• alcune malattie neurologiche 
• neoplasie cerebrali 
• obesità 

possibili indicazioni dieta chetogenica
In età evolutiva



Indagine Okkio alla Salute
Prevalenza obesità bambini 8-9 anni







Body-Mass Index in 2.3 Million Adolescents and Cardiovascular Death in Adulthood

Twig G, et al. NEJM 2016
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Bach-Faig A, Serra-Majem L, et al Public Health Nutr 2



Mediterranean Diet and Health in Children and Adolescents

Inverse association with obesity

Decreases waist circumference

Increases academic performances 



= increases the risk of MetS;   =  decreases the risk of MetS;   ? = uncertain relation to MetS

Foods related to the metabolic syndrome in two plant-based diets

Sabaté J & Wien M. Br J Nutr 2015;113:S136-S143



Comparative effectiveness of plant-based diets for weight loss:
A randomized controlled trial of five different diets

Turner-McGrievy GM, et al. Nutrition 2015;31:350-8.



IL FUTURO E’ VEG?
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WHO recommendations: 

1. reduce the intake of free sugars throughout the life-course (strong 
recommendation 1).

2. do not exceed 10% of total energy from free sugars (in both adults and children) 
(strong recommendation 2).

3. further reduction to below 5% of total energy (conditional recommendation 3).

Remarks
• Free sugars include monosaccharides and disaccharides added to foods by the
manufacturer, cook or consumer, and sugars naturally present in honey, syrups, 
fruit juices and fruit concentrates.
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Campos & Tappy Int J Obes 2016;40:S6-S11



Sir Harold Heimsworth

The dietetic factor determining the glucose
tolerance and sensitivity to insulin of  healthy
men.

Clin Sci 1935;2:67-94. 

High fat/low carbohydrate diet is associated
with poorer glucose tolerance and insulin
resistance.



Le proteine e i grassi nella dieta influenzano in modo 
significativo il profilo glicemico post-prandiale 

e l’effetto è esponenziale

Proteine e grassi nel pasto influenzano la glicemia postprandiale

Smart CEM, et al. Diabetes Care 2013;36:3897-3902
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Dietary Fat Acutely Increases Glucose Concentrations
and Insulin Requirements in Patients With T1D

Wolpert HA, et al. Diabetes Care 2013;36:810-6 
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Maffeis C, 2006



Loci associated with BMI, body fat percentage , waist-hip-ratio adjusted for BMI, VAT, 
SAT, and their ratio (VAT/SAT), and extremes of body mass index and waist-hip-ratio. *

*Genes implicated in monogenic obesity are underlined. Fall T, et al. Gastroenterology. 2017; 152: 1695–1706



Fall T, et al. Gastroenterology. 2017; 152: 1695–1706



fetal & perinatal programming

Cripps et al. Clin Sci 2005, modified
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the pathways by which gut hormones regulate energy homeostasis

Murphy KG & Bloom SR Nature 2006



“…  When  parental  and  perinatal  variables  were  
included as independent variables in a multiple logistic 
regression model controlling for the effect of age,  
parental body mass index and children's birth-weight
remained independently associated with childhood obesity. “

Maffeis C, et al. Int J Obes 1994;18:301-5.

parental and perinatal factors associated with 
childhood obesity in north-east Italy

Morandi A, …Maffeis C,  et al. PLoS ONE 2012;e49919
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Geserick M, et al. NEJM 2018;379.1303-12
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the infant: a model of physiological overfeeding
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Maffeis C et al. Int J Obes ‘96

r = 0.28    P< 0.01
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fatty food
more palatable

high energy density

less satiating



carbohydrate  and  protein

lipid
Meal

energy 
expenditure

(kcal/min)

Meal
energy

expenditure
(kcal/min)

Schutz Y et al. AJCN ‘89. 

1

1.2

1

1.2

time (min)

time (min)



90

100

110

120

130

TEM
(kJ/5h)

p<0.05

140

150

160

meal-induced thermogenesis after two isocaloric, isoproteic meals 
with a different fat/carbohydrate ratio in 10-year-old girls

0

0

5

10

15

20

25

30

75 150 225 300

change of 
postprandial
energy 
expenditure
(% of baseline
values)

time (min)

P <0.01

lipid/carbohydrate lipid/carbohydrate

Maffeis C et al. JCEM 2001; 86:214-9.



energy and nutrient requirements

energy nutrients
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Fasting Compared With Nonfasting Triglycerides
and Risk of Cardiovascular Events in Women

Bansal S, et al. JAMA 2007;298:309-16
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Postprandial triacylglycerol profile after two isocaloric, isoproteic
meals with different fat and carboidrate content in obese children

Maffeis C, et al. Obesity 2010
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Maffeis C, et al. Nutr Metab Cardiovasc Dis 2011

POSTPRANDIAL PRO-ATEROGENIC PROFILE: 
change of oxidized lipoprotein concentration in obese children after two 
isocaloric, isoproteic meals with a different fat and carbohydrate content
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Ambrosini GL, et al. Int J Obes 2012;36:1299-1305

High Risk
Dietary Pattern

Energy-dense
High-fat
Low-fiber

dietary pattern prospectively associated with increased adiposity
during childhood and adolescence



Diet macronutrient composition reported before treatment 
predicts BMI change in obese children: the role of lipids

Maffeis C, et al. Eur J Clin Nutr 2012;66:1066-8.



Joint classification of whole- and refined-grain intake 
on visceral adipose tissue (VAT) volume

McKeown N M et al. Am J Clin Nutr 2010;92:1165-1171
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effect of endurance training on plasma free fatty acid 
turnover and oxidation during exercise
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Maffeis, C. et al. J Clin Endocrinol Metab 2005;90:231-236

Nutrient oxidation measured during walking at speeds of 4, 5, 
and 6 km/h, respectively, in a group of obese prepubertal children 
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physical activity, dietary intake and adiposity
in  healty 10-year-old French children
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Dietary carbohydrate intake and mortality: 
a prospective cohort study and meta-analysis
U-shaped association between percentage of energy from carbohydrate

and all-cause mortality in the ARIC and PURE cohort studies

46.3%

Seidelmann SB et al. Lancet Public Health 2018;3:e419-28



Points of consensus

Well-formulated low-carbohydrate, high-fat diets do not
require high intakes of protein or animal products.

Reduced carbohydrate consumption can be achieved by 
substituting grains, starchy vegetables, and sugars with 
nonhydrogenated plant oils, nuts, seeds, avocado, and other
high-fat plant foods.



conclusioni

La dieta chetagenica trova indicazione in pediatra nel trattamento 
di alcune patologie neurologiche (epilessia).

Non vi è indicazione dell’uso della dieta chetogenica nel trattamento 
dell’obesità in pediatria se non in casi molto selezionati di obesità 
grave e complicata e necessita di attento follow-up specialistico 
pediatrico con esecuzione di esami ematochimici e strumentali 
prima e durante il trattamento oltre a garantire opportune 
integrazioni in acqua, minerali, vitamine. 
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Related mechanisms involved in the iteractions among
dietary intake, the gastrointestinal microbiota, and obesity

Graham C, et al. Nutr Rev 2015;73:376-85



Microbiota-accessible carbohydrate fermentors produce SCFAs
that can have multiple interactions with host tissues.

Gentile CL, Weir TL. Science 2018;362:776-80



Gut bacteria play an important role in bile acid modification

Gentile CL, Weir TL. Science 2018;362:776-80





Gentile CL, Weir TL. Science 2018;362:776-80

Interactions between amino acids and the gut microbiota



Points of consensus

Biological factors appear to influence responses to diets of 
differing macronutrient composition. People with relatively
normal insulin sensitivity and beta cell function may do well
on diets with a wide range of carbohydrate-to-fat ratios; 
those with insulin resistance, hypersecretion of insulin, or 
glucose intolerance may benefit from a lower carbohydrate, 
higher-fat diet.

A ketogenic diet may confer particular metabolic benefits 
for some people with abnormal carbohydrate metabolism, 
a possibility that requires long-term study.
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