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On November 19, 1944, 36 healthy 
caucasian young men (22-23 yrs old) 
selected from a pool of over 200  volunteers 
entered the brick confines of the Laboratory 
of Physiological Hygiene at the University of 
Minnesota, where they were to embark on a 
medical experiment: the Minnesota (semi)-
Starvation Experiment. 
 
The study was divided into three phases:  
1. 12-week control phase, where 

physiological and psychological 
observations were collected to establish 
a baseline for each subject 

2. 24-week starvation phase: reduction 
of caloric intake (from 3492 to 1567 
kcal/day) ⇒ average reduction of 25% 
of their pre-starvation body weight 

3. 12-week recovery phase with various 
rehabilitative diets 
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• Although some studies provide some evidence of a change in the  
thermic effect of food when fat is substituted for carbohydrate, the  
magnitude of this change is usually small, the substitution of one 
macronutrient for another has been shown in some studies to have 
a statistically significant effect on the expenditure half of the energy 
balance equation.  

• This has been observed most often for high-protein diets. 
 

•  Evidence indicates, however, that the difference in energy 
expenditure  is small and can potentially account for less than 
one-third of the differences in weight loss that have been 
reported between high-protein or low-carbohydrate diets and 
high carbohydrate or low-fat diets.  
 

• As such, a calorie is a calorie. 



• Diets high in protein and/or low in carbohydrate produced a 2.5-kg greater 
weight loss after 12 wk of treatment. Difference in energy expenditure: of 
the macronutrients, only protein has been found to a have this effect, but the 
magnitude of this effect is small and perhaps accounts for a 0.8-kg 
difference in weight loss between diet treatments over 12 wk.  
 

 
 

• Preliminary evidence (Yao M et al: Nutr Rev 2001; Eisenstein et al: Nutr Rev 
2002), indicates that both protein and a low energy density of the diet 
increase satiety. Thus, subjects who consume a prescribed diet high in 
protein or fiber may be more compliant with the diet than are subjects who 
consume other diets, but this speculation has been confirmed by only one 
longterm study to date (Skov AR et al: Int J Obes Relat Metab Disord 1999). 



• OTHER EXPLANATIONS FOR DIFFERENCES IN WEIGHT LOSS : if a 
calorie is a calorie, then what other factors could account for the 
reported differences in weight loss between either high protein or 
low-carbohydrate diets and low-fat diets ?  
 

• composition of the weight loss: greater loss of solids or water 
from FAT-FREE MASS for one treatment than for a second 
treatment would result in greater weight loss with the former 
treatment.  

• One particular factor for a low-carbohydrate diet is, of course, the 
loss of glycogen stores and associated water, which can be as 
great as 2 kg. 
 

 



    glicogeno epatico  
e muscolare 

formazione  
corpi chetonici  

H2O corporea 
totale 

Diete ad alto contenuto proteine e basso contenuto di CHO 
EFFETTI DI PROMOZIONE DEL CALO PONDERALE 

 ... assuming an average caloric value of 4.5 kcal/g for ketone-body oxidation 



Substrati GLUCONEOGENESI: 
 

• LATTATO : liberato nel sangue dai 
muscoli scheletrici in esercizio e dai 
GR (ciclo di Cori); 
 

• GLICEROLO : derivante dall'idrolisi dei 
trigliceridi (18g di glucosio/die); 
 

• AMINOACIDI : scheletro carbonioso 
degli AA glucogenici come 
ossalacetato e α chetoglutarato (1.6g 
di AA per la sintesi di 1g di glucosio) 

 

⇒ Per assicurare al SNC il glucosio 
necessario è necessario catabolizzare 
ogni giorno di digiuno 160-200 g di 
proteine      (≈ 1 kg di tessuto 
muscolare)            (Stipanuk MH)  

Fabbisogno di Glucosio: 
120g per SNC e 40-60g per 
altri tessuti 



ENERGETIC EQUIVALENT OF BODY TISSUES 
in “Biochemical, physiological, molecular aspects of 

human nutrition” MH Stipanuk ed –  Saunders, 2006 
Control of Energy Balance –  chap 22 by JC Peters 

• Body Energy lost when:  
• 1 kg of adipose tissue (85% lipid) = 7905 kcal      

(850g * 9.3 kcal/g) 
• all the E represented by stored fat can contribute to net 

fuel E 
 

• 1 kg of muscle is lost (20% protein) = 1120 kcal   
(200g * 5.6 kcal/g) 

• 800 kcal = net E avalilable to supply body’s fuel needs 
• 320 kcal = necessary to metabolise N derived from the 

breakdown of the AA (⇒  urea)  



• Low-carb Diets (LChD) contain < 200 g of CHO per day, or < 30%-
40% of the total E requirement (e.g. Zone diet) 

 
• VLChD generally have a content of ≤ 20–50 g/day of CHO and a 

high fat and/or high protein content (e.g. Atkins diet) 
 

• When the CHO is reduced, the fat and protein content in the diet 
increases, resulting in: 

 
      - a low-CHO/hyperproteic diet (LChHPD) 
 
      - or nonketogenic low-CHO/high-fat diet (NLChHFD) 









SAFETY CONCERNS AND CONTRAINDICATIONS 
 

• The first very-low-calorie diets in the 1970s, which were associated with 
fatal cardiac arrhythmias and sudden death. 

• Supplementation with vitamins and minerals, reducing the risk of 
electrolyte and cardiac abnormalities!!! 

• Before starting the PSMF all patients must have an ECG to exclude 
arrhythmias (eg, heart block, QT interval prolongation) or ischemia. 

• gallstone formation has been associated with bile stasis, which occurs from 
rapid weight loss with liquid formula diets of low fat intake (< 10 g/day). 

• Gout as hyperuricemia with risk of gout is also linked to high-protein diets. 
• Unfortunately, many patients tend to regain weight after completing a 

PSMF program 



Mechanisms that can induce weight loss  
in ketogenic diets 

• suppression of appetite (⇒ higher levels of CCK) 
• ‘metabolic advantage’ by requiring increased gluconeogenesis and 

upregulating mitochondrial uncoupling protein causing the waste 
of ATP as heat  

• limitation of food choices 
• reduction of the palatability  
• satiating effect of high protein intake 
• increased thermogenic effect of protein 
• increased adipose tissue lipolysis (⇐ reduced circulating insulin 

levels and increased fatty acid oxidation) 
 
Frigolet ME, et al: Ann Nutr Metab 2011;58:320–334; Erlanson-Albertsson C, et al: Int J Obes 2005; 2: 26–
30; Acheson KJ, et al: Am J Clin Nutr 2011; 93: 525–534; Kather H, et al: J Clin Invest 1987; 80: 566–572; 
Halyburton AK, Am J Clin Nutr 2007; 86: 580–587; Veldhorst MA, et al: Br J Nutr 2010; 104: 1395–1405; 
DeVivo DC, et al: Ann Neurol 1978; 3: 331–337; Chearskul S, et al: Am J Clin Nutr 2008; 87: 1238–1246 



• The use of ketogenic diets 
as a weight-loss therapy is 
not a novel idea (Yang MU 
et al: J Clin Invest 1976; 
Bistrian BR: Diabetes Care 
1978) 
 

• In the short term, high-
protein, low-CHO ketogenic 
diets reduce hunger and 
lower food intake 
significantly more than do 
high-protein, medium-
carbohydrate non-ketogenic 
diets.  
 

 ultimate “holy grail” for dieters—to eat 
less to lose weight, and yet not to feel 
hungry 

• Limited data are available on daily 
hunger scores (Eat Inv Quest, Likert scale) 
during ketogenic and nonketogenic diets. 

• In some studies (Johnston CS et al: AmJ Clin 
Nutr 2006), subjects following a high-
protein, low-fat diet reported feeling 
more satiated in the first 4 wk than did 
subjects following a high-carbohydrate, 
low fat diet, but, in olther studies 
(Johnston CS et al:  J Nutr 2004), there was 
no difference between the diets.  

 



Diete ad alto contenuto proteine e basso contenuto carboidrati 
POSSIBILI EFFETTI NEGATIVI A LIVELLO RENALE 

EFFETTI  LEGATI ALLA CHETONURIA 
 

•Aumento escrezione urinaria di SODIO  e ACQUA 
(disidratazione, ipotensione ortostatica) 
 

•Aumento escrezione urinaria di POTASSIO, CALCIO, MAGNESIO  
(aumentato rischio di nefrolitiasi, squilibri elettrolitici) 

EFFETTI  LEGATI ALL’ACIDOSI METABOLICA CRONICA 
 

•Ossidazione epatica degli aminoacidi contenenti S (metionina e 
cisteina) con formazione di radicali acidi  
 

•Tendenza all’acidosi metabolica compensata da liberazione di 
cationi dalla matrice ossea  con riassorbimento osseo  

!!! KD may lead to progressive loss of bone mineral content, albeit the exact 
mechanisms underlying this adverse effect remain unclear 
 (Bergqvist AG et al: Am J Clin Nutr 2008) 



• An excess of circulating ketones, 
may result in metabolic acidosis 
and cerebral edema (Edge et al., 
2001; Isales et al., 1999; Wootton-
Gorges et al., 2005) 

• Such effects are observed only 
when ketones reach supra-
physiological levels (10–20 mM or 
higher) during pathological states 
(Cahill and Veech, 2003; Laffel, 1999; 
VanItallie, 2003) 

• Plasma levels of ketones 
following an overnight fast or 
prolonged exercise are normally 
in the ranges of 0.2–0.5 mM 
(Laffel, 1999) 

• Circulating ketone levels can 
increase up to 50-fold during 
periods of caloric deprivation, 
with b-hydroxybutyrate levels 
reported to be 4–5 mM in the 
blood following a 5- to 8-day fast 
(Cahill, 2006; Mensink et al., 1992; 
Owen et al., 1967) 

 ⇒ 0.2-0.5 * 50 = 10-25 mM 









• HP diet (≥ 25% of total energy content, TEC) vs LP 
dietary intervention (≤ 20% of TEC), with both 
protocols adopting a low fat diet (≤ 30% of TEC) 

• Since biomarkers under investigation were not affected 
by changes in dietary protein content, unanimous 
recommendation of a high protein dietary approach is 
not supported by evidence. 

• With respect to the potential risk of high-protein 
contents, further studies are required before dietary 
recommendations can be changed towards a higher 
percentage of daily protein consumption. 



 







VLCD=800 kcal: 70 g protein,  
15 g fat, and 100 g carbohydrates 



• The Atkins group: 20 g/d or less of carbohydrate for 
“induction” (2-3 months) and 50 g/d or less of 
carbohydrate for the subsequent “ongoing weight loss” 
phase. 

• The Zone group: 40%-30%-30% distribution of 
carbohydrate, protein, and fat, respectively.  

• The LEARN group : 55% to 60% energy from 
carbohydrate and less than 10% energy from saturated 
fat, caloric restriction, increased exercise, and behavior 
modification strategies.  

• The Ornish group: no more than 10% of energy from 
fat. 





• While questions remain about long-term effects 
and mechanisms, a low-carbohydrate, high-
protein, high-fat diet may be considered a 
feasible alternative recommendation for weight 
loss. 

• As with any diet, physicians should caution 
patients that long-term success requires 
permanent alterations in energy intake and 
energy expenditure, regardless of macronutrient 
content. 



NEJM 2008; 353:229-41 



  















• In studies comparing ad libitum LGI diets to conventional restricted energy low-fat 
diets, participants fared as well or better on the LGI diet, even though they could eat 
as much as desired.   

• Further research with longer term follow-up will determine whether improvement 
continues long-term and improves quality of life. 

Cochrane Database Syst Rev. 2007;(3):CD005105. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas+D,+Elliott+EJ,+Baur+L








 
 

• DASH (Dietary Approach 
to Stop Hypertension) è il 
programma alimentare 
del momento.  

• E’ stata eletta migliore 
dieta del 2012 dalla 
rivista Usa News & World 
Report. 



 
 
 
 
 
 

 

Dietary Attempt to Stop Hypertension 
The combination diet was  
• rich in fruits, vegetables, and low-fat and dairy foods  
•  had reduced amounts of saturated fat, total fat, and 

cholesterol.  
This diet provided: 
•  potassium, magnesium, and calcium at levels close to 

the 75th percentile of U.S. consumption, 
•  high amounts of fiber and protein.  
• The sodium content of each diet was similar — 

approximately 3 g per day. 
NEJM 1997: 336:1117-24 









Feasibility of achieving dietary change within free-living populations 
 
Reliance on indirect biomarkers, rather than clinical endpoints of CVD 



RESTRIZIONE 

Tendenza di un soggetto a ridurre 
consapevolmente l’assunzione di 

cibo per evitare incrementi di peso 

DISINIBIZIONE 

Assunzione più o meno 
compulsiva di una certa 

quantità di alimenti 

DIETING 



Effetti comportamentali  
• Pensieri ricorrenti sul 

cibo 
• Rituali alimentari 
• Incremento di spezie, … 
• Onicofagia 
• Incremento del fumo 
• Episodi bulimici 
• Autolesionismo 

 

Effetti psicologici  
• ⇓ capacità di concentrazione 
• Scarsa capacità di insight e 
giudizio critico 
• Depressione 
• Sbalzi del tono dell’umore 
• Irritabilità/Rabbia/Ansia 
• Ossessività 
• Apatia  
• Episodi psicotici 
• Cambiamenti di personalità 

Effetti sociali  
• Isolamento sociale 
• Riduzione dell’interesse sessuale 
 

Effetti fisici 
• Disturbi del sonno 
• Vertigini/Debolezza 
• Disturbi gastrointestinali 
• Cefalea 
• Ipersensibilità a rumore e 
luce 
• Riduzione di TC, FC, FR, MB 
• Parestesie 
• Aumento della fame 
• Precoce senso di pienezza 

Keys A, et al: (1950) The Biology of 
Human Starvation, Vols. I – II.  
University of Minnesota Press,  
Minneapolis, MN. 



Keys A, (1950) The Biology of Human Starvation, Vols. I – II. University of Minnesota Press,                                                   
Minneapolis, MN. 

The understanding that starvation dramatically alters 
personality and that nutrition directly and predictably 
affects mind as well as body is one of the legacies of 
the experiment.  

http://2.bp.blogspot.com/_10yYjoTIYE0/SoC-BGRzBbI/AAAAAAAACzg/qO2l9aJu-es/s1600-h/minnesota+starvation+experiment.jpg


They Starved So That Others Be Better Fed: 
Remembering Ancel Keys and the Minnesota Experiment 
Leah M. Kalm and Richard D. Semba 
The Johns Hopkins School of Medicine, Baltimore, MD 
J. Nutr. 135: 1347–1352, 2005. 

   Dei 36 partecipanti al Minnesota Study, nel 2004, 18 erano ancora vivi, furono 
intervistati da ricercatori della prestigiosa Scuola Medica di Baltimora e parlarono con 
entusiasmo dello studio fornendo ulteriori informazioni sulla loro esperienza. 
    In particolare tennero a sottolineare il chiaro ricordo dello stupore e del 
disorientamento legato agli importanti cambiamenti della loro personalità e alla 
drammatica ossessione che vissero nei confronti del cibo.  
     Per molti di essi il periodo più difficile fu quello della rialimentazione, nessuno riuscì 
a riprendere le attività abituali alla fine delle dodici settimane, e il pieno recupero 
richiese un tempo variabile da molti mesi a due anni.  
  



Unhealthful 
Dieting 

Change in BMI (Kg/m2) Overweight status  

F 1.87 2.67 
M 2.63 1.86 

Binge eating  Extreme weight 
control  

F 6.42 2.5 
M 5.94 4.8 

Dati espressi come odds ratio 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=gejLink&_linkType=general&_cdi=12926&_issn=00028223&_targetURL=http://www.elsevier.com/locate/issn/00028223&_acct=C000058858&_version=1&_userid=2814622&md5=11b20a433c002e529a310155866c8c25


PlosOne 2014; 9: e104552 

Weight loss Weight stable Weight gain 



PlosOne 2014; 9: e104552 

Weight loss Weight stable Weight gain 
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