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Any nutritional intervention with the purpose of inducing ketosis
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Table 1 Proposed descriptions and abbreviations for ketogenic diets

Diet description Abbreviation Carbohydrates Calories Lipids

Very-low-calorie ketogenic diet VLCKD <30-50 g/day <700-800 kcal/day <3040 g/day

Low-calorie ketogenic diet LCKD <30-50 g/day >T700-800 kcal/day and < TEE >30-40 g/day

Isocaloric ketogenic diet ICKD <3050 g/day In line with TEE 70-80% of daily calorie intake
Intermittent fasting IF 40-55% >BMR and < TEE 20-35% of daily calorie intake
Time-restricted eating TRE 40-55% >BMR and < TEE 20-35% of daily calorie intake
Fasting mimicking diet FMD 40-50% 700-1100 kcal/day 40-50% of daily calorie intake
rProtein-sparing modified fast rPSMF >40 and <100g/day 1200-1800 kcal/day < TEE 30-50% of daily calorie intake T

Casanueva et al. Rev Endocr Metab Dis 2020 a4
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H:» Apporto proteico = 1.2-1.5 g/kg (su peso ideale; 40-43%)

A Energia complessiva:
a7 600-800 Kcal/die

Apporto glicidico = < 30-50 g/die (13-20% energia)

4-12 SETTIMANE
Apporto lipidico = 25-30 g/die (40-44% energia)
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STEP VLCKD

Very low-carbohydrate (< 10% carbohydrates) or 20-50 g/day

Low-carbohydrate (<26% carbohydrates) or less than < 130 g/day

Moderate-carbohydrate (26%-44%)

High-carbohydrate (45% or greater)

20% WEIGHT-LOSS
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The Journal of Clinical Endacrinology & Metabalism, 2021, Vol. XX, No. XX, 1-9
https://doi.org/10.1210/clinem/dgab848
Mini-Review

A Mini-Review
‘___‘« New Horizons. A New Paradigm for Treating
W to Target with Second-Generation Obesity
Medications
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Figure 2. Treating ABCD/obesity to target for prevention and treatment of complications. Abbreviations: ABCD: adiposity-based chronic disease;
CVD: cardiovascular disease; HTN: hypertension; NASH, nonalcoholic steatohepatitis; T2D, type 2 diabetes. o
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* Pooled mean TWL at 1-year follow-up: 31.9% after LRYGB and 29.5% after LSG

Pooled mean TWL at 5-year follow-up: 28.1% after LRYGB and 27.0% after LSG

DRUGS

From 5% to 21% TWL depending on the drug
(Orlistat, Naltrexone-lbupropione, Phentermine-Topimarate, Liraglutide, Semaglutide, Tirzepatide)

From 9.6% to 13% TWL in T2DM with OW/OB
(Semaglutide and Tirzepatide)

A. van Rijswijk et al. 2021 Obesity Surgery ,

Bray et al. 2018 Endocr. Rev. _,A_"“ ,

QuingYang Shi et al The Lancet 2022 |
Jestreboff AM et al NEJM 2022
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Ky T TO Mean Difference Mean Difference
\i’ Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
3 / ForVLCKD') GomezrAmelaez 2017299 312 33 20 355 44 23 7.2% -4.30(6.61,-1.99) ——
i - Leonetti 2015 21) 492 87 48 535 84 50 33% -4.30[7.69,-091]
E“'& Colica2017AA ;2sy 2654 414 20 2985 398 21 62% -3.31}5.90,-0.82)
) ) Colica 2017 [2g) 2611 242 20 2942 224 20 183% -3.31[4.76,-1.86) ——
¢ 8 week intervention 2> De Luis 2016 7 207 17 15 3295 19 15 230% -3.25[4.54,-196) ——
A Deluis 2016DHA 27y 302 17 14 334 14 14 288% -3.20}4.35,-205) ——
s Albanese 2019 [24) 439 59 72 463 63 72 06% -240F4.39,-0.41) ——
BM| Merra 2016 [13] M36 350 9 3360 351 9 36% -233[561,099) =
reduced by 3.25 kg/ m? Total (95% CI) 218 224 100.0% -3.25[-3.86,-2.63] &
BW by 7.5kg Heterogeneity: Chi*= 2.18, df= 7 (P = 0.95); F= 0% =1l] ’g 5 é ”f
1 month of VLCKD Test for overall effect Z=10.28 (P < 0.00001) i X
T T0 Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
BMI Moreno 2014 [32] 272 16 27 351 45 27 102% -7.90[-9.70,-6.10] —~
Gomez-Arbelaez 2017 o9y 278 29 20 355 44 23  85% -7.7019.90,-5.50] ——
reduced by 6.16 kg/ m De Luis 2016 [27] = 256 19 15 3295 19 15 126% -7.35[8.71,-599] s
BWby16.8kg De Luis 2016 DHA [27) 262 16 14 334 14 14 139% -7.20}8.31,-6.09] -
Gutierrez-Repiso _2 2745 161 9 3296 147 9 122% -551[6.93,-4.09 -
6 months after VLCKD Gudaﬂﬁmp[za]_ = 279 18 45 333 15 45 16.2% -5.4n£a.na,.¢.n} -
Gutierrez-Repiso 2019_330/28.44 138 9 3314 147 9 128% -4.706.02,-3.38] -
Gutierrez-Repiso 2019_1(30) 28.2 1.49 15 3282 176 15 136% -4.625.79,-3.45] -
VISCERAL FAT Total (95% Cl) 154 157 100.0% -6.16 [-7.04, -5.28] &
reduced by 16.5% Heterogeneity. Tau®=1.13; Chi*= 27.05, df= 7 (P = 0.0003); F= 74% _;0 -1+l] 0 .'E 2{0
Test for overall effect Z=13.72 (P < 0.00001)
4 months after VLCKD

Barrea L et al. Journal of Translational Medicine 2022

TWL: around 8% in 1 month and 15% in 6 months
‘ Moscogiuri et al. Obesity Fac‘ts 2021 o
m H m Casanueva et al. Rev Endocr Metab Dis 2020 a4
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~ _ TOTAL CHOLESTEROL
- 17.9 mg/dL

LDL-c
- 9 mg/dL

m™ TO Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Valenzano 2019 [38] 17391 3293 20 22013 507 20 43% -4622[-72.72,-19.72)

De Luis 2016 [27] 1834 31.2 15 2124 378 15 49% -29.00[-53.80,-4.20)

Bruci 2020 184.46 4117 93 20691 4565 93 194% -22.45[-34.94,-9.96) ——

Perticone 2019 172.7 21 28 1923 27 28 189% -19.60[-32.27,-6.93) ——

De Luis 2016 DHA [27) 1771 432 14 1958 419 14 31% -18.70[-50.22,1282) —

Gutierrez-Repiso _2 130] 190.22 291 9 20666 2819 9 43% -16.44 [-42.96,10.08) —

Leonetti 2015 [aq) 157.7 294 48 172 378 50 169% -14.30[-27.68,-0.92) T

Morenao 2014 132] 193.2 453 27 2072 383 27 61% -14.00 [-36.38, 8.38) P————

Goday 2016 [28] 187.5 463 45 2001 36 45 10.3% -12.60[-29.74, 4.54) ——

Gutierrez-Repiso 2019_1[30]192.93 2368 15 19886 2994 15 81% -593[25251339 —

Gulierrez-Repiso 201 9_3[3-:]]1 97.7T 2553 9 201.22 36.25 9 36% -3.45[-32.42, 25512 -1

Total (95% Cl) 323 325 100.0% -17.95[-23.46, -12.44) L 3

Heterogeneity: Chi*= 8.94, df= 10 (P = 0.54); F= 0% k i t |

Test for overall effect Z= 6.39 (P < 0.00001) AN 50 ’ s e

T1 TO Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

Bruci 2020 [25] 117.38 3865 93 12017 41292 83 17.4% -2.79[-14.53, 8.95] s

De Luis 2016 27 118.2 288 15 1384 33 15 49% -20.20[-42.40, 2.00 E

De Luis 2016 DHA [27] 1089 355 14 1176 358 14 34% -BT70F35.11,17.71) ——

Goday 2016 [28] 1106 334 45 1127 336 45 10.8% -210F17.01,12.81) T—

Gutierrez-Repiso 2019_1 pa]ﬁ 087 2593 1% 11604 255 15 7A% 517 [F23.57,12.23 —

Gutierrez-Repiso 2019_3 (30711802 1.8 9 1248 36 9 32% -678]34.28 20.77

Gutierrez-Repiso _2 [20) 108 19.53 9 1261 255 q 54% -18.10[-39.08, 2.88) B

Leonetti 2015 [31) 90.7 275 48 913 258 S0 214%  -060[11.17,8.97 =

Maoreno 2014 [37] 1051 335 27T 1187 357 27 7.0% =13.60 [-32.07, 4.87] — T

Perticone 2019 [33) 109.3 2956 28 1269 205 28 135% -17.60([-30.94,-4.26) ———

Valenzano 2019 [3g] 107.57 27.71 20 14183 36.48 20 59% -34.26[54.34,-14.18]
]

Total (95% CI) 323 325 100.0% -9.04 [-13.94, 4.15] & /

Heterogeneity, ChF= 1413, df=10F=017); F= 29% t i t J y

Test for overall effect Z= 362 (P = 0.0003) 50 -5 0 25 30 |

Moscogiuri et al. Obesity Facts 202 1 4



TRIGLYCERIDES
- 49.7 mg/dL

HDL-c
+ 0.38 mg/dL (ns)

+ 3.14 mg/dL
compared to
other weight loss diets

[

T TO Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean S0 Total Weight IV, Fixed, 85% Cl IV, Fixed, 95% Cl
Pedicone 2019 [y 723 296 8 1513 50 28 180% -T9.00-100.52,-57.48) =y
Gutiemez-Repiso _2 [30) 7555 281 9 14611 7785 8 28% -T0.56[-124.77,-16.35)
De Luis 2016 DHA [27) 839 M4 15 1508 T™.2 15 54% -66.701086.08,-27.32) _—
De Luis 2016 27 8.5 27.7 15 135 606 15 98% -56.5085.69,-27.31) T
Bruci 2020 25 10262 35.M 93 156.44 9087 93 M2% -5382[F7366,-33.98) -
Valenzano 2019 [as) B3.25 2614 20 13554 12527 20 27% -5229F108.37,3.74) ———
Moreno 2014 [ 894 1002 27 1377 8848 2T 33% «48.30 [-98.80, 2.20] '
Gutiermez Repiso 2019_1 3g) 8953 31.37 15 13333 8402 15 40% -43 80 [-89.19,1.59) ——
Gutierrez-Repiso 2019_3 (30) 8877 3058 9 12822 4754 9 61% -3945[76.38,-252] ——
Goday 2016 e 1146 §7.2 45 1505 544 45 157T% -3590F58.96, -12.84) =l
Leonetti 2015 a1 136.2 B9.2 48 1377 694 50 111% -1.50 [-28.95, 25.95) p——
Total (95% CI) 324 326 100.0% -49.68 [-58.81, 40.55) *
Heterogeneity: Chi*= 2237, di= 10 (P=0.01), F= 55% y t : t
Test for overall effect Z= 10.66 (P = 0.00001) Il'lﬂ 100 0 100 200
m™ TO Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random., 95% CI
Leonetti 2015 [31) 441 11.7 48 55 159 50 11.1% -10.90[-16.41,-5.39]
Valenzano 2019 [36) 4F7.TB 914 20 5513 11.14 20 10.4% -7.37 [[13.69,-1.05]
Bruci 2020 [25) 51.69 11.37 93 5597 1842 893 12.0% -4.28 [-8.68, 0.12] —
Goday 2016 [28)] 545 11.3 45 559 11 45 11.8% -1.40 [-6.03, 3.23) —
De Luis 2016 [27] 49.5 9.8 15 49 4 12.2 15 91% 010 [7.82, 8.02] ——
De Luis 2016 DHA [27] 51.4 15.3 14 49.4 138 14 T.0% 2.00 -B.79, 12.79] e ——
Perticone 2019 [33) 565 1386 28 52.2 11 28 10.2% 4.30F2.18,10.78] T
Gutierrez-Repiso 2019_1[30)63.57 11.02 15 S57.07 10.56 15 9.2% 6.50 [-1.22,14.22] T
wioreno 2014 [32] 68.5 149 27 607 176 27 8.4% 7.80 [F0.90, 16.50] e
Gutierrez-Repiso _2 [30] 67.11 15.96 9 5662 11.68 9 5.7% 10.49[-2.43, 23.41) -1
Gutierrez-Repiso 2019_3 [30] 62 1581 9 5077 14.43 9 52% 11.23 [-2.75, 25.21] =1
Total (95% CI) 323 325 100.0% 0.38 [-3.64, 4.40] ?
Heterogeneity: Tau®= 30.10; Chi®= 34 67, df=10 (P = 0.0001); I*=71% b t 1 t |
Testfor l:M_!rlalt effect Z=0.19 (P = 0.85) 50 a3 o 25 50
VLCKD Control Mean Difference Mean Difference
Study or Subgroup Mean SD_ Total Mean SD Total Weight IV, Random, 95% CI v, Random, 95% CI
Goday 2016 [2g] -1.4 2.36 45 -2.7 2.32 44 37.8% 1.30 [0.33, 2.27] el
Perticone 2019 [33] 43 3.31 28 1.2 412 28 32.0% 310[1.14, 5.08] —-—
Moreno 2014 [32] 7.8 4.44 27 2.3 3.78 26 30.2% 5.50[3.28, 7.72] —.—
Total (95% CI) 100 98 100.0% 3.14 [0.70, 5.59] <l
Heterogeneity: Tau®= 3.86; Chi*=12.61, df= 2 (P = 0.002); P = 84% 30 = B 0 20

Test for overall effect: Z= 252 (P = 0.01)

TRy

,‘ .’
P>

}

Moscogiuri et al. Obesity Facts 2021 "



Weight Weight Weight Weight
ud Mean 85%-Cl Stu Mean MRAW  95%-CI
4 St y MRAW (fixed) (random) dy (fixed) (random)
Tay _ 41 0,70 [-1.78; 0.38) 4,70 9.7% I"layh ) —g— -1.00 [-1.77-0.23] 21% B.8%
Makenzie ' .80 [-2.20;-1.40] 34.3% 16.3% akenzie .10 [-1.24;-0.96] 64.0%  21.6%
Westman — 111 [220:-002] 47% 96% Saslow,2017 - -0.80 [-1.07;-0.53] 164% 18.9%
Yanoy o -1.51  [-3.11; 0.08) oo 6.2% Westman —— 1.0 [-2.84; -0.38] 1.0% 5.1%
Dashti i 561 [8.20;-3.01] 08%  3.0% Yancy —H— -1.20 [-1.86;-0.54] 28% 10.5%
Myette-Cote = -0.80 [1.38;-0.22] 16.5% 14.6% Goday - 0.90 [-1.33,-047] 66% 151%
Myette-Cote(+walk) - 080 [-1.33;-0.27) 199% 15.1% Walton — -3.30 [444-276) 10%  51%
Goday - -1.56 [2.31;-D.B0) 9.8% 12.8% Saslow,2014 ~— -0.60 [1.05-0.15] 62% 14.8%
Leoneatti ——T T -3.87  [-B.16; 0.41] 0.3% 1.2% i
Saslow,2014 I -0.62 [-1.52 0.28] 6.8% 11.3% Fixed effect model 1 -1.03 [-1.14;-0.92] 100.0% -
i Random effects model | | e : | 107 [1.37;-0.78] - 100.0%
Fixed effect model * -1.28 [-1.51;-1.04] 100.0% - i < -2 0 2 4
Random effects model | < | 120 [1.78;-0.79] - 100.0% Hatsragenaity: 1= T1%, «“ = 0.0878, p < 0.01
-5 0 5
Heterogeneity: I° = 68%, +° = 0.3474, p < 0.01
Glucose HbA1c
Fig. 2 Forest plots for blood glucose and HbA1c. The reduced proportion of HbATe is more significant after the KD implementation, which is
regarded as the ideal therapeutic effect of drugs that is possible to be achieved on HbAIlcC.
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ATTHEEND KETOSIS > FASTING GLUCOSE HbAlc
- 1.29 mmol/L (-23 mg/dL) - 1.07 %L

Yuan et al. Nutrition and Diabetes (2020)10:38
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Table 4. Mean differences (£5SD) between baseline (T0), 3 months (T1) and 12 months (T2) in VLCKD and LCD groups.
‘)
A TO0-T1 A TO0-T2
- Parameters (Mean =+ SD) p-Value (Mean + SD) p-Value
VLCKD LCD VLCKD LCD
Weight 951 4+7.13 0.31+ 3.08 0.000 12.93 4 8.84 0.58 +4.18 0.000
BMI 3.57 £ 2.16 0.41 4+ 1.38 0.000 4.76 +2.78 0.19 + 1.53 0.000
WHR 0.014 0.03 0.00+ 0.01 0.609 0.01 + 0.04 0.00 4 0.02 0.638
BPsys 8.53 +7.62 —2.20 £+ 16.81 0.032 13.73 4+ 14.34 —2.40 £ 10.44 0.005
BPdias 9.33 + 11.54 2.87 2949 0.104 9.33 &+ 11.54 —3.80 £ 14.25 0.018
HbAlc (%) 0.69 £ 0.65 042 +1.01 0.533 0.614+0.54 0.13 +£0.76 0.070
Significant p values are highlighted in bold. HbAlc plasma levels are expressed as a percentage of total hemoglobin.
Pharmacological Treatment VLCKD LCD
Diet 1 4 0 0
Metformin + Diet 5 11 15 3
Metformin + Sulphonylurea 2 0 0 0
Metformin + GLP-1 agonists 2 0 0 6
Metformin + SGLT2 inhibitors 3 0 0 1 =
Metformin + DPP4 inhibitors 2 0 0 0 "

Moriconi E M et al Nutrients 2021 by




CONTROINDICAZIONI-EFFETTI COLLATERALI-MONITORAGGIO

Table 3 Absolute contraindications to the use of VLCKD

Absolute contraindications

Type 1 diabetes mellitus, latent autoimmune diabetes in adults, f-cell failure in type 2 diabetes mellitus, use of sodium/glucose cotransporter 2
(SGLT?2) inhibitors (risk for euglycemic diabetic ketoacidosis)

Pregnancy and breastfeeding

Kidney failure and moderate-to-severe chronic kidney disease, liver failure, hearth failure (NYHA III-IV), respiratory failure

Unstable angina, recent stroke or myocardial infarction (< 12 months), cardiac arrhythmias

Eating disorders and other severe mental illnesses, alcohol and substance abuse

Active/severe infections

Frail elderly patients

48 h prior to elective surgery or invasive procedures and perioperative period

Rare disorders: porphyria, carnitine deficiency, carnitine palmitoyltransferase deficiency, carnitine-acylcarnitine translocase deficiency, mito-
chondrial fatty acid B-oxidation disorders, pyruvate carboxylase deficiency

Table 1 Parameters that need to be monitored before, during and at the end of a VLCKD regimen

The most common side effects that were reported were
lethargy (46.2%), halitosis (46.2%), headache (45.3%), dry
mouth (43.5%), constipation (28%), hypotension (17.9%),
dizziness (16%), vomiting/nausea (15.1%), hair loss
(15.1%), diarrhoea (12.3%), hyperuricemia (10.4%) and

visual disturbances (4.7%).

Parameters

Frequency of monitoring

Rationale of monitoring

Complete blood count
Creatinine, BUN, uric acid (serum)

Glucose, total cholesterol, HDL-cholesterol,
LDL-cholesterol, triglycerides (serum)

ALT, AST, y-GT, total and direct bilirubin
(serum)

Sodium, potassium, calcium, magnesium,
inorganic phosphate (serum)

B-Hydroxybutyrate (capillary

blood or urine)

TSH, FT4 (serum)

25-Hydroxyvitamin D (serum)

Complete urinalysis and microalbuminuria
(urine)

Body composition and hydration status (by
bioelectrical impedance analysis)

At baseline and at the end of the VLCKD
program

At baseline and during the ketogenic phase

At baseline and at the end of the VLCKD
program

At baseline, during the ketogenic phase and at
the end of the VLCKD program

At baseline, during the ketogenic phase and at
the end of the VLCKD program

During the ketogenic phase

At baseline
At baseline

At baseline, during the ketogenic phase and at
the end of the VLCKD program

At baseline, during the ketogenic phase and at
the end of the VLCKD program

To exclude patients with severe alterations of
blood count

Monitoring of kidney function and potential
increase in uric acid

Excluding patients with uncontrolled diabetes,
monitoring of lipid profile

Monitoring of liver function and cholestatic
parameters

Monitoring for potential dehydration and
electrolyte abnormalities

Monitoring of ketosis

To exclude thyroid function abnormalities
To treat vitamin D deficiency, if present
To exclude any potential kidney damage

Monitoring of body composition (fat mass, fat-
free mass, body cell mass, total body water,
extracellular water)

Caprio M et al JENI 2019 .
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. Quando é indicata la VLCKD?
)

La VLCKD puo essere considerata se:
Insuccesso delle diete precedenti
Insuccesso della terapia farmacologica -> valutare compliance
Intervento chirurgico programmato (bariatrico o non bariatrico)
Ritorno ad un peso forma post- allattamento
Bisogno di un effetto starter/prosecuzione motivante
Incremento ponderale dopo un arresto del fumo
Aumento ponderale con terapie farmacologiche
Incremento ponderale dopo chirurgia bariatrica

LN XN X N X X

La VLCKD trova la sua massima evidenza di efficacia in:

v' Obesita + Diabete mellito tipo 2 o Sindrome Metabolica
Obesita + epilessia resistente (pediatrici e non)
Riduzione immediata del rischio cardiovascolare

v
v
v
v

Obesita Sarcopenica

Obesita + Ipogonadismo maschile ALTR 0?????

Journal of Endocrinological Investigation
https://doi.org/10.1007/540618-019-01061-2

CONSENSUS STATEMENT 4"

Very-low-calorie ketogenic diet (VLCKD) in the management
of metabolic diseases: systematic review and consensus statement
from the Italian Society of Endocrinology (SIE)
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\-& Effects of a Personalized VLCKD on Body

R Composition and Resting Energy Expenditure in the

72V} . . .

' Reversal of Diabetes to Prevent Complications

.v“ |

4 Parameters Basal Four Weeks Eight Weeks A Base-Four A Four Weeks-Eight A Base-Eight
Mean + SD Mean + SD Mean + SD Weeks Weeks Weeks

DXA
Arm FM (kg) 474 +£1.30 436 +1.14 416 + 1.17 —7.58 -7.39 -10.26
Leg FM (kg) 11.6 £ 4.18 10.97 + 4.16 10.05 £ 3.75 —4.52 —38.21 -12.37
Trunk FM (kg) 28.35 + 9.47 2433 + 6.68 21.33 £ 6.04 -9.64 -12.28 -20.72
Android FM (kg) 512 +1.87 428 +1.29 3.66 + 1.23 —11.46 -14.96 —24.80
Gynoid FM (kg) 6.53 + 2.05 597 +£1.92 534+ 1.63 —6.86 -10.13 -16.33
Whole FM (kg) 46.15 + 13.22 4235+ 11.96 38.04 +£ 11.18 —-8.20 —-10.36 -17.75
Arm FM (%) 43.26 £9.9 4255 +£9.24 4222 £9.11 —2.41 -3.74 —6.36
Leg FM (%) 36.39 + 9.56 36.64 +10.22 35.94 + 10.41 —0.34 —4.87 —4.98
Trunk FM (%) 4992 + 6.6 48.32 + 6.68 46.3 +7.18 —2.52 -6.13 —-8.31
Android FM (%) 53.15 + 6.34 51.48 + 6.66 49.29 +7.52 -2.57 —-6.10 -8.22
Gynoid FM (%) 42.51 + 8.69 4227 £9.24 41.19 £ 9.09 -1.13 -5.33 —6.38
Whole FM (%) 43.87 +£7.38 42.89 +7.42 40.67 £7.59 —2.29 —6.13 —-8.10
Arm LM (kg) 596 +1.84 574 +1.49 574+ 1.69 —5.77 -1.78 -1.71
Leg LM (kg) 18.95 + 4.26 17.97 + 4.22 17.79 + 4.46 —5.17 -1.37 —6.53
Trunk LM (kg) 26.56 + 4.81 24.85 + 4.69 2454 +4.90 -5.30 —-0.54 —6.09
Android LM (kg) 4.28 +£0.89 3.91 +0.83 3.84 + 0.85 —6.76 -1.59 —-8.36
Gynoid LM (kg) 8.37 £1.63 7.85+1.63 772+ 171 -5.70 -1.54 -7.28
Whole LM (kg) 55.39 + 10.52 52.9 +10.37 52.94 + 10.46 —4.58 0.25 - —4.49
Bone Mass (kg) 2.78 £0.59 2.80 £ 0.58 2.77 £ 0.59 —-0.45 -1.02 —1.45

Romano Let al Nutrients 2019
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Effects of a Personalized VLCKD on Body
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i‘ | Composition and Resting Energy Expenditure in the

a' Reversal of Diabetes to Prevent Complications

‘;
4 p ¢ Basal Four Weeks Eight Weeks A Base-Four A Four Weeks-Eight A Base-Eight
arameters Mean + SD Mean + SD Mean + SD Weeks Weeks Weeks

CALORIMETRY
VO, (mL/min) 251.88 +42.7  214.92+3356 23503 + 88.42 —14.85 0.56 —6.27
VCO, (mL/min) 208.88 +3652  160.67 +3426  160.81 + 3550 —20.49 ~2.08 —23.80
RQ 0.83 +0.03 0.73 + 0.04 0.73 +0.04 —12.37 0.07 - —12.01
REE (kcal) 1784.50 + 313.18 143533 +22371  1498.00 + 316.65 ~16.83 1.94 ~16.59
CARBOIDRATI
Quoziente respiratorio RQ =1
Calore di combustione Q=15.64 kJ/g (4 kcal/g)
Resa energetica r=20.95 kJ/L CALORIMETRIA INDIRETTA

LIPIDI

Quoziente respiratorio RQ = 0.71

Calore di combustione Q= 39.22 kJ/g (9 kcal/g)
Resa energetica r=19.75 kJ/L

Valori di QR < 0,707: gluconeogenesi e chetogenesi
Valori di QR > 1,000: lipogenesi

Romano Let al Nutrients 2019
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Metabolic Flexibility in Health and Disease
%:v

a\ /

Pathophysiological role of metabolic flexibility on metabolic
) health

‘ \l

=

«the ability of an organism to respond or adapt according to changes in metabolic or energy
demand as well as the prevailing conditions or activity»

“an adaptive response of an organisms’ metabolism to maintain energy homeostasis by matching
fuel availability and demand for periodic fasting, varying meal composition, physical activity and
environmental fluctuations”

“the capacity for the organism to adapt fuel oxidation to fuel availability so ATP synthesis can
match its demand”

INSULIN-RESISTANCE

Goodpaster BH et al Cell Meab 2017
Galgani GE al Obes Rev 2020 a
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Metabolic Inflexibility: When Mitochondrial

/
=

i“f Indecision Leads to Metabolic Gridlock

= In healthy, metabolically flexible states, con-

A sumption of a high-carbohydrate (CHO) meal

together with a small rise in blood insulin levels
"0 Mitochondrial fuel selection elicit asurge in the respiratory quotient (RQ; VCO,/

CHO

@ Glucose @ Fat

VO,), indicative of a robust shift from fatty acid to
glucose oxidation. During the postprandial (PP)
hours following a meal, mitochondria consume a
mixture of fats and carbohydrate. Progression
toward the postabsorptive (PA) state and pro-
longed fasting are accompanied by increased fat
oxidation and a corresponding decline in the RQ.
Mitochondrial capacity to switch freely between
Meal PP PA Fasting oxidative fuels depending on the nutritional
Insulin context is lost in obese, metabolically inflexible
individuals. Persistent oxidation of a mixture of
carbon fuels increases mitochondrial congestion
and risk of metabolic hazard.

Metabolic inflexibility

RQ
Mixed

Fat

0.7/

Muoio DM et al Cell 2014 a
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, UP@ High-carbohydrate diet
\T 1.00— 24-h RQ - FQ = MetF
N 0.97 -0.91=0.06
— 0.91-0.91=0.00
A e
e 0.87-0.91 =-0.04
4 <
A 0.80—
L
0.70—
| |
Diet: Mixed High-carbohydrate
FQ: 0.87 0.91
Int i Insulin  Metabolic
ntervention sensitivity flexibility
O A: caloric restriction in individuals
with obesity = 1
l' ’
{:5 B: exercise in
o 7 /©’ individuals with T2D ! f
nd , -
C: caloric restriction and -
©
O aseline exercise in individuals with T2D f = ‘ g’
. D: eucaloric high-fat diet in - | b2
() healthy individuals N
E: hypercaloric high-fat diet in | ? e
healthy individuals )
Insulin sensitivity \

Goodpaster BH et al Cell Meab 2017
Galgani GE al Obes Rev 2020 a




N(M)AFLD

UNIVERSTA DELPEMONTE ORENTALE

WD16w + KD2w WD1éw + KD4w WD16w + KD8w

WD16w

WD+KD

ND

WD 16w +KD8w

WD 16w +KD4w

D 16w +KD2w

=

ND 16w

LA LA LA R L R L B L

o o + +
2 "2 e ° 2

W-0024-01 10D =T T-dwo)

.._.._....__.:
o 1w T *+
e "2 e ° e

W-0024¥-01 10D YT T-dwon

.._.._....._.:
o o + +
2 "2 e ° e

W-0024%-01102 5 Y-TTe-0w0D

.._.._....__.:
o 1w T *+
e "2 e ° e

W-0024¥-01 10D YT T-dwon

.._.._....._.:
o o + +
2 "2 e ° e

W-0024%-01102 5 Y-TTe-0w0D

Comp-BL2-A : F480-PE-A Comp-BL2-A  F480-PE-A Comp-BL2-A : F480-PE-A
Prodam F, Sutti S et al unpublished

Comp-BL2-A  F480-PE-A

Comp-BL2-A  F480-PE-A




UP®

UNSVERSTA OSL PIEMONTE ORENTALE

Liver proteomic analysis

Bioinformatics

Diseases and functions comparison

Proteomics

4.000
Z-score22 = Increase

Z-score<2= Decrease

3.000

*
* %

2,000

1.000

0
Scores Plot
class. class.

H WDwsND

I *

Z-score

© WDL6w+KDBw
WD16w+NDBw CYBS_MOUSE
AGT2_TAOUSE 5

WO LEw+KD S
WD 1Ewr+NDEw

o ‘%%11%:" i THIKE_MOUSE 2 NDLEw L000
o ECHP_MCUSE -
1OHP MOUSE . WO

ECIZ_MOUSE
||| ECHB_MOUSE E -2.000

* I

© HMCSZ_MOUSE
HEME_IACUSE
e} ACADM_MOUSE
[ | ACOT1_MOUSE -3.000
) H [ AMACH MOUSE
TIMEA_MOUSE
MMAB_MOUSE

HWD+NDv
sWD
GRN_WOUSE
o CHDF MoUSE

H WDHDv
sWD
%

g

by HINT2_MOUSE

(:\‘, [} GLYAL MOUSE -4.000

0

o

) 1
THIL_MOUSE
o OCTC_MOUSE I_z *

@ . I BsE Lpid  Inf tory Fib is  Hepati Gl Insuli
) ETFE_MOUSE P nilammatory rogenesis epatic ucose nsulin

e et ouse Metabolism  response steatosis metabolism  resistance
@ m QCRE MOUSE disorder
GSTK1_MOUSE

IDHC_MCUSE
MGSTL_MOUSE
ABCDIMOUSE

RSE_MOUSE
T GCEP_MOUSE
SBP2 MOUSE

a3 .- Significant reduction of pathways associated

| MUDTT_MOUSE
GLSL_MIOUSE

© o 0 » . d s with NASH evolution

|| TKFC_MOUSE
PCA(B1%) :H [T [| Fas_MOUSE
[ |aoda_mouse

Prodam F, Sutti S et al unpublished




‘ (% POTENZIALI EFFETTI AVVERSI
¢ ] 2 &
Al %ﬁ

acidosi acidosi

filtrazione + mobilizzazione
renale
markers di

del calcio
l d l | N formazione
o renale de - |
- calciuria ossea
calcio
U

assorbiment
o intestinale
calcio

dall’osso




SVERSTA DL HEMONTE ORENTALE

S MORTALITA’

4 15
1.6

1.5
1.4

1.3

1.2

Hazard Ratio

=== ARIC - 95% CI
=== PURE - 95% CI

1 ] OSSO .~ SO~ S —

1

0 20 30 40 50 60 70 80
Percentage of Energy from Carbohydrates

Blaak EE et al Atherosclerosis 202 1 N




CA/ANL

Molto rumore
per nulla |

/ AUNIVERSALE
o JECONOMICA
o FFELTRINELLY L= ¥ 4o




PO S EE——
u e ogether Fondazi
ondazione Endocrinoloai
L _ N | sllveryone @% ndocrinologia,
Divisione di Pediatria, CARIPLO .. , . . .
Dipartimento di Scienze della Salute Chleveg &% Dipartimento di Medicina Traslazionale
UPO, Novara UPO, Novara

Simonetta Bellone
Ivana Rabbone

Valentina Bullara

v — ; Marina Caputo
‘S B.E r TER . Paolo Marzullo
s Grazia Mauri

Maria Teresa Sama
Marco Zavattaro

PREVENTION |

Roberta Ricotti

d Giulia Genoni
Valentina Mancioppi
Alice Monzani
Silvia Savastio
Arianna Solito

THAN CURt

e e . Tommaso Daffara
o Alice Ferrero
Deborah Carrera EuroTrans Bio Edoardo M. Mollero
Rosa Pitino
Francesca Pizzolitto
Martina Romanisio

Valentina Antoniotti Beatrice Cavigiolo

Ciro Pignatiello

Immunologia

N . . . Chimica degli Alimenti Patologia Generale Davide Vimercati
Dipartimento di Medicina Traslazionale . " s :
Universita del Piemonte Orientale Dipartimento di Scienze del Farmaco Dipartimento di Scienze della Salute .
N UPO. Novara Universita del Piemonte Orientale Emanuela Agosti
ovara v Novara Alessandro Antonioli
Nicoletta Filigheddu Marco Arlorio Daniele Spadaccini
: Jean Daniel Coisson Annalisaa Chiocchetti Sabrina Tini
Marilisa De Feudis Monica Locatelli Giuseppee Cappellano

Chantal Ponziani j
Arianna Busti L/
Dabide Raineri ,

Umberto Dianzani

DISIT, DISSTE ) ) . )

UPO, Alessandria e Vercelli Alessia Provera Microbiologia, | \&
Salvatore Sutti DISAFA

E"sa. Bona Universita di Torino .

Maria Cavaletto ﬁ

Marcello Manfredi Luca Simone Cocolin

Flavio Mignone NUTRICIA RESEARCH FOUNDAT'ON llario Ferrocino ‘___:*l‘\

a




	Diapositiva numero 1
	Diapositiva numero 2
	Diapositiva numero 3
	Diapositiva numero 4
	Diapositiva numero 5
	Diapositiva numero 6
	Diapositiva numero 7
	Diapositiva numero 8
	Diapositiva numero 9
	Diapositiva numero 10
	Diapositiva numero 11
	Diapositiva numero 12
	Diapositiva numero 13
	Diapositiva numero 14
	Diapositiva numero 15
	Diapositiva numero 16
	Diapositiva numero 17
	Diapositiva numero 18
	Diapositiva numero 19
	Diapositiva numero 20
	Diapositiva numero 21
	Diapositiva numero 22
	Diapositiva numero 23
	Diapositiva numero 24
	Diapositiva numero 25
	Diapositiva numero 26
	Diapositiva numero 27
	Diapositiva numero 28
	Diapositiva numero 29
	Diapositiva numero 30

