XVIll CONGRESSONAZIONALE ADMIRE

ALDOSTERONE-MINERALOCORTICOID RECEPTOR

FRAGILITA MUSCOLO-SCHELETRICA
STILIDIVITAE APPROPRIATEZZA TERAPEUTICA
LE SFIDE PER IL FUTURO

Baveno

i

= = = ey
T E e — S S ~ ,&t -’"‘—_} N

Metabolismo muscolare e terapia chetogenica di precisione

Prof. Massimiliano Caprio
San Raffaele Roma University

| T IRCCS San Raffaele IRCCS San Raffaele Roma Universita San Raffaele

Rota Roma



Reviews in Endocrine and Metabolic Disorders (2020) 21:1-3
https://doi.org/10.1007/511154-020-09546-9

®

Confusion in the nomenclature of ketogenic diets blurs evidence ‘ Check for

updates

Pierpaolo Trimboli' ¢ - Marco Castellana®(® - Diego Bellido>( - Felipe F. Casanueva®*®

Published online: 21 February 2020
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Diet description Abbreviation  Carbohydrates  Calories Lipids

Very-low-calorie VLCKD <30-50 g/day  <700-800 kcal/day <30-40 g/day
ketogenic diet

Low-calorie ketogenic LCKD <30-50 g/day  >700-800 kcal/day >30-40 g/day
diet and < TEE

Isocaloric ketogenic ICKD <30-50 g/day  Inline with TEE 70-80% of daily
diet calorie intake

Legend: TEE total energy expenditure



What is VLCKD?

VLCKD represents a nutritional intervention that mimics fasting
through a marked restriction of daily carbohydrate intake, usually
lower than 30 g/day (=13% of total energy intake), with a relative
increase in the proportions of fat (~44%) and protein (=43%) and a
total daily energy intake <800 Kcal.

VLCKD should not be considered as a high-protein diet, since its daily
protein intake is approximately 1.2-1.5 g/Kg of ideal body weight

VLCKD is based on protein preparations of high biological value
derived from green peas, eggs, soy and whey. Each protein
preparation is composed by approximately 18 g protein, 4 g

carbohydrate, 3 g fat (mainly high-oleic vegetable oils) and provides
approximately 100-150 kcal.

Therefore, VLCKD is characterized by a low lipid content, mainly

deriving from olive oil (= 20 g per day), of which polyunsaturated
fatty acids (PUFA) <10 %

Caprio M et al. J Endocrinol Invest 2019
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Table 2 Indications for the use of VLCKD in metabolic diseases

Strong recommendations Strength of recommendations and quality
of evidence according to GRADE system

Severe obesity (1 2OD0)
Management of severe obesity before bariatric surgery (1 OOD0)
Sarcopenic obesity (1 OD0O)
Obesity associated with type 2 diabetes (preserved beta cell function) (1 299A0)
Obesity associated with hypertriglyceridemia (1 OOD0O)
Obesity associated with hypertension (1 2OD0)

Pediatric obesity associated with epilepsy and/or with a high level of insulin resistance and/or comor- (1 @@@0)
bidities, not responsive to standardized diet
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Weak recommendations
Obesity associated with dysbiosis of the gut microbiota
Obesity associated with high levels of LDL-cholesterol and/or low levels of HDL-cholesterol
Obesity associated with non-alcoholic fatty hiver disease (NAFLD)
Obesity associated with heart failure (NYHA 1-11)
Obesity associated with atherosclerosis
Male obesity secondary hypogonadism
Obesity associated with polycystic ovary syndrome (PCOS)
Menopausal transition-related obesity
Neurode generative disorders associated with sarcopenic obesity
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(2 @ABO0)
(2 OO0
(2 G3O00)
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KETOGENIC THERAPY: EFFECTS ON AGING AND LIFE-SPAN

Han et al. Experimental & Molecular Medicine (2020) 52:548-555

httpsy//doi.org/10.1038/512276-020-0415-z EXperimental & Molecular Medicine

B-hydroxybutyrate and its metabolic effects on

age-associated pathology i
Young-Min Han |, Tharmarajan Ramprasath y' and Ming-Hui Zou' / ﬂ"'I'B
Target molecules and cellular signaling of B-HB are HDACs  hnRNPA1  g-hydroxybutyrylation NLRP3 HCAR2
associated with the aging process, which is \
accelerated by senescence and inflammation. B-HB FOXO3a, MT2 p53 Histone
delays senescence via HDAC inhibition, hnRNP A1l- l i l
mediated Oct4 expression, and B-hydroxybutyrylation g4, Chromatin regulation

tive stress l

on p53. Furthermore, B-HB suppresses inflammation
by NLRP3 inhibition or HCAR2 activation and reduces Geng-cxpression
the contribution to aging-associated diseases.

Senescence Inflammation

Aging
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Anticatabolic Effects of CelPress
Ketone Bodies in REVIEWS
Skeletal Muscle
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TOPICAL REVIEW

Metabolism of ketone bodies during exercise and training:
physiological basis for exogenous supplementation

Mark Evans!, Karl E. Cogan! and Brendan Egan!>? D

Developmental Cell, Vol. 6, 673-684, May, 2004, Copyright ©2004 by Cell Press

Deacetylase Inhibitors Increase Muscle Cell Size
by Promoting Myoblast Recruitment and Fusion
through Induction of Follistatin

B3-Hydroxybutyrate Elicits Favorable Mitochondrial
Changes in Skeletal Muscle
Int. J. Mol. Sci. 2018, 19, 2247

B-hydroxybutyrate Inhibits Class | Histone Deacetylases



UN METODO PER TANTE INDICAZIONI DIVERSE
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preventions Heath  G€Netic variants for personalised
management of very low carbohydrate
ketogenic diets

December 2020

Lucia Aronica © "2 Jeff Volek,® Angela Poff,* Dominic P D'agostino®

As the field of precision medicine is gaining traction, nutrition research is experiencing a ‘gold rush’
for biomarkers that may enable the selection of personalised dietary interventions to maximise an
individual’s likelihood of successful response.

These biomarkers include both genetic factors and dynamic biomarkers that respond to lifestyle
factors such as physiological markers, epigenetics and transcriptomics, metabolomics and the
microbiome.

The use of biomarkers of dietary response would be of particular clinical relevance for the selection
and individualised risk-benefit analysis of therapeutic diets, such as the ketogenic diet (KD), which
provide alternative or complementary therapies to standard-of-care treatments

A personalised lifestyle approach to ketogenic diets would enable to maximise both
therapeutic effectiveness and long-term safety for patients



Modificazioni nella composizione corporea con l'eta

154 Body IMC
e Massa grassa
2
=
=
Q
(@)
{ ex
©
= o=
o
Fat-Free
(Lean) Massa
“o= muscolare
1 1 1 1 1 1 L 1 1
20 30 40 50 60 70 80 90 100

Age (years)

Con l'eta si assiste ad un progressivo aumento della massa
grassa e una diminuzione della massa muscolare.

Bhasin S, et al. Endotext. 2022.



Obesity treatment by very low-calorie-ketogenic diet at two years
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Resting metabolic rate of obese patients @
under very low calorie ketogenic diet
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Could very low-calorie ketogenic diets turn off low grade inflammation in
obesity? Emerging evidence
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World Health Organization 2020 guidelines on
physical activity and sedentary behaviour
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Table 1  Glossary of terms

Term Definition

Aerobic physical activity Activity in which the body’s large muscles move in a rhythmic manner for a sustained period of time. Aerobic activity—also called endurance
activity—improves cardiorespiratory fitness. Examples include walking, running, swimming and bicycling.

Balance training Static and dynamic exercises that are designed to improve an individual's ability to withstand challenges from postural sway or destabilising
stimuli caused by self-motion, the environment or other objects.

Bone-strengthening activity  Physical activity primarily designed to increase the strength of specific sites in bones that make up the skeletal system. hening
activities produce an impact or tension force on the bones that promotes bone growth and strength. Examples include any type of jumps, running
and lifting weights,

Disability From the Intemational Classification of Functioning, Disability and Health, an umbrella term for |mpalmems activity limitations and pamcpanon
restrictions, denoting the negative aspects of the interaction between an individual (with a health condition) and that individual’s
factors (environmental and personal factors).

Domains of physical activity  Physical activities can be undertaken in various domains, including one of more of the following: leisure, occupation, education, home and/or
transport.

Household domain physical  Physical activity undertaken in the home for domestic duties (such as cleaning, caring for children, gardening, etc).

activity

Leisure-domain physical Physical activity performed by an individual that is not required as an essential activity of daily living and is performed at the discretion of the

activity individual. Examples include sports participation, exercise conditioning or training and recreational activities such as going for a walk, dancing and
gardening.

Light-intensity physical On an absolute scale, light intensity refers to physical activity that is performed between 1.5 and 3 METS. On a scale relative to an individual's

activity (LPA) personal capacity, light-intensity physical activity is usually a 2-4 on a rating scale of perceived exertion scale of 0-10. Examples include slow
watking, bathing or other incidental activities that do not result in a substantial increase in heart rate or breathing rate.

Metabolic equivalent of task mmhﬁ:eqdvakmoftask orsbnm bo ivalent, is a physiological measure g the intensity of physical activities. One

(MET) MET is the energy eq pended by an indivi 'vd\ulesuudnnn.usullyuwuudumlo'wmn

Moderate- intensity physical
activity (MPA)
Moderate-to-vigorous
intensity physical activity
(Mvea)

Multicomponent physical
activity

Occupation domain physical
activity

Physical activity (PA)
Physical inactivity
Recreational screen time

Sedentary screen time

Sedentary behaviour

Transport domain physical
s

Vigorous-intensity physical
activity (VPA)

Work domain physical activity Physical activity undertak

On an absolute scale, moderate-intensity refers to the physical activity that is performed between 3 and <6 times the intensity of rest (METs). On a
scale relative to an individual’s personal capacity, MPA is usually a 5 or 6 on a rating scale of perceived exertion scale of 0-10.

On an absolute scale, MVPA refers to the physical activity that is performed at >3 METs (ie, >3 times the intensity of rest). On a scale relative to
an individual's personal capacity, MPA is usually a 5 or above on a scale of 010,

Multicomponent physical activity are activities that can be done at home or in a structured group or dass setting and combine all types of exerdise
{aerobic, muscle strengthening and balance training) into a session, and this has been shown to be effective. An example of a multicomponent
physical activity programme could include walking (aerobic activity), lifting weights (musde thening) and could i balance
training. Examples of balance training can include walking backwards or sideways or standing on one foot while doing an upper body muscle-
strengthening activity, such as bicep curls. Dancing also combines aerobic and balance components.

See work domain physical activity.

Any bodily movement produced by skeletal muscles that requires energy expenditure.
An insufficient physical activity level to meet present physical activity recommendations.
Time spent hing screens (television (TV), mobile devices) for purposes other than those related to school or work.

Time spent watching screen-based entertainment while sedentary, either sitting, reclining or lying. Does not indude active screen-based games
where physical activity or movement is required.

Any waking behaviour (hara(tmsed by an energy expenditure of 1.5 METs or lower while sitting, reclining or lying. Most desk-based office work,
driving a car and hi levision are iples of sedentary behavi these can also apply to those unable to stand, such as wheelchair
users. The guidelines operabmalise the definition of sedentary behaviour to include self-reported low movement sitting (leisure time, occupational
and total), TV viewing or screen time and low levels of movement measured by devices that assess movement or posture,

Physical activity performed for the purpose of getting to and from places, and refers to walking, cycling and wheeling (ie, the use of non-motorised
means of locomotion with wheels, such as scooters, roller-blades, manual wheelchair, etc). In some contexts, operation of a boat for transport
could also be considered transport-related physical activity.

On an absolute scale, vigorous intensity refers to physical activity that is performed at 6.0 or more METs. On a scale refative to an individual's
personal capacity, VPA is usually a 7 or 8 on a rating scale of perceived exertion scale of 0-10.

during paid or voluntary work.
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DEFINIZIONE

* Sarcopenic obesity (SO) is a clinical and functional condition
characterized b tﬁ]e coexistence of obesity, characterized by excess fat
mass (FM), and sarcopenia. Sarcopenia, defined as low skeletal muscle
mass and function, has been identified and described as a geriatric
syndrome with a multifactorial aetiology whose prevalence increases
with age.

* However, sarcopenia may arise in individuals with obesity at any age.

* Obesity can independently lead to loss of muscle mass and function, due
to the negative impact of adipose tissue-dependent metabolic
derangements, such as oxidative stress, inflammation and insulin
resistance, all of which negatively atfect muscle mass.
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Very low calorie ketogenic diet
combined with physical interval
training for preserving muscle
mass during weight loss in
sarcopenic obesity: A pilot study
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Stefania Proietti4, Sabrina Basciani?, Luigi Barrea®s,
Andrea Armani?3, Mauro Lombardo?, Lucio Gnessit and
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rvpe Original Research
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Background: The prevalence of sarcopenic obesity (SO) is increasing
worldwide, posing important challenges to public health and national health
care system, especially during the COVID pandemic. In subjects with SO,
it is essential to reduce body weight, and to preserve lean mass, to avoid
worsening of muscle function. Adequate nutrition and correct physical activity
is essential to counteract SO progression. Very Low Calorie Ketogenic Diet
(VLCKD), a well-established nutritional intervention for obesity, has been also
indicated for the treatment of SO. To date, the effects of physical training
during VLCKD have not been investigated.

Aim: This pilot study aims to determine the efficacy of VLCKD combined

with interval training, compared to a VLCKD alone, on weight-loss, body

composition, and physical performance in participants with SO.




The inclusion criteria were as follows:

women and men,

age between 50 and 70 years old,

BMI between 30 and 40 kg/m?

WC >102 cm for men and >88 cm for women,

sarcopenia, insulin resistance (Homeostasis Model
Assessment-Insulin Resistance, HOMA-IR > 2.5) or type 2
diabetes mellitus treated only with metformin.

The exclusion criteria were as follows:

lack of informed consent,

hypersensitivity to components of meals replacement,

type 1 diabetes,

cell failure in type 2 diabetes mellitus, insulin therapy or
concomitant use of sodium/glucose cotransporter 2 (SGLT2)
inhibitors,

gastrointestinal diseases,

hydroelectrolytic alterations,

psychiatric disturbances,

kidney failure [estimated glomerular filtration rate (eGFR) < 60
mL/min],

liver failure,

heart failure (NYHA III-1V),

respiratory failure,

unstable angina or cardiac arrhythmias; recent stroke or
myocardial infarction (<12 months)

418 subjects assessed for

elegibility

394 excluded:
343 did not meet all the inclusion criteria

51 declined to partecipate

5 pandomized tes recuive 12 randomized to received

VLCKD VLCKD and interval training

twice a week

(VLCKD alone group) (VLCKD+IT group)

Camajani et al, in press. DOI 10.3389/fnut.2022.955024



Nutritional an Physical Intervention

Dietary intervention (VLCKD):

All patients followed a VLCKD [780-800
kcal/day, with the following composition in
macronutrients:

 carbohydrates 26 g (13.5%),

* fats 35 g (40.4%)

* proteins 80-90 g (1.2 -1.4 g/Kg)]

Patients were given four or five meals/day
[timing was at main meals (8 a.m., 1.00 p.m.
and 8.00 pm), mid-morning and mid-
afternoon].

Supplements of vitamins, minerals and
omega-3 fatty acids, were provided in
accordance to international
recommendations (EFSA)

It was also recommended to drink not less
than 2.0-2.5 1 of water per day.

Physical training intervention (IT):

« Seven days after the beginning of the

nutritional protocol, the patients enrolled in
the VLCKD+IT group started Interval Training
(IT) twice a week.

Due to pandemic, physical exercise sessions
were carried out via Zoom platform with a
personal trainer and each session lasted 30-35
minutes.

Each session of physical exercise was
structured as follows:
* an initial warm up

* breathing and
chain,

stretching of the posterior

* Interval training: functional exercises for 20-30
seconds with a 10-15 second pause,

* proprioception and balance
* breathing

Camajani et al, in press. DOI 10.3389/fnut.2022.955024



TABLE 2 Participants characteristics at baseline (T0).

Patients, N (%)

Sex, N (%)

M

F

Age (years)

Weight (Kg)

BMI (kg/m?)
HOMA-IR > 2.5, N (%)
FM, median (IQR)
FFM (Kg)
Comorbidity

Type 2 diabetes mellitus
Hypertension

Hypercholesterolemia

All

24

3(12.5)
21 (87.5)
56.3 +5.3
91.1+938
339+ 34
24 (100%)
36.36 (32.0-47.5)
524+ 5.1

2
24
16

VLCKD

12 (50%)

2(16.7)
10 (83.3)
56.0 + 6.7
90.6 + 7.2
33.9+30
12 (50%)
35.90 (32.2-47.2)
52.6 + 5.4

12

VLCKD +IT

12 (50%)

1(8.3)
11 (91.7)
56.5 + 3.8
91.6 + 12.2
33.9+38
12 (50%)
40.02 (31.6-47.6)
522450

12

P-value

0.537

0.795
0.810
0.973
1.000
0.887*
0.830

1.000
1.000
0.386

Variables with normal distribution are expressed as mean + SD, those with non-normal distribution as median (interquartile range) with Mann Whitney. VLCKD, very low calorie
ketogenic diet; IT, interval training; BMI, body mass index; HOMA-IR, homeostatic model assessment for insulin resistance; FM, fat mass; IQR, interquartile range; FFM, fat free mass.

*Mann Whitney.

Camajani et al, in press. DOI 10.3389/fnut.2022.955024



TABLE 3 Participants characteristics at baseline (T0) and at the end of the study (T6).

VLCKD VLCKD + IT P-value
TO Té6 A p TO Té6 A p
Weight (kg) 90.5+7.1 81.0+6.1 -96+161 <0001 916+ 12.1 811+ 115 -1044+32 <0001 | 0451
WC (cm) 1012 +£9.7 923+ 86 -89+35 <0.001 100.7 £ 8.3 91.7+8.1 -91+£25 <0.001 0.895
HC (cm) 1227492 1152496 75414 <0001  123.0+10.1 1130+£105  -100£30 <0.001  0.025
FM (kg) 40.53 £ 11.63 33.97 £ 10.94 -65+19 <0.001 39.59 £ 8.62 28.69 + 8.67 -110+34  <0.001 0.001
FFM (kg) 52.62 % 5.42 50.32 + 5.46 23+13 <0001  5216+5.04 52,46 + 5.01 03£10 0329  <0.001
BMI (kg/m?) 338430 302426 36+06  <0.001 339438 299+35 -40+13 <0001 0389
BMR (kcal) 151375410092 145558 +93.16 -58.14350 <0.001 149116+ 10675 149941+10585 82+221 0224  <0.001
BCM (kg) 30.39 +4.84 26.56 £ 4.09 -38+35 0.003 27.65 £ 3.11 29.34 + 6.85 1.6 +45 0.226 0.003

Variables with normal distribution are expressed as mean + SD, those with non-normal distribution as median (interquartile range). VLCKD, very low calorie ketogenic diet; IT, interval
training; WC, waist circumference; HC, hip circumference; FM, fat mass; FFM, fat free mass; BMI, body mass index; BMR, basal metabolic rate; BCM, body cell mass. The bold represents
statistically significant values.
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TABLE 6 Participants characteristics at baseline (T0) and at the end of the study (T6).

VLCKD VLCKD +IT P-value
TO T6 A P To T6 A P
Fasting glycemia (mg/dL) 105.9 +12.8 86.6 +12.5 -163+95 <0.001 1014 +117 87.0 +8.6 ~144+84 <0.001 0.606
Fasting insulin (j11U/ml) 11.8 (11.0-13.75) 8.1 (7.25-9.75) - 0.002"* 12.7(11.25-14.57) 9.0 (8.3-9.4) - 0.002" 0.630"
HOMA-IR 39429 18406 21426 0.018 33408 1.8 404 -15406 <0.001 0474
BUN (mg/dl) 373+78 323456 50443 0.002 341491 304 +59 37465 0.075 0579
Creatinine (mg/dl) 0.82+0.18 0.78 £0.16 -0.04 £ 0.06 0.046 0.80 £ 0.13 0.72+0.08 -0.08 £ 0.09 0.017 0276
¢GFR (ml/min) 83.87 + 15,51 88.84 + 1521 497 +974 0105 82.50 + 14.84 91.69 + 11.05 9.18 + 10.78 0.013 0327
AST (U/L) 23.5+57 19.8+53 -3.6+49 0.026 323+ 129 24667 -77+109 0.032 0251
ALT (U/L) 260111 19.1+67 -68+82 0.015 378 + 146 263 +12.1 -115£115 0.005 0267
Total cholesterol (mg/dl) 203.7 + 386 161.8 + 305 —41.9 +20.1 <0.001 212.8 +23.6 185.0 + 173 -27.8 +23.9 0.002 0.133
HDL cholesterol (mg/dl) 49.5 (41.2-63.7) 51.5 (40.0-63.0) -1.0(-6.5; 2.0) 0.431° 47.5 (425-52.2) 53.0(50.5-64.0) 6.0 (1.25,9.75) 0.003" 0.002'
LDL cholesterol (mg/dl) 127.5 + 367 938 +23.8 -33.7 +245 0.001 139.9 £31.0 110.9 £ 185 -29.0 +29.9 0.006 0678
Triglycerides (mg/dl) 132.8 381 835169 -49.3 £300 <0.001 1149 £25.2 80.4 122 -345 246 0.001 0.199
Vitamin D (ng/dl) 18.1+£83 211 £96 29425 0.002 48+ 114 31.0 9.7 6.1+54 0.003 0.080

Variables with normal distribution are expressed as mean + SD, those with non-normal distribution as median (interquartile range) with Wilcoxon test. VLCKD, very low calorie ketogenic diet; IT, interval training HOMA-IR, homeostasis model
assessment-insulin resistance; BUN, blood urea nitrogen; ¢GFR, glomerular filtration rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, high density lipoprotein; LDL, low density lipoprotein. *Wilcoxon test; * Mann Whitney.
The bold represents statistically significant values.
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NUOVA CHIAVE DI LETTURA DELLA TERAPIA CHETOGENICA
UN APPROCCIO INTEGRATO DI PRECISIONE, CHE PREVEDE L’AZIONE SINERGICA DI:

e Un percorso terapeutico validato scientificamente per |la gestione del paziente, che
segue i principi delle VLCKD.

* Un’integrazione specifica di micronutrienti e nutraceutici per favorire il ripristino degli
equilibri cellulari e funzionali.

* La combinazione con adeguato esercizio fisico, opportune modifiche dello stile di vita, e
terapia farmacologica
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== |ERAPIA CHETOGENICA DI PRECISIONE

Il paziente viene accompagnato fino alla fase di mantenimento, la fase piu importante, ma
anche la piu delicata e la piu complessa da controllare.

'obiettivo: ristabilire un equilibrio alimentare e fisiologico che si protragga nel tempo,
riducendo il rischio di ricadute e favorendo uno stato di “buona salute” a lungo termine.

Potenziale aumento della percentuale di successo e riduzione del rischio di ripresa ponderale
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Vantaggi della terapia chetogenica sulle comorbidita associate all'obesita

v Miglior controllo glicometabolico

v Azione anti-inflammatoria

v Riduzione del rischio oncologico (colon, mammella, pancreas, fegato)
v Riduzione della terapia farmacologica

v Miglioramento della performance fisica e della produttivita lavorativa

v Mantenimento della massa magra

v Personalizzazione del trattamento (combinazione con altre strategie

nutrizionali/psicoterapiche/farmacologiche/chirurgiche)



GRAZIE DELLUATTENZIONE!

ONE SIZE DOES NOT FIT ALL!!!!

Uno sguardo al futuro
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