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Attenuated Peptide YY Release in Obese Subjects Is
Associated with Reduced Satiety
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Genetics of Obesity: What We Have Learned

Over Decades of Research

TABLE ? Examples of single-gene dafects responsibla for human Mandalian obesity cazas

Gang Mutation type Prevalence Associated phanotypes
Lepiin Auipsomal recessive inheritance =100 patients worldwide Hyperphagia
Gonagatropiz and thyrofmaphic insufficiency
Alteration in mmune function
LEPR Autosomal recessive inheritance <.3% of patients with severe earfy-onset Hyperphagea
obesity Gonadatropic, thyrofrophic, and somatoiropin
insufficiency
Alteration in mmune funciion
MC4R Heterozygous or homozygaous loss of About 5% of children with severe obesity, 1% Hyperphagia
function of adults with severe obesity, and 0.1% of Hyperinsulinemia
the penaral population High lean mass and bone mineral density
NTEKZ2 Hederozygous missense mutation =10 patients woridwide Hyperphagia
Developmental delay
Behavioral disturbance
Blunted responsa to pain
PCSKA Autosomal recessive inheritance or <X patients woridwide Hyperphagta
compound heterorygoies Adrenal, ponadotropic, somatotropin, and thyro-
trophic insufficiency
Posiprandial wpoglycemia
POMLC Autosomal recessive inheritance or <10 patients woridwide ACTH insufficiency
compound heferozygoies Mild hypatinyroidism
Pale slan and red hair in Cawcas@an individuals
SIM7 Translocation between chmmosome =5 patients woridwide Newmbehavioral abnomalities

1p22 1 and 6g16.2 or dominant
mnheritance

Memary deficit, emotional lability, or awtism-like

behavior

Modifiad and ampified from Huverne et al (B6).
ACTH, B]'Emh‘m RiTTICNEL

Bouchard C. Obesity 2021;29:802-20
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Most Obesity Genes Are Related To The CNS

Tissues sorted by physiological system — genes from CNS showed association
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Physiological system

CNS, central nervous system; GWAS, Genome-Wide Association Study

Locke AE et al. Nature 2015;518:197-206
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Polygenic Prediction of Weight and Obesity

Trajectories from Birth to Adulthood A genome-wide polygenic score
quantifies inherited susceptibility to
obesity, integrating information from 2.1

Genome-wide polygenic score million common genetic variants to
for weight and obesity identify adults at risk of severe obesity.
p
123 13
35 Polygenic Score
0.06 : w | Bottom Decile; 5/ 372 (1.3%)
. S | = Deciles 2-9; 166 / 2979 (5.6%)
low high @ —— Top Decile; 58 / 371 (15.6%)
=
— e eme__ | Birth Age 8 Age18 Middle §
E age o 2.
2. 1M e e e s s e e e ©
—|weight allele Difference in weight (kg) %
—4weight allele high and low score .4
8 8.
Increased risk for: B =
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Bariatric surgery o
hiah Coronary disease 3 L ] 1 | | |
9 Heart failure 0 5 10 15 20 25
Mortallty Years of Follow-up

Khera Av et al. Cell 2019;177:587-596
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STy Environmental Drivers to Obesity ecurains
(3) Stress and distress (4) Drugs
(direct impact on relevant areas of (accounts for
the brain) up to 10%)
(2) Decreased \ (1) Altered
physical activity °°“"" food supply
(effects on muscle (signaling more
more than calories) than calories)
Gl Tract
Muscle Food intake

Leptln Energy expenditure
Nutrient handling
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Nenrotransmitter
dysfunction

Appetite stimulation Changes dietary preferences

antipsychotics

Thyroid dysfunction Gut microbiota
thium

il Z

B-cel r]}'sl‘um:tiun GLUT inhibition | ’PEIrpntir‘ gllll'n;r pl‘l‘tl’hlf'tirlll
Musele IR

Chronic low grade inflammation

SAT atrophy

antipsychotics

GLUCOSE INTOLERANCE HEPATIC STEATOSIS WEIGHT GAIN

Verhaegen AA &van Gaal LF. Curr Obes Rep 2021;10:1-13



STRESS |

.l 8

~ RELAX .




M KDA SINut

Ketogenic Diet

Societd Italiana di Nutraceutica

ACADEMY -
- Stress
Developmental history
' ' _ Mutrition

Genetic vanation
Aging
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Cardiovascular and neurovascular disease
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Weight (kg)

Andamento del peso nel Nurses' Health Study
dal 1986 al 2002 in funzione delle ore di sonno
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Patel SR et al. Am. J. Epidemiol. 2006;164:947

SINut

Societd Italiana di Nutraceutica



J

4

#KDA S|j\r|_|t

Ketogenic Diet
A CADEMY Societd Italiana di Nutraceutica

Disturbed or

Insufficient
Sleep

- ] i i [ |

‘t Mypothalamic actrity “ Hran gluocoss 1 Moclumal GH T Syrmpalhetc
[orexinergic newons) ulilization + Moclumal Cortisol nervous acteity
h . \ :/ ) /1 ‘
B! i 3 ] [ K]
fllered
¥+ nsulin 4 RBlood
 Appetia Glucase
l ) Mistahoksm Secralian | Frassiss ]
- h Cl E]
Wi Insuln
gain Rasislarcs

= i

.

|
_l_.-"
-
Typa 2 P
Dbesity Diabetes .

Fig. L Schemane reprssenlatiod ol pmsibie mechanistis parthyaenss linding disiummed ar csullizienr slesp oo ohesiny, diazeies,
rarshiceralar dreawe e tyrrie e nn (s L

~ ]



#KDA SINut
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PROBLEM IN OBESITY MANAGEMENT
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Anderson Foster Graham Hensrud Jordan Kramer Lantz Murphy  Pekkarinen Stalonas Stunkard Wadden Wadden Walsh &
atal. etal. etal. etal etal etal. etal etal. & Mustajoki etal & Penik & Frey etal Flynn

a
gm -5
o -10
2
2 -18
(8)
o+
S -20
o
= -25

-30
Follow up range from 4 to 7 years
. Mean change from baseline to end of diet (kg) . Mean change from baseline to follow-up (kg)

Mann et al. Am Psychol 2007
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FOOD REWARD

1+ GHRELIN

| GLP-1
| PYY

| CKK

| AMYLIN

Busetto L et al. Eur J Int Med 2021 Jan 16
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—8— Baseline =4O= Week 10 ==/ = Week 62
Long-Term Persistence of Hormonal [
Adaptations to Weight Loss
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Adaptations to Weight Loss
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Figure 2. Mean (+SE) Fasting and Postprandial Levels of Ghrelin, Peptide YY, Amylin, and Cholecystokinin (CCK) at Baseline, 10 Weeks,
and 62 Weeks.

Sumithran P et al. N Engl J Med 2011;365:1597
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Gastro-intestinal hormones and their regulation of food intake

Table 2 Variations in the levels of gastrointestinal hormones induced by obesity and their changes after dietary restriction or physical exercise

Hormone Levels in obesity After diet After exercise

Anorexigenic factors

Cholecystokinin (CCK) =7 1 =1
Glucagon-like peptide 1 (GLP-1) 1 1 1
Oxyntomodulin (OXM) ? ? 2
Pancreatic polypeptide (PP) =] 1 1
Peptide YY (PYY) 1 1 =1
Orexigenic factors

Ghrelin =1 M 9

Busetto et al. In “Encyclopedia of Endocrine Diseases, 2nd Ed.
Huhtaniemi & Martini eds. Oxford Academic Press 2019;vol.1:398-405
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Gastro-intestinal hormones and their regulation of food intake

Table 2 Variations in the levels of gastrointestinal hormones induced by obesity and their changes after dietary restriction or physical exercise

Hormone Levels in obesity After diet After exercise
Anorexigenic factors

Cholecystokinin (CCK) =7 1 =1
Glucagon-like peptide 1 (GLP-1) 1 1l 1
Oxyntomodulin (OXM) ? ? ?

Pancreatic polypeptide (PP) =] 1 1

Peptide YY (PYY) 1 1l =1
Orexigenic factors

Ghrelin =1 M ?

Busetto et al. In “Encyclopedia of Endocrine Diseases, 2nd Ed.
Huhtaniemi & Martini eds. Oxford Academic Press 2019;vol.1:398-405
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The Effects of Exercise-Induced Weight Loss on
Appetite-Related Peptides and Motivation to Eat
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Martins C et al. JCEM 2010;95:1609



Muscles, exercise and obesity: skeletal muscle as a secretory organ S I N{It
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* Lipolysis

IL-6 IL-4
Irisin IL-6
IL-7

IL-15 Myostatin
IL-8 IL-6
BDNF

4 Hepatic glucose
production
during exercise

t Hepatic CXCL-1
production

4

Unknown
exercise
stimulus

IL-6

Follistatin-related

IGF-1  FGR21 IL-87 protein 1

FGF-2 L6

t Insulin secretion CXCL-1?
via GLP-1 Promotes endothelial
- function and
R revascularization

Pedersen BK and Febbraio MA. Nat Rev Endocrinol 2012;8:457
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Gastro-intestinal hormones and their regulation of food intake

Table 3  Variations in the levels of gastrointestinal hormones after bariatric surgery procedures

Hormone LAGB LSG RYGB

Anorexigenic factors

Cholecystokinin (CCK) ? ) 1
Glucagon-like peptide 1 (GLP-1) =1 1 1
Oxyntomodulin (0XM) ? ? 1
Pancreatic polypeptide (PP) = ? ?
Peptide YY (PYY) 1 1 1
Orexigenic factors

Ghrelin - H !

LAGB: Laparoscopic adjustable gastric banding; LSG: sleeve gastrectomy; RYGB: Roux-en-Y gastric bypass.

Busetto et al. In “Encyclopedia of Endocrine Diseases, 2nd Ed.
Huhtaniemi & Martini eds. Oxford Academic Press 2019;vol.1:398-405
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Leibell RL et al. New Engl J Med 1995;332:621



’J ]
L. 28
HKDA
Ketogenic Diet
ACADEMY

Persistent Metabolic Adaptation 6 Years After “The Biggest
Loser” Competition
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Johannsen DL et al. Fogthergill E et al.

J Clin Endocrinol Metab 2012;97:2489 Obesity 2016;24:1612
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Modifications of Resting Energy Expenditure After Sleeve Gastrectomy

METABOLIC ADAPTATION

3500

3000
= - 199 + 238 kcal/day
1#]
= 2500
=
E 2000 Moreover, the level of metabolic adap-
- tation afier surgery was inversely related to postoperative per-
E 1500 cent weight loss (r=—0.170; P<0.05) and FM loss (r=—
a 0.245; P<0.01).
o

1000 -

500
500 1000 1500 2000 2500 3000 3500

Predicted REE (kcal/day)

Fig. 1 Distribution of the predicted and observed REE values before
(open symbols) and 12 months after sleeve gastrectomy (closed
symbols). Most of the observed post-surgery REE values are distributed
below the identity line, confiring the existence of a certain degree of
metabolic adaptation

Bettini S et al. Obes Surg 2018;28:2481
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Management in Adults

Volkan Yumuk?® Constantine Tsigos® Martin Fried©

Karin Schindlerd  Luca Busetto® Dragan Micic

Hermann Toplak? for the Obesity Management Task Force of
the European Association for the Study of Obesity

Table 2. A guide to deciding the

initial level of intervention to

discuss with the patient men < 94, men = 94, women
women <80 >80

BMIL kg/m%**  WC, cm* Co-morbidities

25.0-29.9 L L L+D

30.0-34.9 L L+D L + D£S**
35.0-39.9 L+D L+D LxD%S
240.0 LxD=%S LxD=%S LxD#%S

L = Lifestyle intervention (diet and physical activity); D = consider
drugs; S = consider surgery.

*BMI and waist circumference cut-off points are different for some
ethnic groups.

**Patients with type 2 diabetes on individual basis.

Obesity Facts 2015;8:402-424
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pietngonia et Four-Year Weight Losses in the Look
AHEAD Study: Factors Associated
With Long-Term Success
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DSE

%} 1.1%
'© —
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©
=
E ILI 4.7%
_5 '
g P < 0.0001
o
E
ik}
o
S

-10 I I I |

0 1 2 3 4

Wadden et al. Obesity 2011;19:1987-98
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With Long-Term Success

% of Participants
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0

AHEAD Study: Factors Associated

Intensive Lifestyle Intervention (ILI)
[l Diabetes Support and Education (DSE)

T4%
55%
0,
45% 46%
35%
26% 25% 030,

1 80}..-’0 1 BF’/{}
; 10% 9%
=5 % =0% =0% =5 % =7 % =10 9% =15 %

| | |
Weight gain Weight loss

Wadden et al. Obesity 2011;19:1987-98
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Four-Year Weight Losses in the Look

AHEAD Study: Factors Associated
With Long-Term Success

Y

eduction in initial weight

ILI participants who lost = 10% at year 1 (N = 887)
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E +6 1
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§ T 10%
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18 : : : L (7.1%)
1 2 3 4
Years

Wadden et al. Obesity 2011;19:1987-98
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ACADEMY after low-calorie-diet-induced weight loss: The SCALE
Maintenance randomized study

Change in body weight (%)

S Run-in

Liraglutide: n=207
Placebo: n=206

Treatment period F
n=181 n=156  n=153

n=168 n=144 n=141

Liraglutide 3.0 mg

lacebo

14 -10 6-420

2

4 B

11]1413222631}34334451}5551}5468

Time (weeks)

Wadden TA et al. Int J Obes 2013;37:1443
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Primary care-led weight management for remission of type 2
asaNER diabetes (DIRECT): an open-label, cluster-randomised trial
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Control group (N. 149 with T2DM): Best practice care by guidelines in 49 primary care practices in Scotland.

Intervention group (N. 149 with T2DM):  Weight management programme in 49 primary care practices in Scotland.

A B
100~  Fisher's exact p<0-0001 1004 Odds ratio 19.7, 95% CI7-8-49-8;
i p<0-0001
R=]
£ 80- 5 804
g A
2F 5%
Y 2 60 = w60
I e e
= = 46%
o = O
% = -E E
= 4 404 = o 40+
ﬁ = 24% -g |
gt 20+ 2 204
4%
= 0%
o T | 0+ L
Control Intervention Control Intervention
group group group group

Lean MEJ et al. Lancet 2018;391:541-51
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Durability of a primary care-led weight-management
intervention for remission of type 2 diabetes: 2-year results
of the DIiRECT open-label, cluster-randomised trial

Participants achieving 215 kg weightloss (%)

Particpants achieving remission (%)

A B
100 = Year 1: Fisher's exact test p=0-0001 100 - Year 1: odds ratio 19-71 (95% C17.79-49-83; p<0-0001)
Year 2: odds ratio 7-49 (95% C1 2-05-27 32; p=0-0023) ‘Year 2: odds ratio 2582 (95% C1 8-25-80-84; p<0-0001)
80 Z 80
H
4
E
60 - 2 604
o
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] 45-6%
5
40 & 40 35-6%
8
24:2% =
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11-4%
0% 2:0% 4-0% 3.4%
0 T ] a
n 0 3 36 17 n 6 5 68 t3
Year1 Year 2 Yearl Year 2 Yearl Year 2 Yearl Year 2
—~ g h —~ g h —~ - —~
Control Intervention Control Intervention
(n=149) (n=149) (n=149) (n=149)
C
100 [ Year1: odds ratio (per kg weight loss) 1:32 (05% €1 1.23-1-41; p<0.0001)
[ ‘ear 2: odds ratio (per kg weight loss) 1-25 (95% C11-16-1-35; p<0-0001) o
-1%
80+
70-0%
60 57:1% 60-0%
407 339%
28-8%
204
36% 5-2%
[
0
N 6/165 8/154 ' 10/56 ;| 16/28 15/25 3136 14120
T T T
=G kg Skgto<10kg 10 kg to <15 kg =15 kg

Lean MEJ et al. Lancet Endocrinol 2019;7:344-55
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Eect:ogeglg ﬁ'e\: Very-low-calorie ketogenic diet (VLCKD) in the management P —
of metabolic diseases: systematic review and consensus statement
from the Italian Society of Endocrinology (SIE)

Table 3 Absolute contraindications to the use of VLCKD

Absolute contraindications

Type 1 diabetes mellitus, latent autoimmune diabetes in adults, p-cell failure in type 2 diabetes mellitus, use of sodium/glucose cotransporter 2
(SGLT2) inhibitors (risk for euglycemic diabetic ketoacidosis)

Pregnancy and breastfeeding

Kidney failure and moderate-to-severe chronic kidney disease, liver failure, hearth failure (NYHA III-1V). 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 p-oxidation disorders, pyruvate carboxylase deficiency

Caprio M et al. J Endocrinol Invest 2019;42:1365-86
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Eect:ogeglg ﬁ'e\: Very-low-calorie ketogenic diet (VLCKD) in the management P —
of metabolic diseases: systematic review and consensus statement
from the Italian Society of Endocrinology (SIE)

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 2000)
Management of severe obesity before bariatric surgery (1 @0GO)
Sarcopenic obesity (1 OGGB0)
Obesity associated with type 2 diabetes (preserved beta cell function) (1 @0GO)
Obesity associated with hypertriglyceridemia (1 BOGO)
Obesity associated with hypertension (1 @0GO0)

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

Weak recommendations

Obesity associated with dysbiosis of the gut microbiota (2 BOGO)
Obesity associated with high levels of LDL-cholesterol and/or low levels of HDL-cholesterol (2 OOBO)
Obesity associated with non-alcoholic fatty liver disease (NAFLD) (2 BOO0)
Obesity associated with heart failure (NYHA I-1I) (2 @000)
Obesity associated with atherosclerosis (2 @000)
Male obesity secondary hypogonadism (2 OGBBO)
Obesity associated with polycystic ovary syndrome (PCOS) (2 ®O00)
Menopausal transition-related obesity (2 @000)
Neurodegenerative disorders associated with sarcopenic obesity (2 ®O00)

Caprio M et al. J Endocrinol Invest 2019;42:1365-86
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Very-low-calorie ketogenic diet (VLCKD) in the management
of metabolic diseases: systematic review and consensus statement
from the Italian Society of Endocrinology (SIE)

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

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)

p-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)

ALT alanine aminotransferase, AST aspartate aminotransferase, BUN blood urea nitrogen, FT4 free thyroxine, y-GT gamma-glutamyl transferase,
HDL-cholesterol high-density lipoprotein cholesterol, LDL cholesterol, low-density lipoprotein cholesterol, TSH thyroid-stimulating hormone,

VLCKD very-low-calorie ketogenic diet

Caprio M et al. J Endocrinol Invest 2019;42:1365-86
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European Guidelines for Obesity Management in
Adults with a Very Low-Calorie Ketogenic Diet:
A Systematic Review and Meta-Analysis

Giovanna Muscogiuri*® Marwan El Ghoch® Annamaria Colao®
Maria Hassapidou? Volkan Yumuk® Luca Busetto’ Obesity Management
Task Force (OMTF) of the European Association for the Study of Obesity (EASO)

Mabntenance
A i Staoe - £ T o v, - Stage
VLCKD | D Kcal/day) ay) {1500-2200
Kcal/day)
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Literature search.

Databases: PubMed and Science Direct
integrated to manual search results using
combined keywords (n=645)

\J

v
Included (n=324)

Y

Articles screened on basis of title and
abstract

v

Duplicate records (n=321)

Full text papers assessed for eligibility
(n=72)

Excluded (n=252)

Not in English

Not pertinent to overweight or
obesity

Dealing with overweight or obesity
but clearly not VLCKD

No information of interest for the
scope of our systematic review

h J

Studies included in the
systematic review (n=15)

Y

Excluded (n=57)

Review article (i.e. systematic or
narrative), consensus, protocol
study, etc.

Diets other than VLCKD (i.e. VLCD,
VLCarbD etc.)

VLCKD that do not satisfy our
VLCKD protocol

SINut

Societd Italiana di Nutraceutica
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A Systematic Review and Meta-Analysis

European Guidelines for Obesity Management in
Adults with a Very Low-Calorie Ketogenic Diet:

VLCKD Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI| IV, Random, 95% CI
BW Perticone 2019 (33 -266 7.27 28 -82 46 28 137% -18.40[-21.59,-15.21) e

Goday 2016 [28) -14.67 218 45 -505 267 44 148% -9.62 [-10.63,-8.61] s

Moreno 2014 [32) -13.7 57 27 -49 465 26 140% -B.80[11.60,-6.00) —

Sajoux 2019 (35) -11.8 4.66 20 -4 29 39 143%  -7.80[10.04,-5.56] ——

Rubini 2015 [a4) -85 442 16 -51 363 16 140% -3.40 [-6.20,-0.60) .o

Merra 2016 [13] -6.98 22 9 -597 22 9 144% -1.01 [-3.04,1.02] =T

Albanese 2019 24 -58 3.89 72 -48 294 106 148% -1.00 [-2.06, 0.06) -

Total (95% CI) 217 268 100.0% -7.06 [-11.16, -2.97] ‘

Heterogeneity. Tau®= 28.22; Chi*= 225.21, df= 6 (P < 0.00001); F= 97% 3 40 6 1

Test for overall effect Z= 3.38 (P = 0.0007)

i

VLCKD Control Mean Difference Mean Difference

B Ml Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Perticone 2019 [33) 7.2 275 28 -27 1.37 28 189% -4.50[-5.64,-3.36) =

Goday 2016 (28 54 035 45 19 041 44 21.4% -350[-366,-3.34) .

Moreno 2014 [32) -48 206 27 -18 158 26 195% -3.00[-3.99-201] -

Albanese 2019 [24] -24 1.02 72 -12 084 106 213% -1.20[1.50,-0.90]

Merra 2016 [13] -2.33 167 9 -231 057 9 189% -0.02[1.17,113] -

Total (95% CI) 181 213 100.0% -2.45[-3.88,-1.01] e

Heterogeneity: Tau®= 2.48; Chi*= 212,53, df= 4 (P < 0.00001); F= 98% -1}0 3 § 5 140

Test for overall effect: Z= 3.35 (P = 0.0008)

Muscogiuri G et al. Obes Facts 2021;14:222
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VLCKD Control Mean Difference Mean Difference
F M Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Perticone 2019 (337 -18.9 3.58 28 -65 261 28 255% -1340[-15.04,-11.76) -
Sajoux 2019 [35] -165 243 20 -39 147 59 26.1% -1260[13.73,-11.47] -
Moreno 2014 [32) -16 365 27 -56 21 26 254% -10.40[12.13,-8.67] -
Merra 2016 [13] -245 4.41 9 247 1.7 9 229% 0.02 [-3.07, 3.11] -
Total (95% CI) 84 122 100.0%  -9.35[-13.29, -5.41] ’
Heterogeneity: Tau*=15.11; Chi*=63.74, df= 3 (P < 0.00001); F= 95% -‘jtl -‘|=U 5 110 210

Testfor overall effect: Z= 4.66 (P = 0.00001)

VLCKD Control Mean Difference Mean Difference
F F M Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI

Moreno 2014 32) -3 443 27 0 326 26 255% -3.00[-5.09,-0.91] -
Sajoux 2019 (35) -3.7 3186 20 -14 211 59 26.3% -2.30[-3.79,-0.81) d
Perticone 2019 [33) 36 435 28 -08 314 28 256% 4.40(2.41,6.39) bl
Merra 2016 [(13) 192 522 9 -33 144 9 226% 5.22[1.68, 8.76) ==
Total (95% CI) 84 122 100.0% 0.94 [-3.10, 4.97]

i == r = = E= I ) 4 i
Heterogeneity: Tau®=15.49; Chi*= 44.18, df= 3 (P = 0.00001); F=93% 50 35 ) 75 50

Test for overall effect: Z= 0.46 (P = 0.65)

Muscogiuri G et al. Obes Facts 2021;14:222
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European Guidelines for Obesity Management in
Adults with a Very Low-Calorie Ketogenic Diet:

A Systematic Review and Meta-Analysis

HbAlc

HOMA

VLCKD Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Goday 2016 [28) -09 019 45 -04 019 44 339% -0.50[-058,-042] =
Moreno 2014 [32) -0.01 0.6 27 037 0.09 26 34.0% -D.38[0.45,-0.31)] =
Perticone 2019 [33 -09 027 28 -11 029 28 321% 0.20 (0.05, 0.35) -
Total (95% CI) 100 98 100.0% -0.23[-0.54,0.07] -
Heterogeneity. Tau®= 0.07; Chi*= 68.32, df= 2 (P < 0.00001); F=97% 5_2 !I b 1=
Testfor overall effect: Z=1.49 (P=0.14)

VLCKD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Goday 2016 [28) -3.4 071 45 1.2 058 44 329% -2.200-2.47,-1.93] -
Sajoux 2019 [35) -2.72 055 20 -163 0.23 59 331% -1.09[1.34,-0.84)] -
Pericone 2019 [33] -47 014 28 -39 019 28 341% -0.80(-0.89,-0.71] =
Total (95% CI) 93 131 100.0% -1.36 [-2.14, -0.57) *
Heterogeneity: Tau®= 0.47; Chi*= 95.44, df= 2 (P < 0.00001); = 98% ‘4 '2 5 ;'? ;

Test for overall effect Z= 3.38 (P = 0.0007)

Muscogiuri G et al. Obes Facts 2021;14:222
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™ T0 Mean Difference Mean Difference
|_ D |_ Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Moreno 2014 [32) -13.6 942 27 19 76 26 325% -11.70[-16.30,-7.10] -
Perticone 2019 333 -176 68 28 -104 982 28 328% -7.20[11.62,-2.79) =
Goday 2016 [28) -21 761 45 -27 8.1 44 346% 0.60 [-2.69, 3.89) -
Total (95% CI) 100 98 100.0% -5.96 [-13.42, 1.50] -
Heterogeneity: Tau®= 39.01; Chi*= 20.07, df= 2 (P < 0.0001), F= 80% -_50 _55 0 2-5 50'

Testfor overall effect Z=1.57 (P=0.12)

VLCKD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
HD|_ Goday 2016 [2g) -1.4 236 45 -27 232 44 37.8% 1.30 [0.33, 2.27] d
Pericone 2019 [33) 43 331 28 1.2 412 28 32.0% 3.10[1.14, 5.06) =
Mareno 2014 [32) 78 444 27 23 378 26 302% 5.50(3.28,7.72) -
Total (95% Cl) 100 98 100.0% 3.14 [0.70, 5.59] P
Heterogeneity: Tau®= 3.86; Chi*= 1261, df= 2 (P=0.002): F= 84% ; f

20

Fodege
(=
e
=1
=
purs
o

Test for overall effect 2= 252 (P = 0.01)

Muscogiuri G et al. Obes Facts 2021;14:222
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Parameters Baseline During the Atthe end of At the end of
active stage the active the reintro-
stage duction stage

Antropometric assessment

Weight, height, and BMI X X X X
Body composition and hydration status (by bioelectrical impedance analysis) X X X X
Laboratory assessment
Complete blood count with platelets X X X X
Sodium, potassium, magnesium, and inorganic phosphate X X X X
Serum liver and kidney tests (including albumin, AST, ALT, blood urea nitrogen,

creatinine, y-GT, and total and direct bilirubin) X X X X
Fasting lipid profile X X
25(0OH)D, calcium X X
Glucose and insulin X X
B-hydroxybutyrate (capillary blood or urine) X
TSH and FT4 X
Complete urinalysis and microalbuminuria (urine) X X X X

Muscogiuri G et al. Obes Facts 2021;14:222
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Conclusions and Recommendations

After a careful systematic review and meta-analysis of
the current evidence, and considering the potential side
effects, VLCKD can be recommended as an effective di-

etary treatment for individuals with obesity, in particular
for patients with severe obesity and/or comorbidities
(joint diseases, preoperative period of bariatric surgery,
and cardiovascular and metabolic diseases) who need im-
mediate and substantial weight loss. Therefore, VLCKD
can be prescribed targeting a specific population of pa-
tients with obesity after consideration of the potential
contraindications and under medical surveillance. How-
ever, it is important to personalize the diet, based on the
patient’s preferences, allowing food choices within the
VLCKD protocol. After achievement of the weight target
with VLCKD, implementation of long-term lifestyle
strategies (physical activity and nutritional counselling)
is strongly recommended to reduce the risk of weight re-
gain in the long term.

European Guidelines for Obesity Management in
Adults with a Very Low-Calorie Ketogenic Diet:
A Systematic Review and Meta-Analysis

Muscogiuri G et al. Obes Facts 2021;14:222
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