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THE CONCEPT OF ENERGY BALANCE
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Monozygotic twins Dizygotic twins

THE GENETIC CONTRIBUTION TO OBESITY
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CONTRIBUTION OF PARENTAL AND CHILDHOOD 
OBESITY TO FUTURE RISK OF OBESITY 

CI, confidence interval
Loos RJF, et al. Cell Metab. 2017;25:535-43 7



Leptin 
from Greek λεπτóς

= lean, skinny  

Xhang Y, et al. Nature. 1994;372:425-32 8



Montague CT, et al. Nature. 1997;387:903-8 9



CONGENITAL LEPTIN DEFICIENCY: 
RESPONSE TO THERAPY

Farooqi IS, et al. N Engl J Med. 1999;341:879-84 10



CONGENITAL LEPTIN DEFICIENCY: 
RESPONSE TO THERAPY

Farooqi IS, et al. N Engl J Med. 1999;341:879-84 11
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AgRP, agouti-related peptide; CART, cocaine- and amphetamine-related transcript; GI, gastrointestinal; NPY, neuropeptide Y; PYY, peptide YY; POMC, pro-
opiomelanocortin
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ACTH, adrenocorticotropic hormone; AGRP, agouti-related peptide; BDNF, brain-derived neurotrophic factor; CLIP, corticotropin-like intermediate peptide; 
LEPR, leptin receptor; MC4R, melanocortin 4 receptor; MSH; melanocyte-stimulating hormone; NPY, neuropeptide Y; POMC, pro-opiomelanocortin; TrkB, 
tyrosine kinase receptor B
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AgRP, agouti-related peptide; BDNF, brain-derived neurotrophic factor; JAK, janus kinase; LEP, leptin; LEPR, leptin receptor; MC3R, melanocortin 3 receptor; MC4R, melanocortin 4 
receptor; MRAP2, melanocortin 2 receptor accessory protein 2; MSH; melanocyte-stimulating hormone; NPY, neuropeptide Y; PC1/3, prohormone convertase 1/3; POMC, pro-
opiomelanocortin; SH2B1, Src homology 2 B adaptor protein 1; TrkB, tyrosine kinase receptor B; STAT3, signal transducer and activator of transcription 3
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AgRP, agouti-related peptide; BDNF, brain-derived neurotrophic factor; JAK, janus kinase; LEP, leptin; LEPR, leptin receptor; MC3R, melanocortin 3 receptor; MC4R, melanocortin 4 
receptor; MRAP2, melanocortin 2 receptor accessory protein 2; MSH; melanocyte-stimulating hormone; NPY, neuropeptide Y; PC1/3, prohormone convertase 1/3; POMC, pro-
opiomelanocortin; SH2B1, Src homology 2 B adaptor protein 1; TrkB, tyrosine kinase receptor B; STAT3, signal transducer and activator of transcription 3



Pygeyre M, et al. Clin Sci (Lond). 2016;130:943-86 16
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ADCY3, adenylate cyclase 3

Saeed S, et al. Nat Genet. 2018;50:175-79



Farooqi IS et al. N Engl J Med. 2003

Autosomal recessive transmission 

Hyperfagia

Severe obesity  

Early onset  

Anosmia/hyposmia

Mental retardation

Insulinin resistance

ADCY3 MUTATIONS: PHENOTYPE 

19ADCY3, adenylate cyclase 3
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ALMS1, centrosome and basal body associated protein; ADCY3, adenylate cyclase 3; BBSome, complex of Bardet-Biedl syndrome proteins; MC4R, melanocortin 4 
receptor 

Siljee JE, et al. Nat Genet. 2018;50:180-5



Wabitsch M, et al. N Engl J Med 2015;372:48-54 21
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Clément K, et al. Nature. 1998;392:398-401

a) Period of food of food-intake restriction 
b) Start of treatment with levothyroxine and 

exogenous growth hormone



Phenotype:

• Red hair (MC1R)

• Adrenal insufficiency (MC2R)

• Obesity (MC4R)

23

ACTH, adrenocorticotropic hormone; CLIP, corticotropin-like intermediate peptide; MC1R, melanocortin 1 receptor; MC2R, melanocortin 2 receptor; 
MC4R, melanocortin 4 receptor; MSH; melanocyte-stimulating hormone; POMC, pro-opiomelanocortin

Krude H, et al. Nat Genet. 1998;19:155-7



c.256C>T (R86 stop)

• Early onset obesity 
• Adrenal insufficiency
• Mental retardation

24ACTH, adrenocorticotropic hormone; CLIP, corticotropin-like intermediate peptide; MSH; melanocyte-stimulating hormone



ACTH, adrenocorticotropic hormone; CLIP, corticotropin-like intermediate peptide; MSH; melanocyte-stimulating hormone

Cirillo G, et al. Br J Dermatol. 2012;167:1393-5 25



July 2016

26Kühnen P, et al. N Engl J Med. 2016;375:240-6
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LEPR, leptin receptor; MC4R, melanocortin 4 receptor

Clément K, et al. Nat Med. 2018;24:551-55 



Most frequent cause of monogenic obesity
Up to 6% in some studies

29Farooqi IS, et al. N Engl J Med. 2003;348:1085-95



BMI, body mass index; MC4R, melanocortin 4 receptor; SDS, standard deviation score 

Farooqi IS, et al. N Engl J Med. 2003;348:1085-95

Autosomal 
dominant 

transmission 
Hyperphagia

Severe obesity 
(BMI SDS >3)

Early onset of 
obesity 

(<10 years)

Tall stature Hyperinsulinemia
Increased bone 
mineral density

CHILDREN AND ADOLESCENTS WITH 
MC4R MUTATIONS DISPLAY A 
PARTICULAR PHENOTYPE
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JCEM ‘041 Clin. Chem. ‘052 BMC Medical Genetics, 
20093

Number of patients 120 196 240

Age, years +/- SD (range) 12-71 17-70 1-11

Prevalence of mutations, % 1.7 2.5 1.6

Sardinia ≈ 300 children <1%4

PREVALENCE OF MC4R GENE 
MUTATIONS IN ITALIAN OBESE ADULTS 
AND CHILDREN

SD, standard deviation; MC4R, melanocortin 4 receptor

1. Santini F, et al. J Clin Endocrinol Metab. 2004;89:904-8. 2. Buono P, et al. Clin Chem. 2005;51:1358-64. 3. Santoro N, et al. BMC Med Genet. 2009;10:25. 
4. Ibba et al., unpublished
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• A single gene mutation causes the disease

• Rare

• Some can be treated 

Monogenic 
obesity

• At least 20 syndromes

• All rare conditions

• Often associated with mental retardation

Syndromic 
obesity



Dysmorphism
Features

Hypogonadism

Growth retardation

Hyperphagia

Mental retardation 

Hypotonia

Nocturnal apnoea

Hypothermia

Polysomnography

Behavioural problems 

PRADER-WILLI SYNDROME
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LOCUS 15q11q13 

34BP, breakpoint; Cen, centromere; IC, imprinting control; Tel, telomeric



Buiting K, Am J Medic Genet, 2010

PRADER-WILLI SYNDROME: 
GENETIC MECHANISMS

M, maternal; P, paternal; UPD, uniparental disomy

http://genetics4medics.com/prader-willi-syndrome.html. Accessed on January 7, 2020. 35

http://genetics4medics.com/prader-willi-syndrome.html


BARDET BIEDL SYNDROME

BBS, Bardet Biedl syndrome; JATD, Jeune syndrome; JBTS, Joubert syndrome; LCA, Leber congenital amaurosis; OFD1, orofaciodigital syndrome 1; MKKS, 
McKusick-Kaufman syndrome; MKS, Meckel-Gruber syndrome; NPH, nephronophthisis; SLS, Senior-Loken syndrome.

Zaghloul NA, et al. J Clin Invest. 2009;119:428-37; Huvenne H, et al. Obesity Facts 2016; 9:158-173
36
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ALMS1, centrosome and basal body associated protein; ADCY3, adenylate cyclase 3; BBSome, complex of Bardet-Biedl syndrome proteins; MC4R, melanocortin 4 
receptor 

Siljee JE, et al. Nat Genet. 2018;50:180-5
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• A single gene mutation causes the disease

• Rare

• Some can be treated 

Monogenic 
obesity

• At least 20 syndromes

• All rare conditions

• Often associated with mental retardation

Syndromic 
obesity

• ~30% of obese children have ≥ 1 obese 
parent

• Common condition!

• Overall 40-60% of the obesity susceptibility 
is due to genetic influences

Polygenic 
obesity
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Is the result of the 
interaction of a 
combination of 

different genetic 
susceptibility variants in 
different chromosomes 

with a permissive 
environment

POLYGENIC OBESITY 
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BMI, body mass index; FTO, fat mass and obesity-associated gene

Goodarzi MO. Lancet Diabetes Endocrinol. 2018;6:223-36 42



Genetic effect:  Homozygous for the most significantly associated SNP carry 1.67 
higher risk of developing obesity

FTO IS A DNA DEMETHYLASE

FTO, fat mass and obesity-associated gene; SNP, single nucleotide polymorphism

Willer CJ, et al. Nat Genet. 2009;41:25-34 43



Homozygous for the A variant have 1.6 increased risk to develop obesity

FTO IN 912 OBESE CHILDREN AND 
ADOLESCENTS FROM SARDINIA

CI, confidence interval; FTO, fat mass and obesity-associated gene

Zavattari P, et al. Ann Hum Genet. 2011;75:648-54 44

Patients Controls

0.45
0.570.55

0.43

FTO (rs9939609)
Patients Controls

Odds 
ratio

95% CI X2 P valueObserved Frequency Observed Frequency

N. samples 912 543

Allele A 1000 0.55 466 0.43
1.6 1.3–1.8 35.5 <1×10-5

Allele T 824 0.45 620 0.57

Individuals AA 285 0.31 106 0.20

Individuals AT 430 0.47 254 0.47

Individuals TT 197 0.22 183 0.34
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FTO, fat mass and obesity-associated gene

Church C, et al. Nat Genet. 2010;42:1086-92



8 cases described
All died in the first three years of life

FTO, fat mass and obesity-associated gene

Boissel S, et al. Am J Hum Genet. 2009;85:106-11 46



FTO, fat mass and obesity-associated gene

Meyre D, et al. Diabetes. 2010;59:311-8 47
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FTO, fat mass and obesity-associated gene

Cecil JE, et al. N Engl J Med. 2008;359:2558-66
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A/X, heterozygous carriers; TT, noncarriers

Cecil JE, et al. N Engl J Med. 2008;359:2558-66
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AA, homozygous carriers; TA, heterozygous carriers; TT, noncarriers

Ibba A, et al. J Pediatr Endocrinol Metab. 2013;26(5-6):539-44



FTO, fat mass and obesity-associated gene

Claussnitzer M, et al. N Engl J Med. 2015;373:895-907 51



52IRX3/5, iroquois homeobox 3/5



Insulin 
resistance/

Type II diabetes
Dyslipidaemia     

Liver steatosis 
(NAFLD)

Tumours Hypertension
Cardiovascular 
complications

COMPLICATIONS OF OBESITY

53NAFLD, nonalcoholic fatty liver disease



Overweight and obesity are consistently indicated as the 
most significant risk factors for the development of NAFLD.
About 25% of obese children have increased ALT.

2013

54
ALT, alanine aminotransferase; NAFLD, nonalcoholic fatty liver disease

Nobili V, et al. J Hepatol. 2013;58(6):1218-29



PREVALENCE OF NAFLD IN OUR COHORT OF 
410 OBESE CHILDREN AND ADOLESCENTS 

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HDL, high-density lipoprotein cholesterol; HOMA-IR, Homeostatic 
Model Assessment of Insulin Resistance; LDL, low-density lipoprotein; NAFLD, nonalcoholic fatty liver disease; SDS, standard deviation score 

Ibba et al. unpublished data
55



SNPs REPRODUCIBLY ASSOCIATED WITH 
PEDIATRIC FATTY LIVER DISEASE

SNP, single nucleotide polymorphism

Umano GR, et al. Children (Basel). 2017;4(6). pii: E49 56



ADIPONUTRIN-LIKE PHOSPHOLIPASE-3 GENE (PNPLA3) 
IS EXPRESSED IN THE LIVER AND ADIPOSE TISSUE IT CAN 
BOTH SYNTHESIZE AND HYDROLYSE TRIGLYCERIDES

57PNPLA3, adiponutrin-like phospholipase-3 gene; PUFA, polyunsaturated fatty acid 
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II, individuals with two I 148 alleles, ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; IM, heterozygotes; 
MM, individuals with two M alleles; PNPLA3, adiponutrin-like phospholipase-3 gene

Romeo S, et al. J Hepatol. 2010;53:335-8



EPIGENETICS AND OBESITY
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OBESITY: A POLYGENIC, EPIGENETIC AND 
MULTIFACTORIAL DISEASE

Loche E, et al. Trends Endocrinol Metab. 2016;27:349-50 60



61Khera AV, et al. Cell. 2019;177(3):587-596.e9
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A genome-wide polygenic score can quantify inherited susceptibility to obesity

Polygenic score effect on weight emerges early in life and increases into adulthood

Effect of polygenic score can be similar to a rare, monogenic obesity mutation

High polygenic score is a strong risk factor for severe obesity and associated diseases

POLYGENIC PREDICTION OF WEIGHT AND
OBESITY TRAJECTORIES

Khera AV, et al. Cell. 2019;177(3):587-596.e9



OBESITY
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