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Pasquali et al., Eur J Endocrinol. 2020 Jan;182(1):G1-G32



Complications of obesity and diseases associated with it in adults (Panel A) and children (Panel B)

Cypess AM. N Engl J Med. 2022 Feb 24;386(8):768-779.



PUBERTA’ PRECOCE



The regulation of puberty onset

Reinehr T, Roth CL. Lancet Child Adolesc Health. 2019 Jan;3(1):44-54.

Age at menarche in the USA and Europe in the past 180 years



Prevalence of obesity in childhood and age at pubertal onset in girls in the USA (A) and Europe (B) in the past few decades

Reinehr T, Roth CL. Lancet Child Adolesc Health. 2019 Jan;3(1):44-54.

Prevalence of obesity in childhood and age at pubertal onset in boys in the USA (A) and Europe (B) in the past few decades



Survival curves of age at menarche in girls with percentage total body fat (TBF) of 20%, 30%, or 40%
demonstrating that menarche occurred earlier in girls with higher TBF. Shaded areas indicate the 95% CI.2

The Journal of Clinical Endocrinology & Metabolism, Volume 106, Issue 6, June 2021, Pages 1668–1683



Hypotheses linking obesity, insulin resistance, and adipokine secretion to timing of pubertal development

Reinehr T, Roth CL. Lancet Child Adolesc Health. 2019 Jan;3(1):44-54.



Pubertal Rating According to Tanner Stages.

N Engl J Med 2008; 358:2366-2377



Precocious puberty is the appearance of any sign of secondary sex characteristics in girls younger than 7½
or 8 and in boys younger than age 9. In the United States, most children with early puberty have a
variation of normal puberty, and no medical problem is present. Many children who go through puberty
early or late have other family members who also went through puberty early or late, and differences in
timing may be familial. However, girls younger than age 6-7 or any boys are at higher risk of having an
endocrine problem that causes precocious puberty and requires treatment.

https://www.endocrine.org/patient-engagement/endocrine-library/precocious-puberty

Two main types of precocious puberty are abnormal:

Central Precocious Puberty (CPP): occurs when the hypothalamus releases GnRH and activates puberty
early. In most girls with CPP, there is no underlying medical problem. In boys, the condition is less
common and is more likely to have a link to a medical problem. Such problems include a tumor, brain
trauma (such as a blow to the head, brain surgery, or radiation treatment to the head), or inflammation
(such as meningitis).

Peripheral Precocious puberty (PPP): rarer than CPP. It results from early production of sex hormones due
to problems with the ovaries, testicles, or adrenal glands. Another cause can be external exposure to sex
hormones (such as coming into contact with an adult using estrogen or testosterone cream).



https://www.frontiersin.org/files/Articles/1056871/fendo-13-1056871-HTML-r1/image_m/fendo-13-1056871-g002.jpg


Polycystic ovary syndrome (PCOS) 



• Polycystic ovary syndrome (PCOS) is defined by a combination of signs and symptoms of androgen excess and ovarian dysfunction in 
the absence of other specific diagnoses.

• Heterogeneity, from aetiology to clinical presentation and long-term prognosis, is intrinsic to PCOS.
• Mounting evidence suggests that PCOS might be a complex multigenic disorder with strong epigenetic and environmental

influences, including diet and other lifestyle issues.
• The diagnosis of PCOS is uncomplicated, requiring only the careful application of a few well-standardized diagnostic methods.
• Treatment should be symptom-oriented, long term and dynamic and adapted to the changing circumstances, personal needs and 

expectations of the individual patient.
• Therapeutic approaches should target hyperandrogenism, the consequences of ovarian dysfunction and/or the associated

metabolic disorders.

Escobar-Morreale, H. F. (2018) Polycystic ovary syndrome: definition, aetiology, diagnosis and treatment Nat. Rev. Endocrinol. doi:10.1038/nrendo.2018.24

The heterogeneous nature of PCOS

clinical manifestations metabolic consequences 



Environmental factors influencing PCOS

https://www.nature.com/articles/nrendo.2018.24/figures/2


McCartney CR, Marshall JC. N Engl J Med. 2016 Jul 7;375(1):54-64

Basic Pathophysiology of Hyperandrogenemia in the Polycystic Ovary Syndrome



Abdominal adiposity and PCOS Pathophysiological heterogeneity in patients with PCOS.



Algorithm for the aetiological diagnosis of women thought to have PCOS

NCCAH: non-classic congenital adrenal hyperplasia



Meta-analysis of the prevalence of PCOS in severely obese patients submitted to bariatric surgery. 

Meta-analysis of the prevalence of resolution of PCOS in severely obese patients after weight loss following bariatric surgery.

Human Reproduction Update, Volume 23, Issue 4, 2017



MALE HYPOGONADISM



Obesity and hypogonadism – bidirectional relationship

 In population-based studies, obesity is the single most important factor resulting in testosterone
deficiency.

 Similarly, testosterone deficiency can cause increased adipogenesis and visceral obesity as evidenced by
rapid weight gain observed in men following androgen deprivation therapy or surgical castration.

 Testosterone deficiency is associated with visceral fat dysfunction, subsequent chronic inflammation,
insulin resistance and low sex hormone binding globulin (SHBG) levels.

 Weight loss achieved pharmacologically with liraglutide or with bariatric surgery improved testosterone
and gonadotrophin levels, and were able to reverse the hypogonadotrophic hypogonadism caused by
obesity.

Male Obesity-related Secondary Hypogonadism



European Endocrinology. 
2019;15(2):83–90



Trends in Endocrinology & Metabolism Volume 12, Issue 2, 1 March 2001, Pages 65-72

Leptin in reproduction

Proposed dual action of leptin on reproductive
function. Leptin concentrations above a minimal
threshold (T1) are necessary in the hypothalamus to
activate the hypothalamus–pituitary–gonadal (HPG)
axis, to trigger puberty and to maintain reproductive
function. Leptin excess above a certain threshold (T2),
such as is found in obesity, might impair testicular
and ovarian steroidogenesis and have deleterious
effects on reproduction.

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/leptin
https://www.sciencedirect.com/topics/medicine-and-dentistry/hypothalamus
https://www.sciencedirect.com/topics/medicine-and-dentistry/steroidogenesis


European Endocrinology. 2019;15(2):83–90



Craig et al., Obesity, male infertility, and the sperm epigenome. Fertil Steril. 2017 Apr;107(4):848-859



Meta-analysis of the prevalence of male obesity associated secondary hypogonadism (MOSH) in severely obese patients
submitted to bariatric surgery. 

Meta-analysis of the prevalence of resolution of MOSH in severely obese patients after the weight loss following bariatric surgery.

Human Reproduction Update, Volume 23, Issue 4, 2017





Donkin et al. show 
that spermatozoa
from obese men 
carry a distinct
epigenetic signature
compared to lean
men, in particular at
genes controlling
brain development
and function. The 
sperm methylome is
dynamically
remodeled after
gastric-bypass-
induced weight
loss,notably at gene 
regions implicated in 
the central control of 
appetite.

Donkin et al., 2016, Cell Metabolism23, 369–378



Relationship between erectile dysfunction (ED) severity and various parameters including excess adipose tissue

Corona G, et al., Erectile dysfunction and central obesity: an Italian perspective. Asian J Androl 2014;16:581-91. 
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