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To grow or not to grow?



What is growth hormone?
What is growth hormone deficiency?

Children
Adults

How does it happen?
Childhood
Adults

Diagnosis
Treatment
Ongoing management 

Introduction



Hormones – two groups
Fat soluble

Amines
Peptides
Proteins

Water soluble

Growth hormone – other 
hormones?



Back to basics?



Hormone classification
Peptide Hormones Steroid Hormones Amino Acid Derivatives

Synthesised as an inactive 
prohormone. Require further 
processing to activate

Synthesised from cholesterol Synthesised from the amino acid 
tyrosine

Stored in vesicles, released by 
exocytosis

Released immediately (not stored). 
Diffuse out of the cell

Stored before release

Most are water soluble and can 
travel freely in the blood

Require carrier proteins to travel in 
blood

Some circulate protein-bound

Bind to receptors on cell 
membrane

Lipid soluble; cross the cell 
membrane to bind to intracellular 
receptors

Adrenaline acts on membrane 
receptors; thyroid hormones act on 
nuclear receptors

Fast onset Slower onset but longer duration 
than peptide hormones

Adrenaline like peptides; T4 & T3 
like steroids

TRH, CRH, GnRH, GHRH, 
TSH, ACTH, LH, FSH, GH, ADH, 
PRL
Insulin, Glucagon, PTH

1,25 (OH)2 Vitamin D
Cortisol, Aldosterone, Androgens
Oestradiol, Progesterone

T4 & T3
Adrenaline



Patterns of hormone secretion



Hormone receptors
• Membrane receptors

• G-protein linked receptors
• Tyrosine kinase receptors

• Intracellular receptors

SIGNAL

EFFECT

RECEPTOR



Membrane receptors



G protein linked receptors
Active G proteins can 
either by stimulatory or 
inhibitory

Examples of G-protein 
linked receptors:

-GnRH, FSH, LH
-TSH
-GHRH
-ACTH
-Glucagon
-PTH



McCune Albright Syndrome

Activating mutation of alpha subunit of g protein



Tyrosine kinase receptors

Examples of 
tyrosine kinase 
receptors:

-Insulin
-IGF-1



Due to GH receptor deficiency or post-receptor deficiencies

GH insensitivity



How else can it happen?



Class 1 receptors include steroid hormone receptors

Class 2 receptors include thyroid hormone & vitamin D

Intracellular receptors



CAIS or PAIS - mutation in the AR gene

Androgen Insensitivity Syndrome



How it works 



Back to growth hormone!



Growth hormone structure



Growth hormone – where?



GH stimulates IGF-1

Somatotroph suppression

GHRH suppression

Somatostatin secretion

Somatotroph feedback

Growth hormone – how?



Growth failure associated 
with

Growth hormone 
deficiency
Turner syndrome
Noonan syndrome
Prader Willi syndrome
Chronic renal insufficiency
Children born small for 
gestational age
Short stature homeobox-
containing gene (SHOX) 
deficiency

Growth hormone deficiency - 
children • Genetics

• Acquired GHD
• Craniopharyngioma
• Radiotherapy

• Birth trauma
• Neurological disease

• Encephalitis
• Meningitis

• Traumatic brain
    injury



Dattani & Malhotra, 2019

Growth hormone deficiency - children
 



Biochemical investigations

 ≤ 6 – 7 µg/L on GST x 2

Radiological and genetic 
testing

Auxology

Physical examination

Pubertal staging

Children



Hypothalamo-pituitary disorders
Benign pituitary tumours

Radiotherapy
Structural lesions
Genetic disorders
MPHD
Traumatic brain injury

      CHILDHOOD V ADULT ONSET

Adults



Adults

Martirossian & Silverstein, 2021



Growth hormone deficiency
             Adults

• Severe GH deficiency
• Peak GH response of less than 9 mU/litre (3 ng/ml) 

during an ITT 

• Perceived impairment of quality of life (QoL) of at 
least 11 in AGHDA

• They are already receiving treatment for any 
other pituitary hormone deficiencies as required.

  NICE, 2003                                           Reed et al, 
2013
                                                                Merriam, 
2011





The Insulin Tolerance Test (ITT)
• Fasting for 8 hours
• 0.05 – 0.15 iu/kg
• Blood sampling

• GH
• Cortisol
• Blood glucose

• 0, 20, 30, 45, 60, 120 mins
Consensus?

Martirossian & Silverstein, 2021 



                                              Yuen, 2011

The Glucagon Stimulation Test



Other GH stimulation tests?      
JCEM, 2018 

Arginine
Clonidine
GHRH





Growth hormone treatment



Growth  UK licenses
Company Paediatr

ic GHD
Adult 
GHD

TS NS PWS SGA CRI SHOX

Nutropin Aq
Ipsen

ü ü ü ü

Norditropin
Novo 
Nordisk

ü ü ü ü ü ü

Genotropin
Pfizer

ü ü ü ü ü ü

Omnitrope
Sandoz

ü ü ü ü ü ü

Saizen
Merck

ü ü ü ü ü

Humatrope
Lilly

ü ü ü ü ü



Growth hormone devices



Growth hormone treatment - 
children

GHD
25 – 39mcg/kg/day

TS
45 – 50mcg/kg/day

NS
     35 mcg/kg/day 
SGA

35mcg/kg/day
CRI

45 – 50mcg/kg/day
PWS

35 mcg/kg/day
SHOX deficiency

45 – 50mcg/kg/day



Growth hormone device 
choice
Dose dependent on 
condition

Weight calculated
Regular clinic visits

6/12 monthly
Height velocity
Adherence

Growth hormone treatment - 
children • Bone age

• Thyroid Function Test 
• Serum IGF1 and IGBP-3
• Metabolic panel, early am 

cortisol, FBC, HbA1C 
• Dose adjustment
• Adverse Events



What’s new...?



Advantages of LA GH



Here comes the science...



Pharmacodynamics
• The biochemical and physiological 

effects of medicines and their 
mechanisms of action

• This includes all the actions of a 
medicine not just the desirable ones:

• Also the side effects!

What a medicine 
does to the body

Pharmacokinetics

The time course of:
Absorption
Distribution 
Metabolism
Excretion

What the body does 
to the medicine

Understanding Pharmacokinetics 
and Pharmacodynamics

40



The duration of action of a drug is known as its 
half life

Period of time required for the concentration or 
amount of drug in the body to be reduced by 
one-half

Half life of a drug in relation to the amount of the 
drug in plasma

Depends on how quickly the drug is eliminated from 
the plasma 

The removal of a drug from the plasma is known 
as clearance and the distribution of the drug in 
the various body tissues is known as 
the volume of distribution

Understanding the Half Life
41



Once-Weekly NGENLA (somatrogon) 
utilises CTP technology to extend its half-
Life

42

Somatrogon contains 3 CTP sequences, from 
the beta chain of hCG, fused to hGH

• Somatrogon is comprised of a hGH 
molecule fused with C-terminal peptide 
(CTP) from naturally occurring human 
chorionic gonadotropin (hCG)

• Similar mechanism of action as hGH



Normalising height
Best results – severe GHD

Induces the expression of growth 
factors
Regulates longitudinal bone growth

Epiphyseal growth plate

Is GHD idiopathic?
Genetics…

GH mechanism of action



Cartilaginous tissue with specific functions 
since growth begins until epiphysis is closed 
after puberty

Three different zones
The resting zone 

Stem cells slowly replicate
The proliferative zone

Generate clones of chondrocytes
Replicate at high rate

Align in columns 
Replication decreases as move away from 
epiphysis, and form

Hypertrophic zone
Cartilage attracts the blood vessels, osteoclasts, 
and differentiating osteoblasts, which remodel 
the newly formed cartilage into bone tissue.        

Epiphyseal growth plate



Stopping GH at least 1 
month prior to retesting 

Insulin, glucagon, 
  GHRH, arginine

Further complicated by 
different GH peak ‘cut-
offs’ recommended for 
each test which can also 
be dependent on BMI.

Growth hormone treatment - 
transition



Growth hormone treatment - adults



0.3 mg/day
26 – 45 years

0.2 mg/day
46 – 65

IGF-1 
2 – 3 months after starting

Growth hormone treatment - 
adults



Growth hormone treatment - 
adults



Growth hormone replacement - elderly

Bitti et al, 2019



Growth hormone overview
What is GH
What is GHD

Diagnosis

Children
Different licensed 
indications

Transition

Adults
Elderly

GH Conclusion



UK GH Guidelines...



What about suppressing growth?



What is GnRH?
What is a GnRH analogue?
History
Exploring the growth plate
Uses in children / young 
people

Central Precocious Puberty
Peripheral Precocious Puberty
Gender Dysphoria

GnRH analogues in practice
Guidelines
    
    

Introduction



Gonadotrophin Releasing Hormone 
(GnRH)

• Median eminence

• Structure at the base of the 
hypothalamus where 
hypothalamic-releasing and –
inhibiting hormones converge 
onto the portal capillary system 
that vascularizes the anterior 
pituitary gland



)

Looking at the hypothalamus and 
pituitary gland



Artificially created molecules

Similar to the actual GnRH 

Affinity for GnRH receptors in the 
Pituitary gland

GnRH analogues – what are they?



Identified and synthesized in 1971

History of GnRH analogues



Main goal is to prevent early fusion of the epiphyseal growth plates

Bone Science (2020)

Management



Epiphyseal growth plate

Devesa, J., Almenglo, C., & Devesa, P. (2016). 



Normal physiology
• Cell surface receptors

• Embedded in the plasma 
membrane of cells

• Act in cell signalling
• Binding to extracellular 

molecules
• GnRH

Jones & Lopez (2014)



AGONIST
• A drug that binds to a receptor

• Causes activation and then cellular 
changes

ANTAGONIST
• Reduces the effect of an 

agonist
• Type of drug that blocks or 

dampens the biological response

Agonist v Antagonist?

One simulates the intended reaction, where an 
antagonist binds to the receptor, and stops/ 

slows responses



More potent than native GnRH

Longer half life than native GnRH

Produce initial stimulation of pituitary 
gonadotrophs ➢
 - Secretion of FSH and LH ➢
 - Expected gonadal response
 - Down regulation and inhibition of 
HPG axis

Suppression of spontaneous ovulation
 - Ovarian stimulation – IVF - ICSI
 - Assisted reproductive technology
 - PP…?

GnRH agonists



GnRH antagonists
• ‘Antagonize’ the GnRH receptor

• Used for short periods to prevent the LH surge and ovulation

• PROMPTLY suppress pituitary gonadotrophins by GnRH 
receptor competition

•  - Avoids initial stimulatory phase of the agonists

• Discontinuation
•  - Rapid and predictable recovery of HPG axis

• Potential tool for
 ‘chemical hypophysectomy’ 



GnRH AGONIST
Daily injections of agonists
 - Desensitizing effects

Now have longer lasting antagonist analogues
 - Block the LH surge
 - Therefore longer desensitization

Which one?     



Formulations 

Made of microcapsules 
or microgranules

Pharmacokinetics and Pharmacodynamics



Modes of action in Central Precocious 
Puberty (CPP)

• CPP
• 1:5000 to 10,000 children

• High female to male ratio

• Exert their effect by occupying 
the GnRH receptor

• Resulting in a desensitization of 
pituitary gonadotrophs with 
subsequent suppression of 
gonadal steroid secretion



Modes of action in Peripheral Precocious 
Puberty (PPP)

Davies (2020)

• Boys with signs of puberty before nine years 
of age should be evaluated for precocious 
puberty

• PPP in boys results from increased androgen 
production by the testes or adrenal glands

• Congenital Adrenal Hyperplasia (CAH)  is the 
most common cause of PPP in boys and 
CAH can present with GnRH-dependent 
precocious puberty



A group of inherited conditions that are 
present at birth (congenital) where the 
adrenal gland is larger than usual 
(hyperplasia)

Body is missing an enzyme (chemical 
substance) that stimulates the adrenal 
glands to release cortisol

Lacking this hormone means that the body 
is less able to cope with physiological 
stress, which can be life threatening if not 
replaced with daily medication

It also makes the level of androgen (male 
hormone) increase, which can cause male 
characteristics to appear early in boys or 
inappropriately in girls

CAH reminder...

GOSH (2018)



Gender dysphoria
Persistent feelings of incongruence between gender identity 

and assigned sex

Modes of action in Transgender treatment



GnRH analogues in practice



Shared care criteria with primary care
Triptorelin 

Leuprorelin Acetate 

Guidelines & licensing – BSPED 
2022



Guidelines and licensing 
ESPE 2019 



“Access to puberty-suppressing hormones after Tanner stage 2 is reached 
to prevent further unwanted pubertal progression when criteria are met” 

Guidelines and licensing – PENS 
2015



Pubertal Tanner staging – Tanner 
Stage 2



Guidelines and licensing – Endocrine 
Society 2017



Guidelines and licensing – Endocrine 
Society 2017

Children

• We recommend against 
puberty blocking and gender-
affirming hormone treatment in 
prepubertal children with 
Gender Dysphoria /gender 
incongruence.

Adolescents

• We suggest that clinicians 
begin pubertal hormone 
suppression after girls and boys 
first exhibit physical changes of 
puberty. 

• We recommend that, where 
indicated, GnRH analogues are 
used to suppress pubertal 
hormones



Attention to dosage 
intervals

Impact on bone mineral 
density

Controversies – girls with 
learning difficulties

• Bone formation
• Highly susceptible to 

hypoestrogenic effects of GnRHa

• Inhibit osteoclast activity
• Reduces bone absorption



Controversies – Transgender children

• Gender dysphoria (GD)
• Does GnRHa prevent resolution?

• What about pre-pubertal children with GD

• Would GnRH treatment block romantic and sexual
 attractions, by blocking sexual development?



Tornoe et al (2006)

Conclusion • Reviewed GnRH
• GnRH analogues

• Focus on the epiphyseal growth 
plate

• Normal physiology
• Antagonist v Agonist
• Modes of action

• CPP
• PPP
• Transgender management

• Guidelines / Licensing
• Controversies



• Endocrinology is hard work!

• Growth hormone
• Anatomy / physiology
• Indications

• GnRH analoges
• Anatomy / physiology
• Indications

Take home messages
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