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SESSION 5:  MINERAL METABOLISM AND METABOLIC BONE DISORDERS
(Dr Duncan Bassett) 

LECTURE 1: MINERAL HOMEOSTASIS

Learning objectives

1. Describe the formation of the skeleton and contrast endochondral and intramembranous ossification
2. How is the structural integrity of the skeleton maintained? Describe the role and regulation of the bone cells involved
3. Identify the principal organs involved in calcium metabolism 
4. Describe the mechanism of action of PTH, 1,25(OH)2D and FGF23 
5. Describe the regulation of parathyroid hormone synthesis and secretion
6. List the functions of calcium in the body.
7. Describe the regulation of vitamin D metabolism
8. List the functions of phosphate in the body
9. Describe how PTH, 1,25(OH)2D are synthesized. 
10. Describe the negative feedback loops involved in calcium and phosphate homeostasis
11. Contrast the regulation of 1,25(OH)2D synthesis in kidney and macrophages
12. Contrast the signalling of FGF23 and 1,25(OH)2D
13. Explain why calcitonin is not thought to be an important regulator of mineral homeostasis in humans
14. How does 1,25(OH)2D integrated the regulation of calcium and phosphate



MINERAL HOMEOSTASIS

BONE FORMATION
Bone is composed of a type I collagen rich matrix component called osteoid and mineral component called hydroxyapatite Ca10(PO4)6(OH)2
99% of the bodies calcium, 85% of the phosphate and 50% of the magnesium is in the mineral phase of bone.
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Chondrocytes form a cartilage model of the bone and then undergo a program of proliferation and hypertrophic differentiationand secrete the cartilage matrix. 
A 10-fold in crease in hypertrophic chondrocyte volume results in liear growth.
The cartilage matrix calcifies, the chondrocytes undergo apoptosis. Vascular invasion results in the entry of osteoclasts (bone resorbing cells) and osteoblasts (bone forming cells). These cells then remodel the calcified cartilage to form trabecular bone
Osteoblasts at the edge of the growth plate form a bone collar which becomes the cortical bone tube. Growth plate progressively narrows and fuses at puberty resulting in cessation of growth.

[image: ]
Growth occurs at the osteogenic fronts within the cranial sutures which meet at the anterior and posterior fontanelles. During skeletal development these sutures progressively narrow overlap and finally fuse resulting in cessation of skull growth


MAINTANENCE OF ADULT BONE

Microstructure of mature bone
[image: ]

Mechanical strength and architecture is maintained by the bone remodelling cycle
[image: ]
Osteocytes are thought to be bone mechanosensors sensing microfractures and strain
Osteocytes signal to osteoblasts which then stimulate osteoclast differentiation and fusion
	Osteoblasts release of M-CSF and IL-6 and express RANKL.
Osteoblast also express osteoprotegerin (OPG), a decoy receptor for RANKL, which blocks the osteoclast differentiation signal.
Osteoclasts attach to the bone surface secrete hydrogen ions that dissolve bone mineral and
proteases that degrade the collagen matrix 
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Parathyroid Hormone (PTH) and the PTH receptor (PTHR1)
PTH regulates ionised calcium levels
99% of calcium in body is complex hydrated calcium salt in bone (hydroxyapatite crystals)
In blood 50% protein bound and 50% ionized calcium  
Extracellular calcium is 10,000x greater than intracellular calcium

CALCIUM regulates neuromuscular excitability
Release of neurotransmitters and hormones (excitation-secretion coupling)
Intracellular messenger and muscular contraction
blood clotting factor (factor IV)
intracellular co-enzyme activity
[image: ]
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PTH regulates serum calcium by acting directly in the kidney and bone but also indirectly via 1,25(OH)2D in the small intestine
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PTH related peptide (PTHRP) is an alternative ligand for PTHR1
It is a paracrine factor and is required for normal
Linear growth (growth plate chondrocyte proliferation and differentiation)
	Calcium transport across the placenta
	Growth and differentiation of breast epithelia, pancreatic islets and skin
	
1,25(OH)2 Vitamin D and the vitamin D receptor (VDR)
1,25(OH)2D is the master integrator of calcium and phosphate homeostasis
[image: ]
Vitamin D from dietary intake and synthesis in the skin
Vitamin D is transported bound to Vitamin D binding protein
Vitamin D is first 25-hydroxylated in the liver and then converted to the active ligand 1,25(OH)2D by 1-hydroxylation in the kidney (supplies circulating 1,25(OH)2D).




Vitamin D synthesis and metabolism
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25-hydroxylase is not rate limiting
1-hydroxylation is the regulated rate limiting step (PTH and FGF23 are key regulators)
24-hydoxylase inactivates 1,25(OH)2D and prevents activation of 25-OH D
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VDR is a nuclear ligand inducible transcription factor
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The VDR is widely expressed
A number of tissues also express the 25-hydroxylase, 1-hydroxylase and 24-hydroxylase and so can regulate intracellular ligand availability.
(Parathyroids, skin, osteoblasts, osteoclasts and immune cells and macrophages) 

[image: ]
1,25(OH)2D stimulates calcium absorption from the gut and its reabsorption from the kidney and 
1,25(OH)2D inhibits PTH synthesis and release in a negative feed back loop.
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Maintenance of calcium absorption by 1,25(OH)2D is essential to maintain normal serum calcium levels and thus skeletal mineralisation. However 1,25(OH)2D also acts directly in bone

Fibroblast growth factor 23 (FGF23) and 1,25(OH)2D are the key regulators of serum phosphate.
85% of the body’s phosphate is in bone
Phosphate is essential for mineralisation of bone and also for apoptosis of hypotrophic growth plate chondrocyte.
Intra and extracellular concentrations are similar
Organic phosphate is a key component of almost all classes of structural, informational and effector molecules (Nucleic acids, phospholipids, complex carbohydrates, phosphoproteins, enzyme co-factors, energy storage molecules and G-proteins)
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1,25(OH)2D stimulates phosphate absorption from the gut 
Serum phosphate and 1,25(OH)2D induce expression FGF23 in ostoblast/osteocytes
FGF23 then acts to ensure the calcium phosphate product does exceed its solubility by acting in a negative feedback loop to 
1) Inhibit phosphate resorption from the kidney
2) Inhibit synthesis of 1,25(OH)2D by 1a-hydroxylation
3) Increase 1,25(OH)2D inactivation by 24-hydroxylation
FGF23 acts via the FGFR1c receptor but also requires the co-receptor Klotho a -glucosidase


CALCITONIN 
The neuroendocrine parafollicular cells of the thyroid express calcitonin 
They account for 0.1% of thyroid cells
CALC-I gene encodes a 141 amino acid protein that is proteolytically cleaved to yield a 32 amino acid peptide. 
The CaSR is expressed by C-cells and increased serum calcium stimulates calcitonin synthesis and release.
The calcitonin receptor is a G-protein coupled receptor expressed in osteoclasts and proximal renal tubules. It is coupled to Gs and cAMP is its secondary messenger.
Calcitonin 
Rapidly inhibits osteoclast resorption and leads to a rapid fall in calcium. I
Inhibits renal phosphate resorption.
 
Calcitonin is not thought to be physiologically important for mineral homeostasis in humans
Thyroidectomy and thus removal of all C-cells has no affect calcium homeostasis
Elevated calcitonin in Medullar Thyroid Carcinoma does not significantly affect mineral homeostasis’ or bone.

Summary of calcium and phosphate regulation
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LECTURE 2  METABOLIC BONE DISEASE

Learning objectives

1. List the principal causes of hypocalcaemia.
2. List the principal causes of hypercalcaemia.
3. Describe the causes of rickets the pathology the mechanism.
4. Distinguish between primary, secondary and tertiary hyperparathyroidism.
5. Describe the investigation and management of primary hyperparathyroidism
6. Describe the common signs and symptoms of vitamin D deficiency in children and adults
7. How would you diagnose vitamin D deficiency?
8. Describe the pathological changes in rickets
9. Describe the causes of hypercalcaemia with an undetectable PTH
10. Describe the pathology, main clinical features and diagnosis of Paget’s disease.
11. Draw a simple flow diagram illustrating how chronic renal failure effects PTH, 1,25(OH)2D and FGF23
12. Why is calcitrioland notergocalciferol used to treating bone disease in chronic renal failure 
13. List the common risk factors for osteoporosis i.e. age, and explain their actions in terms of calcium metabolism.
14. Describe preventative measures used in osteoporosis treatment and explain their actions in terms on bone metabolism.
15. Describe DXA BMD analysis with particular reference to the T and Z scores
16. Define the incidence of osteoporosis and explain briefly its implications on NHS resources, patient mobility, and mortality.
17. Describe the indications for treatment of Paget’s disease and the mechanism of action of the therapy.
18. Describe the skeletal consequences of long-term glucocorticoid treatment
19. List the common endocrine diseases associated with osteoporosis.
20. List the principal causes of Hypercalcaemia, and describe the common signs and symptoms associated with this condition.
21. Identify the differences between primary and secondary hyperparathyroidism and explain why these two diseases would be treated differently.
22. Name the main medications used to treat osteoporosis and describe their action.
23. Explain why vitamin D may be termed a hormone precursor and a pro-drug.
24. Describe the actions and uses of bisphosphonates and explain why care should be taken when administering these drugs to patients with renal insufficiency.
25. To which superfamily of receptors do the VDR and ER belong and how do they bring about their actions within the cell.
26. Compare and contrast the uses of PTH and the bisphosphonates.
27. Describe the different treatment strategies for osteoporosis.


METABOLIC BONE DISEASE

Normal ranges Corrected Ca2+(2.1-2.60mmol/l), PO43- (0.8-1.4mmol/l), Mg2+(0.7-1.00mmol/l), Alkaline phosphatase (30-130 IU/L), Creatinine (60-110mol/l), PTH (1.1-6.8pmol/l), 25-OHD (25-120nmol/l), Urinary Ca2+ (0-7.5mmol/24h)

DISORDERS OF CALCIUM HOMEOSTASIS

Calcium is bound to serum proteins and corrected calcium is calculated
Corrected calcium = Total serum calcium + 0.1 x ((40 - serum albumin)/4)
[image: ]

HYPERCALCAEMIA
Clinical features
Commonly asymptomatic
	Polyuria, polydipsia, nephrocalcinosis and nephrolithiasis, renal failure
	Lethargy, fatigue and depression (ataxia, psychosis confusion and coma)
	Dyspepsia and peptic ulceration, vomiting, constipation and pancreatitis
	Proxymal myopathy, hypotonia
	Hypertension, bradycardia and short QT
Mechanism
	Increased skeletal resorption (almost always involved)
	Decreased renal excretion
	Increased intestinal absorption

Physiological response to high calcium
[image: ]
High Ca2+ acting via the CaSR suppresses PTH 
High calcium and low PTH reduce 1- hydroxylase activity
Low PTH and low 1,25(OH)2D result in decreased
	Renal Ca2+resorption and increased phosphate 
	Skeletal resorption
	Intestinal absorption
Differential diagnosis
Parathyroid disorders (common in outpatients)
Primary hyperparathyroidism (Autonomous PTH synthesis and release)
80% single parathyroid adenoma, 15% multi glandular hyperplasia
Rare familial forms (MEN1, MEN2, HPT-JT)
Familial hypocalciuric hypercalcaemia (FHH)  (Mutation of CaSR) 
Mutation of CaSR alters calcium set point in parathyroid and kidney
Malignancy related (common in hospital inpatients)
Humoral hypercalcaemia of malignancy (HHM)
PTHrP secretion by tumour or (1,25(OH)2D from lymphoma or very rare ectopic PTH))
Local osteolytic hypercalcaemia (LOH)
(widespread local bone resorption by myeloma, lymphoma or leukemia deposits)
Granulomatous diseases
	Macrophage synthesis of 1,25(OH)2D (TB, sarcoid, inflammatory bowel disease etc)
Endocrine diseases	
Thyrotoxicosis, Addisons’ and Phaeochromocytoma
Iatrogenic
	25-OHD intoxication, Thiazides, Lithium

Investigations
Serum calcium, phosphate, alkaline phosphatase, magnesium, creatinine, PTH and 25-OHD, thyroid function and 24h urinary calcium and creatinine.


Primary hyperparathyroidism(Parathyroid adenoma or hyperplasia)
[image: ]

Treatment is by parathyroidectomy
Complications hypoparathyroidism and recurrent laryngeal nerve palsy
	If surgery not possible 
Reduce PTH secretion with CaSR agonist cinacalcet
Reduce osteoclastic bone resorption with bisphosphonates

Familial hypocalciurichypercalcaemia
	 Ca2+, PO43-, Mg2+  , ALP, PTH 
Calcium/creatinine clearance ratio <0.01
If suspected screen family members (calcium elevated from birth)

Humoral hypercalcaemia of Malignancy (HHM) 
	Ca2+, PO43-, ALP, undetectable PTH, PTHrP
	Identify tumour by examination and further imaging
	(Lung, oesophagus, breast renal and cervical most common)
	Bone scan and CT to identify skeletal metastasis and primary tumour
	Management (Frequently life threatening Ca2+)
		Increase Ca2+ clearance with IV fluids and loop diuretics
		Reduce osteoclastic bone resorption with iv bisphosphonates
		Identify and remove tumour

LOH
	Ca2+, PO43-, ALP, Undetectable PTH and PTHrP
	Bone scan identifies skeletal metastases

Hypervitaminosis D (Sarcoidosis, TB other granulomatous diseases)
	Ca2+, PO43-, Undetectable PTH, 25-OHD,1,25(OH)2D

Vitamin D excess (Pharmacological doses 25-OHD >40,000 IU/d)
	Ca2+, PO43-, Undetectable PTH, 25-OHD, 1,25(OH)2DuCa2+ and stones


HYPOCALCAEMIA
Clinical features
May be asymptomatic if mild and gradual onset
Paresthesia and tetany
(Carpopedal spasm, Chvosteck’s and Trousseau’s signs)
		Stridor and laryngospasm
Generalised seizures
In childhood basal ganglia calcification and mental retardation
	Prolonged QT interval
	Subcapsular cataracts
Mechanism
	Decreased PTH 
	PTH resistance
	Vitamin D deficiency
	Vitamin D resistance
Investigation
Serum calcium, phosphate alkaline phosphatase, magnesium, creatinine, PTH and 25OHD, (skull and hand radiographs) (thyroid function , LH/FSH, E2, testosterone)

Hypoparathyroidism (PTH deficiency)
	Ca2+, PO43-,  or undetectable PTH 
Aetiology
Surgical removal, radiation of parathyroids
Autoimmune destruction (APECED)
Failure of parathyroid developmental failure (DiGeorge syndrome)
Magnesium deficiency (required for PTH synthesis and release)
Rafe familial conditions (PTH mutations, Activating CaSR mutations)
Treatment
Acute: If tetany requires IV calcium gluconate, careful observation for stridor
	Oral calcium and 1-OHD (Increases intestinal calcium absorption)
(Not 25-OHD since PTH required for 1-hydroxylation)
Chronic: Oral calcium and 1-OHD
(NOTE maintain calcium at low normal. Without PTH’s hypocalciuric effect there is a risk of long term renal calcification)
	Intermittent PTH injections are also beginning to be used.

Pseudohypoparathyroidism (PHP) (PTH resistance)
	Mutant GNAS allele that encodes Gs protein inherited from mother (imprinted gene)
	Only maternal allele is expressed in kidney resulting in renal PTH resistance
	Gs required for signal transduction of many hormones so mutation so may also effects
	PTH, TSH, FSH/LH, GHrH signalling
Clinical and Biochemical Features
Ca2+, PO43-, PTH
May also have primary hypothyroidism and primary hypogonadism
Albrights Hereditary Osteodystrophy (AHO)
[image: ]

PsudoPseudohypoparathyroididsm (PPHP)
	Mutant GNAS allele inherited from father (imprinted gene)
	AHO but no biochemical abnormality as normal maternal allele expressed in kidney






VITAMIN D DEFICIENCY

[image: ]
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Clinical features of vitamin D deficiency
Clinical features are the result of low serum calcium and phosphate





Rickets in childhood
[image: ]
Osteomalacia in adults
	May lead to hypocalcaemic symptoms as chronic often absent
Bone pain, 
Proximal muscle weakness, 
Difficulty standing and walking
	Reduced osteoid mineralisation
	Increased fracture risk

Physiological response to low 25-OHD

[image: ]
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Mechanism
Low 1,25(OH)2D results in reduced intestinal absorption of Ca2+ and PO43-
Low Ca2+and 1,25(OH)2D relieves inhibition of PTH synthesis and secretion
High PTH increases Ca2+resorption form bone and kidney in attempt to increase Ca2+
High PTH increases 1-hydroxylase activity in an attempt to generate more 1,25(OH)2D
Low 1,25(OH)2D reduces FGF23 increasing renal PO43-resorption and 1-hydroxylase 
However the high PTH inhibits renal PO43-resorption

Differential diagnosis Rickets and osteomalacia
	Nutritional (Diet, UV exposure)
Malabsorption (Coeliac, Crohns, gastric/duodenal surgery, pancreatitis)
Impaired vitamin D metabolism
25-hydroxylase activity (Liver disease)
Impaired 1-hydroxylase activity (renal disease)
Increased metabolism
	Phenytoin and phenbarbital, rifampicin

[image: ]

Treatment
	Treatment dose until 25-OHD is > 50nM
		Intra muscular injection	300,000 IU of 25-OHD2 every 3 months 
Oral supplementation 		50,000 IU 25-OHD2 per week for 4 weeks 
Maintenance dose see first slide




DISORDERS OF PHOSPHATE HOMEOSTASIS

HYPOPHOSPHATEMIA
	Mild PO43- is common especially in alcoholics and septic patients
	May be severe in chronic alcoholics, refeeding syndrome, DKA and critical illness

Clinical features
	Irritability, confusion seizures, coma
	Haemolysis and thrombocytopenia
	Muscle weakness, myopathy, rhabdomyolysis, cardiomyopathy
	Hypercalciuria and hypermagnesuria, glycosuria
	Impaired gluconeogenesis, Insulin resistance and hypoparathyroidism
	Metabolic acidosis

Mechanism
	Redistribution of into PO43-cells (increased synthesis of phosphorylated carbohydrates)
	Decreased renal excretion (PTH, FGF23, KLOTHO)
	Decreased intestinal absorption (Aluminium/magnesium antacids, chronic diarrhoea)
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HYPERPHOSPHATEMIA
Mechanism
	Redistribution of PO43-out of cells (rhabdomyolysis, tumorlysis syndrome, trauma)
	Decreased renal excretion (Renal failure, hypoparathyroidism, PHPT, reduced FGF23)
	Increased intestinal absorption (phosphate laxatives and enemas)


CHRONIC KIDNEY DISEASE - MINERAL BONE DISORDER
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High phosphate
Initially decreased nephron number results in reduced filtered PO43-,
This is compensated for by increased PTH and FGF23
As renal function deteriorated compensation fails and serum PO43- increases 
High serum phosphate 
Reduces calcium, inhibits 1- hydroxylase
Stimulates PTH and parathyroid hyperplasia
Low 1,25(OH)2D	
Reduced nephron mass limits 1- hydroxylase activity
	Available 1- hydroxylase is inhibited by PO43- and FGF23
	Low 1,25(OH)2D reduces intestinal calcium absorption causing hypocalcaemia
	Low 1,25(OH)2D removes negative feedback on PTH synthesis and secretion
Low Calcium
	Due to reduced intestinal absorption
Stimulates PTH secretion and parathyroid hyperplasia
Hyperparathyroidism
	PO43-, Ca2+ and 1,25(OH)2D all increase PTH and cause parathyroid hyperplasia
Sustained high PTH results in increased osteoclast activity relative to osteoblasts activity and thus excess bone resorption “Renal Osteodystrophy”
FGF23
	FGF23 rises progressively in CKD 
	Inhibits renal PO43-resorption in early CKD
	Reduces 1,25(OH)2D by inhibiting 1- hydroxylase and stimulating 24-hydroxylase

Prevention and Treatment
	Treat once PO43-and 1,25(OH)2D (CKD stage3 Cre Clearance <60ml/min/1.73m2)
	Oral phosphate binders reduce PO43- absorption from gut
	Calcitriol (1,25(OH)2D3) reduces PTH and improves mineralisation
(If parathyroid hyperplasia results in autonomy. Calcitriol will not suppress PTH and hypercalcaemia my occur)
	Cinacalcet (CaSR agonist) is used to control secondary hyperparathyroidism
		Inhibit PTH synthesis and release lowering PTH, Ca2+.and PO43-
	Indications for subtotal parathyroidectomy
		Persistent hypercalcaemia, high Ca2+.PO43- product, sever pruritis
Soft tissue calcification and high bone turnover
Severe progressive and symptomatic hyperparathyroidism (Tertiary HPT)




Rare familial causes of hyperphosphatemia
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ADDITIONAL SLIDES FROM MUSCULOSKELETAL SECTION LECTURE

OSTEOPOROSIS will be covered in the Musculoskeletal section of GEC MBBS but is included here for completeness

[image: ]
Osteoporosis is a major public health burden that affects half of all women and one fifth
5 of men over the age of 50 and costs the European community €31 billion per annum.
	Low bone mass and micro-architectural deterioration
Predisposition to fragility fractures.

Commonest fractures
	Female	Hip, vertebra and Colles’
Male		Hip and vertebra

Peak bone mass occur at between 20 and 30 years of age (major genetic component)
Estrogens is critical in both male and females for acquisition of peak bone mass
Also physical exercise, alcohol XS, smoking, eating disorders, systemic illness
Progressive loss of bone mass from 45 years of age
More rapid bone loss in women due to estrogens deficiency at menopause

[image: ]	

AGE RELATED OSTEOPOROSIS (INCREASED BONE RESORPTION)
1) Estrogens deficiency at the menopause results in increased expression of skeletal cytokines especially IL-6 and reduced expression of OPG and thus increased osteoclastogenesis. 
2) Cutaneous vitamin D synthesis diminishes with age as does renal 1- hydroxylation resulting in decreased 1,25(OH)D and reduced intestinal absorption and increased renal losses
3) Reduction in calcium increases PTH and thus increases osteoclastic resorption



Diagnosis of osteoporosis
	Fragility fracture
	Bone mineral density (BMD)
Osteoporosis defined as a T score <=2.5 
Osteopenia defined as a T score <-1 and >-2.5
BMD is highly significant predictor of fracture risk
[image: ]
Risk factors for age related osteoporotic fracture
Low BMD, advanced age, postmenopausal fracture, 1st degree relative with fracture, smoking, low BMI, vitamin D deficiency, premature menopause, alcohol excess, history of falls, institutionalised and immobility..

Fracturer risk prediction
[image: ]

TREATMENT
Predicted by FRAX site: Treat if prior fragility fracture or BMD <=-2.5
	Advice on weight bearing exercise, smoking and alcohol



Calcium Vitamin D
[image: ]
To maximise BMD and fracture reduction requires 25-OHD level >75nM 
On average this would require at least 2000IU/d
Selective estrogens receptor modulators (SERMs)
	Raloxifene: Estrogen receptor agonist in bone and liver (anti oestrogen in breast)
	Reduces incidence of vertebral fractures but results in menopausal symptoms

Bisphosphonates
[image: ]
	Bisphosphonates inhibit osteoclast function and bone resorption
Reduce fracture risk by approximately 50%
	Alendronate and residronateare taken once a week (oral absorption is poor)
	Zolendronic acid is given once yearly IV

Strontium Ranelate (daily)
	Reduces risk of vertebral fracture by 40% and non-vertebral fracture by 20%
Mechanism of action is uncertain but reduces osteoclast resorption and increase bone formation.
IMPORTANTLY 50% of increase in BMD is due to incorporation of strontium in bone

Teriparatide (PTH1-34)
	Intermittent PTH 20mcg/d given subcutaneously for 18 months
Reduces incidence of vertebral fracture by 60% and non-vertebral fracture by 60%
Decreases osteblast and osteocyte apoptosis
Induces osteoblastic bone formation (effect reduced if bisphosphonates also given)
Bisphosphonates should be commenced on cessation to preserve acquired bone.
Currently used in patients >65y, T score <-4, multiple fractures, intolerant of bisphosphonates or fractures while on bisphosphonates.



Novel drug targets for osteoporosis treatment currently under evaluation
	Osteoclast Targets
Cathepsin K inhibitors
Monoclonal antibody to RANKL (Densumab)
Osteocytes and Osteoblasts Targets
Wnt pathway anabolics and GSK3β inhibitors
Monoclonal antibody to sclersotin
Monoclonal antibody to dickkopf-1


SECONDARY OSTEOPOROSIS
Endocrine
		Thyrotoxicosis (increased bone turnover 
		Hyperprolactinemia (reduced gonadotrophins and sex hormones)
		Primary hyperthyroidism (Increased resorption)
		Acromegly
		Hypogonadism (increased resorption)
		Cushing’s Syndrome (impaired bone formation)
Nutrional
		Vitamin D deficiency
		Coelic disease
		Chronic liver disease
Iaterogenic
		High dose glucocorticoids (Glucocortocoid induced osteoporosis)
		GnRH agonists (Prostate cancer)
		Aromatase inhibitors (breast cancer)
		Thyroid hormone excess (Excessive replacement or Thyroid cancer)
		Anticoagulents
		Anticonvulsants
		Immunosupression

GLUCOCORTICOID INDUCED OSTEOPOROSIS (GIO) (REDUCED BONE FORMATION)
Commonest iatrogenic cause of osteoporosis
Rapid bone loss in first year of treatment then subsequent slow loss
Fractures occur in 30-50% of patients chronically treated with Glucocorticoids
BMD correlate less well with fracture risk in GIO
Mechanism
	Decreased osteoblastogenesis and increased apoptosis (reduced formation)
Decreased osteoclastogenesis but prolonged survival (continued resorption)
Increased osteocyte apoptosis (may lead to osteonecrosis)
Treatment
Bisphosphonates have been shown to be effective in 17-85 year olds
	Should be considered in if glucocorticoids will be required for > 3 months
Teriparatide Is likely to be effective in GIO



PAGET’S DISEASE OF BONE (Localised disorder of bone remodelling)
Commonest metabolic bone disease after osteoporosis but now declining in frequency
	Single site		Monostotic
	Multiple sires		Polyostotic
Aetiology 
	Remains predominantly unknown but shows restricted geographic distribution 
Family history in 15% (Mutations in SQSTM1 sequestome-1, RANK and OPG reported)
	Reason for decline in frequency is unknown

[image: ]
Clinical features
	Often incidentally with elevated alkaline phosphatase or abnormal x-ray
	Bone pain, joint pain, deformity, fracture and increased temperature
Deafness (may be conductive or sensorineural)
Diagnosis
	Raised alkaline phsophatase with osteolysis, osteosclerosis and bone expansion
	Bone scans (Technetium) are more sensitive in identifying skeletal involvement
Complications
	Osteoarthritis due to deformity
	Cranial nerve palsy and spinal stenosis
	Hypercalcaema if immobilised with active disease
	Osteosarcoma (very rare 0,1% in 100 patient years)
Treatment (Bone pain is the indication for treatment)
Simple analgesia (NSAIDs), Physio/hydrotherapy
Bisphosphonates 
Improve pain but do not prevent fracture, deformity or deafness
	Zolendronic acid 5mg iv (90% normalise alkaline phosphatase)
Residronate 30mg once a day for 2 months(60% normalise alkaline phosphatase)

ENSURE PATIENTS ARE VITAMIN D AND CALCIUM REPLEAT
Surgery for sever deformity or osteoarthritis

Follow up
	Alkaline phosphatase and bone scan (Technetium)
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SESSION 5:  METABOLIC BONE DISEASE TUTORIAL

Case 1

A 50 year old lady complains of weakness and bone pain and indigestion. Biochemical investigation by her general practitioner reveals 
cCa2+ 2.9mmol/l, Pi 0.7mmol/l, AlkP 150IU/L and 25-OHD of 25nmol/l

1. How does vitamin D regulate calcium and phosphate metabolism?

2. How does PTH regulate calcium?

3. What are the likely diagnoses?

4. What are the complications?

5. What additional biochemical tests would you perform?

6. What additional imaging is required?

7. What is the appropriate management?


Case 2
A 25 year old lady was tired and had some routine blood tests performed by her GP. She was referred with a cCa2+ 2.82mmol/l, Pi 0.85mmol/l, and Cre 60mol/l and 25-OHD of 75nmol/l

1.  What is the most likely diagnosis?

2.  What is unusual about the case?

3. She tells you her father had renal stones. How is this significant?

4. She tells you no one in her family has had renal stones but her father had an unsuccessful operation for high calcium. How is this significant?

5. What addition tests would you perform?

6. What is the likely diagnosis?

7. What additional investigation is required?

8. What is the appropriate management? 




Case 3
A 55-year old woman with a history of thyroid cancer complained to her general practitioner of fatigue, cramps. 
Biochemical investigation revealed fT4 22.5pmol/l, fT3 5.1pmol/l,  TSH 0.2mU/l, cCa2+ 1.78mmol/l, Pi 1.6mmol/l, AlkP 80IU/L

1. What is the likely diagnosis?

2.What is the likely cause?

3. Why are her symptoms so limited?

4. What questions would you ask and what clinical tests would you do?

5. What addition biochemical investigations would you undertake?

6. How would you treat the patient?

7. What would be an appropriate level of serum calcium and why (normal range 2.1-2.60mmol/l)? 

8. What are the long term consequences of treatment

9. What follow up is required.


Case 4
A 61-year old woman tripped over an irregular paving stone and fell, breaking her hip in the process. On Investigation (DEXA bone scan) the bone density (BMD) was low. The T score was -2.8 at the hip.

1. What are the main endocrine causes of low BMD?

2.What do renal disease and malabsorption have in common as risk factors for low BMD?

3. How is the integrity of the skeleton maintained?

4. What is the difference between the DXA T-score and Z-score

5. Why osteoporosis is linked to the menopause.

6. What further investigations would you perform?

7. What are the risk factors for osteoporosis and fracture?

8. What treatment and advice would you recommend?






MCQ

1) The following are correct statements:
a) The external surface of bone is known as endosteum			
b) Osteoclasts are bone-resorbing cells					
c) There are usually four parathyroid glands in humans			
d) Parathyroid hormone (PTH) stimulates the urinary excretion of phosphate	
e) PTH receptors are present on osteoclasts				
				
2) The following are correct statements:
a) High circulating PTH lowers the serum calcium concentration		
b) PTH secretion is stimulated by a fall in plasma calcium ion concentration	
c) 25-hydroxyvitamin D is produced in the kidneys			
d) 1,25 dihyroxyvitamin D stimulates calcium absorption from the gut 		
e) Hypocalcaemia causes tetany

3) The following are correct statements:
a) Pseudohypoparathyroidism is associated with distinct physical, as well as 	metabolic, characteristics.						
b) In secondary hyperparathyroidism the serum calcium concentration is high
c) Hypercalcaemia causes polyuria and polydypsia			
d) Calcitonin is produced by the parathyroid glands			
e) Calcitonin stimulates renal calcium excretion				

4) Vitamin D deficiency:
a) is relatively common in the elderly					
b) can be associated with renal failure					
c) is called rickets in children						
d) is usually confirmed by the presence of a low circulating 25(OH)D3 level	
e) can be a cause of peripheral myopathy

5) Paget’s disease is:
a)	defined as a demineralization of bone				
b)	present in approximately 50% of people over 60 years old 		
c)	more common in men than women (slight male XS)			
d)	associated with a localized vasodilatation				
e)	often asymptomatic						

6. FGF23:
a) 	primarily regulates serum calcium	(phosphate)			
b)	is secreted by osteoclast (osteocytes and osteoblasts)			
c)	Is a key regulator of vitamin D metabolism				
d)	is elevated in XLH						
e)	Acts through a G-protein coupled receptor in renal and intestinal cells 	Transmembrane TK receptor FGFR1			
					




SESSION 6:  REPRODUCTIVE FUNCTION AND PREGNANCY
(Professor Waljit Dhillo)

LECTURE 1: NORMAL REPRODUCTIVE FUNCTION AND PREGNANCY


Date: 	Wednesday 16 February (09.00-12.30h)
Lecturer: 	Professor Waljit Dhillo 
Location:	         HMW-204 LT III

 

11.00-12.30h:	Tutorials: two gonadal dysfunction cases with focus on amenorrhoea, infertility and the menopause.(HMW-207A SR III) Professor Waljit Dhillo 

11.00-1230h:		Tutorials: two gonadal dysfunction cases with focus on amenorrhoea, infertility and the menopause.  (HMW-207B SR IV) Dr Jeannie Todd


Learning objectives

1. Identify the principal features of the control systems operating on the production of the gonadal steroids, with particular reference to negative and positive feedback loops, in males and females.
2. Label diagrams illustrating the principal structures of the testes and ovaries.
3. Draw simple flow charts illustrating the synthesis of progesterone, 17b-oestradiol and testosterone.
4. Describe the actions of the gonadal steroids in males and females.
5. Describe the principal ovarian and endometrial changes that occur during the menstrual cycle.
6. Relate the synthesis of the major gonadal steroids in males and females to the relevant hormones of the hypothalamo-adenohypophysial axis.
6. Describe how the cyclic production of ovarian steroids is linked to the endometrial, cervical and other changes of the menstrual cycle.
7. Describe the necessary changes which have to occur before the spermatozoon
becomes fully capable of fertilizing the ovum (including capacitation).
8. Describe the fertilization process.
9. Describe how implantation occurs.
10. Describe the decidualization reaction.
11. Describe the principal physiological role of hCG and identify the stage in pregnancy when it first appears and when it peaks.
12. Draw a chart illustrating the changes in maternal circulating concentrations of oestrogen, progesterone, hCG, hPL, LH and FSH throughout pregnancy.
13. Explain how hormones regulate lactation.




NORMAL REPRODUCTIVE PHYSIOLOGY

Draw the hypothalamo-pituitary gonadal axis in males:

			Hypothalamus		



            		Pituitary	                                                                  



            		Testis










Draw the hypothalamo-pituitary gonadal axis in females in the FOLLICULAR PHASE:

			Hypothalamus		



            		Pituitary	                                                                  



            		Ovary






Draw the hypothalamo-pituitary gonadal axis in females in the OVULATORY PHASE:

			Hypothalamus		



            		Pituitary	                                                                  



            		Ovary

Luteal phase
- If implantation does NOT occur –endometrium is shed (menstruation)
- If implantation DOES occur > pregnancy


THE GONADS

	IN MALES: 	IN FEMALES:
	DEVELOP AS THE TESTES	DEVELOP AS THE OVARIES


FUNCTIONS OF THE GONADS:

1. PRODUCTION OF	IN MALES
	FOR		(production of mature spermatozoa)
	REPRODUCTION 	
		IN FEMALES:
	(		) 		(production of ripe ova)

2. PRODUCTION OF 	IN MALES: (	)

		IN FEMALES: (	)
(androgens)

PRODUCTION OF GAMETES

MALES:
· Gametogenesis begins at puberty.
· Some primary spermatocytes continually return to quiescent stage; consequently, pool of spermatogonia available for subsequent spermatogenic cycles is maintained.
· throughout life males retain spermatogenic capability, producing 300-600 sperm/gm testis/second

[image: ]
Sertoli Cells
· form the seminiferous tubules
· in response to FSH produce INHIBIN
· are intimately associated with developing spermatocytes, etc..

Leydig Cells 
· lie outside seminiferous tubules
· In response to LH produce testicular androgens (mainly testosterone)




FEMALES:
· Initial total number of oogonia in fetus is approximately 6 million.
· By birth the total number of oogonia remaining is 2 million, and by puberty less than 0.5 million remain.
[image: ]

GONADAL HORMONES

MECHANISM OF ACTION
Steroid hormones have important genomic effects, and non-genomic effects may also be possible.





hormone 	
 (
receptor
)

 (
ACTIONS
)


 (
h-r complex
) (
New protein
)


 (
mRNA
)









TESTOSTERONE
Synthesis of testosterone

 (
ADRENALS AND GONADS 
) (
CORTICOSTERONE
) (
ADRENALS ONLY
) (
11-DEOXYCORTISOL
) (
DEOXYCORTICOSTERONE
) (
17-OH PROGESTERONE
) (
ANDROSTENEDIONE
)

 (
CHOLESTEROL
)

 (
PREGNENOLONE
)

 (
MAINLY GONADS NORMALLY
) (
TESTOSTERONE
) (
OESTRONE
)
 


TESTOSTERONE



Reduction	Aromatization
(5-reductase)	     (Aromatase)


more potent androgen	Oestrogen


DIHYDROTESTOSTERONE (DHT)	e.g. 17-OESTRADIOL


Endogenous sites of production of androgens	
1. interstitial Leydig cells of the testes
· Principally testosterone 
2. adrenal cortex (males and females)
· principally dehydroepiandrosterone (DHEA), DHEAS & androstenedione 
· stimulated by ACTH 
3. ovaries 
· androstenedione and testosterone are precursors of estrogen synthesis
4. Placenta
5. tumours 


Action of testosterone 
(androgenic and anabolic actions)

1. development of the male genital tract
· First trimester of pregnancy  Differentiation of the male fetal reproductive tract
· Puberty Enlargement and maturation of the primary sexual organs
2. Maintains fertility in adulthood
· Provides trophic support for male genitalia
· Promotes spermatogenesis
3. Control of secondary sexual characteristics
· growth of hair on the face, chest, limbs and pubic region
· causes thickening of the vocal cords and enlargement of the larynx
4. Anabolic effects 
· Muscle hypertrophy
· enhances bone growth
· increases erythropoeisis 
5. Stimulation of the sebaceous glands (acne at puberty).
6. Promotes sense of well being, aggression, libido (men and women)



OESTROGENS
Definition: any substance (naturel or synthetic) which induces mitosis in the endometrium

Estrogens are produced by:
· the developing ovarian follicle
· the corpus luteum
· the adrenal cortex in both sexes
· the foetal placental unit
· peripheral metabolism of androgens
· tumours

Examples:	17-oestradiol (main one during menstrual cycle; most potent)
		Oestrone
		Oestriol (main estrogen of pregnancy)



PRINCIPAL ACTIONS OF OESTROGENS
Maintain fertility  
•	negative/positive feedback at hypothalamus and pituitary
•	on smooth muscle contractility of the uterus and fallopian tube.
•	on cervical secretions 
•	on the endometrium

Metabolic actions -

Bone -

Kidney -

Liver -

CNS -

Growth & development -

Blood clotting factors -





PROGESTOGENS
Definition: any substance (natural or synthetic) which induces secretory changes in the endometrium.
Examples:	progesterone
		17-OH-hydroxyprogesterone


Name the natural progestogen and its main sites of production:



Physiological actions of progesterone.
Progesterone prepares the uterus for implantation of the fertilised ovum and maintains the conditions of pregnancy.
· promotes secretory changes in the mucosal lining of the fallopian tubes
· thickens cervical mucous 
· decreases the contractility of the uterus 
· stimulates the development of lobules and alveoli in mammary tissue prepared by oestrogens 


Combined Oral Contraceptives (COCs)

Combination of an estrogen (ethinyl estradiol) with a second - or third - generation progestogen (eg noretisterone) provides additive and synergistic pharmacology to maximise efficacy at minimal drug concentrations
· feedback actions of P in hypothalamus and pituitary 
· P thickens cervical mucus.
· E upregulates P receptors 
· E counteracts the androgenic effects of synthetic P
· E also contributes to negative feedback at hypothalamus and pituitary - 
· Take for 21 days (or 12 weeks) stop for 7
· Monophasic (one concentration throughout) vs triphasic (3 step‑wise changes in E/P ratio)

"Emergency" Contraception (Post-Coital Pill/morning after pill)

•	combined high dose of oestrogen and progesterone 
•	2 doses 12 hours apart, beginning within 72 hours of intercourse.
•	may cause nausea and vomiting



SERMs = Selective oestrogen receptor modulating drug
- SERMS do not have the classical steroid structure and their actions are tissue selective. 
- ‘designer’ oestrogens

SERMS have a high affinity for the oestrogen receptor and therefore displace oestradiol:
(i) activate estrogen metabolic pathways (thus act like an estrogen) 
(ii) in other tissues by binding to the estrogen receptor will effectively block the ability of estrogen (thus acting as estrogen blockers).

1). CLOMIPHENE – a fertility drug
Is anti-oestrogenic in the hypothalamo-pituitary axis
Bind to oestrogen receptors in the hypothalamus thereby blocking the normal negative feedback, resulting in an increase in the secretion of GnRH and gonadotrophins

It is only taken for the first 5 days of the menstrual cycle to induce ovulation in women who are infertile due to a lack of ovulation. Multiple pregnancies may occur – patients need follicle tracking by ultrasound scanning

Side effects:
Ovarian hyperstimulation & abdominal discomfort
Hot flushes
Endometriosis
Nausea, vomiting, headache




2. RALOXIFENE
Oestrogenic in bone, anti-oestrogenic in breast and uterus
Used for treatment & prevention of postmenopausal osteoporosis

Advantages:
Reduced risk vertebral fractures
Decreased risk breast ca
No increase in MI

Disadvantages:
Increased risk fatal stroke
Increased risk venous thromboembolism
Does not reduce vasomotor symptoms



ENDOCRINE ASPECTS OF PREGNANCY

a) FERTILIZATION

VOYAGE OF THE SPERMATOZOON
· The journey from testis to oviduct is a long one: 100,000 times its own length - comparable to 150 km for a 1.5m human being!
· It is also one taken very much against all odds of success: 1 spermatozoon/106 actually reaches the ovum.


EJACULATION
· Semen is ejaculated into female tract
· Semen consists of 
	a) spermatozoa	50-150 x106 /ml	
	b) seminal fluid		2-5ml
	c) leucocytes
(d) potentially, viruses e.g. hepatitis B, HIV) 

 
SPERMATOZOON ACTIVATION
· Taken from the seminiferous tubule, spermatozoa are quiescent and incapable of fertilizing ovum.
· Taken from the vas deferens, spermatozoa are capable of movement (“whiplash activity) and have some capability for fertilizing ovum. 
· However, full activity and fertilizing capacity is only achieved within the oviduct. This is known as 


FERTILIZATION
· Normally occurs 
· Results in 
· Leads immediately to the zona reaction (including degradation of ZP3) to prevent further binding of other sperm [Ca2+ dependent] 
· Once diploidy is established, the zygote starts dividing to form the initial 2-cell 

DEVELOPMENT OF CONCEPTUS
· The conceptus continues to divide as it moves down from oviduct to uterus (3-4 days)
· Until implantation the developing conceptus receives its nutrients from uterine secretions
· The free-living phase lasts for 		days
· Conceptus first compacts to 8-16 cell morula
· then it becomes		: two distinct cell populations resulting in inner cell mass - which becomes 		- and outer trophoblast - which becomes the chorion. 
· It is transferred to the uterus at the blastocyst stage; this is facilitated by the increasing ratio (luteal phase)
· establishes physical and nutritional contact with maternal tissues

b) IMPLANTATION
· In humans is INVASIVE
· Involves an initial ATTACHMENT PHASE when outer trophoblast cells contact uterine surface epithelium
· Within a few hours, results in 			of underlying uterine stromal tissue
· This requires the correct endocrine background of 				DOMINATION in the presence of OESTROGEN



c) HORMONAL CHANGES IN PREGNANCY	 




· During first 5-6 weeks of pregnancy, the 					play a crucial role in producing the gonadal steroids essential for the developing fetoplacental unit.
· Since the raised circulating progesterone and oestradiol concentrations is high and rising during this period, the release of maternal gonadotrophins LH and FSH is inhibited.
·  The stimulatory role 				on the corpus luteum is taken over by human chorionic gonadotrophin (hCG) produced by the developing implanting blastocyst (syncytiotrophoblast).
· From day 40 however, ovariectomy no longer has any effect on pregnancy since by this stage the role of the corpus luteum has been taken over by the fetoplacental unit.



d) LACTATION






LECTURE 2:  ENDOCRINE INFERTILITY AND THE MENOPAUSE 

Learning outcomes:

1. Draw a diagram of the hypothalamo-pituitary gonadal axis in primary and secondary gonadal failure
2. List the clinical features, causes, investigations and treatment of male
hypogonadism
3. Define primary and secondary amenorrhoea
4. List the causes, investigations and treatment of amenorrhoea
5. List the criteria used to diagnose PCOS
6. List the clinical features, investigations and treatment of PCOS
7. Draw a diagram of the pathway controlling normal prolactin secretion
8. List the causes, clinical features, investigation and treatment of hyperprolactinaemia
9. Define the term menopause 
10. List the symptoms of menopause
11. List the complications of menopause
12. Understand the advantages and disadvantages of treatment of menopause with HRT, Tibolone


Infertility
Infertility: inability to conceive after 1 year of regular unprotected sex.
1:10 couples
Caused by abnormalities in males (30%), or females (45%), or unknown (25%)


Draw the hypothalamo-pituitary gonadal axis in PRIMARY gonadal failure:

			Hypothalamus		



            		Pituitary	                                                                  



            		Testis / Ovary






Draw the hypothalamo-pituitary gonadal axis in SECONDARY (hypothalamic or pituitary) gonadal failure:

			Hypothalamus		



            		Pituitary	                                                                  



            		Testis / Ovary



Disorders in the male - hypogonadism

Clinical features:
Loss of libido = sexual interest / desire
Impotence 
Small testes
Decrease muscle bulk
osteoporosis

Causes:
1. Hypothalamic-pituitary disease
Hypopituitarism
Kallmans syndrome (anosmia & low GnRH)
Illness / underweight 
2. Primary gonadal disease
Congenital: Klinefelters syndrome (XXY), 5-alpha-reductase deficiency
Acquired: Testicular torsion, Chemotherapy
3. Hyperprolactinaemia
4. Androgen receptor deficiency

Investigations:
LH, FSH, testosterone - if all low >> MRI pituitary
Prolactin
Sperm count (Azoospermia = absence of sperm in ejaculate, Oligospermia = reduced numbers of sperm in ejaculate)
Chromosomal analysis (Klinefelters XXY)

Treatment:
Replacement testosterone for all patients
For fertility if hypo / pit disease: GnRH, sc gonadotrophins (LH & FSH)
Hyperprolactinaemia – dopamine agonist



Disorders in the female

1. Amenorrhoea 
Amenorrhoea = absence of periods
Primary amenorrhoea = failure to begin spontaneous menstruation at age 16 years
Secondary amenorrhoea = absence of menstruation for 3 months in a woman who has previously had cycles
Oligomenorrhoea = irregular long cycles

Causes:
Pregnancy ! / Lactation
Ovarian failure: premature ovarian failure, ovariectomy / chemotherapy, ovarian     dysgenesis (Turners 45 XO)
Gonadotrophin failure: Hypo / pit disease, Kallmann’s syndrome (anosmia, Low GnRH), low BMI, post pill amenorrhoea
Hyperprolactinaemia
Androgen excess: gonadal tumour

Investigations:
Pregnancy test
LH, FSH, oestradiol
Day 21 progesterone
Prolactin, thyroid function tests
Androgens (testosterone, androstenedione, DHEAS) 
Chromosomal analysis (Turners 45 XO)
Ultrasound scan ovaries / uterus

Treatment:
Treat the cause ! (eg low weight)
Primary ovarian failure – infertile, HRT
Hypothalamic / pituitary disease: GnRH, gonadotrophins (LH & FSH)



2. Polycystic Ovarian Syndrome (PCOS)
Incidence: 1 in 12 women of reproductive age
Associated with increased cardiovascular risk and insulin resistance (>diabetes) ? why

Criteria to diagnose PCOS: need 2 of the following:
polycystic ovaries on USS
oligo- / anovulation
clinical / biochemical androgen excess

Clinical features:
Hirsuitism
Menstrual cycle disturbance
Increased BMI

Investigations:
Increased LH (LH/FSH ratio)
Testosterone may be high, low SHBG (increased free testosterone)
Prolactin – mildly raised
Ovarian USS – multiple 3-5mm cysts

Treatment of PCOS - hirsuitism
Mechanical hair removal
Oestrogen (OCP)
Reduce testosterone 

Treatment of PCOS - fertility
Metformin
Reverse circadian prednisolone
Clomiphene - SERM (See menopause lecture)
Gonadotrophin therapy


3.Hyperprolactinaemia
Draw the pathway regulating prolactin secretion: 

Hypothalamus		





            		Pituitary	                                                                  





            		Breast



Causes:
Dopamine antagonist drugs
Prolactinoma 
Stalk compression due to pituitary adenoma
PCOS
Hypothyroidism
Oestrogens (OCP), pregnancy, lactation, 
Idiopathic

Clinical features:
Galactorrhoea
Reduced GnRH secretion / LH action
Prolactinoma can cause headache and visual field defect

Investigations:
Drug history
Serum prolactin 
Pregnancy test
Thyroid function tests
Anterior pituitary function
MRI pituitary
Visual fields

Treatment
Treat the cause – stop drugs
Dopamine agonist: bromocriptine, cabergoline
Prolactinoma: dopamine agonist therapy, pituitary surgery rarely needed




THE MENOPAUSE AND ITS TREATMENT AND ANDROGEN-RELATED DRUGS
The menopause, gonadal steroid replacement and related drugs

Definitions:
Menopause = permanent cessation of menstruation resulting from the loss of ovarian follicular activity and 12 months of amenorrhea at the time of midlife. Average age 51 (range 45-55).
Premature menopause (or Premature Ovarian Failure) = menopause occurring before the age of 40, and occurs in 1% of women.
Climacteric = the period of transition from predictable ovarian function through the postmenopausal years.

Hormonal changes during the menopause
- Number of follicles decrease
- Lower oestradiol levels
- Increased FSH & LH

Draw the hypothalamo-pituitary gonadal axis in females:

        NORMAL WOMEN 					MENOPAUSE
 
	Hypothalamus	Hypothalamus



            Pituitary						     Pituitary



            Ovary	Ovary


Premature menopause: causes
- Surgical
- Autoimmune (family history & investigate for other associated autoimmune conditions)
Exclude other causes of secondary amenorrhoea:
– pregnancy, pituitary problem e.g. prolactinoma etc


Symptoms of menopause
- begins with irregular cycles and hot flushes (head, neck, upper chest)

- psycho-social symptoms

- Thin translucent skin

- Decreased libido

- Urogenital atrophy

Symptoms usually diminish / disappear with time


Complications of menopause
OSTEOPOROSIS: 
- is associated with the menopause
- Oestrogen deficiency leads to a loss of bone matrix
- Post menopausal women may lose 1-3% of bone mass / year and have a 10-fold increased risk of fracture

CARDIOVASCULAR (CV) DISEASE
- women are relatively protected against CV disease before the menopause but have the same risk as men by the age of 70


Treatment of menopause

(i) Hormone replacement therapy (HRT) 
- Oestrogen–only HRT = only for women who have had a hysterectomy
- All others combined HRT (oestrogen and progestagen) to prevent endometrial hyperplasia.

HRT formulations: oral, Transdermal HRT (patch / gel), Percutaneous slow release implant, Intranasal spray, Intravaginal oestrogens

HRT: Agonist on oestrogen receptors at bone, breast & endometrium

ADVANTAGES OF HRT:
(i) control vasomotor symptoms (flushes) 

(ii) delay osteoporosis

ADVANTAGES OF HRT - NOT PROVEN:
(i) IHD

(ii) symptoms of Alzheimer’s disease

(iii) colon CA


DISADVANTAGES OF HRT
(i) endometrial carcinoma
- Oestrogen in HRT promotes endometrial proliferation and increase the risk of endometrial carcinoma. 
- Including progestogens in the HRT formulation will reduce the risk of endometrial cancer.
*………………………………………………………………………………………………………………………………………………………………………………………*

(ii) breast cancer 
- increases risk breast cancer after 5 years of use
- contra-indicated if previous diagnosis of breast CA
- little other data on risk eg FH etc

 (iii) increases risk of gallstones

(iv) increases risk of venous thromboembolism (VTE) 

(v)  increases risk of CVA

HRT OR NOT ?
Treat: normal menopausal women for 5-7 years, premature menopause until normal menopause age

(ii) Tibolone
Synthetic prohormone = ‘designer HRT’
Oestrogenic, progestogenic and weak androgenic actions
No bleeds 
As effective as HRT for relief of vasomotor symptoms of menopause
Increases bone density – fracture data awaited
? Link with endometrial CA & breast CA – RCT data awaited

SESSION 6: GONDAL PHYSIOLOGY AND PATHOLOGY TUTORIAL


Case 1:

A 30 year old female arrives at her GP’s surgery concerned that she has not had a period for 3 months.  You notice that she is quite thin and you calculate her BMI to be 18. 

1) What other questions would you ask her and what investigations would you perform?

2) Interpret these three hormone results in light of the presentation above:
a) High oestrogen, Low LH and FSH
b) Low LH and FSH and low oestrogen
c) High LH and FSH and low oestrogen.


Case 2:

A 44-year old mother of two children presents to her GP complaining of headaches, tiredness, very infrequent menstrual cycles and the occasional expression of milk from her breasts (galactorrhoea). Her doctor estimates her visual fields and concludes that there is some loss in peripheral vision. He takes a blood sample for laboratory analysis, the results of which are given below. 

(Total) testosterone		1.4 nmol/l 	(normal)
SHBG				49 nmol/l	(normal)
Oestradiol			160 pmol/l	(low)
Progesterone			<1.0 nmol/l	(low)
LH				2.2 U/l		(low)
FSH				1.5 U/l		(low)
Prolactin			36,000 mU/l	(very high)

A proper examination of the patient’s visual fields by perimetry confirmed a bitemporal hemianopia.

Questions:

1. What are the principal characteristic features of the initial history?
2. What are the important diagnostic features from the laboratory findings?
3. What is your diagnosis?
4. Explain why the ovarian steroid concentrations are low.
5. What is the relevance of the bitemporal hemianopia?


Case 3:

A 30 year old woman who has a prolactinoma was placed on bromocriptine treatment 9 months ago has now returned to the clinic and is pregnant.  She now wishes to stop taking the bromocriptine as she does not want to take any drugs whilst she is pregnant.  In addition she would like to breast feed the baby once it is born.  What should you do?

1) Explain why she was has been able to conceive once she has been placed on bromocriptine treatment.

2) Discuss what advice you would give regarding the use of bromocriptine during pregnancy.  

3) Discuss what advice should be given regarding breast feeding.



SESSION 6:  Gonads
MCQ

1) The following are correct statements:
a) The fetal gonads only develop into testes after the Y chromosome (if present) is activated	
b) Androgens are only produced by the testes					
c) The gonadal hormones are derived from cholesterol			
d) Progesterone is an early precursor of testosterone				
e) The most active androgen in males is testosterone				

2) The following are correct statements:
a) Spermatozoa are produced by the adrenal glands				
b) The testicular Sertoli cells produce inhibin					
c) In the male, most androgens are produced by the Leydig cells		
d) Oestrogens are aromatized to androgens					
e) The average menstrual cycle lasts about 15 days				

3) The following are correct statements:
a) The central (mid) event of the menstrual cycle is ovulation		
b) During the menstrual cycle the principal oestrogen produced is oestriol	
c) There is an increase in the blood progesterone concentration during the early follicular phase								
d) Both progesterone and oestradiol are released during the luteal phase	
e) Ovulation is induced by a large increase in circulating progesterone concentration 	

4) The following are correct statements:
a) Just prior to ovulation the circulating concentration of FSH increases	
b) During the luteal phase the circulating LH concentration reaches its peak
c) Secondary amenorrhoea is present during pregnancy			
d) Chronic high circulating prolactin concentrations are associated with a loss of libido	
e) The basal body temperature decreases at ovulation				

5. Oestradiol
a) is the main hormone of pregnancy
b) stimulates proliferation of the endometrium
c) increases circulating triglycerides and high density lipoproteins
d) is the principal component of the post coital ‘emergency’ contraceptive
e) is orally active

6. The menopause
a) does not affect the development of ovarian follicles	
b) can be confirmed by detecting raised levels of LH in the circulation
c) can be associated with osteoporosis
d) is associated with increase protection from cardiovascular disease
e) is associated with a decline in serum oestrogens

7. Hormone replacement therapy
a) Is not necessary for premature menopause
b) Can relieve symptoms associated with the menopause
c) Reduces the risk of hip fracture in post-menopausal women
d) Could be associated with a small increase in breast cancer risk
e) Needs to be continued through the patients lifetime to be effective

8. A 51 year old woman is suffering from Oligomenorrhoea and hot flushes that are diagnosed as the early stages of the menopause. She has previously had two children and no gynaecological surgery
a) This is quite early to start the menopause.
b) If she desires HRT oestrogen should be given alone
c) If she took HRT it would lower her risk of fracturing the neck of her femur.
d) HRT is associated with an increased risk of cardiovascular disease.
e) Her gonadotrophin levels are probably reduced.

9. Secondary amenorrhoea
a) Is the condition in which no menstruation has ever occurred		
b) Is associated with Turner’s syndrome					
c) May be linked to anorexia						
d) May be due to a prolactinoma						
e) Is associated with low serum oestrogen levels			

10. Polycystic ovary syndrome
a) Is associated with raised serum androgen levels			
b) Is commonly associated with anorexia				
c) Often involves raised peripheral insulin sensitivity			
d) Often involves hirsutism						
e) Can be confirmed with ultrasound imaging of the ovaries		

11. A woman presents with infertility and amenorrhoea. On investigation this is diagnosed as polycystic ovarian syndrome
a) She is likely to have the features of Cushing’s syndrome
b) Ultrasound can be a useful for diagnosis
c) This diagnosis would have been suspected if she had galactorrhoea.
d) This diagnosis would have been suspected if she had hirsutism.
e) her blood levels of LH and FSH are likely to be raised.

12. Implantation
a) occurs approximately 30 days after fertilization
b) is initiated by the free-floating blastocyst
c) is non-invasive in humans
d) requires an initial attachment phase
e) is successful only in an oestrogen-free environment

13. During pregnancy
a) Oestradiol is the principal oestrogen produced by the fetoplacental unit
b) Placental hCG (human chorionic gonadotrophin) acts on ovarian LH receptors
c) Maternal pituitary gonadotrophin production increases throughout
d) Progesterone is the dominant steroidal influence until parturition
e) HPL (human placental lactogen) stimulates breast development


SESSION 7:  THE ENDOCRINE PANCREAS AND THE PATHPHYSIOLOGY OF TYPES 1 AND 2 DIABETES MELLITUS 
(Dr Tricia Tan)


Lecture 1: THE ENDOCRINE PANCREAS, INSULIN SECRETION AND INTERMEDIARY METABOLISM

In this lecture, we cover blood glucose regulation, insulin (and glucagon) secretion and actions and intermediary metabolism. 

Learning objectives

1. Explain why the blood glucose concentration is closely regulated and list the hormones that control it.

2. Draw a labelled diagram illustrating the relationship between the different types of cell in the islets of Langerhans, describe the endocrine pancreas.

3. Give an overview of the principal metabolic pathways for carbohydrates, proteins and fats, and the hormones that regulate these pathways.

4. Describe the structure of a typical islet of Langerhans, identifying the different cellular components and their principal endocrine secretions.

5. Describe the main features of insulin synthesis, storage and secretion.

6. List and describe the principal actions of insulin 

7. Discuss the insulin receptor and its function.

8. Draw a labelled diagram illustrating the factors which regulate the release of insulin.

9. Describe the synthesis, storage and secretion of glucagon.

10. List and describe the principal actions of glucagon.

11. Draw a labelled diagram illustrating the factors which regulate the release of glucagon.

12. Describe in your own words what the diagnosis of diabetes means to patients (video)

13. Describe the beta-cell sensing mechanism of glucose

14. Describe the endocrine regulation of intermediary metabolism


 

Diabetes and the Islets of Langerhans. 

Pancreatic islets of langerhans
· Most of pancreas (98%) is associated with exocrine secretions via duct to small intestine
· Small clumps of cells within pancreatic tissue (remaining 2%) called islets of Langerhans
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 cells				glucagon
cells				insulin
 cells				somatostatin
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GLUCOKINASE
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INSULIN PROCESSING
Proinsulin >> Insulin + C-peptide	



INSULIN RECEPTOR






GLUT 4
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FASTED STATE
INSULIN
GLUCOSE
NEFA
AMINO ACIDS


FED STATE
INSULIN
GLUCOSE
NEFA
AMINO ACIDS


HYPOGLYCAEMIA (non-insulin induced)
INSULIN
GLUCAGON
CATECHOLAMINES
CORTISOL
GROWTH HORMONE



LECTURE 2:  PATHOPHYSIOLOGY AND TREATMENT OF TYPE 1 and 2 DIABETES MELLITUS

Learning objectives

1.	List the principal signs and symptoms of diabetes mellitus, and relate them to the underlying pathophysiology.

2.   Distinguish between Diabetes Mellitus types 1 and 2.

3.	To understand the definition & classification and explain the aetiology type 1 diabetes and of type 2 diabetes mellitus.

4.	Define insulin resistance and explain how it is related to diabetes, dyslipidaemia, hypertension and ischaemic heart disease.

5.	Describe the consequences of insulin resistance on glucose, lipid and protein metabolism

6.	Describe the physiology and risks of obesity.

1. Describe the pathophysiology of type 2 diabetes

2. To understand the basis of the immunological mechanisms responsible for -cell loss 
3. To understand the biochemical effects of insulin deficiency
4. To understand the principles of insulin treatment in type 1 diabetes
5. To understand the physiology and treatment of hypoglycaemia.
6. To understand the physiology and treatment of diabetic ketoacidosis.
7. To compare and contrast T1 and T2 DM
8. To review the epidemiology of T2DM
9. To describe the aetiology and pathophysiology of T2DM
10. To describe the treatments for hyperglycaemia with respect to the physiology of T2DM
11. To discuss diabetes control beyond hyperglycaemia
12. After the whole day the student should understand the pathophysiology, the principles of treatment, the complications of diabetes mellitus and the basis of diabetes patient education.

Further reading for the sessions on diabetes mellitus: Mechanisms of Disease (chapter on diabetes mellitus) edited by Tomlinson et al. (1997). 




Energy stores
· Carbohydrate
· Protein
· Lipid


Mitochondrial energy metabolism
Resting energy expenditure proportional to lean body mass (and is fixed)
Thermogenesis is in part facultative changing in some physiological and pathological states.  This is related to uncoupling proteins.

Definition of obesity
· Weight
· Body mass index (weight/height2)      25-30 kg/m2 overweight; >30 kg/m2 obese
· waist hip ratio
· definition in terms of morbidity and mortality

Prevalence of obesity increasing with time, it is related to ethnicity, age and sex

[image: ]
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Excess weight is associated with many conditions
Weight loss is associated with improvement of many conditions


Body fat distribution
Android v gynoid
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Insulin resistance
• Glucose metabolism will depend on insulin secretory capacity 
(most insulin resistant people do not have diabetes)
• Circulating NEFA 
• Total (LDL) Chol 
• Triglyceride 
• HDL Chol 



 (
MUSCLE
GLUT 4
Proteolysis
thermogenesis
) (
LIVER
HGO 
Ketones (no insulin)
)




 (
Reduced Insulin action
)





 (
CARDIOVASCULAR RISK
Hypertension
Plasminogenactivator inhibitor
HDL
atheroma
) (
ADIPOSE  TISSUE
Lipoprot lipase
GLUT 4
lipolysis
)







FASTED STATE with REDUCED INSULIN ACTION
Insulin
glucose
NEFA
Protein


FED STATE with REDUCED INSULIN ACTION
Insulin
glucose
NEFA
Protein 


INSULIN INDUCED HYPOGLYCAEMIA




Counter-regulatory hormones

PRESENTATION OF DIABETES

Type 1 diabetes (IDDM)	Type 2 diabetes (NIDDM)
Insulin

Glucose

Glycosuria

Ketones

Weight 



“DIET” AND DIABETES

Healthy eating, 
matching CHO to glucose,
countering insulin resistance and IHD

•total calories control
•reduce calories as fat 
•reduce calories as refined carbohydrate
•increase calories as complex carbohydrate
•increase soluble fibre



PATHOPHYSIOLOGY AND TREATMENT OF TYPE 1 DIABETES

Classification of diabetes

Type 1 diabetes
- characterised by absolute insulin deficiency
	A, immune mediated 	B idiopathic
Type 2 diabetes
	- characterised by insulin resistance and relative insulin deficiency

Other specific types
e.g. 	specific gene abnormalities (MODY) genetic defects 
	diseases of the exocrine pancreas
	secondary to other endocrine disorders

 (
Viral
infection
) (
Type 1 diabetes
)
 (
Islet cell destruction
and hypoinsulinaemia
)


 (
Genetic 
predisposition
)



 (
Hyperglycaemia
) (
Abnormal antigen
presentation and
recognition
)


 (
metabolic
) (
microvascular
)


 (
macrovascular
)


Type 1 diabetes   - Incidence
0-14yrs per 100,000 population
Finland       	34.9 
Aberdeen	24.0
Oxford        	15.8
Pavia (Italy)	8.2 
Paraguay      	0.8 

Type 1 diabetes - viruses
· Direct infection  ß cell death
· Viral proteins incorporated into ß cell membrane
· Altered ß cell antigen expression
· Viral antigen mimicry
· Exposure of normally hidden antigen
· Alteration of immune mechanisms

Type 1 DM - Genetic studies
POPULATION 				FAMILY STUDIES
HLA-DR3 and DR4 associated 		HLA-DR identical has 90 fold risk
HLA-DR2 protective				ANIMAL MODELS
migration studies				NOD mouse
TWIN STUDIES				importance of MHC II aspartate rather 
30-50% concordance				than serine protects

Biochemical manifestations of diabetes
all result from effects of insulin deficiency

GLUCOSE					OTHER EFFECTS 
increased hepatic production			Proteolysis 
reduced muscle uptake and utilisation		Lipolysis
Ketogenesis
Dyslipidaemia
Impaired growth



Presentation of diabetes
· ______________		_____________
· polyuria 				dehydration
· nocturia 				cachexia
· polydipsia 			hyperventilation
· blurring of vision 		smell of ketones
· ‘thrush’ 				glycosuria
· weight loss 			ketonuria
· fatigue

Aims of treatment in  type 1 diabetes 
· Mortality
· Short term Morbidity ___________________
· Long term Morbidity ___________________

Diet in type 1 diabetes
· reduce calories as fat 
· reduce calories as refined carbohydrate
· increase calories as complex carbohydrate
· increase soluble fibre
· balanced distribution of food over course of day with regular meals and snacks

Insulin treatment
· Most patients now treated with human insulin available in various formulations, e.g:
· Soluble - short acting
· NPH - intermediate acting
· Pre-mixed combinations of above

Insulin analogues now available with special properties , e.g:
lispro - very rapid onset and short duration action
glargine - long-acting with ‘flat’ 24h action profile




Insulin treatment
Many different regimes possible e.g:
· Twice daily mixed soluble and NPH insulin  (bd regime)
· NPH insulin at bedtime and soluble insulin with meals (‘basal bolus regime’)
· continuous subcutaneous infusion of soluble insulin or rapid acting analogue (CSII)
[image: ]
DCCT

Monitoring of diabetes control
· Symptoms - limited use in monitoring control
· Home capillary glucose monitoring

· Glycated proteins
· HbA1c - currently ‘gold standard’
· fructosamine - useful in patients with haemoglobinopathy and in pregnancy

Acute complications -  ketoacidosis
· Incidence  from 1 - 8 % of diabetic patients / yr
· Mortality  @ 5-10 % 


DKA results from insulin deficiency
· reduced tissue glucose utilisation
· increased hepatic glucose production
· increased circulating NEFA
· increased circulating acetoacetate & hydroxybutyrate
· osmotic dehydration and acidosis


DKA - Principles of Treatment
· Fluid  _____________
· Insulin  ______________
· Potassium replacement  __________________
· (Bicarbonate)
· General supportive measures
· Education - prevention

Hypoglycaemia in diabetes “hypos”
· Occasional hypos inevitable as a result of treating diabetes
· Major cause of anxiety in patients & families
· Source of major misconceptions in media

Definitions
· Hypoglycaemia – plasma glucose of < 3.6 mmol/l
· Severe hypoglycaemia – any hypo requiring help from another person to treat

Hypos –importance
· most mental processes impaired when blood glucose <3 mmol/l
· consciousness impaired at <2 mmol/l
· severe hypoglycaemia may contribute to arrhythmia and sudden death
· may have long-term effects on the brain 
· recurrent hypos result in loss of warnings
· - ‘hypoglycaemia unawareness’

Hypos - who, when, why? 
Who ?
· main risk factor is quality of glycaemic control
· more frequent in patients with low HbA1c
When ?
· can occur at anytime but often a clear pattern
· pre-lunch hypos common
· nocturnal hypos very common and often not recognised

Why ?
· unaccustomed exercise
· missed meals
· inadequate snacks
· alcohol
· inappropriate insulin regime 

Hypoglycaemia symptoms & signs
Due to increased autonomic activation 		Due to impaired CNS function
· palpitations (tachycardia) 				drowsiness
· tremor						 confusion
· sweating 						altered behaviour
· pallor / cold extremities 			focal neurology
anxiety 	coma
 
Treating Hypoglycaemia
· ORAL 							PARENTERAL
feed the patient!					give if consciousness impaired
glucose 						IV dextrose e.g 10% glucose infusion
rapidly absorbed as solution or tablets		1mg Glucagon IM
complex CHO 					avoid concentrated solutions if possible (e.g
to maintain blood glucose after initial treatment	 50% glucose)



PATHOPHYSIOLOGY AND TREATMENT OF TYPE 2 DIABETES MELLITUS

Definition of diabetes
· Fasting plasma glucose (FPG)
· repeat if no symptoms
· screening / diagnosis
· FPG  < 6.0 mmol/l   = normal
· FPG 6.1-6.9 mmol/l = impaired fasting glucose
· FPG >7.0 mmol/l     = diabetes

Revised guidelines for plasma glucose measurements:
· Most patients do not need OGTT
· HbA1c or glycosuria must not be used to diagnose diabetes
· Whole blood is typically 1mmol/l lower than plasma glucose
· The term impaired fasting glycaemia (IFG) has been introduced to classify individuals with fasting glucose levels of 6.1 but <7.0 mmol/l, i.e. above the upper limit of normal but below those diagnostic of diabetes.   Normally those with IFG should have a 75g oral glucose tolerance test (OGTT) to make a differential diagnosis of diabetes, impaired glucose tolerance (IGT) or IFG on the basis of the 2-hour value.

· OGTT
· May use anhydrous glucose or lucozade 
· Do not fast before
Fasting glucose 	2 hour glucose	 Interpretation
7.0		or	  11.1		Diabetes Mellitus
6.1 and <7.0	+	7.8 and <11.1	Impaired Glucose Tolerance (IGT)
6.1 and <7.0	+	 <7.8			Impaired Fasting Glycaemia (IFG)	

Recommendations for the diagnostic application for the above criteria:
In symptomatic individuals, with polyuria, polydipsia and unexplained weight loss, a diagnosis of diabetes is confirmed by one of the following:
· a random plasma glucose > 11.1 mmol/l
· a fasting plasma glucose > 7.0 mmol/l
· an OGTT 2-hour value > 11.1 mmol/l (on follow up of IFG)

In asymptomatic individuals, diagnosis should not be used on a single random or fasting glucose measurement in the diabetic range.  Confirmation is essential with at least one additional glucose measurement (preferably fasting) on another day.  If the two values are discordant for diabetes a 75g OGTT would be advisable.
Children usually present with severe symptoms.  Diagnosis should be based on a single plasma glucose result, as above, with immediate referral to a Paediatric Diabetes team.






UK epidemiology
2-3% of population
possibly 1/2 undiagnosed
10% people over 60 have diabetes
25% asian people over 60 have diabetes
(BDA, Diabetes in UK, BDA 1995)

Prevalence T2DM by country
Country	Ethnic 	Ref			Prev
Japan		Japanese	Toyota 1976		1.0%
NZ		Caucasoid	Prior 1966		2.8%
		Polynesian				7.5%
Fiji		Melanesian	Zimmet 1983		6.9%
		Indian					14.8%
USA 		Pima 		Bennet 1976		35.0%
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Diabetes comparison 1
Feature		Type 1				Type 2
Prevalance		0.25%			___________
Typical age		child, adolescent		___________
Onset		acute				___________
Habitus		lean				___________
Family history 	uncommon 		___________
Geography		europids			___________
Weight loss	usual				___________
Ketosis prone	yes				___________
Serum insulin	low or absent		___________
HLA association	DR3, DR4			___________
Islet B cells		destroyed			___________
Islet cell ab’s	present			___________

Population studies
__________________________________
Asian Indians in Southall 3.8 times prevalence compared to caucasians
 	(Mather 1985)

Twin studies
T1D 		T2D
IDENTICAL		35%		70%
NONIDENTICAL	10%		40%
(Barnett 1981 and Newman 1987)

Evidence for environment
· Twin studies
· Secular changes in prevalence 
· Effect of environmental parameters e.g. exercise, active lifestyle seem associated with lower rates of diabetes
· Fetal origins hypothesis

Fetal origins hypothesis
Association between low birth weight & type 2 diabetes 
Possible role of poor fetal nutrition in utero causing hardwiring (‘programming’) of 
metabolism, so that individuals are at increased risk of type 2 diabetes in later life

Fetal and infant growth, and IGT at 64
Weight at one year		<8.16kg     >12.25
_______________________________________
Percent diabetes or IGT	  22%	      6%		(Hales 1991)

Role of obesity
					%			%
·  T2D is closely associated with obesity	T2DM___________	Non-DM___________
·  Weight loss is an effective treatment for T2D
·  Obesity is associated with insulin resistance
·  Simple explanation is that obesity --> more insulin resistance --> greater demands on a defective beta-cell
· Obesity is more than a precipitant of diabetes
·  but the mechanisms are not known


		

Diabetes presentation
· Osmotic symptoms
· incidental glycosuria or glucose
· infection
· at presentation of complication (acute, chronic, infective etc)




















Complications of T2DM
MICROVASCULAR			MACROVASCULAR
1. ___________		1______________
2. ___________		2   ___________
3. ___________		3  ___________
4   ___________	

METABOLIC				TREATMENT
· lactic acidosis			___________________
· Hyperosmolar			
Why treat?
· _____________________
· reduce chance of acute metabolic complications (unlikely in T2DM)
· reduce chance of  ___________________________(UK prospective diabetes study)

What to eat? Eu J Clin Nutr 2000 54:353-355
· Control total calories/increase exercise
· reduce refined carbohydrate
· increase complex carbohydrate
· reduce fat as proportion of calories
· increase unsaturated fat as proportion of fat
· increase soluble fibre


Metformin
· ________________ patient Biguanide, insulin sensitiser with T2DM where diet alone has not succeeded
· start 500mg bd
· GI side effects
· do not use if severe liver, severe cardiac or mild renal failure



Glibenclamide


Sulphonylurea, insulin secretagogue

_______________ patients with type 2 diabetes where diet alone has not succeeded
start at 2.5mg daily
S/E hypoglycaemia, weight gain

Rosiglitazone, Pioglitazone
·  Insulin sensitiser, thiazolidinediones
·  strict indications at present
·  troglitazone had been associated with fatal liver failure




Peroxisome proliferator actived receptor gamma (intra nuclear) 	
Inzucchi et al NEJM 338:867

Acarbose
· Alpha glucosidase inhibitor
· inhibits breakdown of oligosaccharides, therefore delays CHO absorption
· GI side effects

Monitoring glycaemic control
· Urine glucose
· capillary glucose
· fasting plasma glucose
· glycated haemoglobin
· other aspects of control
_________________Haemoglobin
•Series of Hb components formed by adduction of glucose or glucose derived products to normal adult HbAo
•Adduction of glucose to N terminal valine residue of B chain to form HbA1
•Increased ___________ in poorly controlled diabetes
•Association with risk of complications
expressed as percentage




			


Diabetes control
________________ 
________________ 
________________ 
________________ 
________________ 
________________ 




		





COMPLICATIONS OF DIABETES MELLITUS

Learning objectives:

1. Describe the complications of diabetes mellitus, differentiating between micro- and macro-vascular complications and their epidemiologies.

2. Describe the presentation, mechanisms, prevention and treatment of microvascular complications (retinopathy, nephropathy and neuropathy).

3. Describe the presentation, mechanisms, prevention and treatment of macrovascular complications (ischaemic heart disease, cerebrovascular disease and peripheral vascular disease).

4. Discuss the importance of insulin resistance in diabetes and normoglycaemia

5. Explain the epidemiology and importance of diabetic foot disease.

6. Describe the presentation of the “diabetic foot” and the pathogenesis behind its development.

7. Describe the preventative and treatment strategies for the diabetic foot

8. Describe the concept of diabetes control and explain how this can be achieved (This is addressed further in year 3 together with a more clinical perspective).



Further reading for the sessions on diabetes mellitus: Mechanisms of Disease (chapter on diabetes mellitus) edited by Tomlinson et al. (1997). 




COMPLICATIONS OF DIABETES MELLITUS

Microvascular complications of diabetes. 
Diabetes damages blood vessels.  Damage to the large vessels cause MACROvascular complications (being covered later today).  Damage to very small blood vessels causes MICROvascular complications.

The blood supply of the eye and in particular the retina has got many very small blood vessels, and when these get blocked, retinopathy results.  Small blood vessels are also found in the glomeruli, and damage to these causes nephropathy.  Damage to the vasa nervorum (the very small blood vessels that keep nerves alive) causes neuropathy.

There are three important microvascular complications of diabetes.
1.
2.
3.

Diabetic retinopathy:
Caused by damage to the retinal arteries.

Retinal arteries are the only ones in the body that can be seen by direct vision, using an ophthalmoscope.  Can also visualise the retina for signs of ischaemic damage.

One of the commonest retinal signs of diabetes is “background diabetic retinopathy”.

Background diabetic retinopathy:
Signs include:
1.
2.
3.

Pre-proliferative diabetic retinopathy.
Signs include:


Proliferative retinopathy:
Signs include:


Maculopathy:
Signs include:


Management of diabetic retinopathy:


Background:



Pre-proliferative:
Proliferative:


Maculopathy:


Diabetic Nephropathy
Diabetic Nephropathy is the term used to describe the expression of diabetic microvascular complications within the kidneys.

The importance of this disorder is related to its increased incidence and the associated morbidity.   The major causes of death in patients with diabetic nephropathy are
1)
2) 

The histological features of diabetic nephropathy include:

Glomerular Changes
Vascular Changes
Tubulointerstitial changes

Diabetic nephropathy occurs in approximately 30 to 40% of Type 1 diabetics after 30 to 40 years of diabetes.  The incidence in Type 2 diabetics is dependent on age at presentation and race, but is probably similar to Type 1.
Clinical Diabetic Nephropathy is defined by the presence of:
1. 
2. 
3. 

It is now understood that patients with diabetes who are likely to develop nephropathy can be identified at an early stage by the presence of small increases in proteinuria termed microalbuminuria and by abnormalities of blood pressure control.

Intervention is most successful if commenced at an early stage of the process and it is important to identify diabetics at risk of developing this disorder. 
Patients with Clinical Nephropathy usually go on to end stage renal failure within a period of 2 to 7 years of the appearance of significant proteinuria.  Interventions which can slow this down include: 
1.
2.
3.
4.
 
Diabetic neuropathy

What is the cause of diabetic neuropathy ?

Caused by poor perfusion of neurones due to damage to ________________.




List the types of neuropathy below:

1.
2.
3.
4.
5.
6.
Possible mechanisms for vascular damage include sorbitol, which is thought to be produced in excess in individuals with high plasma glucose because glucose is reduced to sorbitol by the enzyme aldol reductase.

Another possible mechanism is the production of advanced glycation end products (AGE). Glycation is the term used for nonenzymatic addition of hexoses to protein and glycosylation is the term used when the process is enzymatic.  Glycation of haemoglobin to form HbA1c is well recognised.  A similar process is known to affect other proteins, in particular the lens protein (causing cataracts), fibrin and collagen.  The latter might be responsible for microangiopathy.  Fructosamine is another example of a glycated protein.  We can use both HbA1c and fructosamine to get an idea of long term glucose control.

Types of neuropathy:
1. Peripheral polyneuropathy.
Usually bilateral and symmetrical. Loss of sensation is common. Occurs more commonly in tall people and those with poor glucose control. Can be painful.  
Signs: absent ankle jerks and loss of vibration sense (using a tuning fork).
X-ray might show multiple fractures and Charcot’s joints.

2. Mononeuropathy.
Single nerve loss.  Usually noted motor loss since a single nerve with sensory loss is rarely symptomatic. 3rd, 4th or 6th nerve palsy. 
Signs of a diabetic (pupil sparing) 3rd nerve palsy:
Compare this with a space-occupying lesion such as a posterior communicating artery aneurysm.
Signs of a space occupying lesion causing a third nerve palsy:

3. Mononeuritis multiplex.
This is a random combination of peripheral nerve lesions.

4. Radiculopathy
Pain over spinal nerves, usually affecting chest or abdomen.

5. Autonomic neuropathy.

6. Diabetic amyotrophy.



 The macrovascular complications of Diabetes

· Diseases of large blood vessels (macrovascular) 
	e.g. myocardial infarction, angina, stroke, peripheral vascular disease
· Diseases of small blood vessels (microvascular)
	e.g. renal, visual, neuropathy, foot ulcers
· Acute complications
	e.g. DKA, HONK, Hypoglycaemia and Infections








Cardiovascular disease and diabetes
· Overall 75% of Type 2 DMs and 35% of Type 1 DMs die from Cardiovascular causes
· x 2 risk of myocardial infarct (x3.5 in females)
· x 5 risk of cardiac failure
· x 2-4 risk of CVA (second largest cause of death)
· x 2-3 risk of intermittent claudication

Atheroma and Diabetes – onset
· IGT & Type 2 DM - not related to duration or severity of DM - may be present at onset
· Type 1 DM - incidence is greater than the non-diabetic population across all age groups







Ischaemic Heart Disease and Diabetes
· Angina
· Myocardial Infarction
· more complicated course
· greater risk of cardiac failure and cardiogenic shock
· immediate and long term mortality increased
· Heart failure
· CCF is more frequent in the absence of coronary artery disease
· Painless Myocardial Infarction
· Silent Ischaemia
· Non-classical presentation - dyspnoea - echocardiography

Myocardial Infarction and DM
· Risk x 2 males
· x 3.5 females
· Mortality during month after infarct
· 42% diabetics
· 20% non-diabetics

The diabetic foot, learning objectives
•To review the epidemiology and importance of diabetic foot disease
•to describe the pathogenesis of the diabetic foot
•to describe the preventative and treatment strategies for the diabetic foot


1.Neuropathy
2.Peripheral vascular disease 


Epidemiology

Pathway to foot ulceration
1.Motor neuropathy
2.Limited joint mobility
3.Autonomic neuropathy
4.Trauma - repeated minor/discrete episode
5.Sensory neuropathy
6.Peripheral vascular disease
7.Reduced resistance to infection
8.Other diabetic complications eg. Retinopathy


1 The neuropathic foot - numb, warm, dry, palpable foot pulses, ulcers at points of high pressure loading.
2 The ischaemic foot - cold, pulseless, ulcers at the foot margins.
3 The neuro-ischaemic foot - numb, cold, dry, pulseless, ulcers at points of high pressure loading and at foot margins.



Assessment

•Appearance - ? Deformity  ? Callus
•Feel - ? Hot/cold  ? Dry
•Foot pulses 
–dorsalis pedis / posterior tibial pulse
•Neuropathy 
–vibration sensation, temperature, ankle jerk reflex, fine touch sensation


prevention
Hyperglycaemia
Hypertension
Dyslipidaemia
Stop smoking
Education


Treatment
•Relief of pressure
–bed rest (risk of DVT, heel ulceration)
–redistribution of pressure/total contact cast
•Antibiotics 
•Debridement
•Revascularization
–angioplasty
–arterial bypass surgery
•Amputation


SESSION 7:  THE ENDOCRINE PANCREAS AND THE PATHPHYSIOLOGY OF TYPES 1 AND 2 DIABETES MELLITUS TUTORIAL

Case 1
A 23-year old journalist presents with a 3-month history of weight loss. She drinks up to 3.5 litres (water, tea, lemonade) a day and passes similar volumes of urine, and wakes up at night three times to pass urine. There are no abnormal physical signs.  Her urine has ++++ of glucose and ketones. Capillary glucose was 23 mmol/l.

Questions:
1 What is the diagnosis?
2 Why does she have glucose in her urine and why is she passing so much urine?
3 Why is her plasma glucose high and what would her plasma insulin concentration be if 

Case 2
A 58 year old bus driver presents with angina pectoris due to coronary artery disease.  He is overweight (Body Mass Index, BMI = 32 kg/m2).  During investigation he is found to have a fasting plasma glucose of 12 mmol/l (normal FPG < 6.0 mmol/l).  He is started on a diet for his diabetes

Questions:
1. What is the diagnosis and what (if we bother to measure it) is his plasma insulin concentration. 
2.	What are the important features of his diet?
3.	Other advice to reduce chance of morbidity

MCQ

1. The following statements are correct:
a) Insulin acts to increase hepatic glucose output 					
b) Increased plasma amino acid concentrations stimulate insulin secretion		
c) Increased plasma non-esterified fatty acid concentrations stimulate insulin secretion	
d) Two moles of C peptide are produced for each mole of insulin as pro-insulin is processed 
e) Insulin resistance is associated with increased risk of death from coronary artery disease	

2. The following statements are correct:
a) Most insulin resistance is associated with abnormalities in the insulin receptor	
b) Alpha cells of the islets produce insulin						
c) Insulin resistance is associated with increased very low density lipoprotein – triglyceride concentration								
d) Delta cells in the islets produce somatostatin					
e) Insulin acts to stimulate glucose uptake into muscle									
3. The following statements are correct:
a) Glucagon acts on the liver to breakdown glycogen				
b) A low waist to hip ratio is associated with insulin resistance 			
c) Leptin is produced by the brain 							
d) Obese people eat and expend less energy than lean people			
e) Type 2 diabetes is more common than type I diabetes				

4. The following statements are correct:
a) Insulin resistance and reduced insulin secretion characterise Type 2 diabetes 	
b) Hyperglycaemia causes glycosuria and therefore polyuria 			
c) glycosuria is diagnostic of diabetes mellitus					
d) Glucagon increases hepatic glucose output					
e) Somatostatin inhibits insulin release						


SESSION 8:  ADRENAL PHYSIOLOGY AND ADRENAL DISORDERS
(Dr Niamh Martin/Dr A Sam)

LECTURE 1:  ADRENAL PHYSIOLOGY

Learning objectives

· By the end of this lecture students will be able to
· Describe the anatomy of the adrenal glands
· Understand adrenal steroid synthesis
· Describe where catecholamines are synthesised in the adrenal gland
· Explain how cortisol, aldosterone and adrenaline are regulated
· List the physiological roles of cortisol, aldosterone and adrenaline
· 
The adrenal glands: hormones produced by cortex and medulla
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ADRENAL MEDULLA		ADRENAL CORTEX



CATECHOLAMINES		CORTICOSTEROIDS 
(epinephrine)  (80%)		MINERALOCORTICOIDS - aldosterone
(norepinephrine) (20%)		GLUCOCORTICOIDS - cortisol
(dopamine)		SEX STEROIDS 
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CORTICOSTEROID TRANSPORT IN THE BLOOD
· CORTISOL
	75% bound to cortisol binding globulin (CBG)
	15% bound to albumin
	10% free (unbound) = bioactive
· ALDOSTERONE
	~60% bound to CBG 
	~40% free (unbound) = bioactive

ALDOSTERONE
· Stimulates Na+ reabsorption in distal convoluted tubule and cortical collecting duct
· Stimulates K+ and H+ also in distal convoluted tubule and cortical collecting duct
· Release is renin dependent - renin released from juxtaglomerular apparatus in kidney, converts angiotensinogen to angiotensin I, which in turn is converted to angiotensin II by angiotensin concerting enzyme (ACE). Angiotensin II is a vasoconstrictor and also stimulates aldosterone release from the zona glomerulosa of the adrenal cortex. Aldosterone stimulates renal sodium and water retention, increasing intravascular volume. 

Juxtaglomerular (JG) cells associated with the afferent arteriole entering the renal glomerulus are the primary site of renin storage and release in the body. 
A reduction in afferent arteriole pressure causes the release of renin from the JG cells, whereas increased pressure inhibits renin release. 
Beta1-adrenoceptors located on the JG cells respond to sympathetic nerve stimulation by releasing renin. Specialized cells (macula densa) of distal tubules lie adjacent to the JG cells of the afferent arteriole.  The macula densa senses the amount of sodium and chloride ion in the tubular fluid. 
Therefore, RENIN release activated by
· decreased renal perfusion pressure
· increased renal sympathetic activity
· decreased sodium load to top of Loop of Henle.
 
Stimuli for aldosterone release are:
· Angiotensin II
· Adrenocorticotrophic hormone (ACTH) - only minor role in stimulation of aldosterone secretion
· High plasma K+ (aldosterone promotes K+ excretion via the distal convoluted tubule and collecting duct, which in turn lowers plasma K+)
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 (
Cortisol and aldosterone are 
steroid hormones
These are small lipid-soluble molecules that  readily cross the cell membrane
Inside cells 
steroid hormones bind to intracellular receptors to regulate gene expression
Cellular actions of aldosterone include 
1) stimulating transcription of a gene encoding Na/K ATPase – which increases the sodium pumps in the basolateral membrane of tubular cells
2) stimulating expression of a sodium channel – facilitating the uptake of sodium from the tubular lumen
 
)
[image: ]
EFFECTS OF LARGE AMOUNTS OF CORTISOL
· ANTI-INFLAMMATORY ACTION
· IMMUNOSUPPRESSIVE ACTION
· ANTI-ALLERGIC ACTION                                          
· All associated with inhibition of 
· Migration of inflammatory cells to site of injury
· Cytokine release eg IL-1, IL-2, IL-6, TNF
· Lymphocyte production

PROTECTION OF MINERALOCORTICOID RECEPTOR FROM CORTISOL BY 11 HYDROXYSTEROID DEHYDROGENASE 2 (11HSD 2)
[image: ]Cortisol inactivated to cortisone by 11HSD 2, to prevent cortisol activating aldosterone receptor and causing hypokalaemia
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 (
Circadian rhythm =
rate of secretion varies throughout the day
Highest levels of ACTH & cortisol on waking
Lowest levels (nadir) at night
)

Regulation of cortisol secretion
[image: ]

Stressors = eg trauma, sepsis
Main hypothalamic hormone controlling ACTH and hence cortisol release = Corticotrophin releasing hormone (CRH)
VP = vasopressin – also potentiates effects of CRH on ACTH release
Cortisol negatively feeds back to reduce ACTH from the anterior pituitary and CRH from the hypothalamus. 

ADRENAL ANDROGENS
Synthesised in zona reticularis
eg dihydroepiandrostenedione, androstenedione
Peripheral conversion of androstenedione to testosterone
Adrenal cortex = small contribution to overall androgen production in men – more significant in women. 

ADRENAL MEDULLA
Site of catecholamine synthesis – adrenaline (Ad) and noradrenaline (NAd)

‘Fight or flight response’
Circulate bound to albumin – synthesised from tyrosine, degraded by monoamine oxidase and catechol-O-methyltransferase


LECTURE 2:  ADRENAL PATHOLOGY AND TREATMENT

At the end of this lecture students should be able to understand how to describe and diagnose:
· Adrenocortical failure – Addison’s disease, Congenital Adrenal Hyperplasia (CAH)
· Cushing’s syndrome: XS cortisol
· Conn’s syndrome: XS aldosterone
· Phaeochromocytoma: XS catecholamines
	

Adrenocortical failure:
· Destruction: TB, autoimmune (Addison’s disease)
· Congenital adrenal hyperplasia: deficiency in an enzyme needed for adrenocortical steroid synthesis

Addison’s disease: 
Autoimmune adrenocortical failure is often associated with other autoimmune conditions 
eg vitiligo, primary hypothyroidism, alopecia totalis, type 1 diabetes
Consequences 
· LOW cortisol, so HIGH ACTH (loss of normal negative feedback of serum cortisol to anterior pituitary)
· LOW aldosterone: low serum sodium, high serum potassium,

Clinical features:
· Pigmentation eg buccal, palmar creases 
· ACTH derived from pro-opiomelanocortin (POMC) precursor 
· -melanocyte stimulating hormone (-MSH) = by-product of POMC cleavage. High ACTH due to loss of cortisol negative feedback – more POMC cleavage and hence high -MSH causing pigmentation
· Weight loss, fatigue, vomiting, diarrhoea
· Hypotension (loss of aldosterone’s mineralocorticoid effects ie less sodium retention)



Confirmation of diagnosis:
· Short synACTHen test: synthetic ACTH, 250g im – expect peak cortisol rise to >550nmol/L 

Treatment
· Hydrocortisone – replaces cortisol (glucocorticoid)
· Fludrocotisone  - replaces aldosterone (mineralocorticoid)

Congenital adrenal hyperplasia (CAH)
· Commonest cause (in 90% of all cases) = 21 hydroxylase deficiency. 
· Can be complete (classical) enzyme deficiency (presents in first few days of life) or partial (non-classical) (can present in adolescence/adulthood)






COMPLETE (CLASSICAL) 21 HYDROXYLASE DEFICIENCY
Autosomal recessive 
21 hydroxylase is needed for both cortisol and aldosterone production. Therefore, complete deficiency of this enzyme means that there is absent cortisol and aldosterone production
Accumulation of precursors above the blocked enzyme occurs– ie 17 hydroxy (OH) progesterone (look at the diagram on this page to understand this). These precursors are diverted into the sex steroid arm of the pathway producing an excess of adrenal androgens.
Features: CAH due to complete 21 hydroxylase deficiency present as neonates – salt losing, Addisonian crisis – due to absent aldosterone and cortisol. Female babies are virilised (ambiguous external genitalia due to cliteromegaly) due to excess adrenal androgens (male babies will have normal external genitalia).
Diagnosis: ACTH is increased due to cortisol deficiency. 17 hydroxyprogesterone is elevated. A short synACTHen test can be performed which will show a blunted cortisol response and an exaggerated rise in 17 hydroxyprogesterone. 
Treatment:  Glucocorticoids eg prednisolone (to replace cortisol) and fludrocortisone (to replace aldosterone). More potent glucocorticoids eg prednisolone are preferable to hydrocortisone, since the aim is to reduce the elevated ACTH and hence adrenal androgens. 

PARTIAL (NON-CLASSICAL) 21 HYDROXYLASE DEFICIENCY
These individuals do not present with a salt losing crisis until later in life, since they have sufficient cortisol and aldosterone production. However, excess adrenal androgens can cause precocious (early) puberty, hirsutism (increased hair growth), acne, irregular periods in women 

11β-Hydroxylase Deficiency
[bookmark: sec19-ch282-ch282e-1582]This is a much rarer cause of CAH (about 5% of all cases) 
Conversion of 11-deoxycortisol to cortisol and conversion of 11-deoxycorticosterone to corticosterone are blocked (use the diagram on the previous page to understand this). This leads to increased levels of ACTH and overproduction of 11-deoxycortisol and 11-deoxycorticosterone. Like CAH due to 21 hydroxylase, precursors are funnelled into the androgen arm of the pathway causing hyperandrogenism. 
11-deoxycorticosterone has mineralocorticoid activity ie works like aldosterone. 
Therefore, presentation with CAH due to 11β-hydroxylase deficiency involves hypernatremia, hypokalemia, and hypertension (all due to excess 11-deoxycorticosterone) and virilisation (due to excess adrenal androgens). Patients will be deficient due to inability to make cortisol from 11-deoxycortisol. 
 Diagnosis is by measurement of cortisol (which will be low), its precursors, and adrenal androgens and sometimes by measuring 11-deoxycortisol and 11-deoxycorticosterone after ACTH administration (synACTHen test). Treatment is with a glucocorticoid. 

17 HYDROXYLASE DEFICIENCY
[bookmark: sec19-ch282-ch282e-1583]Rarest cause of CAH
Can make aldosterone, but not cortisol or adrenal androgens
Therefore, patients deficient in cortisol and adrenal androgens, but have excess aldosterone and 11-deoxycorticosterone (ie excess mineralocorticoids)
Patients have hypertension, hypokalaemia, cortisol deficiency (hypoglycaemia, increased pigmentation). Male babies may have ambiguous external genitalia (undervirilised due to adrenal androgen deficiency). 




Cushing’s syndrome

What is it? A syndrome of excess cortisol (hypercortisolism)

Clinical features
Centripetal obesity
Moon face and buffalo hump
Proximal myopathy
Hypertension and hypokalaemia
Red striae, thin skin and bruising
Osteoporosis and diabetes

Causes
Most commonly = iatrogenic ie high dose glucocorticoids for asthma, rheumatoid arthritis etc
Pituitary tumour secreting ACTH (Cushing’s disease) (75%)
Adrenal tumour secreting excess cortisol (15%)
Ectopic ACTH production (ie ACTH source is NOT the pituitary, such as carcinoid tumour, small cell lung cancer) (10%)

Diagnosis of Cushing’s syndrome
24h urinary free cortisol
Loss of diurnal variation of cortisol (ie elevated midnight cortisol – this is usually low at midnight in normal people)
Low dose dexamethasone suppression test
Principle of low dose dexamethasone suppression test
0.5mg dexamethasone orally every 6 hours for 48h
Measure serum ACTH at start of test and measure serum cortisol at 48 hours when test is complete.
Dexamethasone = potent glucocorticoid – in normal people this will completely suppress ACTH and hence cortisol to undetectable levels
In Cushing’s syndrome, dexamethasone can’t do this and therefore, serum cortisol does not suppress to below a cut-off of 50nmol/L

ACTH dependent Cushing’s = ACTH drives adrenal cortex to make excess cortisol
pituitary tumour making too much ACTH
or 
ectopic ACTH production

ACTH-independent Cushing’s =
adrenal tumour making excess cortisol – so ACTH completely switched off (due to negative feedback)




Distinguish between ACTH dependent Cushing’s and ACTH-independent Cushing’s by measuring ACTH at start of low dose dexamethasone suppression test (ie 9AM)
ie undetectable ACTH (ie suppressed) = adrenal tumour – so proceed to imaging the adrenal glands using CT/MRI
detectable/high ACTH  = either pituitary tumour or ectopic ACTH production

High dose dexamethasone suppression test
This is to differentiate between the two causes of ACTH-dependent Cushing’s syndrome ie pituitary tumour and ectopic ACTH production. Although ectopic ACTH production is typically associated with higher ACTH levels than seen with pituitary tumours producing too much ACTH, there is an overlap in serum ACTH levels between the two. This means that you can’t distinguish between the two conditions based on just the ACTH levels alone. 
Give 2mg dexamethasone every 6h for 48h (ie much higher dose than the 0.5mg used in the low dose dexamethasone suppression test)
In cases of a pituitary tumour secreting too much ACTH, the high doses of dexamethasone used in this test can suppress ACTH production to an extent, and therefore there is some suppression of cortisol (suppression of more than 50% from baseline at the start of the test).
In cases of ectopic ACTH production, ACTH secretion is much higher and therefore no suppression of ACTH and hence cortisol occurs.

Example of Investigating Cushing’s Syndrome
53 year old lady, complaining of weight gain over the last year and easy bruising. On examination, she is hypertensive, with a plethoric face, bruising over the forearms and shin, with violaceous (red) striae across her abdomen and lower back.
She is admitted for investigation for possible Cushing’s syndrome.
Three 24h urine collections for cortisol 570, 600, 590 nmol/24h (normal range: <270nmol/24h)
Midnight sleeping cortisol 358 nmol/L (should be less than 50nmol/L)
Low dose dexamethasone suppression test: 
	9AM serum ACTH = 30ng/L (start of test)
	48h serum cortisol = 213 nmol/L (this should suppress to below 50nmol/L)
At this point, you have confirmed that she has ACTH-dependent Cushing’s syndrome (she has an unsuppressed 9AM ACTH before dexamethasone suppression and has three tests to confirm hypercortisolism: elevated urinary free cortisols, loss of diurnal cortisol variation as shown by a high sleeping midnight cortisol and fails to suppress serum cortisol to below 50nmol/L following a low dose dexamethasone suppression test)
You now need to establish whether ACTH-dependent Cushing’s syndrome is due to a pituitary tumour secreting excess ACTH or due to ectopic ACTH production. 
Therefore, she undergoes a high dose dexamethasone suppression test. 
	Baseline serum cortisol  = 679 nmol/L
	After 48h (2mg dexamethasone 6 hourly), serum cortisol = 241 nmol/L

Therefore, the diagnosis is Cushing’s disease (ie a pituitary tumour secreting excess ACTH) since she has shown a suppression of serum cortisol of more than 50% from baseline (679 to 241 nmol/L) following a high dose dexamethasone suppression test. 

She should go on to have a pituitary MRI to look for a pituitary tumour.

Treatment of Cushing’s syndrome
Surgical – trans-sphenoidal pituitary surgery for Cushing’s disease or adrenalectomy for adrenal tumour. Can resect tumour secreting excess ACTH in ectopic ACTH production. 
Medical - Patients need to be prepared for surgery with medical treatment to lower serum cortisol levels as high cortisol levels pre-operatively can delay post-operative wound healing and promote infection. 
Drugs used are metyrapone or ketoconazole. Both of these inhibit steps in cortisol synthesis. 
Metyrapone inhibits 11 hydroxylase. Ketoconazole inhibits multiple steps. 


Conn’s syndrome

What is it? Excess aldosterone (primary hyperaldosteronism) due to adrenocortical tumour (zona glomerulosa). This autonomous secretion of aldosterone is renin-independent (ie renin is SUPPRESSED).
In secondary hyperaldosteronism, high aldosterone is an appropriate physiological response and is renin-dependent eg heart failure. In heart failure, there is ‘pump failure’ and therefore, renal hypoperfusion. This hypoperfusion is sensed by the JG cells which secrete renin, triggering in turn aldosterone secretion. This promotes water and sodium retention, which helps to maintain an adequate circulating volume. 
NB Primary hyperaldosteronism may also be caused by a condition known as bilateral adrenal hyperplasia. Rather than Conn’s syndrome which is due to a single adrenal adenoma (tumour), bilateral adrenal hyperplasia as the name suggests involves enlargement of the adrenal cortex of both adrenal glands. Bilateral adrenal hyperplasia can also cause ACTH-independent (adrenal) Cushing’s syndrome. 

Clinical features
Remember these by remembering what aldosterone does 
ie stimulates sodium and water retention at the kidney. As sodium is retained, potassium is lost
Hypertension
Hypokalaemia

Diagnosis of Conn’s Syndrome
Elevated plasma aldosterone and suppressed plasma renin
Once this is confirmed – image the adrenal glands looking for a tumour or hyperplasia eg CT scan
Adrenal vein sampling confirms high aldosterone output from tumour and (contralateral) adrenal gland shows suppressed aldosterone. 

Treatment of Conn’s syndrome
Surgical removal of tumour in Conn’s by adrenalectomy
In bilateral adrenal hyperplasia, medical treatment with spironolactone or eplerenone, which are aldosterone antagonists. 




Phaeochromocytoma

Tumour of the adrenal gland, arising from the adrenal MEDULLA not cortex.
Secrete excess catecholamines eg adrenaline, noradrenaline
Paragangliomas are extra-adrenal catecholamine-producing tumours arising from parasympathetic (head and neck) or sympathetic (thorax and abdomen) paraganglia.

Clinical features
Headaches, sweatiness, pallor, agitation/anxiety type symptoms (all signs of sympathetic activation)
Hypertension (can be episodic)
Palpitations – can be tachycardia or can present with a cardiac dysrhythmia
Diagnosis
Elevated urinary catecholamines (can measure urinary metanephrines which are metabolites of catecholamines)
Then can perform CT scan to look for adrenal mass

Management
Surgical removal of tumour is needed.
However, patient MUST first be made safe by alpha blockade. This is to prevent a hypertensive crisis which may occur during the operation eg when the tumour is being removed and is ‘squeezed’ by the surgeon, an outpouring of catecholamines from the phaeochromocytoma may occur. This can result in significant stimulation of arterial  adrenoreceptors and evoke profound hypertension.
Alpha blockade eg intravenous phenoxybenzamine is given for several days before surgical removal of phaeochromocytomas. This will prevent a hypertensive crisis, since once the patient is alpha blocked, it doesn’t matter how much adrenaline and noradrenaline is released by the tumour, blockade of the alpha receptors means that there can be no vasoconstriction. Beta blockade can be added after  blockade if tachycardia is a problem (adrenoreceptors are on the heart).


SESSION 8:  ADRENAL DISORDERS TUTORIAL 

Case 1
A 6 day old male neonate is brought to the hospital casualty department. He appears dehydrated. His mother complains that he has been listless and has been vomiting for the last 24 hours. The health visitor has been worried that the baby has lost a lot of weight since delivery. Examination confirms apyrexia, low blood pressure and tachycardia. 

Questions:
a) What is the differential diagnosis?
b) What investigations are essential to confirm a diagnosis?
c) What is the first therapeutic step?
d) What are the principles of treatment?
e) Is there any other aspect of this case that you would like to explore before discharging the baby home?

Case 2
A 31 year old woman presents to her GP with two month history of feeling ‘terrible’. She has no energy to do anything and feels exhausted every day. She has lost half a stone in weight over the last few months. Despite this, her work colleagues keep telling her how well she looks with her suntan. Recently, she has nearly fainted twice during her journey to work on the tube, although she blames this on standing up in a packed carriage. 
On examination, she was tanned with pigmented palmar creases. BMI was 22 kg/m2. Blood pressure was 95/50mmHg lying and fell to 80/40 mmHg standing. 

a) What is the diagnosis?
b) What baseline investigations should be performed?
c) How would you confirm the diagnosis? 
d) How do you explain her fatigue, fainting and suntan?
e) How should she be treated?
f) What advice should she be given regarding her treatment?



Tutorial 2

Case 1
A 47 year old lawyer is referred to the endocrine clinic by his GP. During a routine medical at his law firm, he was diagnosed with high blood pressure. He is completely well and feels ‘fit as a fiddle’. The GP checked his blood pressure on two consecutive occasions and confirmed it to be elevated at 160/90mmHg and 165/95mmHg. When you take a careful history, the patient describes recent frontal headaches which he attributes to stress at work. He has also been having palpitations, but drinks a lot of coffee whilst working at his desk. On examination, there are no features of Cushing’s syndrome. His blood pressure is 170/90mmHg and he has a resting tachycardia (pulse 110/min, regular). 

Questions:
1) What is the differential diagnosis?
2) What investigations would you like to perform?
3) How should he be treated?

Case 2
A 56 year old lady attends the endocrine outpatient clinic with a six month history of weight gain and hirsutism. She had reached the menopause four years previously and thinks her symptoms may just be due to the menopause. Recently she has been diagnosed with type 2 diabetes. 
On examination she had a plethoric face, centripetal obesity and abdominal striae. BMI was 32 kg/m2 and blood pressure was 160/90mmHg. She couldn’t rise to standing from a squatting position. 

Questions:
1) What is the most likely diagnosis?

2) What investigations would you do to confirm this?

3) A low dose dexamethasone suppression test is performed:
	9AM ACTH at start of test: <5ng/L
	Serum cortisol after 48h = 267nmol/L
How do these results contribute to the diagnosis?

4) What investigation should be performed next?

5) How should the patient be treated?



SESSION 8:  ADRENAL DISORDERS

MCQ: 

1. The following are correct statements:
a) The adrenal cortex is the site of synthesis of catecholamines			
b) The left adrenal vein drains directly into the inferior vena cava.			
c) The left adrenal gland is very close to the spleen.				
d) All corticosteroids are synthesized from the initial precursor cholesterol	
e) Aldosterone is synthesised in the zona glomerulosa cells			

2. The following are correct statements:
a) Aldosterone secretion is principally controlled by the pituitary gland.		
b) Aldosterone is a mineralocorticoid.						
c) Aldosterone stimulates renal sodium excretion					
d) Renin directly stimulates aldosterone production in the adrenals		
e) Angiotensin I is a potent vasoconstrictor molecule				

3. The following are correct statements:
a) Increased renal sympathetic stimulation results in renin release		
b) Cortisol is the principal glucocorticoid in humans				
c) Corticotrophin (ACTH) stimulates the adrenal production of cortisol		
d) Cortisol is an important stimulator of the normal inflammatory response	
e) Cortisol release is inhibited by stress						

4. The following are correct statements:
a) Cortisol stimulates protein catabolism						
b) Addison’s disease can be associated with hyperpigmentation			
Pigmentation is due to excessive production of POMC components e.g. MSH and ACTH either as primary cause of Cushing’s or secondary due to loss of negative feedback by cortisolas in Addison’s
c) Addison’s disease can be caused by tuberculosis				
d) Hypoglycaemic episodes  are common in patients with Cushing’s syndrome	
e) Cushing’s syndrome can be caused by the excessive intake of iodine-containing compounds.									

5.  The following statements are true:
a) Addison’s disease causes hypertension.
b) Cushing’s disease causes hypertension.
c) Addison’s disease causes hyperkalaemia
d) Cushing’s disease causes hyperkalaemia.
e) Addison’s disease causes hyperpigmentation

6. The following statements are true:
a) Cushing’s disease can cause hyperpigmentation.
b) Congenital adrenal hyperplasia is caused by a deficiency in adrenal enzymes.
c) The commonest variety of congenital adrenal hyperplasia is 21 hydroxylase deficiency
d) 21-hydroxylase deficiency causes hirsutism and virilisation.
e) 21-hydroxylase deficiency causes hyperkalaemia

7.The following statements are true:
a) The hypotension caused by complete pituitary failure and resultant cortisol deficiency is more severe than the hypotension caused by autoimmune Addison’s disease.
b) The discovery of a phaeochromocytoma is a medical emergency.
c) Phaeochromocytomas can cause ventricular fibrillation.
d) Patients with phaeochromocytomas will have high urinary cortisol levels. 
e) Surgery to remove a phaeochromocytoma must be performed immediately after the diagnosis is confirmed.

8.The following statements are true:
a) Beta blockade is the first therapeutic step in a patient with a phaeochromocytoma
b) Alpha blockade is the first therapeutic step in a patient with a phaeochromocytoma.
c) Spironolactone is the first therapeutic step in a patient with a phaeochromocytoma.
d) The discovery of a Conn’s adenoma is a medical emergency.
e) Patients with Conn’s adenomas will have high urinary cortisol levels.

9.The following statements are true:
a) Patients with Conn’s adenomas will have high urinary catecholamine levels.
b) Surgery to remove a Conn’s adenoma must be performed immediately after the diagnosis is confirmed.
c) Beta blockade is the first therapeutic step in a patient with a Conn’s adenoma.
d) Alpha blockade is the first therapeutic step in a patient with a Conn’s adenoma.
e) Dexamethasone is useful in the investigation of patients with Cushing’s syndrome

10. The following statements are true:
a) Glucose tolerance testing is useful in establishing the diagnosis of Cushing’s syndrome.
b) Patients with Conn’s syndrome will have a high plasma renin activity
c) Spironolactone is an enzyme inhibitor
d) Ketoconazole is an enzyme inhibitor
e) Fludrocortisone is an enzyme inhibitor

Glossary of endocrine terms

Generally you would not be expected to know eponymous names but sometimes that is the most commonly used description.

Addison’s disease: Adrenocortical (adrenal steroid) deficiency.

Adrenal gland: Endocrine gland which lies on top of each kidney (also known as supra-renal gland).  There is structural and functional separation: the inner medulla secretes catecholamines, while the outer cortex which secretes steroids has three zones, the outer glomerulosa which secretes mineralocorticoids (e.g. aldosterone) and the inner fascilculata and reticularis which secrete glucocorticoids (e.g. cortisol) and small amounts of androgens.

Adrenaline: Nowadays also called epinephrine, which acts mostly via 1 and 2 adrenergic receptors to produce its actions; these include chronotropic (increased heart rate), metabolic and bronchodilator effects.

Adrenergic receptor: Recognises (i.e. binds to) catecholamines, or certain adrenergic pharmacological agents. Various sub-types include the 1 and 2, and the 1, 2 and 3 receptors.

Adrenocorticotrophic hormone: ACTH, see corticotrophin. 

Aldosterone: A mineralocorticoid (steroid) hormone produced by adrenal glands (cf.). An important stimulus is low renal blood flow, the effect of which is mediated through the renin-angiotensin system (cf.). It acts on renal distal convoluted tubules (and early cortical collecting ducts) to conserve sodium in exchange for potassium and/or hydrogen ions. 

Alpha glucosidase inhibitors: Acarbose is used in diabetes to reduce rate of oligosaccharide absorption from the gut.

Amenorrhoea: Absence of menstrual cycles; primary if they never occurred, secondary if they did occur but have now ceased.

Angiotensins I and II: Angiotensin I is a decapeptide produced by the action of renin on angiotensinogen. Angiotensin converting enzyme (ACE) acts on Angiotensin I to produce the octapeptide Angiotensin II. The latter is a potent vasoconstrictor and stimulates aldosterone secretion from the adrenal glands.

Angiotensin converting enzyme inhibitors (ACE-I): these are a class of drugs used to prevent conversion of angiotensin I to angiotensin II (cf.) and are, therefore, used to treat hypertension and cardiac failure.

Atrial naturetic peptide (ANP): A peptide produced by the cardiac atria (and other tissues, e.g. ventricles) which causes a natriuresis i.e. “it does exactly what it says on the tin”. It also has other effects, e.g. it is a vasodilator. A related peptide first found in the brain is called brain natriuretic peptide.

Autocrine:   Hormonal (e.g. regulatory) effect on the cell that produced that hormone itself. 

Axis: A series of intercommunicating links by which one system (e.g. central nervous system) communicates with an endocrine gland. For example, the hypothalamus-pituitary-adrenal axis links the hypothalamus to the pituitary to the adrenal cortex by means of specific hormones.  Usually the axis forms part of the feedback loop. 

Acromegaly: Excessive growth of soft tissues (e.g. resulting in cardiomegaly, hepatomegaly, etc.) and cartilaginous extremities after end of puberty (when epiphyses are fused and long bones do not grow any more).  Caused by too much growth hormone (cf. somatotrophin).

Adeno:  Secretory gland, e.g. adenohypophysis (the “glandular” part of the hypophysis, or pituitary).

Adenohypophysis:  Also known as the anterior lobe of the pituitary gland, it is the glandular (i.e. made up of typical secretory cells) part of pituitary. The specific cells of the adenohypophysis are named after the principal hormones they produce (e.g. corticotrophs, thyrotrophes).

Biguanide:  Metformin, the only biguanide, reduces hepatic gluconeogenesis and increases insulin sensitivity. Especially useful for overweight type 2 diabetics. It has been used to reduce insulin resistance in the absence of diabetes.

Calcitonin:  A hormone produced by the parafollicular (or C) cells of the thyroid, it increases renal calcium loss and reduces bone resorption. Minor player in human physiology. Marker for medullary thyroid carcinoma.

Cholesterol: the most abundant steroid in animals, it is a precursor for various hormones. Carried in several forms in blood, associated with lipoproteins for instance, the particles are classified on the basis of centrifugation properties. Low density lipoprotein cholesterol (LDL-C) is atherogenic whilst increased high density lipoprotein cholesterol (HDL-C) concentrations are associated with a lower prevalence of ischaemic heart disease (IHD).

Corticotrophin: this hormone, also known as adrenocorticotrophic hormone (ACTH) is released from the anterior pituitary, for instance in response to stress, via hypothalamic corticotrophin releasing hormone (CRH).  Diurnal rhythm, stress and feedback control are all factors which influence ACTH release via CRH.  Its main action is to stimulate glucocorticoid (and, to a much lesser extent, androgen) production in the inner zones of the adrenal cortex.

Corticotrophin releasing hormone (or factor): CRH (or CRF) is produced in hypothalamus in response to stress and other stimuli; its production is suppressed by endogenous steroids.  It stimulates the corticotroph cells in anterior pituitary to produce ACTH.

Cortisol: The principal glucocorticoid (steroid) hormone produced by the two inner zones of the adrenal cortex in humans. This hormone has many actions but it is particularly important in the body’s response to stress. In the kidneys it is inactivated by a specific enzyme so that it cannot bind to the mineralocorticoid receptors present, to which cortisol also has a high affinity. 

Cushing’s Disease: Excess of steroid hormones (mainly the glucocorticoid cortisol) from the adrenal cortex due to the excessive pituitary secretion of corticotrophin (cf.).

Cushing’s Syndrome: Excess of steroid hormones (mainly the glucocorticoid cortisol) from the adrenal cortex due to a variety of causes.  May be due to glucocorticoid excess, either directly from an overactive adrenal (endogenous production from an adrenal adenoma), or indirectly from an exogenous source e.g. as a result of a steroid treatment, (i.e. doctor-induced). It can also be due to excessive corticotrophin (ACTH) stimulation of the adrenals, the source of the ACTH being either the pituitary gland (cf. Cushing’s disease) or an ectopic (cf.) source.

Dawn phenomenon: The increase in insulin requirements in the early morning probably mediated through the glucose-producing effect of growth hormone, in the absence of nocturnal hypoglycaemia (See Somogyi effect) or inadequate insulin. 

Diabetes insipidus (DI); Fluid balance disorder associated with the excretion of large volumes of urine (diabetes) which is tasteless (i.e. insipidus) because it is so dilute; caused by a vasopressin (ADH) deficiency or lack of effect. Central (or cranial) DI is due to lack or absence of circulating vasopressin, while nephrogenic DI is due to a renal collecting duct resistance to the action of the hormone.

Diabetic ketoacidosis: a term denoting the combination of hyperglycaemia, ketosis and acidosis which can lead to complications in type 1 diabetes.

Diabetes mellitus (DM): clinical condition associated with the excretion of large volumes of urine (diabetes) tasting of honey (mellitus is honey, in Latin). Increased plasma glucose levels (normal fasting plasma glucose <6mmol/l, impaired fasting glucose 6-7mmol/l and diabetes mellitus >7mmol/l); associated with macrovascular and microvascular complications. Type 1 DM is due to an insulin deficiency, the patient being ketosis prone; found especially, but not exclusively, in the young. Type 2 DM is due to an insulin resistance; it is more prevalent than type 1, and more common with age. Type 2 is not mild diabetes despite the fact the glucose levels are not necessarily very elevated.

Dihydroxycholecalciferol: A steroid hormone also known as 1,25-dihydroxy-vitamin D3, being a metabolite of vitamin D3 (cf.). It is produced from 25-hydroxy-vitamin D3 in the kidneys in response to parathormone (cf.) stimulation of the 1-hydroxylase enzyme. Its principal physiological effect is to increase intestinal absorption of calcium (and phosphate) into the blood.

Dopamine: A precursor of adrenaline and noradrenaline.  Has DA1 and DA2 receptor effects.  Dopamine inhibits prolactin secretion via the DA2 receptor on lactotrophs.

Ectopic: From (or in) an abnormal site (e.g. the ectopic production of the posterior pituitary hormone vasopressin from a carcinoma of the lung).

Endogenous: produced within the body.

Eu-: normal, as in euadrenal or euthyroid; i.e. normal amounts of circulating hormone and hormone effects are present.  

Exogenous: from a source outside the body.

Feedback:  Mechanism by which hormone, either directly or through its action alters (usually decreases, i.e. negative) further hormone secretion. Instances of positive feedback, when a hormone, under certain very specific conditions, actually stimulates further production of itself do exist (cf. oestrogen).

Fibrate: Class of drugs used in treatment of dyslipidaemia. Used especially if triglyceride high and HDL-C low, for example in diabetic dyslipidaemia.

Follicle stimulating hormone: FSH, glycoprotein hormone produced by anterior pituitary that stimulates testicular spermatogenesis or ovarian follicular maturation.  Elevated levels suggest gonadal failure, for example after the menopause or after mumps-induced orchitis (testicular failure).

Galactorrhoea: production of milk from the breasts.

Gigantism: Excessive growth of long bones, before end of puberty, when epiphyses are not fused.  Caused by too much growth hormone.   


Glucagon:  Polypeptide hormone produced by -cells of islets of Langerhans (cf.) in response to hypoglycaemia.  Acts on liver to stimulate glycogenolysis, and therefore increases hepatic glucose output.

Glycoprotein hormone: Combination of polypeptide/protein and carbohydrate side chains (e.g. LH, FSH).

Gonad: An organ that produces sex cells (haploid gametes, spermatozoa or ova), i.e. ovary or testis.

Gonadotrophins:  Luteinizing hormone (LH) and follicle stimulating hormone (FSH) from the adenohypophysis.

Graves’ disease: Autoimmune condition associated with thyrotoxicosis (and later hypothyroidism) and various extra-thyroidal conditions which include thyroid-associated opthalmopathy (exopthalmos, external opthalmoplegia and chemosis; lid lag is a feature of thyrotoxicosis of any aetiology). Predominately antibody mediated auto-immunity although the antibodies are not generally useful in the diagnosis or in monitoring the condition.

Growth hormone: Also known as somatotrophin (cf.). 

Growth hormone releasing hormone: GHRH produced by hypothalamus in response to stress/hypoglycaemia; it stimulates pituitary growth hormone secretion.

Hashimoto’s disease: Autoimmune condition associated with hypothyroidism.  Predominately cell mediated immunity, although antibodies to the peroxidase enzyme (thyroid microsomal) are associated with the condition and may be used clinically for diagnosis.  

Honeymoon period: Soon after insulin treatment is begun in type 1 diabetes mellitus many patients require less insulin than later, a phase sometimes termed the honeymoon period.  It does not mean the diabetes has gone!

Hormone: A substance released into the blood stream which acts as transport system enabling it to reach target tissues sometimes at some distance away from the source. 

Hyperosmolar non-ketotic coma: HONK-C is a coma associated with a hyperglycaemia with an inevitable high plasma osmolality but with minimal ketosis or acidosis.  Typically in type 2 diabetics with some renal impairment.

Hypothalamus: Part of the brain lying below the thalamus and around the third ventricle. It has many varied functions, a particularly important one being the neural influence it has on the function of the pituitary gland which is attached to it by a stalk (cf. adenohypophysis, neurohypophysis). 

Hypopituitarism: (cf. Simmond’s disease). It is a deficiency of one or several pituitary hormones.  Pan-hypopituitarism is a term used to denote deficiency of all pituitary hormones.  

Hypophysis: Also known as pituitary gland.

Iatrogenic: means doctor-induced, e.g. following a treatment.

Impaired glucose tolerance: Increased glucose levels (fasting plasma glucose 6-7mmol/l) associated with the macrovascular, but not microvascular, complications of diabetes mellitus. It is an insulin resistant state, and is associated with a diabetic dyslipidaemia and hypertension.

Inhibin: Imaginatively named glycoprotein hormone released by Sertoli cells of testis and granulosa cells of ovary to inhibit FSH (cf.) secretion by pituitary.   

Insulin-like growth factors: Two IGFs (1 and 2) also known as somatomedins. IGF-1 is produced in liver under control of growth hormone.  It has many of the actions ascribed to growth hormone on linear growth before epiphyses have fused, on intermediary metabolism, and on psychological function.

Insulin resistance: A state whereby a cell, organ, system or whole body requires increased insulin concentrations for a given effect, e.g. to maintain euglycemia.

Intracrine: Synthesised from precursor within effector cell. For example dihydrotestosterone (a potent androgen) is formed from testosterone (the precursor) within the (effector) cells of the prostate. 

Iodine:    131-I has a half-life of 8 days, useful in treatment of thyrotoxicosis and ablating thyroid malignancy. Iodine is essential (in its intracellular reactive form) for the synthesis of the iodothyronines hormones of the thyroid gland.

Iodothyronines: Iodinated hormones produced by the follicular cells of the thyroid gland, thyroxine being the principal molecule.

Islets of Langerhans: Small groups of endocrine cells within the exocrine pancreas which secrete insulin (-cells), glucagon (-cells) and somatostatin (-cells).

Lactic acidosis: Very high lactate levels and acidosis often with mild hyperglycaemia in diabetes. A combination of increased production (in anaerobic tissues) and decreased utilisation (by the liver) are responsible.

Luteinising hormone (LH): Glycoprotein hormone released by anterior pituitary which ripens follicles and causes egg release (ovulation) following an LH surge. It helps convert ruptured follicle cell remnants into corpus luteum. In males, LH stimulates the testicular Leydig cells to synthesize the androgen testosterone.

Macrovascular complication: Refers to atheromatous disease typically complicating diabetes mellitus and insulin resistant states. Ischaemic heart disease, cerebrovascular disease, renal artery stenosis and peripheral vascular disease are main features.

Macroalbuminuria: Albumin excretion in excess of 300mg/day is termed  macroalbuminuria.  It is usually detectable on dipstix testing.  

Menstrual cycle: The cyclic (approximately monthly) ovarian, endometrial and other changes that take place throughout the reproductive life of a woman, the central event being the release of the egg (ovulation). 

Microalbuminuria: Minute amounts of albumin are lost in a healthy individual’s urine daily. However, albumin excretion of 30-300mg/day, termed microalbuminuria, represents early nephropathy especially in Type 2 diabetes mellitus. Many patients with macrovascular disease, with or without diabetes, have some proteinuria therefore the prediction of nephropathy is less useful in T2DM.  However, microalbuminuria is a marker for ischaemic heart disease in the general population.

Microvascular: Refers to the cause of retinopathy, nephropathy and neuropathy which are complications of long-term diabetes mellitus. However, the later, and to an extent the others, are metabolic as well as vascular disorders.

Neurohypophysis:  Also known as the posterior lobe of the pituitary gland, it consists mainly of large (magnocellular) nerve axons originating from cell bodies in the hypothalamus grouped to form the supraoptic and paraventricular nuclei. The secretions from these axons are released from the nerve endings in the neurohypophysis directly into the bloodstream; these neurosecretions are therefore hormones which are synthesised in the hypothalamus but secreted by the pituitary (cf. vasopressin, oxytocin).

Neuropathic:  As in neuropathic foot, where neuropathy has caused specific complications.

Noradrenaline: Also known as norepinephrine, it exerts mostly -1 and -1 adrenoreceptor effects (so that e.g. on cardiovascular system it is more a vasoconstrictor and pressor molecule, rather than having much effect on the cardiac output). Its usual source is as a neurotransmitter from sympathetic post-ganglionic nerve endings, but it is also released from the adrenal medulla as a hormone. 

Oestrogen: A natural or synthetic steroid that has oestrogenic effects. Oestrogens, are synthesized from androgen precursors, mainly in the ovaries (cf. menstrual cycle), the  placenta (during pregnancy) and the testes (in minute quantities). They stimulate bone growth and have several metabolic effects. The principal oestrogen during the menstrual cycle is 17-oestradiol.

Oligomenorrhoea: infrequent menstrual cycles.

Optic chiasm; The decussation of the most medial optic nerve fibres. When compressed by a pituitary tumourit causes bitemporal hemianopia.

Ovulation: the release of a ripe ovum usually in mid-menstrual cycle, induced by the LH surge.

Oxytocin: A polypeptide hormone synthesised in the hypothalamus and secreted from nerve endings in the neurohypophysis. Its main well-described physiological actions are associated with constriction, either of the smooth muscle cells (myoepithelial cells) lining the ducts in the mammary glands producing milk ejection during lactation, or of the smooth muscle lining the uterus (myometrial cells) causing contraction during parturition.

 Paget’s disease: Osteitis deformans, a chronic disease of bone remodelling of unknown aetiology. There is thickening and softening in focal areas through the skeleton causing deformity of long bones.

Paracrine: Hormone action on adjacent cells to those cells producing it, within the same tissue, e.g. somatostatin produced by -cells in the islets of Langerhans (cf.) acts on the - and -cells within the same islets.

Parathormone (PTH): Polypeptide hormone produced by the parathyroid glands in response to low plasma calcium concentration. It acts on bone to mobilise calcium and kidneys to reduce calcium loss and stimulate the production of dihydroxycholecalciferol (cf.).
Polycystic Ovary Syndrome: A condition in which there is an increased number of follicles and stroma within the ovary. It is often associated with hyperandrogenism, and oligomenorrhoea. When associated with the latter there is often insulin resistance also.

Portal circulation: Where the blood in one capillary bed enters veins from which it then flows into another capillary bed before entering the general venous circulation. Within the  endocrine system the circulation from hypothalamus to pituitary (called the hypothalamo-hypophysial portal system), is the chief example. It is vital for the delivery of hypothalamic releasing hormones to the anterior pituitary cells.

Pressor: Any agent which increases blood pressure.

Primary: Where hormonal deficiency or excess is due to an abnormality in the endocrine gland itself. For example, primary hyperparathyroidism is where an adenoma or hyperplasia of the parathyroid glands causes an increased parathormone concentration that is inappropriate to the ambient calcium concentration. Another example is primary hypothyroidism, which is due the thyroid itself not producing iodothyronine hormones.

Progestogen: A steroid hormone produced by the corpus luteum during the post-ovulatory menstrual cycle (i.e. its plasma concentration is increased during the luteal phase), and by the placenta during pregnancy. It is an early precursor for many other steroid hormones derived from cholesterol. 

Proinsulin:  Produced by -cell, C-peptide (connecting peptide) is removed to leave intact insulin.  C-peptide and intact insulin are therefore secreted in equimolar amounts.  Some pro-insulin is secreted with intact insulin and this proportion of immature insulin is increased early in type 2 diabetes.

Prolactin: Protein hormone that stimulates milk secretion.  Secreted by pituitary, only pituitary hormone only under negative control by hypothalamus, dopamine inhibits prolactin secretion.

Receptor: Whether cell surface, cytoplasmic or nuclear, receptors are molecules found in target cells which bind to specific hormones. This linkage allows the hormone-receptor complex to interact with intracellular systems which then mediate the hormonal effects in the target cells.  

Releasing Hormones: These are almost invariably peptidergic molecules released from hypothalamic nerve endings into the hypothalamo-hypophysial portal circulation. They stimulate the release of specific adenohypophysial hormones. Certain hypothalamic hormones (e.g. somatostatin, dopamine) are inhibitory molecules with regard to their influence on adenohypophysial hormone release.
 
Renin: An enzyme that converts the circulating protein angiotensinogen to the polypeptide angiotensin I. It is released from the juxta-glomerular cells (apparatus) of the renal afferent arterioles in response to reduced renal blood flow or sympathetic stimulation. Angiotensin I is then converted to angiotensin II by converting enzyme. Through this renin-angiotensin system (RAS) blood pressure is increased (angiotensin II) and sodium conserved (aldosterone).

Secondary: Where hormonal deficiency or excess is consequent upon another cause. For example, hypocalcaemia can cause secondary hyperparathyroidism when the parathyroid hormone concentration elevation is appropriate to the ambient calcium concentration. Another example is the secondary hypothyroidism which is a consequence of pituitary thyrotrophin (TSH) defiency.

Sertoli cell: The seminiferous tubules are composed of Sertoli cells. They are stimulated by FSH (cf.) and play an important role in spermatogenesis, and they are a source of inhibin which has a negative feedback action on FSH production.

Simmond’s disease: Anterior pituitary hormone failure usually due to benign pituitary tumours.

Somatostatin: A polypeptide hormone synthesized in the gastrointestinal tract, the d-cells of the pancreatic islets of Langerhansm and the hypothalamus. It is alsofound in other parts of the brain where it functions as a neuropeptide. It is generally an inhibitory molecule; for instance it inhibits insulin and growth hormone secretions from the appropriate endocrine glands..

Somatotrophin: Also known as growth hormone, it has important actions other than on linear growth (e.g. metabolic). A protein hormone produced by anterior pituitary, its release is stimulated by GHRH and inhibited by somatostatin, both produced by hypothalamus. Has direct actions and also acts through the mediation of IGF-1 (cf.). 

Somogyi effect: Nocturnal hypoglycaemia following the hyperglycaemia induced by counter-regulatory hormones (e.g. glucagon etc). The situation is complicated by the increasing insulin production which normally occurs in response to raised morning glucose levels, which in reality represented the after effects of hypoglycaemia. See also Dawn phenomenon.

Statin: One of a group of drugs that inhibit HMG co-A reductase and consequently reduces cholesterol, especially LDL-cholesterol.  These drugs have been shown to reduce ischaemic heart disease in primary and secondary prevention.

Sulphonylurea:  Hypoglycaemic agent used in treatment of type 2 diabetes mellitus. Acts on specific receptor to increase insulin secretion from -cell in pancreatic islets of Langerhans (cf.), therefore requires some residual -cell function.

Synacthen:  Artificial ACTH (corticotrophin) used in the assessment of adrenocortical function.

Technetium: 99-Tc is a radioisotope (half-life 6 hours) useful for scanning several systems, including the thyroid; radioactive iodine has a long half-life and is less useful as an imaging tool.

Tertiary: The condition which arises when persistent (long-term) increased hormone production is maintained and becomes inappropriate after the initial defect (i.e excessive stimulation) is corrected. For example, when the hypocalcaemia causing secondary hyperparathyroidism if prolonged, as in renal failure; even when the stimulus for increased parathormone (PTH) production, i.e. the decreased circulating calcium level, has been corrected there may be continued excessive PTH production from the now-autonomous parathyroid glands (i.e. tertiary hyperparathyroidism).

Thionamide: Pharmacological agent (carbimazole and propylthiouracil) used in treatment of thyrotoxicosis.

Thyrotrophin releasing hormone: TRH.  Peptide hormone produced by hypothalamus in response to low circulating iodothyronine (thyroid hormone) concentrations and some forms of stress.  

Thyrotrophin: or thyroid stimulating hormone  (TSH): A glycoprotein hormone produced by anterior pituitary gland in response to elevated TRH (cf.) or low circulating iodothyronine (thyroid hormone) concentrations.  Therefore elevated in primary hypothyroidism, and used as diagnostic test for primary hypothyroidism.

Triglyceride:  Fatty acids join glycerol to form tri-acylglycerol or triglyceride (“fat”).  Elevated in poorly controlled diabetes, some dyslipidaemia and insulin resistant states.  Tends to be elevated when HDL-C (cf.) is low, and is a risk factor for ischaemic heart disease (IHD).

Trophic:  Hormone that “nourishes” i.e. encourages growth (e.g. thyroid-stimulating hormone stimulates growth of the thyroid, the gonadotrophins stimulate growth of the gonads).

Tyrosine: Is an amino acid precursor for certain hormones (e.g. catecholamines, iodothyronines). 

Vasopressin: arginine vasopressin (AVP), also known as antidiuretic hormone. Polypeptide hormone synthesised in hypothalamus but released from nerve endings in the posterior pituitary gland (cf. neurohypophysis) in response to increased plasma osmolality and decreased blood volume. It is also released from other hypothalamic fibres which terminate in the median eminence. This hormonal component is released into the hypothalamo-hypophysial portal system, which transports it to the anterior pituitary where it acts as a corticotrophin releasing hormone.

Vitamin D: Fat-soluble vitamin, metabolic products of which increase calcium absorption from the intestine. Precursor 7-dehydrocholesterol is converted to cholecalciferol (vitamin D3) in presence of sunlight. Cholecalciferol is hydroxylated at the 25 position in the liver and then at the 1 position in the kidney to form dihydroxycholecalciferol (1,25(OH2)D3), the bioactive metabolite.
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The British Diabetic Association Cohort Study
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