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Series 1: Diabetes Mellitus: Risk Factors, 

Pathogenesis, and Clinical Features 

• Part 1.1: Classification and Risk Factors of Diabetes Mellitus 

o Sub Part 1.1.1: Classification of diabetes mellitus 

o Sub Part 1.1.2: Risk factors for type 2 diabetes mellitus 

o Sub Part 1.1.3: Risk factors and triggers for type 1 diabetes mellitus 

• Part 1.2: Pathogenesis of Diabetes Mellitus 

o Sub Part 1.2.1: Pathogenesis of type 1 diabetes mellitus 

o Sub Part 1.2.2: Pathogenesis of type 2 diabetes mellitus and insulin resistance 

o Sub Part 1.2.3: Other specific types of diabetes mellitus 

• Part 1.3: Clinical Features of Diabetes Mellitus 

o Sub Part 1.3.1: Classic symptoms of hyperglycaemia 

o Sub Part 1.3.2: Clinical presentation of type 1 versus type 2 diabetes 

o Sub Part 1.3.3: Gestational diabetes mellitus 

• Part 1.4: Diagnostic Criteria and Screening 

o Sub Part 1.4.1: Diagnostic criteria for diabetes mellitus 

o Sub Part 1.4.2: Screening for diabetes and prediabetes 

o Sub Part 1.4.3: Differentiating diabetes types at presentation 

 

Introduction 

Few conditions in medicine touch as many patients, across as many organ systems, as diabetes 

mellitus, and few demand as thorough a theoretical grounding before meaningful clinical care 

can begin. This opening Series of Metabolic and Endocrine Medicine builds that grounding, 

working through the classification, risk factors, pathogenesis, and clinical features of diabetes 
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mellitus, before turning to the diagnostic criteria and screening approaches that translate this 

theory into a confirmed diagnosis in an individual patient. 

The aim of this Series is to equip you with the ability to classify diabetes mellitus, list its risk 

factors, describe its pathogenesis in both major types, describe its classic clinical features 

including gestational diabetes, and apply the diagnostic criteria and screening approaches used to 

identify it. This theoretical and clinical foundation underpins everything that follows in Series 2, 

where the focus shifts to complications, investigation, and management. 

This Series opens with the classification and risk factors of diabetes mellitus, moves through 

its pathogenesis and clinical features, and closes with diagnostic criteria and screening. 

 

Series Learning Outcomes 

At the end of this Series, you should be able to: 

• SLO 1.1: classify diabetes mellitus 

• SLO 1.2: list the risk factors for type 1 and type 2 diabetes mellitus 

• SLO 1.3: describe the pathogenesis of type 1 diabetes mellitus 

• SLO 1.4: describe the pathogenesis of type 2 diabetes mellitus and insulin resistance 

• SLO 1.5: describe the classic symptoms and clinical presentation of diabetes mellitus 

• SLO 1.6: describe gestational diabetes mellitus 

• SLO 1.7: list the diagnostic criteria for diabetes mellitus 

• SLO 1.8: discuss screening for diabetes and differentiating diabetes types at presentation 

 

1.1 Classification and Risk Factors of Diabetes Mellitus 

1.1.1 classification of diabetes mellitus 

Four broad categories, each with a distinct underlying story 

Diabetes mellitus is classified into four broad categories: type 1 diabetes, resulting from 

autoimmune destruction of insulin-producing pancreatic beta cells leading to absolute insulin 

deficiency, type 2 diabetes, resulting from a combination of insulin resistance and relative 

insulin deficiency, gestational diabetes, diabetes first recognised during pregnancy, and other 

specific types, including monogenic diabetes and diabetes secondary to another medical 

condition or medication. 
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Correctly classifying a patient's diabetes matters considerably, since the underlying 

pathophysiology directly shapes the most appropriate treatment approach, and a patient with type 

1 diabetes who is mistakenly managed as though they have type 2 diabetes, or vice versa, risks 

genuinely serious harm, underlining why accurate classification at presentation, covered in more 

detail later in this Series, is a genuinely essential clinical skill rather than an academic formality. 

Fill in the blank: Type 1 diabetes results from autoimmune destruction of insulin-producing 

pancreatic beta ________. 

1.1.2 risk factors for type 2 diabetes mellitus 

A condition shaped heavily by modifiable factors 

Risk factors for type 2 diabetes include obesity, particularly central or visceral adiposity, 

physical inactivity, a family history of type 2 diabetes, increasing age, and certain ethnic 

backgrounds known to carry higher population-level risk, alongside a history of gestational 

diabetes or polycystic ovary syndrome in women, each contributing to the underlying insulin 

resistance that characterises this type of diabetes. 

Many of these risk factors are genuinely modifiable, particularly obesity and physical inactivity, 

making type 2 diabetes a condition where individual and population-level prevention strategies 

can meaningfully reduce future disease burden, a theme that will recur throughout this course 

given its genuine public health importance alongside the purely clinical management of 

established disease. 

Fill in the blank: Central or visceral ________ is a particularly significant risk factor for type 2 

diabetes. 

1.1.3 risk factors and triggers for type 1 diabetes mellitus 

A different risk profile, rooted in autoimmunity 

Risk factors for type 1 diabetes differ fundamentally from those for type 2, centring on genetic 

susceptibility, particularly certain human leukocyte antigen gene variants, alongside a family 

history of type 1 diabetes or other autoimmune conditions, reflecting the autoimmune basis of 

this type rather than the metabolic and lifestyle factors more relevant to type 2 diabetes. 

Environmental triggers, including certain viral infections, are hypothesised to precipitate the 

autoimmune process in genetically susceptible individuals, though the precise mechanism 

remains incompletely understood, and, unlike type 2 diabetes, type 1 diabetes is not preventable 

through lifestyle modification, a genuinely important distinction to communicate clearly to 
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patients and families who may otherwise, understandably but incorrectly, attribute the diagnosis 

to diet or lifestyle choices. 

Fill in the blank: Unlike type 2 diabetes, type 1 diabetes is not preventable through lifestyle 

________. 

Figure 1.1: A clinician measuring waist circumference to assess central adiposity as a diabetes 

risk factor. 

 

Pilot questions 1.1 

1. List the four broad categories of diabetes mellitus. (Linked to SLO 1.1) 

2. Explain why accurate classification of diabetes matters clinically. (Linked to SLO 1.1) 

3. List the risk factors for type 2 diabetes. (Linked to SLO 1.2) 

4. List the risk factors for type 1 diabetes. (Linked to SLO 1.2) 

5. Explain why type 1 diabetes is not preventable through lifestyle modification. (Linked to 

SLO 1.2) 
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1.2 Pathogenesis of Diabetes Mellitus 

1.2.1 pathogenesis of type 1 diabetes mellitus 

The immune system turning against its own pancreas 

Type 1 diabetes develops through progressive autoimmune destruction of pancreatic beta 

cells, mediated by autoreactive T lymphocytes and marked by circulating autoantibodies against 

beta cell antigens, a process that typically proceeds silently for months to years before sufficient 

beta cell mass is lost to produce clinically apparent hyperglycaemia and the classic symptoms 

this eventually causes. 

Once beta cell mass falls below a critical threshold, usually around eighty to ninety percent 

destruction, absolute insulin deficiency results, and, without exogenous insulin replacement, the 

body shifts towards unrestrained lipolysis and ketogenesis, since insulin's normal restraining 

effect on these processes is entirely lost, a pathophysiological cascade that, left untreated, 

progresses towards the genuine medical emergency of diabetic ketoacidosis. 

Fill in the blank: Absolute insulin deficiency in type 1 diabetes typically results once beta cell 

mass falls below a critical ________. 

1.2.2 pathogenesis of type 2 diabetes mellitus and insulin resistance 

A gradual failure of both supply and demand 

Type 2 diabetes develops through a combination of insulin resistance, reduced tissue 

sensitivity to insulin's normal effects, particularly in skeletal muscle, liver, and adipose tissue, 

and progressive beta cell dysfunction, an initially compensatory increase in insulin secretion 

that gradually fails to keep pace with the body's rising insulin resistance, eventually resulting in 

relative insulin deficiency and clinically apparent hyperglycaemia. 

Excess visceral adiposity contributes directly to insulin resistance through several interlinked 

mechanisms, including altered adipokine secretion and chronic low-grade inflammation, and this 

pathophysiological link between obesity and insulin resistance explains why weight loss remains 

one of the most effective interventions available for improving glycaemic control in 

appropriately selected patients with type 2 diabetes, a genuinely important therapeutic principle 

covered further in the following Series. 

Fill in the blank: Type 2 diabetes develops through a combination of insulin resistance and 

progressive beta cell ________. 
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1.2.3 other specific types of diabetes mellitus 

A smaller but genuinely important category 

Monogenic diabetes, resulting from a mutation in a single gene, includes maturity-onset 

diabetes of the young, typically presenting in adolescence or early adulthood with a strong 

family history across multiple generations, and neonatal diabetes, presenting within the first six 

months of life, both genuinely important to recognise since their specific genetic cause can, in 

certain subtypes, meaningfully alter the most appropriate treatment choice compared with 

standard type 1 or type 2 management. 

Secondary diabetes, resulting from another underlying condition or its treatment, includes 

diabetes secondary to pancreatic disease, such as chronic pancreatitis destroying the insulin-

producing tissue directly, endocrine conditions producing excess counter-regulatory hormones, 

and medication, particularly long-term corticosteroid use, and recognising these secondary 

causes matters since treating the underlying cause, where possible, can sometimes improve or 

even resolve the associated hyperglycaemia. 

Fill in the blank: Maturity-onset diabetes of the young typically presents with a strong family 

history across multiple ________. 

Table 1.1: Comparing the pathogenesis of type 1 and type 2 diabetes 

Feature Type 1 diabetes Type 2 diabetes 

Core mechanism 
Autoimmune beta cell 

destruction 
Insulin resistance with beta cell 

dysfunction 

Insulin level Absolute deficiency Relative deficiency 

Typical onset 
Often childhood or 

adolescence 
Often adulthood, increasingly 

younger 
 

Pilot questions 1.2 

1. Describe the autoimmune process underlying type 1 diabetes. (Linked to SLO 1.3) 

2. Explain what happens once beta cell mass falls below the critical threshold in type 1 

diabetes. (Linked to SLO 1.3) 

3. Describe the two core pathophysiological processes underlying type 2 diabetes. (Linked 

to SLO 1.4) 

4. Explain the link between visceral adiposity and insulin resistance. (Linked to SLO 1.4) 

5. Distinguish monogenic from secondary diabetes. (Linked to SLO 1.4) 

 



 

 la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION 
STUDENTS 

1.3 Clinical Features of Diabetes Mellitus 

1.3.1 classic symptoms of hyperglycaemia 

The recognisable triad, and what lies behind it 

The classic symptoms of hyperglycaemia, polyuria, excessive urination, polydipsia, excessive 

thirst, and polyphagia, excessive hunger, arise directly from the underlying physiology of 

uncontrolled hyperglycaemia, since glucose exceeding the kidney's reabsorptive capacity is 

excreted in urine, drawing water with it through osmotic diuresis, producing polyuria and, 

consequently, compensatory polydipsia as the body attempts to replace this fluid loss. 

Unexplained weight loss, despite normal or increased appetite, is a further classic symptom, 

particularly prominent in type 1 diabetes, reflecting the body's inability to use glucose effectively 

as an energy source in the absence of adequate insulin, forcing a shift towards breaking down fat 

and muscle tissue for energy instead, a catabolic process that can produce genuinely significant 

weight loss over a relatively short period. 

Fill in the blank: Polyuria results from osmotic diuresis as excess glucose draws ________ with 

it into the urine. 

1.3.2 clinical presentation of type 1 versus type 2 diabetes 

Two different speeds, two different pictures 

Type 1 diabetes typically presents relatively acutely, over days to weeks, with the classic 

symptoms prominently and often severely present, and can present for the first time with 

diabetic ketoacidosis, a genuine medical emergency, if the diagnosis is not recognised and 

treated promptly, a pattern reflecting the relatively rapid loss of insulin production once the 

autoimmune destructive process reaches its critical threshold. 

Type 2 diabetes, in contrast, typically presents far more insidiously, often over months to years, 

and a substantial proportion of patients are genuinely asymptomatic at diagnosis, identified 

instead through routine screening or investigation for an unrelated condition, meaning classic 

symptoms, when present, are often milder than in type 1 diabetes, and some patients already 

have established diabetic complications, covered in the next Series, by the time of formal 

diagnosis given this frequently prolonged, silent preceding period. 

Fill in the blank: A substantial proportion of patients with type 2 diabetes are genuinely 

________ at diagnosis. 
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1.3.3 gestational diabetes mellitus 

A diagnosis specific to pregnancy, with implications beyond it 

Gestational diabetes mellitus describes diabetes first recognised during pregnancy, typically in 

the second or third trimester as increasing insulin resistance driven by placental hormones 

unmasks previously subclinical impaired glucose tolerance, and, while it usually resolves 

following delivery, it carries genuine significance both for the immediate pregnancy, given risks 

including macrosomia and delivery complications, and for the mother's long-term health. 

Women with a history of gestational diabetes carry a substantially increased lifetime risk of 

subsequently developing type 2 diabetes, making postpartum screening and ongoing longer-term 

follow-up a genuinely important part of comprehensive care, and this link between gestational 

and type 2 diabetes reflects shared underlying risk factors and pathophysiology rather than these 

being entirely separate, unrelated conditions. 

Fill in the blank: Gestational diabetes typically becomes apparent as increasing insulin 

resistance driven by ________ hormones. 

Figure 1.2: A patient describing classic hyperglycaemic symptoms to a clinician. 

Pilot questions 1.3 

1. Describe the classic triad of hyperglycaemic symptoms. (Linked to SLO 1.5) 



 

 la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION 
STUDENTS 

2. Explain the mechanism underlying polyuria in uncontrolled hyperglycaemia. (Linked to 

SLO 1.5) 

3. Explain why unexplained weight loss occurs in poorly controlled diabetes. (Linked to 

SLO 1.5) 

4. Distinguish the typical onset and presentation of type 1 from type 2 diabetes. (Linked to 

SLO 1.5) 

5. Explain the significance of a history of gestational diabetes for future health. (Linked to 

SLO 1.6) 

 

 

1.4 Diagnostic Criteria and Screening 

1.4.1 diagnostic criteria for diabetes mellitus 

Translating theory into a confirmed diagnosis 

Diagnostic criteria for diabetes mellitus include a fasting plasma glucose at or above a defined 

threshold, a two-hour plasma glucose during an oral glucose tolerance test at or above a defined 

threshold, a glycated haemoglobin, or HbA1c, at or above a defined threshold reflecting average 

glycaemic control over the preceding two to three months, or a random plasma glucose at or 

above a defined threshold in a patient with classic hyperglycaemic symptoms. 

In an asymptomatic patient, diagnosis generally requires confirmation with a repeat abnormal 

test, either the same test repeated or a different diagnostic test, since a single abnormal result in 

the absence of symptoms could reflect laboratory variation or a transient physiological state 

rather than genuinely established diabetes, whereas in a symptomatic patient with an 

unambiguously elevated random glucose, a single result is generally considered sufficient to 

confirm the diagnosis. 

Fill in the blank: In an asymptomatic patient, diagnosis generally requires confirmation with a 

repeat abnormal ________. 

1.4.2 screening for diabetes and prediabetes 

Finding disease before symptoms force the issue 

Screening for diabetes is recommended in asymptomatic adults with recognised risk factors, 

such as obesity, family history, or relevant ethnic background, given the frequently prolonged, 

silent preceding period of type 2 diabetes already discussed, since early identification allows 
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intervention before complications have had the opportunity to develop, a genuinely important 

preventive principle given how significantly established complications can affect long-term 

outcomes. 

Prediabetes, an intermediate state of glucose metabolism above normal but below the threshold 

for a formal diabetes diagnosis, identified through impaired fasting glucose or impaired glucose 

tolerance, represents a genuinely important opportunity for intervention, since lifestyle 

modification at this stage has been clearly shown to meaningfully reduce the subsequent risk of 

progression to established type 2 diabetes in appropriately motivated, supported patients. 

Fill in the blank: Prediabetes is identified through impaired fasting glucose or impaired glucose 

________. 

1.4.3 differentiating diabetes types at presentation 

Getting the classification right from the very first encounter 

Differentiating diabetes type at presentation relies on a combination of clinical features already 

discussed, age at onset, rate of symptom development, body habitus, and family history, 

alongside specific laboratory investigations where the clinical picture remains genuinely 

uncertain, including autoantibody testing supporting a type 1 diagnosis, and C-peptide 

measurement, reflecting the patient's own residual insulin production. 

Correctly differentiating diabetes type at presentation is genuinely clinically important beyond 

simple classification for its own sake, since it directly determines the most appropriate initial 

treatment approach, and a patient with newly presenting type 1 diabetes who is inappropriately 

managed with an approach suited to type 2 diabetes alone risks the genuine, serious harm of 

untreated absolute insulin deficiency progressing towards diabetic ketoacidosis. 

Fill in the blank: C-peptide measurement reflects the patient's own residual insulin ________. 

Table 1.2: Diagnostic criteria for diabetes mellitus 

Test Diagnostic use Key consideration 

Fasting plasma glucose Standard diagnostic test Requires overnight fasting 

Oral glucose tolerance test Two-hour post-load glucose 
More sensitive, more resource-

intensive 

HbA1c 
Reflects average control over 

two to three months 
Not affected by acute illness or 

fasting state 
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Pilot questions 1.4 

1. List the diagnostic criteria for diabetes mellitus. (Linked to SLO 1.7) 

2. Explain when a single abnormal test is sufficient to confirm diabetes. (Linked to SLO 

1.7) 

3. Describe who should be screened for diabetes and why. (Linked to SLO 1.8) 

4. Define prediabetes and explain why identifying it matters. (Linked to SLO 1.8) 

5. List the clinical and laboratory features used to differentiate diabetes type at presentation. 

(Linked to SLO 1.8) 

 

 

Series Summary 

This opening Series built the theoretical and clinical foundation for understanding diabetes 

mellitus. Part 1.1 covered the classification of diabetes and the risk factors for both major types, 

while Part 1.2 turned to the pathogenesis of type 1 and type 2 diabetes and other specific types. 

Part 1.3 covered the clinical features of diabetes, including gestational diabetes, and Part 1.4 

closed with the diagnostic criteria, screening approaches, and differentiation of diabetes types at 

presentation. 

You should now be able to classify diabetes mellitus, list its risk factors, describe its 

pathogenesis and clinical features, and apply the diagnostic criteria covered across all four Parts 

of this Series, meeting the outcomes set for this Series. Series 2 turns next to the complications, 

investigations, and management of diabetes mellitus. 

 

Glossary of Terms 

• Beta cell dysfunction: progressive failure of insulin secretion to keep pace with insulin 

resistance. 

• Diabetic ketoacidosis: a medical emergency from unrestrained ketogenesis due to 

absolute insulin deficiency. 

• Gestational diabetes mellitus: diabetes first recognised during pregnancy. 

• HbA1c: glycated haemoglobin, reflecting average glycaemic control over two to three 

months. 

• Insulin resistance: reduced tissue sensitivity to insulin's normal metabolic effects. 

• Monogenic diabetes: diabetes resulting from a mutation in a single gene. 

• Polydipsia: excessive thirst, a classic symptom of hyperglycaemia. 
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• Polyphagia: excessive hunger, a classic symptom of hyperglycaemia. 

• Polyuria: excessive urination, a classic symptom of hyperglycaemia. 

• Prediabetes: an intermediate glucose metabolism state above normal but below the 

diabetes threshold. 

• Secondary diabetes: diabetes resulting from another underlying condition or its 

treatment. 

• Type 1 diabetes: diabetes from autoimmune destruction of pancreatic beta cells causing 

absolute insulin deficiency. 

 

Concept Check Questions [Series 1] 

Objective questions 

1. Type 1 diabetes results from autoimmune destruction of insulin-producing pancreatic 

beta ________. (Linked to SLO 1.1) 

2. Absolute insulin deficiency in type 1 diabetes typically results once beta cell mass falls 

below a critical ________. (Linked to SLO 1.3) 

3. Type 2 diabetes develops through a combination of insulin resistance and progressive 

beta cell ________. (Linked to SLO 1.4) 

4. Polyuria results from osmotic diuresis as excess glucose draws ________ with it into the 

urine. (Linked to SLO 1.5) 

5. Prediabetes is identified through impaired fasting glucose or impaired glucose ________. 

(Linked to SLO 1.8) 

Short-answer questions 

6. List the four broad categories of diabetes mellitus. (Linked to SLO 1.1) 

7. List the risk factors for type 2 diabetes. (Linked to SLO 1.2) 

8. Distinguish the typical onset and presentation of type 1 from type 2 diabetes. (Linked to 

SLO 1.5) 

9. Explain the significance of a history of gestational diabetes for future health. (Linked to 

SLO 1.6) 

10. List the diagnostic criteria for diabetes mellitus. (Linked to SLO 1.7) 

Long-answer questions 

11. Discuss the classification and risk factors of diabetes mellitus. (Linked to SLO 1.1, 1.2) 

12. Describe the pathogenesis of type 1 and type 2 diabetes mellitus. (Linked to SLO 1.3, 

1.4) 
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13. Discuss the clinical features of diabetes mellitus, including gestational diabetes. (Linked 

to SLO 1.5, 1.6) 

14. Describe the diagnostic criteria for diabetes mellitus. (Linked to SLO 1.7) 

15. Discuss screening for diabetes and how diabetes types are differentiated at presentation. 

(Linked to SLO 1.8) 

 

Answers to Concept Check Questions [Series 1] 

Objective questions 

1. Cells. 

2. Threshold. 

3. Dysfunction. 

4. Water. 

5. Tolerance. 

Short-answer questions 

6. The four categories are type 1, type 2, gestational, and other specific types of diabetes. 

7. Risk factors include obesity, physical inactivity, family history, increasing age, and 

certain ethnic backgrounds. 

8. Type 1 presents acutely over days to weeks with prominent symptoms, while type 2 

presents insidiously, often asymptomatically. 

9. Women with gestational diabetes carry substantially increased lifetime risk of developing 

type 2 diabetes. 

10. Criteria include fasting plasma glucose, oral glucose tolerance test, HbA1c, or random 

glucose with symptoms. 

Long-answer questions 

11. Basic response: Diabetes is classified into type 1, type 2, gestational, and other specific 

types; type 2 risk factors include obesity and inactivity, while type 1 risk factors centre on 

genetic susceptibility and autoimmunity. 

Value-added response: A value-added response notes that accurate classification 

directly shapes appropriate treatment and prevents serious harm from mismanagement. 

12. Basic response: Type 1 diabetes results from autoimmune beta cell destruction causing 

absolute insulin deficiency; type 2 diabetes results from insulin resistance combined with 

progressive beta cell dysfunction. 
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Value-added response: A value-added response notes that visceral adiposity contributes 

directly to insulin resistance through altered adipokine secretion and inflammation. 

13. Basic response: Classic symptoms include polyuria, polydipsia, polyphagia, and weight 

loss; type 1 presents acutely while type 2 is often asymptomatic; gestational diabetes 

emerges in pregnancy from placental hormone-driven insulin resistance. 

Value-added response: A value-added response notes that gestational diabetes carries 

implications for both the pregnancy itself and the mother's long-term health. 

14. Basic response: Diagnosis uses fasting plasma glucose, oral glucose tolerance testing, 

HbA1c, or random glucose with symptoms, generally requiring confirmation with a 

repeat test in asymptomatic patients. 

Value-added response: A value-added response notes that a single unambiguous result 

is sufficient in a symptomatic patient given the lower likelihood of a false positive. 

15. Basic response: Screening targets asymptomatic adults with risk factors to allow early 

intervention; differentiation at presentation uses age, onset speed, body habitus, family 

history, and specific tests such as autoantibodies and C-peptide. 

Value-added response: A value-added response notes that correct differentiation 

directly determines appropriate initial treatment, avoiding serious harm from 

mismanagement. 

 

 

Answers to Pilot Questions [Series 1] 

Part 1.1 

1. The four categories are type 1, type 2, gestational, and other specific types. 

2. Accurate classification shapes the most appropriate treatment approach and avoids 

serious harm from mismanagement. 

3. Risk factors include obesity, physical inactivity, family history, age, and ethnic 

background. 

4. Risk factors include genetic susceptibility, family history of autoimmune conditions, and 

possible environmental triggers. 

5. Type 1 diabetes arises from autoimmune destruction unrelated to lifestyle, unlike the 

modifiable factors driving type 2 diabetes. 
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Part 1.2 

1. Autoreactive T lymphocytes and autoantibodies progressively destroy pancreatic beta 

cells over months to years. 

2. Absolute insulin deficiency results, leading to unrestrained lipolysis and ketogenesis 

without treatment. 

3. The two processes are insulin resistance and progressive beta cell dysfunction. 

4. Visceral adiposity contributes to insulin resistance through altered adipokine secretion 

and inflammation. 

5. Monogenic diabetes results from a single gene mutation, while secondary diabetes results 

from another condition or its treatment. 

Part 1.3 

1. The classic triad is polyuria, polydipsia, and polyphagia. 

2. Excess glucose exceeds renal reabsorptive capacity, drawing water into the urine through 

osmotic diuresis. 

3. Weight loss reflects catabolism of fat and muscle when glucose cannot be used 

effectively without adequate insulin. 

4. Type 1 presents acutely with prominent symptoms, while type 2 presents insidiously, 

often without symptoms. 

5. Gestational diabetes carries substantially increased lifetime risk of later developing type 2 

diabetes. 

Part 1.4 

1. Criteria include fasting plasma glucose, oral glucose tolerance test, HbA1c, or random 

glucose with symptoms. 

2. A single result is sufficient when the patient is symptomatic with an unambiguously 

elevated random glucose. 

3. Asymptomatic adults with risk factors should be screened, allowing early intervention 

before complications develop. 

4. Prediabetes is an intermediate glucose state; identifying it allows lifestyle intervention to 

reduce progression risk. 

5. Features include age at onset, rate of symptom development, body habitus, family 

history, autoantibodies, and C-peptide. 
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Figures, Plates, Tables, and Boxes 

• Figure 1.1: A clinician measuring waist circumference to assess central adiposity as a 

diabetes risk factor. AI-generated using the prompt: "Create a realistic clinical illustration 

titled Assessing Central Adiposity, showing a clinician using a tape measure around a 

patient's waist during a routine clinical assessment, consultation room setting. Clean 

clinical illustration style, no text." 

• Table 1.1: Comparing the pathogenesis of type 1 and type 2 diabetes. AI-generated using 

the prompt: "Create a clean reference table titled Comparing the Pathogenesis of Type 1 

and Type 2 Diabetes, listing feature, type 1 diabetes, and type 2 diabetes. Simple clinical 

reference table style with outside border." 

• Figure 1.2: A patient describing classic hyperglycaemic symptoms to a clinician. AI-

generated using the prompt: "Create a realistic clinical illustration titled Describing 

Classic Diabetes Symptoms, showing a patient seated across from a clinician, gesturing 

while describing symptoms, clinician listening attentively and taking notes, consultation 

room setting. Clean clinical illustration style, no text." 

• Table 1.2: Diagnostic criteria for diabetes mellitus. AI-generated using the prompt: 

"Create a clean reference table titled Diagnostic Criteria for Diabetes Mellitus, listing 

test, diagnostic use, and key consideration. Simple clinical reference table style with 

outside border."
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Course code: MED 602 

Course title: Metabolic and Endocrine Medicine 

Course credit load: 2 Units 

Series 2: Diabetes Mellitus: Complications, 

Investigations, and Management 

• Part 2.1: Acute Complications of Diabetes Mellitus 

o Sub Part 2.1.1: Diabetic ketoacidosis 

o Sub Part 2.1.2: Hyperosmolar hyperglycaemic state 

o Sub Part 2.1.3: Hypoglycaemia 

• Part 2.2: Chronic Microvascular Complications 

o Sub Part 2.2.1: Diabetic retinopathy 

o Sub Part 2.2.2: Diabetic nephropathy 

o Sub Part 2.2.3: Diabetic neuropathy 

• Part 2.3: Chronic Macrovascular Complications and Investigations 

o Sub Part 2.3.1: Macrovascular complications of diabetes 

o Sub Part 2.3.2: The diabetic foot 

o Sub Part 2.3.3: Monitoring and investigation of diabetes 

• Part 2.4: Management of Diabetes Mellitus 

o Sub Part 2.4.1: Lifestyle management and dietary principles 

o Sub Part 2.4.2: Pharmacological management of type 2 diabetes 

o Sub Part 2.4.3: Insulin therapy and management of type 1 diabetes 

 

Introduction 

Understanding diabetes theoretically, as covered in Series 1, is only genuinely useful once 

translated into recognising its complications, ordering the right investigations, and delivering 
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effective management, and this Series completes that translation. Diabetes mellitus left poorly 

controlled over years produces a genuinely wide range of complications, affecting the eyes, 

kidneys, nerves, and cardiovascular system, and this Series works through the acute emergencies, 

chronic complications, monitoring approach, and management options that together define 

comprehensive diabetes care. 

The aim of this Series is to equip you with the ability to describe diabetic ketoacidosis, 

hyperosmolar hyperglycaemic state, and hypoglycaemia, describe the microvascular 

complications of retinopathy, nephropathy, and neuropathy, discuss macrovascular 

complications and the diabetic foot, describe the monitoring and investigation of diabetes, and 

discuss lifestyle, pharmacological, and insulin-based management. 

This Series opens with the acute complications of diabetes mellitus, moves through chronic 

microvascular complications and chronic macrovascular complications and investigations, 

and closes with the management of diabetes mellitus. 

 

Series Learning Outcomes 

At the end of this Series, you should be able to: 

• SLO 2.1: describe diabetic ketoacidosis and hyperosmolar hyperglycaemic state 

• SLO 2.2: describe the recognition and management of hypoglycaemia 

• SLO 2.3: describe diabetic retinopathy and diabetic nephropathy 

• SLO 2.4: describe diabetic neuropathy 

• SLO 2.5: discuss macrovascular complications of diabetes and the diabetic foot 

• SLO 2.6: describe the monitoring and investigation of diabetes 

• SLO 2.7: discuss lifestyle and pharmacological management of type 2 diabetes 

• SLO 2.8: describe insulin therapy and the management of type 1 diabetes 

 

2.1 Acute Complications of Diabetes Mellitus 

2.1.1 diabetic ketoacidosis 

A genuine metabolic emergency, most often in type 1 diabetes 

Diabetic ketoacidosis, resulting from severe insulin deficiency driving unrestrained lipolysis 

and ketogenesis, presents with the biochemical triad of hyperglycaemia, ketosis, and metabolic 

acidosis, alongside clinical features including polyuria, polydipsia, abdominal pain, vomiting, 
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and, in more severe cases, a characteristic deep, laboured breathing pattern known as Kussmaul 

respiration, the body's compensatory attempt to blow off excess carbon dioxide and partially 

correct the underlying acidosis. 

Management centres on intravenous fluid replacement to correct dehydration, intravenous insulin 

infusion to switch off ketogenesis and gradually normalise blood glucose, and careful potassium 

replacement, since insulin therapy drives potassium into cells and can precipitate dangerous 

hypokalaemia if replacement is not proactively anticipated and managed alongside the insulin 

infusion, making frequent electrolyte monitoring a genuinely essential part of safe treatment. 

Fill in the blank: Kussmaul respiration is a deep, laboured breathing pattern that partially 

corrects the underlying metabolic ________. 

2.1.2 hyperosmolar hyperglycaemic state 

A different acute emergency, typically in type 2 diabetes 

Hyperosmolar hyperglycaemic state, occurring predominantly in type 2 diabetes where 

residual insulin secretion is generally sufficient to suppress significant ketogenesis, presents with 

profound hyperglycaemia and severe dehydration developing more gradually than diabetic 

ketoacidosis, often over several days, and typically without the significant ketosis and acidosis 

that characterises the latter condition. 

Management similarly centres on cautious, carefully monitored fluid replacement, given the 

genuinely severe degree of dehydration typically present, alongside insulin therapy once fluid 

resuscitation is underway, and this condition carries a genuinely higher mortality than diabetic 

ketoacidosis, often reflecting the older patient population typically affected and the frequently 

significant underlying comorbidities and precipitating illness that commonly accompanies this 

specific presentation. 

Fill in the blank: Hyperosmolar hyperglycaemic state typically develops more gradually than 

diabetic ketoacidosis, often over several ________. 

2.1.3 hypoglycaemia 

The genuine downside risk of effective glucose-lowering treatment 

Hypoglycaemia, abnormally low blood glucose, most commonly results from a mismatch 

between insulin or sulfonylurea dosing and the patient's actual carbohydrate intake or physical 

activity level, presenting with adrenergic symptoms such as sweating, tremor, and palpitations, 
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and, as severity increases, neuroglycopenic symptoms including confusion, behavioural change, 

and, in severe cases, seizure or loss of consciousness. 

Management of mild to moderate hypoglycaemia in a conscious, cooperative patient involves 

oral fast-acting carbohydrate, while severe hypoglycaemia with reduced consciousness requires 

intravenous glucose or intramuscular glucagon, and every episode of hypoglycaemia warrants 

subsequent review of the patient's treatment regimen to identify and address the underlying 

cause, since recurrent unaddressed hypoglycaemia genuinely erodes patient confidence in their 

diabetes management and can itself become a source of significant anxiety. 

Fill in the blank: Neuroglycopenic symptoms of hypoglycaemia include confusion, behavioural 

change, and, in severe cases, ________. 

Figure 2.1: A clinician setting up an intravenous insulin infusion for diabetic ketoacidosis 

management. 

Pilot questions 2.1 

• Describe the biochemical triad of diabetic ketoacidosis. (Linked to SLO 2.1) 

• Explain the purpose of Kussmaul respiration. (Linked to SLO 2.1) 

• Distinguish hyperosmolar hyperglycaemic state from diabetic ketoacidosis. (Linked to 

SLO 2.1) 
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• Describe the adrenergic and neuroglycopenic symptoms of hypoglycaemia. (Linked to 

SLO 2.2) 

• Describe the management of severe hypoglycaemia with reduced consciousness. (Linked 

to SLO 2.2) 

 

2.2 Chronic Microvascular Complications 

2.2.1 diabetic retinopathy 

A leading cause of preventable blindness 

Diabetic retinopathy, damage to the retinal blood vessels from chronic hyperglycaemia, 

progresses through recognisable stages, from mild non-proliferative changes such as 

microaneurysms and small haemorrhages, through more severe non-proliferative disease, to 

proliferative retinopathy, characterised by abnormal new vessel growth that can bleed and 

produce genuine, sight-threatening complications if not identified and treated promptly. 

Diabetic macular oedema, fluid accumulation at the macula, can occur at any stage of 

retinopathy and is itself a significant cause of visual impairment independent of the overall 

retinopathy grade, and regular screening through retinal photography, since retinopathy is 

frequently asymptomatic until relatively advanced, allows early identification and treatment, 

typically laser photocoagulation or intravitreal injection therapy, well before the patient would 

otherwise notice any change in their vision. 

Fill in the blank: Diabetic retinopathy is frequently asymptomatic until relatively advanced, 

underlining the importance of regular ________. 

2.2.2 diabetic nephropathy 

A leading cause of chronic kidney disease worldwide 

Diabetic nephropathy, kidney damage from chronic hyperglycaemia, typically progresses 

through a recognisable sequence beginning with microalbuminuria, small amounts of albumin 

detectable in the urine, progressing, if unaddressed, to overt proteinuria and, eventually, 

declining kidney function and established chronic kidney disease, a progression that can be 

meaningfully slowed, though not always entirely halted, with appropriate intervention. 

Regular screening for microalbuminuria, alongside monitoring of kidney function through serum 

creatinine and estimated glomerular filtration rate, allows early identification of nephropathy, 
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and management combining optimised glycaemic control, blood pressure control, and specific 

renoprotective medication classes, discussed further in the management Part of this Series, 

meaningfully slows progression when instituted at this earlier, more reversible stage of the 

disease. 

Fill in the blank: Diabetic nephropathy typically begins with ________, small amounts of 

albumin detectable in the urine. 

2.2.3 diabetic neuropathy 

Nerve damage with wide-ranging clinical consequences 

Diabetic peripheral neuropathy, the most common form of diabetic neuropathy, typically 

presents with a symmetrical, distal, sensory pattern of numbness, tingling, and pain, classically 

described as a glove and stocking distribution, beginning in the feet and progressing proximally 

over time, and carries genuine practical significance since sensory loss directly predisposes to 

unrecognised injury and, ultimately, the diabetic foot complications discussed later in this Series. 

Autonomic neuropathy, affecting the autonomic nervous system rather than sensory or motor 

pathways, can produce a genuinely wide range of symptoms depending on which autonomic 

pathways are affected, including postural hypotension, gastroparesis producing early satiety and 

bloating, and erectile dysfunction, symptoms that are sometimes overlooked or misattributed to 

unrelated causes unless diabetic autonomic neuropathy is actively considered as a possible 

explanation. 

Fill in the blank: Diabetic peripheral neuropathy classically presents in a glove and ________ 

distribution. 

Table 2.1: Comparing the three major microvascular complications of diabetes 

Complication Structure affected Early detection method 

Retinopathy Retinal blood vessels Retinal photography screening 

Nephropathy Kidney glomeruli Urine microalbumin testing 

Neuropathy 
Peripheral and autonomic 

nerves 
Foot sensory examination 

 

Pilot questions 2.2 

1. Describe the stages of diabetic retinopathy. (Linked to SLO 2.3) 
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2. Explain why regular retinal screening matters. (Linked to SLO 2.3) 

3. Describe the typical progression of diabetic nephropathy. (Linked to SLO 2.3) 

4. Describe the typical presentation of diabetic peripheral neuropathy. (Linked to SLO 2.4) 

5. List symptoms that can result from diabetic autonomic neuropathy. (Linked to SLO 2.4) 

 

2.3 Chronic Macrovascular Complications and Investigations 

2.3.1 macrovascular complications of diabetes 

Accelerated large-vessel disease across the whole body 

Macrovascular complications of diabetes reflect accelerated atherosclerosis affecting large and 

medium-sized arteries, substantially increasing the risk of coronary artery disease, 

cerebrovascular disease, and peripheral arterial disease compared with the general population, a 

risk further compounded by the frequent coexistence of other cardiovascular risk factors, 

including hypertension and dyslipidaemia, in patients with diabetes. 

Given this substantially elevated cardiovascular risk, comprehensive diabetes management 

genuinely extends well beyond glycaemic control alone, incorporating active management of 

blood pressure, lipid profile, and other modifiable cardiovascular risk factors as an integral part 

of routine diabetes care, reflecting the reality that cardiovascular disease, rather than the acute 

metabolic complications already discussed, remains the leading overall cause of death in patients 

with diabetes. 

Fill in the blank: Macrovascular complications of diabetes reflect accelerated ________ 

affecting large and medium-sized arteries. 

2.3.2 the diabetic foot 

Where neuropathy, vascular disease, and infection converge 

The diabetic foot represents a genuinely important convergence of several complications already 

discussed, with peripheral neuropathy causing unrecognised injury, peripheral arterial disease 

impairing wound healing capacity, and the combination creating a substantially elevated risk of 

foot ulceration, infection, and, in severe or neglected cases, amputation, a devastating outcome 

that appropriate preventive care can meaningfully reduce. 

Regular structured foot examination, assessing sensation, pulses, and skin integrity, alongside 

patient education about daily foot inspection and appropriate footwear, forms the cornerstone of 
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diabetic foot prevention, and any patient identified as higher risk through this structured 

assessment should receive more frequent review and, where indicated, referral to a specialist 

multidisciplinary foot care team before a genuinely preventable problem develops into a limb-

threatening emergency. 

Fill in the blank: Regular structured foot examination assesses sensation, pulses, and skin 

________. 

2.3.3 monitoring and investigation of diabetes 

Tracking control and screening for complications together 

Ongoing monitoring of diabetes combines regular HbA1c measurement, reflecting average 

glycaemic control over the preceding two to three months, with self-monitoring of blood glucose 

or continuous glucose monitoring for many patients, particularly those on insulin therapy, 

allowing both the patient and the clinical team to track control over time and adjust treatment 

responsively rather than relying solely on periodic clinic-based assessment. 

Alongside glycaemic monitoring, structured annual review incorporates the specific screening 

for microvascular and macrovascular complications already discussed throughout this Series, 

retinal photography, urine microalbumin testing, foot examination, and cardiovascular risk factor 

assessment, a comprehensive, structured approach that reflects the genuinely wide-ranging 

nature of diabetes care extending well beyond simple blood glucose measurement alone. 

Fill in the blank: Structured annual review incorporates screening for both microvascular and 

________ complications. 
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Figure 2.2: A clinician examining a patient's foot as part of routine diabetic foot screening. 

Pilot questions 2.3 

1. List the macrovascular complications of diabetes. (Linked to SLO 2.5) 

2. Explain why comprehensive diabetes management extends beyond glycaemic control 

alone. (Linked to SLO 2.5) 

3. Describe the components converging to create the diabetic foot. (Linked to SLO 2.5) 

4. Describe the components of structured diabetic foot examination. (Linked to SLO 2.5) 

5. List the components of structured annual diabetes review. (Linked to SLO 2.6) 

 

2.4 Management of Diabetes Mellitus 

2.4.1 lifestyle management and dietary principles 

The genuine foundation of every diabetes management plan 

Lifestyle management, including structured dietary modification, regular physical activity, and, 

where relevant, weight loss, forms the foundation of type 2 diabetes management and remains 

genuinely important even after pharmacological treatment begins, since lifestyle measures 

address the underlying insulin resistance directly rather than simply lowering blood glucose 
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through medication alone, and meaningful weight loss in particular can, in appropriately selected 

patients, achieve genuine remission of type 2 diabetes. 

Dietary principles for diabetes management emphasise consistent carbohydrate intake, choosing 

lower glycaemic index carbohydrate sources, and overall balanced nutrition rather than the 

restrictive, overly simplistic dietary approaches sometimes still recommended in outdated 

practice, and individualised dietary counselling, ideally involving a dietitian, genuinely improves 

both adherence and outcomes compared with generic, one-size-fits-all dietary advice. 

Fill in the blank: Meaningful weight loss in appropriately selected patients can achieve genuine 

________ of type 2 diabetes. 

2.4.2 pharmacological management of type 2 diabetes 

A genuinely broad and expanding therapeutic toolkit 

Metformin, working primarily by reducing hepatic glucose production and improving peripheral 

insulin sensitivity, remains the standard first-line pharmacological agent for type 2 diabetes in 

most patients given its established efficacy, favourable safety profile, and lack of associated 

weight gain, with additional agents added in a stepwise manner where glycaemic targets are not 

achieved with metformin and lifestyle measures alone. 

Additional drug classes, including sulfonylureas, which stimulate insulin secretion, and newer 

agents such as sodium-glucose cotransporter-2 inhibitors and glucagon-like peptide-1 receptor 

agonists, offer genuine additional benefits beyond glucose lowering alone, including 

cardiovascular and renal protective effects for certain newer agents specifically, and choosing 

between these options requires considering the individual patient's comorbidities, weight, 

cardiovascular risk, and personal treatment preferences rather than a single standard second-line 

choice applied uniformly to every patient. 

Fill in the blank: Metformin works primarily by reducing hepatic glucose production and 

improving peripheral insulin ________. 

2.4.3 insulin therapy and management of type 1 diabetes 

Replacing what the body can no longer produce 

Insulin therapy is always required in type 1 diabetes given the absolute insulin deficiency 

underlying this condition, typically delivered through a basal-bolus regimen combining long-

acting background insulin with rapid-acting insulin given before meals to cover carbohydrate 
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intake, an approach aiming to replicate the body's normal physiological insulin secretion pattern 

as closely as practically achievable. 

Carbohydrate counting, matching the mealtime insulin dose to the specific carbohydrate 

content of a meal, allows genuinely greater dietary flexibility and improved glycaemic control 

compared with a fixed insulin dose regimen, and comprehensive structured education in this and 

other self-management skills, alongside technology such as continuous glucose monitoring and 

insulin pump therapy where available and appropriate, forms a genuinely essential part of 

empowering patients with type 1 diabetes to manage their own condition effectively and 

confidently. 

Fill in the blank: A basal-bolus insulin regimen combines long-acting background insulin with 

rapid-acting insulin before ________. 

Table 2.2: Comparing key pharmacological classes for type 2 diabetes 

Drug class Mechanism Notable additional benefit 

Metformin 
Reduces hepatic glucose 

production 
No associated weight gain 

Sulfonylureas Stimulates insulin secretion Effective, low cost 

SGLT2 inhibitors 
Increases urinary glucose 

excretion 
Cardiovascular and renal 

protection 
 

Pilot questions 2.4 

1. Explain why lifestyle management remains important even after pharmacological 

treatment begins. (Linked to SLO 2.7) 

2. Describe recommended dietary principles for diabetes management. (Linked to SLO 2.7) 

3. Describe the mechanism and standard first-line status of metformin. (Linked to SLO 2.7) 

4. Describe a basal-bolus insulin regimen. (Linked to SLO 2.8) 

5. Explain the value of carbohydrate counting in type 1 diabetes management. (Linked to 

SLO 2.8) 

 

 



 

 la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION 
STUDENTS 

Series Summary 

This Series translated the theoretical foundation of Series 1 into the recognition and management 

of diabetes in clinical practice. Part 2.1 covered the acute complications of diabetic ketoacidosis, 

hyperosmolar hyperglycaemic state, and hypoglycaemia, while Part 2.2 turned to the chronic 

microvascular complications of retinopathy, nephropathy, and neuropathy. Part 2.3 covered 

macrovascular complications, the diabetic foot, and ongoing monitoring, and Part 2.4 closed with 

lifestyle, pharmacological, and insulin-based management. 

You should now be able to describe the acute and chronic complications of diabetes, its 

monitoring, and its management across all four Parts of this Series, meeting the outcomes set for 

this Series. Series 3 turns next to disorders of the hypothalamus and pituitary gland. 

 

Glossary of Terms 

1. Basal-bolus regimen: an insulin regimen combining long-acting background insulin 

with mealtime rapid-acting insulin. 

2. Diabetic foot: foot complications from the combination of neuropathy and peripheral 

arterial disease in diabetes. 

3. Diabetic ketoacidosis: a metabolic emergency of hyperglycaemia, ketosis, and acidosis 

from severe insulin deficiency. 

4. Diabetic nephropathy: kidney damage from chronic hyperglycaemia, beginning with 

microalbuminuria. 

5. Diabetic neuropathy: nerve damage from chronic hyperglycaemia, affecting sensory, 

motor, or autonomic nerves. 

6. Diabetic retinopathy: retinal blood vessel damage from chronic hyperglycaemia. 

7. Hyperosmolar hyperglycaemic state: an acute emergency of profound hyperglycaemia 

and dehydration without significant ketosis. 

8. Hypoglycaemia: abnormally low blood glucose, presenting with adrenergic and 

neuroglycopenic symptoms. 

9. Kussmaul respiration: deep, laboured breathing compensating for metabolic acidosis in 

diabetic ketoacidosis. 

10. Macrovascular complications: accelerated large-vessel atherosclerosis associated with 

diabetes. 

11. Metformin: the standard first-line pharmacological agent for type 2 diabetes. 

12. Microalbuminuria: small amounts of albumin in the urine, an early marker of diabetic 

nephropathy. 
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Concept Check Questions [Series 2] 

Objective questions 

• Kussmaul respiration is a deep, laboured breathing pattern that partially corrects the 

underlying metabolic ________. (Linked to SLO 2.1) 

• Diabetic retinopathy is frequently asymptomatic until relatively advanced, underlining 

the importance of regular ________. (Linked to SLO 2.3) 

• Diabetic peripheral neuropathy classically presents in a glove and ________ distribution. 

(Linked to SLO 2.4) 

• Macrovascular complications of diabetes reflect accelerated ________ affecting large and 

medium-sized arteries. (Linked to SLO 2.5) 

• A basal-bolus insulin regimen combines long-acting background insulin with rapid-acting 

insulin before ________. (Linked to SLO 2.8) 

Short-answer questions 

1. Distinguish hyperosmolar hyperglycaemic state from diabetic ketoacidosis. (Linked to 

SLO 2.1) 

2. Describe the management of severe hypoglycaemia with reduced consciousness. (Linked 

to SLO 2.2) 

3. Describe the typical progression of diabetic nephropathy. (Linked to SLO 2.3) 

4. Describe the components converging to create the diabetic foot. (Linked to SLO 2.5) 

5. Describe the mechanism and standard first-line status of metformin. (Linked to SLO 2.7) 

Long-answer questions 

6. Discuss diabetic ketoacidosis, hyperosmolar hyperglycaemic state, and hypoglycaemia. 

(Linked to SLO 2.1, 2.2) 

7. Describe diabetic retinopathy, nephropathy, and neuropathy. (Linked to SLO 2.3, 2.4) 

8. Discuss macrovascular complications, the diabetic foot, and the monitoring of diabetes. 

(Linked to SLO 2.5, 2.6) 

9. Describe lifestyle and pharmacological management of type 2 diabetes. (Linked to SLO 

2.7) 

10. Discuss insulin therapy and the management of type 1 diabetes. (Linked to SLO 2.8) 
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Answers to Concept Check Questions [Series 2] 

Objective questions 

11. Acidosis. 

12. Screening. 

13. Stocking. 

14. Atherosclerosis. 

15. Meals. 

Short-answer questions 

16. Hyperosmolar hyperglycaemic state develops more gradually, typically without 

significant ketosis, unlike diabetic ketoacidosis. 

17. Severe hypoglycaemia requires intravenous glucose or intramuscular glucagon given 

reduced consciousness. 

18. Nephropathy progresses from microalbuminuria to overt proteinuria and eventually 

declining kidney function. 

19. Neuropathy causing unrecognised injury and peripheral arterial disease impairing healing 

together create the diabetic foot. 

20. Metformin reduces hepatic glucose production and improves insulin sensitivity, 

remaining the standard first-line agent. 

Long-answer questions 

21. Basic response: Diabetic ketoacidosis presents with hyperglycaemia, ketosis, and 

acidosis, managed with fluids, insulin, and potassium; hyperosmolar hyperglycaemic 

state presents with profound dehydration without significant ketosis; hypoglycaemia 

presents with adrenergic and neuroglycopenic symptoms. 

Value-added response: A value-added response notes that hyperosmolar 

hyperglycaemic state carries higher mortality, often reflecting an older population with 

significant comorbidities. 

22. Basic response: Retinopathy progresses from non-proliferative to proliferative disease, 

screened with retinal photography; nephropathy progresses from microalbuminuria to 

declining kidney function; neuropathy presents with sensory or autonomic symptoms. 

Value-added response: A value-added response notes that diabetic macular oedema can 

occur at any retinopathy stage and independently threatens vision. 
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23. Basic response: Macrovascular complications include coronary, cerebrovascular, and 

peripheral arterial disease; the diabetic foot arises from combined neuropathy and 

vascular disease; monitoring combines HbA1c, glucose monitoring, and structured 

annual complication screening. 

Value-added response: A value-added response notes that cardiovascular disease 

remains the leading overall cause of death in diabetes, extending management beyond 

glycaemic control alone. 

24. Basic response: Lifestyle management includes diet, activity, and weight loss, forming 

the foundation of care; metformin is standard first-line pharmacotherapy, with additional 

classes added stepwise according to individual patient factors. 

Value-added response: A value-added response notes that meaningful weight loss can 

achieve genuine remission of type 2 diabetes in appropriately selected patients. 

25. Basic response: Type 1 diabetes requires insulin therapy, typically a basal-bolus regimen 

combining long-acting and rapid-acting insulin; carbohydrate counting and structured 

education support effective self-management. 

Value-added response: A value-added response notes that technology such as 

continuous glucose monitoring and insulin pumps can further support type 1 diabetes 

management where available. 

 

 

 

Answers to Pilot Questions [Series 2] 

Part 2.1 

1. The triad is hyperglycaemia, ketosis, and metabolic acidosis. 

2. Kussmaul respiration helps blow off excess carbon dioxide, partially correcting the 

acidosis. 

3. Hyperosmolar hyperglycaemic state develops more gradually with severe dehydration, 

generally without significant ketosis. 

4. Adrenergic symptoms include sweating and tremor; neuroglycopenic symptoms include 

confusion and behavioural change. 

5. Severe hypoglycaemia requires intravenous glucose or intramuscular glucagon. 
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Part 2.2 

6. Retinopathy progresses from mild non-proliferative changes to severe non-proliferative 

and proliferative disease. 

7. Retinopathy is often asymptomatic until advanced, so screening allows earlier detection 

and treatment. 

8. Nephropathy progresses from microalbuminuria to overt proteinuria and eventually 

declining kidney function. 

9. Peripheral neuropathy presents with symmetrical, distal numbness, tingling, and pain in a 

glove and stocking pattern. 

10. Symptoms include postural hypotension, gastroparesis, and erectile dysfunction. 

Part 2.3 

11. Macrovascular complications include coronary artery disease, cerebrovascular disease, 

and peripheral arterial disease. 

12. Cardiovascular disease remains the leading overall cause of death in diabetes, requiring 

broader risk factor management. 

13. Neuropathy causing unrecognised injury and vascular disease impairing healing together 

create the diabetic foot. 

14. Foot examination assesses sensation, pulses, and skin integrity. 

15. Annual review includes retinal photography, urine microalbumin testing, foot 

examination, and cardiovascular risk assessment. 

Part 2.4 

1. Lifestyle measures address underlying insulin resistance directly, complementing rather 

than being replaced by medication. 

2. Principles emphasise consistent carbohydrate intake, lower glycaemic index sources, and 

balanced nutrition. 

3. Metformin reduces hepatic glucose production and improves insulin sensitivity, 

remaining the standard first-line agent. 

4. A basal-bolus regimen combines long-acting background insulin with rapid-acting 

mealtime insulin. 

5. Carbohydrate counting allows dietary flexibility and improved control by matching 

insulin dose to meal content. 
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Figures, Plates, Tables, and Boxes 

1. Figure 2.1: A clinician setting up an intravenous insulin infusion for diabetic ketoacidosis 

management. AI-generated using the prompt: "Create a realistic clinical illustration titled 

Managing Diabetic Ketoacidosis, showing a clinician adjusting an intravenous infusion 

pump beside a hospital bed, patient receiving fluids, ward setting. Clean clinical 

illustration style, no text." 

2. Table 2.1: Comparing the three major microvascular complications of diabetes. AI-

generated using the prompt: "Create a clean reference table titled Comparing the Three 

Major Microvascular Complications of Diabetes, listing complication, structure affected, 

and early detection method. Simple clinical reference table style with outside border." 

3. Figure 2.2: A clinician examining a patient's foot as part of routine diabetic foot 

screening. AI-generated using the prompt: "Create a realistic clinical illustration titled 

Diabetic Foot Screening, showing a clinician kneeling to examine a seated patient's foot, 

checking sensation with a monofilament and palpating pulses, clinical examination room 

setting. Clean clinical illustration style, no text." 

4. Table 2.2: Comparing key pharmacological classes for type 2 diabetes. AI-generated 

using the prompt: "Create a clean reference table titled Comparing Key Pharmacological 

Classes for Type 2 Diabetes, listing drug class, mechanism, and notable additional 

benefit. Simple clinical reference table style with outside border."



 

 la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION 
STUDENTS 

Course code: MED 602 

Course title: Metabolic and Endocrine Medicine 

Course credit load: 2 Units 

Series 3: Disorders of the Hypothalamus and 

Pituitary Gland 
• Part 3.1: The Hypothalamic-Pituitary Axis 

o Sub Part 3.1.1: Anatomy and physiology of the hypothalamic-pituitary axis 

o Sub Part 3.1.2: Hypothalamic hormones and their pituitary targets 

o Sub Part 3.1.3: Principles of pituitary function testing 

• Part 3.2: Disorders of the Hypothalamus 

o Sub Part 3.2.1: Hypothalamic dysfunction and its causes 

o Sub Part 3.2.2: Clinical presentation of hypothalamic disorders 

o Sub Part 3.2.3: Management of hypothalamic disorders 

• Part 3.3: Anterior Pituitary Disorders 

o Sub Part 3.3.1: Pituitary adenoma and hormone excess syndromes 

o Sub Part 3.3.2: Acromegaly and prolactinoma 

o Sub Part 3.3.3: Hypopituitarism 

• Part 3.4: Posterior Pituitary Disorders and Pituitary Emergencies 

o Sub Part 3.4.1: Diabetes insipidus 

o Sub Part 3.4.2: Syndrome of inappropriate antidiuretic hormone secretion 

o Sub Part 3.4.3: Pituitary apoplexy 
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Introduction 

Having covered diabetes mellitus in depth, this Series turns to a genuinely different corner of 

endocrine medicine, the hypothalamic-pituitary axis, a compact, tightly regulated system 

controlling hormone secretion across the whole body from a structure barely the size of a pea. 

Disorders here range from subtle, slowly progressive hormone excess or deficiency to a genuine 

endocrine emergency demanding immediate recognition. 

The aim of this Series is to equip you with an understanding of the anatomy and physiology of 

the hypothalamic-pituitary axis, the causes and management of hypothalamic disorders, the 

anterior pituitary disorders of hormone excess and hypopituitarism, and the posterior pituitary 

disorders of diabetes insipidus and SIADH, alongside the genuine emergency of pituitary 

apoplexy. 

This Series opens with the hypothalamic-pituitary axis, moves through disorders of the 

hypothalamus and anterior pituitary disorders, and closes with posterior pituitary disorders 

and pituitary emergencies. 

 

Series Learning Outcomes 

At the end of this Series, you should be able to: 

• SLO 3.1: describe the anatomy and physiology of the hypothalamic-pituitary axis 

• SLO 3.2: describe the principles of pituitary function testing 

• SLO 3.3: describe the causes and clinical presentation of hypothalamic disorders 

• SLO 3.4: discuss the management of hypothalamic disorders 

• SLO 3.5: describe pituitary adenoma and hormone excess syndromes, including 

acromegaly and prolactinoma 

• SLO 3.6: describe hypopituitarism 

• SLO 3.7: describe diabetes insipidus and the syndrome of inappropriate antidiuretic 

hormone secretion 

• SLO 3.8: discuss pituitary apoplexy as an endocrine emergency 

 

3.1 The Hypothalamic-Pituitary Axis 

3.1.1 anatomy and physiology of the hypothalamic-pituitary axis 
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A small structure with genuinely body-wide reach 

The pituitary gland, situated within the sella turcica at the base of the skull and connected to the 

overlying hypothalamus by the pituitary stalk, comprises two functionally and embryologically 

distinct components: the anterior pituitary, secreting hormones under hypothalamic hormonal 

control delivered through a specialised portal blood system, and the posterior pituitary, storing 

and releasing hormones actually synthesised within the hypothalamus itself and transported 

down along nerve fibres. 

This anatomical arrangement explains why hypothalamic and pituitary disorders are so 

frequently considered together as a single functional axis rather than as entirely separate 

anatomical entities, since disease affecting the hypothalamus can profoundly disrupt pituitary 

function even when the pituitary gland itself remains structurally entirely normal, a genuinely 

important concept underlying much of the clinical reasoning applied throughout this Series. 

Fill in the blank: The anterior pituitary is controlled by hypothalamic hormones delivered 

through a specialised portal blood ________. 

3.1.2 hypothalamic hormones and their pituitary targets 

A cascade of releasing and inhibiting signals 

The hypothalamus secretes specific releasing and inhibiting hormones controlling each anterior 

pituitary hormone in turn: corticotropin-releasing hormone stimulates adrenocorticotropic 

hormone secretion, thyrotropin-releasing hormone stimulates thyroid-stimulating hormone 

secretion, gonadotropin-releasing hormone stimulates luteinising hormone and follicle-

stimulating hormone secretion, and growth hormone-releasing hormone stimulates growth 

hormone secretion, while dopamine exerts a genuinely unique, tonic inhibitory rather than 

stimulatory effect specifically on prolactin secretion. 

Each anterior pituitary hormone in turn acts on a specific peripheral target gland, 

adrenocorticotropic hormone on the adrenal cortex, thyroid-stimulating hormone on the thyroid 

gland, and the gonadotropins on the gonads, establishing a hierarchical, multi-tiered hormonal 

cascade in which negative feedback from the peripheral target gland hormone back to both the 

hypothalamus and pituitary maintains overall hormonal balance under normal physiological 

circumstances. 

Fill in the blank: Dopamine exerts a genuinely unique, tonic inhibitory effect specifically on 

________ secretion. 
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3.1.3 principles of pituitary function testing 

Confirming excess, deficiency, or genuinely normal function 

Pituitary function testing assesses each hormonal axis individually, typically measuring basal 

hormone levels alongside the relevant peripheral target gland hormone to interpret the result 

correctly in context, since an isolated pituitary hormone level, without the corresponding target 

gland hormone for comparison, can genuinely be difficult to interpret meaningfully in isolation. 

Dynamic testing, involving administration of a stimulating or suppressing agent followed by 

serial hormone measurement, is frequently required to definitively confirm a suspected excess or 

deficiency state where basal testing alone proves genuinely equivocal, and selecting the correct 

dynamic test for the specific axis and clinical question being asked is a genuinely important skill 

this Series aims to build progressively across its four Parts. 

Fill in the blank: Dynamic testing involves administration of a stimulating or suppressing agent 

followed by serial hormone ________. 

Figure 3.1: A labelled diagram of the hypothalamic-pituitary axis. 
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Pilot questions 3.1 

• Distinguish the anterior from the posterior pituitary. (Linked to SLO 3.1) 

• Explain why hypothalamic and pituitary disorders are considered together as a single 

axis. (Linked to SLO 3.1) 

• List the hypothalamic releasing hormones and their pituitary targets. (Linked to SLO 3.1) 

• Explain the unique inhibitory role of dopamine in this axis. (Linked to SLO 3.1) 

• Explain why basal pituitary hormone levels are interpreted alongside target gland 

hormone levels. (Linked to SLO 3.2) 

 

3.2 Disorders of the Hypothalamus 

3.2.1 hypothalamic dysfunction and its causes 

A range of structural and non-structural causes 

Hypothalamic dysfunction can result from a structural lesion, including a tumour, whether 

arising from the hypothalamus itself or, more commonly, a craniopharyngioma arising near this 

region, infiltrative disease such as sarcoidosis, or the effects of previous radiotherapy to the 

region, alongside non-structural causes including significant head injury or, more rarely, a 

specific inherited genetic condition affecting hypothalamic development or function directly. 

Because the hypothalamus regulates such a genuinely wide range of functions beyond pituitary 

hormone control, including appetite, temperature regulation, and the sleep-wake cycle, 

hypothalamic dysfunction can produce a correspondingly wide, sometimes genuinely puzzling 

combination of symptoms extending well beyond a simple hormonal deficiency pattern alone, 

making the underlying diagnosis sometimes genuinely challenging to reach without a high index 

of clinical suspicion. 

Fill in the blank: A craniopharyngioma arises near the hypothalamus and is a recognised cause 

of hypothalamic ________. 

3.2.2 clinical presentation of hypothalamic disorders 

A pattern extending well beyond hormones alone 

Hypothalamic disorders can present with hypopituitarism, since disruption of the releasing 

hormones needed to stimulate the anterior pituitary produces a pattern of pituitary hormone 
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deficiency clinically resembling primary pituitary disease despite the pituitary gland itself 

remaining structurally entirely normal, a genuinely important diagnostic distinction with direct 

implications for both further investigation and management. 

Beyond hormonal effects, hypothalamic disorders can also present with disturbed appetite 

regulation, sometimes producing significant weight gain or, less commonly, weight loss, 

abnormal temperature regulation, disturbed sleep-wake cycles, and, where a structural lesion is 

large enough to compress adjacent visual pathways, visual field disturbance, a genuinely wide-

ranging clinical picture reflecting the hypothalamus's correspondingly wide-ranging normal 

physiological role. 

Fill in the blank: Hypothalamic disorders can present with disturbed appetite regulation, 

temperature regulation, and sleep-wake ________. 

3.2.3 management of hypothalamic disorders 

Addressing the underlying cause and replacing what is lost 

Management of hypothalamic disorders addresses the underlying cause where identifiable and 

treatable, such as surgical resection or radiotherapy for a structural lesion, alongside hormone 

replacement for any resulting pituitary hormone deficiency, following the same principles of 

hormone replacement discussed further in relation to hypopituitarism itself later in this Series, 

since the pattern of deficiency produced is often functionally very similar regardless of whether 

the underlying defect lies at the hypothalamic or pituitary level. 

Managing the non-hormonal symptoms of hypothalamic dysfunction, particularly disturbed 

appetite regulation and weight gain, is frequently genuinely more challenging than hormone 

replacement alone, since these symptoms often respond poorly to standard weight management 

approaches given their direct hypothalamic origin, and a realistic, honest discussion with the 

patient about the limitations of currently available treatment for this specific aspect of their 

condition is a genuinely important part of comprehensive care. 

Fill in the blank: Non-hormonal symptoms of hypothalamic dysfunction often respond poorly to 

standard weight management ________. 

Table 3.1: Causes of hypothalamic dysfunction 

Cause category Example Key feature 

Structural Craniopharyngioma 
May cause visual field 

disturbance 
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Infiltrative Sarcoidosis 
Can affect multiple hormonal 

axes 

Acquired Radiotherapy or head injury 
Onset may be delayed after the 

original event 
 

Pilot questions 3.2 

1. List structural causes of hypothalamic dysfunction. (Linked to SLO 3.3) 

2. Explain why hypothalamic disorders can produce a wide range of symptoms beyond 

hormonal effects. (Linked to SLO 3.3) 

3. Explain why hypothalamic disease can mimic primary pituitary disease. (Linked to SLO 

3.3) 

4. List non-hormonal symptoms of hypothalamic dysfunction. (Linked to SLO 3.3) 

5. Explain why managing hypothalamic-related weight gain is genuinely challenging. 

(Linked to SLO 3.4) 

 

 

3.3 Anterior Pituitary Disorders 

3.3.1 pituitary adenoma and hormone excess syndromes 

The most common cause of pituitary hormone excess 

Pituitary adenoma, a benign tumour arising from the anterior pituitary, is the most common 

cause of pituitary hormone excess, classified as functioning, actively secreting excess hormone 

and producing a corresponding clinical syndrome, or non-functioning, presenting instead with 

symptoms of local mass effect, most notably bitemporal hemianopia from optic chiasm 

compression, already discussed in an earlier course covering neurosurgery. 

Functioning adenomas produce distinct clinical syndromes depending on the specific hormone 

secreted in excess, and recognising the specific pattern of clinical features associated with each 

syndrome, covered further for the two most common examples in the following sub-Part, allows 

a confident clinical diagnosis to be reached, subsequently confirmed with appropriate 

biochemical testing and pituitary imaging. 

Fill in the blank: A non-functioning pituitary adenoma presents with symptoms of local 

________ effect rather than hormone excess. 
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3.3.2 acromegaly and prolactinoma 

Two of the most commonly encountered hormone excess syndromes 

Acromegaly, resulting from excess growth hormone secretion, most commonly from a growth 

hormone-secreting pituitary adenoma, presents with gradually progressive coarsening of facial 

features, enlargement of the hands and feet, and, given the typically slow, insidious onset, is 

frequently diagnosed years after symptoms first began, often only recognised when a patient's 

old photographs are compared side by side and the gradual physical change becomes genuinely 

obvious in retrospect. 

Prolactinoma, a prolactin-secreting pituitary adenoma, is the most common type of functioning 

pituitary adenoma overall, presenting in women with menstrual irregularity and galactorrhoea, 

and in men, often later given less immediately obvious symptoms, with reduced libido, erectile 

dysfunction, and, in larger tumours, symptoms of local mass effect, and, notably, most 

prolactinomas respond genuinely well to medical treatment with a dopamine agonist, exploiting 

the physiological inhibitory role of dopamine on prolactin secretion already discussed earlier in 

this Series. 

Fill in the blank: Most prolactinomas respond genuinely well to medical treatment with a 

dopamine ________. 

3.3.3 hypopituitarism 

Deficiency across one or more pituitary hormone axes 

Hypopituitarism, deficiency of one or more anterior pituitary hormones, can result from a 

pituitary tumour itself, its surgical treatment or radiotherapy, or other causes including 

significant pituitary haemorrhage or infarction, and the specific clinical presentation depends 

genuinely on which hormonal axes are affected and to what degree, ranging from a single 

isolated deficiency to complete failure of the entire anterior pituitary, termed panhypopituitarism. 

Management centres on hormone replacement for each deficient axis, typically hydrocortisone 

for adrenocorticotropic hormone deficiency, levothyroxine for thyroid-stimulating hormone 

deficiency, and sex hormone replacement for gonadotropin deficiency, with adrenocorticotropic 

hormone deficiency replacement genuinely prioritised first where multiple deficiencies coexist, 

since untreated cortisol deficiency poses the most immediate life-threatening risk among the 

various possible pituitary hormone deficiencies. 

Fill in the blank: Adrenocorticotropic hormone deficiency replacement is genuinely prioritised 

first since untreated cortisol deficiency poses the most immediate life-threatening ________. 
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Figure 3.2: Coarsened facial features and enlarged hands characteristic of acromegaly. 

Pilot questions 3.3 

1. Distinguish functioning from non-functioning pituitary adenoma. (Linked to SLO 3.5) 

2. Describe the clinical presentation of acromegaly. (Linked to SLO 3.5) 

3. Describe the clinical presentation of prolactinoma in women and men. (Linked to SLO 

3.5) 

4. Explain why dopamine agonists are effective in treating prolactinoma. (Linked to SLO 

3.5) 

5. Explain why adrenocorticotropic hormone deficiency is prioritised for replacement in 

hypopituitarism. (Linked to SLO 3.6) 

 

3.4 Posterior Pituitary Disorders and Pituitary Emergencies 

3.4.1 diabetes insipidus 

Excessive dilute urine from inadequate antidiuretic hormone effect 

Diabetes insipidus, presenting with polyuria of characteristically dilute urine and compensatory 

polydipsia, results from either central diabetes insipidus, inadequate antidiuretic hormone 

secretion from the posterior pituitary, or nephrogenic diabetes insipidus, inadequate renal 
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response to otherwise normally secreted antidiuretic hormone, a distinction genuinely important 

since the two causes require entirely different management approaches. 

The water deprivation test, withholding fluid intake under close medical supervision and 

observing the physiological response, alongside subsequent administration of synthetic 

antidiuretic hormone, distinguishes between central and nephrogenic diabetes insipidus and also 

excludes primary polydipsia, a purely psychological or habitual pattern of excessive fluid intake 

that can otherwise closely mimic true diabetes insipidus on initial clinical assessment alone. 

Fill in the blank: The water deprivation test distinguishes central and nephrogenic diabetes 

insipidus from primary ________. 

3.4.2 syndrome of inappropriate antidiuretic hormone secretion 

The functional opposite of diabetes insipidus 

Syndrome of inappropriate antidiuretic hormone secretion, commonly abbreviated as 

SIADH, describes excessive antidiuretic hormone secretion relative to the body's actual 

physiological need, causing water retention and resulting hyponatraemia, low blood sodium, a 

genuinely common cause of hyponatraemia encountered across a wide range of clinical settings, 

from certain malignancies and central nervous system disorders to specific medications and 

pulmonary conditions. 

Diagnosis requires demonstrating hyponatraemia with inappropriately concentrated urine in the 

context of clinical euvolaemia, and excluding other causes of hyponatraemia, particularly adrenal 

insufficiency and hypothyroidism, which must be actively excluded before a diagnosis of 

SIADH is confirmed, and management centres on fluid restriction, with more specific 

pharmacological treatment reserved for cases not adequately responding to this initial, generally 

well-tolerated approach. 

Fill in the blank: SIADH causes water retention and resulting ________, low blood sodium. 

3.4.3 pituitary apoplexy 

A genuine, immediately life-threatening endocrine emergency 

Pituitary apoplexy, sudden haemorrhage or infarction within a pituitary adenoma, presents 

dramatically with sudden, severe headache, visual disturbance, and, in severe cases, reduced 

conscious level, alongside the genuine risk of acute adrenal insufficiency from sudden loss of 

adrenocorticotropic hormone secretion, a combination making this a genuine medical and 

neurosurgical emergency requiring immediate recognition and urgent treatment. 
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Management requires urgent corticosteroid administration to address the risk of acute adrenal 

insufficiency, regardless of confirmed biochemical deficiency given the genuinely time-critical 

nature of this specific risk, alongside urgent imaging and, where indicated by significant visual 

compromise or reduced conscious level, emergency surgical decompression, and recognising this 

presentation promptly, given its genuinely dramatic but potentially confusing overlap with other 

acute neurological emergencies, is a critical clinical skill this Series closes on. 

Fill in the blank: Pituitary apoplexy carries the genuine risk of acute adrenal ________ from 

sudden loss of adrenocorticotropic hormone secretion. 

Table 3.2: Comparing diabetes insipidus and SIADH 

Feature Diabetes insipidus SIADH 

Antidiuretic hormone effect Deficient or ineffective Excessive 

Sodium level Normal or elevated Low 

Urine output Increased, dilute Reduced relative to intake 
 

Pilot questions 3.4 

1. Distinguish central from nephrogenic diabetes insipidus. (Linked to SLO 3.7) 

2. Describe the purpose of the water deprivation test. (Linked to SLO 3.7) 

3. Describe SIADH and its typical biochemical finding. (Linked to SLO 3.7) 

4. List conditions that must be excluded before confirming a diagnosis of SIADH. (Linked 

to SLO 3.7) 

5. Describe pituitary apoplexy and its immediate management priority. (Linked to SLO 3.8) 

 

 

Series Summary 

This Series covered the hypothalamic-pituitary axis, from its normal anatomy and physiology 

through to a genuine endocrine emergency. Part 3.1 covered the anatomy, physiology, and 

testing of the hypothalamic-pituitary axis, while Part 3.2 turned to the causes, presentation, and 

management of hypothalamic disorders. Part 3.3 covered anterior pituitary disorders, pituitary 

adenoma, acromegaly, prolactinoma, and hypopituitarism, and Part 3.4 closed with posterior 

pituitary disorders and the emergency of pituitary apoplexy. 
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You should now be able to describe the hypothalamic-pituitary axis and its disorders across all 

four Parts of this Series, meeting the outcomes set for this Series. Series 4 turns next to disorders 

of the adrenal-thyroid axis and calcium metabolism. 

 

Glossary of Terms 

1. Acromegaly: excess growth hormone secretion producing coarsened features and 

enlarged extremities. 

2. Anterior pituitary: the pituitary component secreting hormones under hypothalamic 

control. 

3. Diabetes insipidus: polyuria of dilute urine from inadequate antidiuretic hormone effect. 

4. Hyponatraemia: low blood sodium concentration. 

5. Hypopituitarism: deficiency of one or more anterior pituitary hormones. 

6. Panhypopituitarism: complete failure of the entire anterior pituitary gland. 

7. Pituitary adenoma: a benign tumour arising from the anterior pituitary. 

8. Pituitary apoplexy: sudden haemorrhage or infarction within a pituitary adenoma, a 

genuine emergency. 

9. Posterior pituitary: the pituitary component storing and releasing hypothalamically 

synthesised hormones. 

10. Prolactinoma: a prolactin-secreting pituitary adenoma, the most common functioning 

pituitary adenoma. 

11. SIADH: syndrome of inappropriate antidiuretic hormone secretion, causing 

hyponatraemia. 

12. Water deprivation test: a test distinguishing types of diabetes insipidus from primary 

polydipsia. 

 

Concept Check Questions [Series 3] 

Objective questions 

• The anterior pituitary is controlled by hypothalamic hormones delivered through a 

specialised portal blood ________. (Linked to SLO 3.1) 

• A craniopharyngioma arises near the hypothalamus and is a recognised cause of 

hypothalamic ________. (Linked to SLO 3.3) 

• Most prolactinomas respond genuinely well to medical treatment with a dopamine 

________. (Linked to SLO 3.5) 
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• The water deprivation test distinguishes central and nephrogenic diabetes insipidus from 

primary ________. (Linked to SLO 3.7) 

• Pituitary apoplexy carries the genuine risk of acute adrenal ________ from sudden loss of 

adrenocorticotropic hormone secretion. (Linked to SLO 3.8) 

Short-answer questions 

1. List the hypothalamic releasing hormones and their pituitary targets. (Linked to SLO 3.1) 

2. List non-hormonal symptoms of hypothalamic dysfunction. (Linked to SLO 3.3) 

3. Describe the clinical presentation of acromegaly. (Linked to SLO 3.5) 

4. Explain why adrenocorticotropic hormone deficiency is prioritised for replacement in 

hypopituitarism. (Linked to SLO 3.6) 

5. Describe SIADH and its typical biochemical finding. (Linked to SLO 3.7) 

Long-answer questions 

6. Discuss the anatomy, physiology, and testing of the hypothalamic-pituitary axis. (Linked 

to SLO 3.1, 3.2) 

7. Describe the causes, presentation, and management of hypothalamic disorders. (Linked to 

SLO 3.3, 3.4) 

8. Discuss pituitary adenoma, acromegaly, prolactinoma, and hypopituitarism. (Linked to 

SLO 3.5, 3.6) 

9. Describe diabetes insipidus and SIADH. (Linked to SLO 3.7) 

10. Discuss pituitary apoplexy as an endocrine emergency. (Linked to SLO 3.8) 

 

 

Answers to Concept Check Questions [Series 3] 

Objective questions 

11. System. 

12. Dysfunction. 

13. Agonist. 

14. Polydipsia. 

15. Insufficiency. 

Short-answer questions 
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16. Corticotropin-releasing hormone, thyrotropin-releasing hormone, gonadotropin-releasing 

hormone, and growth hormone-releasing hormone target their respective anterior 

pituitary hormones. 

17. Symptoms include disturbed appetite, temperature regulation, and sleep-wake cycle 

disturbance. 

18. Acromegaly presents with gradually progressive coarsening of facial features and 

enlargement of the hands and feet. 

19. Untreated cortisol deficiency poses the most immediate life-threatening risk among 

possible pituitary hormone deficiencies. 

20. SIADH causes water retention and hyponatraemia, low blood sodium, from excessive 

antidiuretic hormone secretion. 

Long-answer questions 

21. Basic response: The anterior pituitary is controlled by hypothalamic releasing hormones 

via a portal system; the posterior pituitary stores hormones made in the hypothalamus; 

testing combines basal and dynamic hormone measurement. 

Value-added response: A value-added response notes that dopamine uniquely exerts a 

tonic inhibitory effect on prolactin rather than a stimulatory role. 

22. Basic response: Causes include structural lesions, infiltrative disease, and acquired 

injury; presentation includes hypopituitarism plus appetite, temperature, and sleep 

disturbance; management addresses the cause and replaces deficient hormones. 

Value-added response: A value-added response notes that hypothalamic-related weight 

gain often responds poorly to standard weight management approaches. 

23. Basic response: Pituitary adenoma may be functioning or non-functioning; acromegaly 

presents with coarsened features from excess growth hormone; prolactinoma is the most 

common functioning adenoma, treated with dopamine agonists; hypopituitarism requires 

hormone replacement. 

Value-added response: A value-added response notes that adrenocorticotropic hormone 

deficiency is prioritised for replacement given its immediate life-threatening risk if 

untreated. 

24. Basic response: Diabetes insipidus causes dilute polyuria from deficient or ineffective 

antidiuretic hormone, central or nephrogenic; SIADH causes water retention and 

hyponatraemia from excessive antidiuretic hormone secretion. 
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Value-added response: A value-added response notes that the water deprivation test also 

excludes primary polydipsia, which can mimic true diabetes insipidus. 

25. Basic response: Pituitary apoplexy is sudden haemorrhage or infarction within a 

pituitary adenoma, presenting with severe headache and visual disturbance, requiring 

urgent corticosteroid administration and imaging. 

Value-added response: A value-added response notes that corticosteroids are given 

urgently regardless of confirmed biochemical deficiency given the time-critical nature of 

the risk. 

 

 

Answers to Pilot Questions [Series 3] 

Part 3.1 

1. The anterior pituitary is hormonally controlled by the hypothalamus, while the posterior 

pituitary stores hypothalamically synthesised hormones. 

2. Hypothalamic disease can profoundly disrupt pituitary function even when the pituitary 

itself is structurally normal. 

3. Corticotropin-releasing hormone, thyrotropin-releasing hormone, gonadotropin-releasing 

hormone, and growth hormone-releasing hormone target their respective pituitary 

hormones. 

4. Dopamine tonically inhibits prolactin secretion, unlike the stimulatory role of other 

hypothalamic hormones. 

5. Target gland hormone levels help interpret pituitary hormone levels meaningfully in 

context. 

Part 3.2 

6. Structural causes include craniopharyngioma, other tumours, and infiltrative disease such 

as sarcoidosis. 

7. The hypothalamus regulates functions beyond hormones, including appetite, temperature, 

and sleep. 

8. Disrupted releasing hormones reduce anterior pituitary stimulation, mimicking primary 

pituitary disease. 

9. Symptoms include disturbed appetite, temperature regulation, and sleep-wake cycle 

disturbance. 
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10. These symptoms often respond poorly to standard approaches given their direct 

hypothalamic origin. 

Part 3.3 

11. A functioning adenoma secretes excess hormone, while a non-functioning adenoma 

presents with mass effect only. 

12. Acromegaly presents with gradually progressive coarsening of facial features and 

enlarged hands and feet. 

13. Women present with menstrual irregularity and galactorrhoea; men present with reduced 

libido and erectile dysfunction. 

14. Dopamine agonists exploit dopamine's physiological inhibitory role on prolactin 

secretion. 

15. Untreated cortisol deficiency poses the most immediate life-threatening risk among 

pituitary hormone deficiencies. 

Part 3.4 

1. Central diabetes insipidus involves inadequate hormone secretion, while nephrogenic 

involves inadequate renal response. 

2. The test distinguishes central and nephrogenic diabetes insipidus from primary 

polydipsia. 

3. SIADH is excessive antidiuretic hormone secretion causing water retention and 

hyponatraemia. 

4. Adrenal insufficiency and hypothyroidism must be excluded before confirming SIADH. 

5. Pituitary apoplexy is sudden haemorrhage or infarction of an adenoma, requiring urgent 

corticosteroid administration. 
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Figures, Plates, Tables, and Boxes 

1. Figure 3.1: A labelled diagram of the hypothalamic-pituitary axis. AI-generated using the 

prompt: "Create a clean, accurate labelled anatomical diagram titled The Hypothalamic-

Pituitary Axis, showing a midsagittal view of the brain base with the hypothalamus, 

pituitary stalk, and anterior and posterior pituitary clearly labelled. Educational 

anatomical diagram style, no photographic content." 

2. Table 3.1: Causes of hypothalamic dysfunction. AI-generated using the prompt: "Create a 

clean reference table titled Causes of Hypothalamic Dysfunction, listing cause category, 

example, and key feature. Simple clinical reference table style with outside border." 

3. Figure 3.2: Coarsened facial features and enlarged hands characteristic of acromegaly. 

AI-generated using the prompt: "Create a realistic clinical illustration titled Clinical 

Features of Acromegaly, showing a patient's face with coarsened, enlarged features and 

prominent jaw, alongside visibly enlarged hands, clinical examination setting, respectful 

and clinical in tone. Clean clinical illustration style, no text." 

4. Table 3.2: Comparing diabetes insipidus and SIADH. AI-generated using the prompt: 

"Create a clean reference table titled Comparing Diabetes Insipidus and SIADH, listing 

feature, diabetes insipidus, and SIADH. Simple clinical reference table style with outside 

border."
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Series 4: Disorders of the Adrenal-Thyroid 

Axis and Calcium Metabolism 
• Part 4.1: Disorders of the Adrenal Gland 

o Sub Part 4.1.1: Physiology of the adrenal gland 

o Sub Part 4.1.2: Cushing's syndrome 

o Sub Part 4.1.3: Adrenal insufficiency 

• Part 4.2: Disorders of the Thyroid Gland I 

o Sub Part 4.2.1: Physiology of the thyroid gland 

o Sub Part 4.2.2: Hyperthyroidism 

o Sub Part 4.2.3: Hypothyroidism 

• Part 4.3: Disorders of the Thyroid Gland II 

o Sub Part 4.3.1: Thyroid nodules and goitre 

o Sub Part 4.3.2: Thyroid cancer 

o Sub Part 4.3.3: Thyroid emergencies 

• Part 4.4: Disorders of Calcium Metabolism 

o Sub Part 4.4.1: Physiology of calcium homeostasis and parathyroid hormone 

o Sub Part 4.4.2: Hyperparathyroidism and hypercalcaemia 

o Sub Part 4.4.3: Hypoparathyroidism and hypocalcaemia 
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Introduction 

This Series moves from the pituitary gland covered in Series 3 down to the glands it partly 

controls, the adrenal and thyroid glands, before turning to a genuinely distinct system, calcium 

homeostasis, governed primarily by the parathyroid glands rather than the pituitary at all. Each of 

these glands produces a recognisable, learnable pattern of disease when their hormone output 

rises or falls outside the normal physiological range. 

The aim of this Series is to equip you with an understanding of the physiology and disorders of 

the adrenal gland, including Cushing's syndrome and adrenal insufficiency, the physiology and 

disorders of the thyroid gland, including hyperthyroidism, hypothyroidism, nodules, cancer, and 

emergencies, and the physiology and disorders of calcium metabolism, including 

hyperparathyroidism and hypoparathyroidism. 

This Series opens with disorders of the adrenal gland, moves through disorders of the thyroid 

gland across two Parts, and closes with disorders of calcium metabolism. 

 

Series Learning Outcomes 

At the end of this Series, you should be able to: 

• SLO 4.1: describe the physiology of the adrenal gland 

• SLO 4.2: describe Cushing's syndrome 

• SLO 4.3: describe adrenal insufficiency 

• SLO 4.4: describe the physiology of the thyroid gland and the presentation of 

hyperthyroidism and hypothyroidism 

• SLO 4.5: describe thyroid nodules, goitre, and thyroid cancer 

• SLO 4.6: discuss thyroid emergencies 

• SLO 4.7: describe the physiology of calcium homeostasis and the presentation of 

hyperparathyroidism 

• SLO 4.8: describe hypoparathyroidism and hypocalcaemia 
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4.1 Disorders of the Adrenal Gland 

4.1.1 physiology of the adrenal gland 

Three zones, three genuinely distinct hormone families 

The adrenal cortex produces three distinct classes of steroid hormone from three anatomically 

distinct zones: the outer zona glomerulosa produces aldosterone, regulating sodium and 

potassium balance, the middle zona fasciculata produces cortisol, under adrenocorticotropic 

hormone control, and the inner zona reticularis produces adrenal androgens, while the separate 

adrenal medulla, embryologically and functionally distinct from the cortex, produces 

catecholamines including adrenaline. 

Cortisol exerts genuinely wide-ranging effects across the body, including regulation of glucose 

metabolism, suppression of the immune and inflammatory response, and support for maintaining 

normal blood pressure through several mechanisms, and understanding this wide physiological 

role helps explain why both excess and deficiency of cortisol, covered in the following two sub-

Parts, produce such genuinely broad, multi-system clinical pictures. 

Fill in the blank: The zona glomerulosa produces aldosterone, regulating sodium and ________ 

balance. 

4.1.2 cushing's syndrome 

The clinical consequence of cortisol excess 

Cushing's syndrome, resulting from chronic cortisol excess, presents with a recognisable 

pattern including central obesity, a rounded facial appearance often described as a moon face, 

thin skin with easy bruising, purple abdominal striae, proximal muscle weakness, and 

hypertension, alongside metabolic effects including impaired glucose tolerance or frank diabetes, 

reflecting cortisol's wide-ranging physiological effects already discussed. 

Causes are classified as ACTH-dependent, including a pituitary adenoma secreting excess 

adrenocorticotropic hormone, termed Cushing's disease specifically, or an ectopic 

adrenocorticotropic hormone-secreting tumour elsewhere in the body, or ACTH-independent, 

including an adrenal adenoma or carcinoma directly secreting excess cortisol, with the most 

common cause overall in clinical practice actually being exogenous corticosteroid medication, a 

genuinely important cause to actively consider and exclude before pursuing more elaborate 

investigation for an endogenous source. 
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Fill in the blank: The most common cause of Cushing's syndrome overall in clinical practice is 

actually exogenous corticosteroid ________. 

4.1.3 adrenal insufficiency 

The genuinely opposite clinical picture, and a genuine emergency risk 

Adrenal insufficiency is classified as primary, resulting from direct adrenal gland destruction 

or dysfunction, most commonly autoimmune in origin, or secondary, resulting from inadequate 

pituitary adrenocorticotropic hormone secretion, a distinction with genuine clinical relevance 

since primary adrenal insufficiency additionally affects aldosterone secretion, while secondary 

adrenal insufficiency, arising from a pituitary rather than adrenal problem, characteristically 

spares the aldosterone axis. 

Clinical presentation includes fatigue, weight loss, and postural hypotension, with primary 

adrenal insufficiency additionally producing hyperpigmentation from elevated 

adrenocorticotropic hormone and its precursor peptides, and adrenal crisis, acute, severe adrenal 

insufficiency presenting with profound hypotension and shock, is a genuine medical emergency 

requiring immediate corticosteroid administration, and this specific presentation should always 

be actively considered in any patient with known or suspected adrenal insufficiency who 

deteriorates acutely, particularly during intercurrent illness. 

Fill in the blank: Primary adrenal insufficiency additionally produces ________ from elevated 

adrenocorticotropic hormone. 
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Figure 4.1: Central obesity, rounded facial appearance, and abdominal striae characteristic of 

Cushing's syndrome. 

Pilot questions 4.1 

• List the three zones of the adrenal cortex and their respective hormones. (Linked to SLO 

4.1) 

• Describe the wide-ranging physiological effects of cortisol. (Linked to SLO 4.1) 

• Describe the clinical presentation of Cushing's syndrome. (Linked to SLO 4.2) 

• Distinguish ACTH-dependent from ACTH-independent causes of Cushing's syndrome. 

(Linked to SLO 4.2) 

• Distinguish primary from secondary adrenal insufficiency. (Linked to SLO 4.3) 

 

4.2 Disorders of the Thyroid Gland I 

4.2.1 physiology of the thyroid gland 

Setting the body's overall metabolic pace 

The thyroid gland, under thyroid-stimulating hormone control from the pituitary, produces 

thyroxine and triiodothyronine, hormones that together set the body's overall metabolic rate, 
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influencing genuinely almost every organ system including the heart, gastrointestinal tract, and 

nervous system, explaining why thyroid dysfunction, whether excess or deficiency, produces 

such a genuinely wide-ranging clinical picture. 

Thyroid function testing typically measures thyroid-stimulating hormone alongside free 

thyroxine, with an elevated thyroid-stimulating hormone and low free thyroxine indicating 

primary hypothyroidism, and a suppressed thyroid-stimulating hormone with elevated free 

thyroxine indicating primary hyperthyroidism, this inverse relationship reflecting the normal 

negative feedback loop between the thyroid gland and the pituitary already introduced in the 

previous Series of this course. 

Fill in the blank: Thyroxine and triiodothyronine together set the body's overall metabolic 

________. 

4.2.2 hyperthyroidism 

An accelerated metabolic state 

Hyperthyroidism, excess thyroid hormone, presents with weight loss despite normal or 

increased appetite, heat intolerance, palpitations, tremor, anxiety, and, in Graves' disease, the 

most common cause of hyperthyroidism, specific additional features including eye disease, 

presenting as protruding eyes and eye discomfort, and, less commonly, a specific skin change 

affecting the shins, reflecting the autoimmune nature of this particular underlying cause. 

Management options include antithyroid medication, blocking thyroid hormone synthesis, 

radioactive iodine, selectively destroying overactive thyroid tissue, and surgical 

thyroidectomy, with the choice between these options depending on the specific underlying 

cause, the presence and severity of associated eye disease, patient preference, and other 

individual clinical factors, reflecting the genuinely individualised decision-making approach 

already emphasised throughout this course. 

Fill in the blank: Graves' disease can present with protruding eyes, a feature reflecting its 

________ underlying cause. 

4.2.3 hypothyroidism 

A slowed metabolic state 

Hypothyroidism, deficient thyroid hormone, presents with the genuinely opposite pattern to 

hyperthyroidism, weight gain, cold intolerance, fatigue, constipation, and dry skin, with 

Hashimoto's thyroiditis, autoimmune destruction of the thyroid gland, being the most common 
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cause in areas with adequate dietary iodine intake, while iodine deficiency remains the most 

common cause globally in regions where dietary iodine intake is genuinely inadequate. 

Management involves levothyroxine replacement, a synthetic form of thyroxine, titrated 

according to symptomatic response and thyroid-stimulating hormone level, and, since the effect 

of any dose adjustment takes several weeks to become fully apparent given thyroxine's relatively 

long half-life, thyroid-stimulating hormone should not be rechecked and further dose adjustments 

made too soon after a change, a genuinely important practical point in managing this common 

condition effectively. 

Fill in the blank: Hashimoto's thyroiditis is the most common cause of hypothyroidism in areas 

with adequate dietary ________ intake. 

Table 4.1: Comparing hyperthyroidism and hypothyroidism 

Feature Hyperthyroidism Hypothyroidism 

Weight change Loss despite normal appetite Gain 

Temperature tolerance Heat intolerance Cold intolerance 

Bowel habit Often increased frequency Constipation 

Pilot questions 4.2 

1. Describe the role of the thyroid gland in setting metabolic rate. (Linked to SLO 4.4) 

2. Explain the typical thyroid function test pattern in primary hypothyroidism. (Linked to 

SLO 4.4) 

3. Describe the clinical presentation of hyperthyroidism. (Linked to SLO 4.4) 

4. List the management options for hyperthyroidism. (Linked to SLO 4.4) 

5. Explain why thyroid-stimulating hormone should not be rechecked too soon after a 

levothyroxine dose change. (Linked to SLO 4.4) 

 

4.3 Disorders of the Thyroid Gland II 

4.3.1 thyroid nodules and goitre 

Common findings, most often benign 

A thyroid nodule, a discrete lump within the thyroid gland, is a genuinely common finding, 

identified either on clinical examination or incidentally on imaging performed for another 

reason, and the great majority of thyroid nodules are benign, though features raising suspicion 
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for malignancy, including rapid growth, hardness on palpation, associated lymphadenopathy, or 

a family history of thyroid cancer, should prompt further specific investigation. 

A goitre, generalised enlargement of the thyroid gland, can be diffuse or multinodular, and can 

occur with normal, excess, or deficient thyroid hormone production, meaning the presence of a 

goitre alone does not indicate the underlying functional status of the gland, which must be 

separately assessed through thyroid function testing, and fine-needle aspiration biopsy remains 

the key initial investigation for a suspicious thyroid nodule to help distinguish benign from 

malignant pathology before further management is planned. 

Fill in the blank: The presence of a goitre alone does not indicate the underlying ________ 

status of the thyroid gland. 

4.3.2 thyroid cancer 

Generally an excellent prognosis when recognised early 

Thyroid cancer, most commonly papillary thyroid carcinoma, generally carries a genuinely 

favourable prognosis compared with many other malignancies, particularly when identified and 

treated at an early stage, and typically presents as a thyroid nodule, sometimes with associated 

cervical lymphadenopathy, identified through the same clinical and investigative pathway 

already described for thyroid nodules more generally in the preceding sub-Part. 

Management typically involves surgical thyroidectomy, with the extent of surgery, partial or 

total, depending on tumour size, extent, and specific histological subtype, followed by 

radioactive iodine ablation in appropriately selected cases to eliminate any residual thyroid 

tissue, and lifelong levothyroxine replacement, and long-term surveillance, monitoring for 

recurrence through clinical examination and specific tumour marker measurement, forms an 

essential ongoing part of comprehensive thyroid cancer care. 

Fill in the blank: Thyroid cancer management typically involves surgical thyroidectomy 

followed by lifelong levothyroxine ________. 

4.3.3 thyroid emergencies 

Two rare but genuinely dangerous extremes 

Thyroid storm, a severe, life-threatening exacerbation of hyperthyroidism, presents with fever, 

marked tachycardia, agitation or delirium, and, in severe cases, cardiovascular collapse, typically 

precipitated by an intercurrent illness, surgery, or abrupt cessation of antithyroid medication in a 

patient with poorly controlled hyperthyroidism, and requires urgent, aggressive multimodal 



 

 la-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION 
STUDENTS 

treatment given its genuinely significant associated mortality if not promptly and appropriately 

managed. 

Myxoedema coma, the genuinely opposite extreme, a severe manifestation of decompensated 

hypothyroidism presenting with hypothermia, reduced conscious level, and cardiovascular 

compromise, typically occurs in patients with long-standing, poorly treated hypothyroidism, 

often precipitated by an intercurrent illness or cold exposure, and, like thyroid storm, requires 

urgent recognition and treatment given its genuinely high mortality if diagnosis and treatment are 

delayed. 

Fill in the blank: Myxoedema coma presents with hypothermia, reduced conscious level, and 

cardiovascular ________. 

Figure 4.2: A clinician palpating a patient's neck to examine a thyroid goitre. 

Pilot questions 4.3 

1. List features of a thyroid nodule that raise suspicion for malignancy. (Linked to SLO 4.5) 

2. Explain why fine-needle aspiration biopsy is important for a suspicious thyroid nodule. 

(Linked to SLO 4.5) 

3. Describe the typical presentation and prognosis of papillary thyroid carcinoma. (Linked 

to SLO 4.5) 

4. Describe thyroid storm and its typical precipitants. (Linked to SLO 4.6) 
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5. Describe myxoedema coma and its typical presentation. (Linked to SLO 4.6) 

 

4.4 Disorders of Calcium Metabolism 

4.4.1 physiology of calcium homeostasis and parathyroid hormone 

A tightly regulated system essential to countless body functions 

Calcium homeostasis is maintained primarily through parathyroid hormone, secreted by the 

parathyroid glands in response to falling blood calcium, which raises calcium levels by 

increasing bone resorption, increasing renal calcium reabsorption, and stimulating renal 

activation of vitamin D, which in turn increases intestinal calcium absorption, a genuinely 

coordinated, multi-organ system reflecting calcium's essential role in countless physiological 

processes throughout the body. 

Vitamin D, activated sequentially in the liver and kidney to its biologically active form, works 

closely alongside parathyroid hormone in this regulatory system, and deficiency of either 

parathyroid hormone or vitamin D, or resistance to their normal effects, disrupts calcium 

homeostasis in recognisable, distinct patterns that this Part works through in turn across the two 

remaining sub-Parts of this closing Part of the Series. 

Fill in the blank: Parathyroid hormone stimulates renal activation of ________ D, which 

increases intestinal calcium absorption. 

4.4.2 hyperparathyroidism and hypercalcaemia 

Excess parathyroid hormone and its consequences 

Primary hyperparathyroidism, most commonly resulting from a solitary parathyroid adenoma, 

produces excess, inappropriately elevated parathyroid hormone secretion and consequent 

hypercalcaemia, elevated blood calcium, and, while frequently asymptomatic and identified 

incidentally on routine blood testing, can present with symptoms sometimes remembered using 

the mnemonic phrase covering abdominal groans, painful bones, renal stones, and psychiatric 

overtones, reflecting the wide-ranging effects of significant hypercalcaemia across multiple body 

systems. 

Severe hypercalcaemia, regardless of underlying cause, can present acutely with confusion, 

dehydration, and, in extreme cases, cardiac arrhythmia, constituting a genuine medical 

emergency requiring urgent treatment with intravenous fluids and, where indicated, specific 
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medication to lower calcium levels, and malignancy, alongside primary hyperparathyroidism, 

remains one of the two most common overall causes of hypercalcaemia encountered in clinical 

practice, making thorough evaluation for an underlying malignant cause a genuinely important 

part of assessing any patient with newly identified, otherwise unexplained hypercalcaemia. 

Fill in the blank: Severe hypercalcaemia can present acutely with confusion, dehydration, and, 

in extreme cases, cardiac ________. 

4.4.3 hypoparathyroidism and hypocalcaemia 

Deficient parathyroid hormone and its consequences 

Hypoparathyroidism, most commonly resulting from inadvertent damage to or removal of the 

parathyroid glands during thyroid or neck surgery, produces deficient parathyroid hormone 

secretion and consequent hypocalcaemia, low blood calcium, presenting with neuromuscular 

irritability, including perioral tingling, muscle cramps, and, in severe cases, tetany or seizure, 

symptoms directly reflecting calcium's essential role in normal neuromuscular function. 

Two specific clinical signs, Chvostek's sign, facial muscle twitching elicited by tapping over the 

facial nerve, and Trousseau's sign, carpal spasm induced by inflating a blood pressure cuff 

above systolic pressure for several minutes, can be elicited on examination to support a clinical 

diagnosis of significant hypocalcaemia, and management involves calcium and active vitamin D 

supplementation, since standard vitamin D alone requires renal activation that may itself be 

impaired without adequate parathyroid hormone. 

Fill in the blank: Trousseau's sign is carpal spasm induced by inflating a blood pressure cuff 

above systolic ________. 

Table 4.2: Comparing hyperparathyroidism and hypoparathyroidism 

Feature Hyperparathyroidism Hypoparathyroidism 

Calcium level Elevated Low 

Common cause Parathyroid adenoma Neck surgery damage 

Key clinical sign 
Often asymptomatic, may 

have renal stones 
Chvostek's and Trousseau's 

signs 

 

Pilot questions 4.4 

1. Describe the role of parathyroid hormone in calcium homeostasis. (Linked to SLO 4.7) 
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2. Describe the typical cause and presentation of primary hyperparathyroidism. (Linked to 

SLO 4.7) 

3. Describe the presentation of severe hypercalcaemia as a medical emergency. (Linked to 

SLO 4.7) 

4. Describe the typical cause of hypoparathyroidism. (Linked to SLO 4.8) 

5. Describe Chvostek's and Trousseau's signs. (Linked to SLO 4.8) 

 

 

Series Summary 

This Series worked through the adrenal and thyroid glands and calcium metabolism in turn. Part 

4.1 covered adrenal physiology, Cushing's syndrome, and adrenal insufficiency, while Part 4.2 

turned to thyroid physiology, hyperthyroidism, and hypothyroidism. Part 4.3 covered thyroid 

nodules, goitre, thyroid cancer, and thyroid emergencies, and Part 4.4 closed with calcium 

homeostasis, hyperparathyroidism, and hypoparathyroidism. 

You should now be able to describe the physiology and disorders of the adrenal gland, thyroid 

gland, and calcium metabolism across all four Parts of this Series, meeting the outcomes set for 

this Series. Series 5 turns next to inborn errors of metabolism, gout, and Wilson's disease. 

 

Glossary of Terms 

1. Adrenal crisis: acute, severe adrenal insufficiency presenting with profound hypotension 

and shock. 

2. Chvostek's sign: facial muscle twitching elicited by tapping over the facial nerve, 

suggesting hypocalcaemia. 

3. Cushing's syndrome: the clinical consequence of chronic cortisol excess. 

4. Goitre: generalised enlargement of the thyroid gland. 

5. Graves' disease: the most common cause of hyperthyroidism, of autoimmune origin. 

6. Hyperparathyroidism: excess parathyroid hormone secretion, causing hypercalcaemia. 

7. Hypoparathyroidism: deficient parathyroid hormone secretion, causing hypocalcaemia. 

8. Myxoedema coma: a severe, life-threatening manifestation of decompensated 

hypothyroidism. 

9. Parathyroid hormone: the primary hormone regulating blood calcium levels. 

10. Thyroid storm: a severe, life-threatening exacerbation of hyperthyroidism. 

11. Thyroidectomy: surgical removal of all or part of the thyroid gland. 
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12. Trousseau's sign: carpal spasm induced by blood pressure cuff inflation, suggesting 

hypocalcaemia. 

 

Concept Check Questions [Series 4] 

Objective questions 

• The zona glomerulosa produces aldosterone, regulating sodium and ________ balance. 

(Linked to SLO 4.1) 

• The most common cause of Cushing's syndrome overall in clinical practice is actually 

exogenous corticosteroid ________. (Linked to SLO 4.2) 

• Thyroxine and triiodothyronine together set the body's overall metabolic ________. 

(Linked to SLO 4.4) 

• Severe hypercalcaemia can present acutely with confusion, dehydration, and, in extreme 

cases, cardiac ________. (Linked to SLO 4.7) 

• Trousseau's sign is carpal spasm induced by inflating a blood pressure cuff above systolic 

________. (Linked to SLO 4.8) 

Short-answer questions 

1. Distinguish primary from secondary adrenal insufficiency. (Linked to SLO 4.3) 

2. Describe the clinical presentation of hyperthyroidism. (Linked to SLO 4.4) 

3. List features of a thyroid nodule that raise suspicion for malignancy. (Linked to SLO 4.5) 

4. Describe thyroid storm and its typical precipitants. (Linked to SLO 4.6) 

5. Describe Chvostek's and Trousseau's signs. (Linked to SLO 4.8) 

Long-answer questions 

6. Discuss the physiology of the adrenal gland and describe Cushing's syndrome and 

adrenal insufficiency. (Linked to SLO 4.1, 4.2, 4.3) 

7. Describe the physiology of the thyroid gland and the presentation of hyperthyroidism and 

hypothyroidism. (Linked to SLO 4.4) 

8. Discuss thyroid nodules, goitre, thyroid cancer, and thyroid emergencies. (Linked to SLO 

4.5, 4.6) 

9. Describe the physiology of calcium homeostasis and the presentation of 

hyperparathyroidism. (Linked to SLO 4.7) 

10. Discuss hypoparathyroidism and hypocalcaemia. (Linked to SLO 4.8) 
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Answers to Concept Check Questions [Series 4] 

Objective questions 

11. Potassium. 

12. Medication. 

13. Rate. 

14. Arrhythmia. 

15. Pressure. 

Short-answer questions 

16. Primary adrenal insufficiency affects aldosterone secretion, while secondary 

insufficiency spares the aldosterone axis. 

17. Hyperthyroidism presents with weight loss despite normal appetite, heat intolerance, 

palpitations, and tremor. 

18. Suspicious features include rapid growth, hardness, associated lymphadenopathy, and 

family history of thyroid cancer. 

19. Thyroid storm is a severe hyperthyroid exacerbation, typically precipitated by illness, 

surgery, or medication cessation. 

20. Chvostek's sign is facial twitching from tapping the facial nerve; Trousseau's sign is 

carpal spasm from cuff inflation. 

Long-answer questions 

21. Basic response: The adrenal cortex produces aldosterone, cortisol, and androgens from 

distinct zones; Cushing's syndrome results from cortisol excess with central obesity and 

striae; adrenal insufficiency presents with fatigue, weight loss, and postural hypotension. 

Value-added response: A value-added response notes that adrenal crisis is a genuine 

emergency requiring immediate corticosteroid administration. 

22. Basic response: The thyroid sets overall metabolic rate under thyroid-stimulating 

hormone control; hyperthyroidism causes weight loss and heat intolerance, while 

hypothyroidism causes weight gain and cold intolerance. 

Value-added response: A value-added response notes that Graves' disease can 

additionally cause eye disease given its autoimmune basis. 

23. Basic response: Most thyroid nodules are benign, assessed with fine-needle aspiration if 

suspicious; papillary thyroid carcinoma generally carries a favourable prognosis; thyroid 

storm and myxoedema coma are rare but genuinely dangerous emergencies. 
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Value-added response: A value-added response notes that a goitre alone does not 

indicate the underlying functional status of the thyroid gland. 

24. Basic response: Parathyroid hormone raises calcium through bone resorption, renal 

reabsorption, and vitamin D activation; primary hyperparathyroidism, often from an 

adenoma, can be asymptomatic or present with the classic symptom groups. 

Value-added response: A value-added response notes that malignancy and primary 

hyperparathyroidism are the two most common causes of hypercalcaemia overall. 

25. Basic response: Hypoparathyroidism, commonly from neck surgery damage, causes 

hypocalcaemia with neuromuscular irritability, supported by Chvostek's and Trousseau's 

signs. 

Value-added response: A value-added response notes that management requires active 

vitamin D given impaired renal activation without adequate parathyroid hormone. 

 

 

Answers to Pilot Questions [Series 4] 

Part 4.1 

1. The zona glomerulosa produces aldosterone, the zona fasciculata produces cortisol, and 

the zona reticularis produces androgens. 

2. Cortisol regulates glucose metabolism, suppresses inflammation, and supports blood 

pressure maintenance. 

3. Cushing's syndrome presents with central obesity, moon face, thin skin, striae, and 

hypertension. 

4. ACTH-dependent causes include pituitary or ectopic ACTH secretion; ACTH-

independent causes include an adrenal tumour. 

5. Primary adrenal insufficiency affects aldosterone, while secondary insufficiency spares 

the aldosterone axis. 

Part 4.2 

6. The thyroid gland sets overall metabolic rate through thyroxine and triiodothyronine 

secretion. 

7. Primary hypothyroidism shows elevated thyroid-stimulating hormone and low free 

thyroxine. 
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8. Hyperthyroidism presents with weight loss, heat intolerance, palpitations, tremor, and 

anxiety. 

9. Options include antithyroid medication, radioactive iodine, and surgical thyroidectomy. 

10. Thyroxine's long half-life means dose changes take weeks to become fully apparent in 

test results. 

Part 4.3 

11. Suspicious features include rapid growth, hardness, lymphadenopathy, and family history 

of thyroid cancer. 

12. Biopsy helps distinguish benign from malignant nodule pathology before further 

management is planned. 

13. Papillary thyroid carcinoma typically presents as a nodule and generally carries a 

favourable prognosis when treated early. 

14. Thyroid storm is precipitated by illness, surgery, or abrupt medication cessation in poorly 

controlled hyperthyroidism. 

15. Myxoedema coma presents with hypothermia, reduced conscious level, and 

cardiovascular compromise. 

Part 4.4 

1. Parathyroid hormone raises calcium through bone resorption, renal reabsorption, and 

vitamin D activation. 

2. Primary hyperparathyroidism most commonly results from a parathyroid adenoma and is 

frequently asymptomatic. 

3. Severe hypercalcaemia presents with confusion, dehydration, and, in extreme cases, 

cardiac arrhythmia. 

4. Hypoparathyroidism most commonly results from inadvertent parathyroid damage during 

neck surgery. 

5. Chvostek's sign is facial twitching from tapping the facial nerve; Trousseau's sign is 

carpal spasm from cuff inflation. 
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Figures, Plates, Tables, and Boxes 

1. Figure 4.1: Central obesity, rounded facial appearance, and abdominal striae 

characteristic of Cushing's syndrome. AI-generated using the prompt: "Create a realistic 

clinical illustration titled Clinical Features of Cushing's Syndrome, showing a patient 

with central obesity, a rounded facial appearance, and visible purple striae on the 

abdomen, clinical examination setting, respectful and clinical in tone. Clean clinical 

illustration style, no text." 

2. Table 4.1: Comparing hyperthyroidism and hypothyroidism. AI-generated using the 

prompt: "Create a clean reference table titled Comparing Hyperthyroidism and 

Hypothyroidism, listing feature, hyperthyroidism, and hypothyroidism. Simple clinical 

reference table style with outside border." 

3. Figure 4.2: A clinician palpating a patient's neck to examine a thyroid goitre. AI-

generated using the prompt: "Create a realistic clinical illustration titled Thyroid 

Examination, showing a clinician standing behind a seated patient, palpating the neck 

with both hands to examine the thyroid gland, clinical examination room setting. Clean 

clinical illustration style, no text." 

4. Table 4.2: Comparing hyperparathyroidism and hypoparathyroidism. AI-generated using 

the prompt: "Create a clean reference table titled Comparing Hyperparathyroidism and 

Hypoparathyroidism, listing feature, hyperparathyroidism, and hypoparathyroidism. 

Simple clinical reference table style with outside border."
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Series 5: Inborn Errors of Metabolism, Gout, 

and Wilson's Disease 
• Part 5.1: Principles of Inborn Errors of Metabolism 

o Sub Part 5.1.1: Classification of inborn errors of metabolism 

o Sub Part 5.1.2: General clinical presentation and diagnostic approach 

o Sub Part 5.1.3: Principles of management and screening 

• Part 5.2: Selected Inborn Errors of Metabolism 

o Sub Part 5.2.1: Phenylketonuria 

o Sub Part 5.2.2: Glycogen storage disorders 

o Sub Part 5.2.3: Lysosomal storage disorders 

• Part 5.3: Gout 

o Sub Part 5.3.1: Pathogenesis of gout 

o Sub Part 5.3.2: Clinical presentation of acute and chronic gout 

o Sub Part 5.3.3: Management of gout 

• Part 5.4: Wilson's Disease 

o Sub Part 5.4.1: Pathogenesis of Wilson's disease 

o Sub Part 5.4.2: Clinical presentation of Wilson's disease 

o Sub Part 5.4.3: Management of Wilson's disease 
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Introduction 

This final Series turns to a genuinely different category of metabolic disease from the common 

endocrine disorders covered so far in this course, inborn errors of metabolism, individually 

rare but collectively significant genetic conditions disrupting specific metabolic pathways, before 

closing with two further, more commonly encountered metabolic conditions, gout and Wilson's 

disease, each reflecting a specific, well-understood disturbance of a single metabolic substance. 

The aim of this Series is to equip you with the ability to classify inborn errors of metabolism, 

describe their general clinical presentation and diagnostic approach, discuss the principles of 

their management and screening, describe selected specific examples including phenylketonuria 

and storage disorders, and describe the pathogenesis, presentation, and management of gout and 

Wilson's disease. 

This Series opens with the principles of inborn errors of metabolism, moves through selected 

inborn errors of metabolism and gout, and closes with Wilson's disease. 

 

Series Learning Outcomes 

At the end of this Series, you should be able to: 

• SLO 5.1: classify inborn errors of metabolism 

• SLO 5.2: describe the general clinical presentation and diagnostic approach to inborn 

errors of metabolism 

• SLO 5.3: discuss the principles of management and screening for inborn errors of 

metabolism 

• SLO 5.4: describe phenylketonuria and glycogen storage disorders 

• SLO 5.5: describe lysosomal storage disorders 

• SLO 5.6: describe the pathogenesis and clinical presentation of gout 

• SLO 5.7: discuss the management of gout 

• SLO 5.8: describe the pathogenesis, presentation, and management of Wilson's disease 

 

5.1 Principles of Inborn Errors of Metabolism 

5.1.1 classification of inborn errors of metabolism 
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Grouping disease by the metabolic pathway affected 

Inborn errors of metabolism are genetic conditions resulting from a specific enzyme deficiency 

or defect disrupting a particular metabolic pathway, and are broadly classified by the type of 

pathway affected: disorders of amino acid metabolism, such as phenylketonuria, disorders of 

carbohydrate metabolism, such as glycogen storage disorders, and disorders of complex 

molecule storage or breakdown, such as the lysosomal storage disorders, each category 

producing recognisably different, though genuinely overlapping, clinical patterns. 

Individually, each specific inborn error of metabolism is genuinely rare, but collectively, this 

category of disease affects a meaningful proportion of the population, and, given their genetic 

basis, most are inherited in an autosomal recessive pattern, meaning both parents are typically 

unaffected carriers, a genetic pattern with direct relevance to family counselling and the 

recurrence risk discussion appropriate for affected families. 

Fill in the blank: Most inborn errors of metabolism are inherited in an autosomal ________ 

pattern. 

5.1.2 general clinical presentation and diagnostic approach 

Recognising the pattern that suggests a metabolic cause 

Inborn errors of metabolism should be actively considered in an infant presenting with 

unexplained, severe, or recurrent illness, particularly with features such as poor feeding, 

vomiting, lethargy, seizures, or unusual odour, especially where symptoms worsen with feeding, 

are associated with a family history of unexplained infant death, or occur in the context of 

parental consanguinity, each a recognised red flag warranting specific further metabolic 

investigation. 

Diagnostic investigation typically begins with basic biochemistry, including blood glucose, 

electrolytes, and acid-base status, before progressing to specific metabolic investigations, such as 

plasma amino acid and urine organic acid analysis, tailored to the specific clinical picture and 

suspected category of disorder, and a genuinely high index of clinical suspicion is essential, since 

these conditions are individually rare enough that they can easily be overlooked without active, 

deliberate consideration. 

Fill in the blank: A genuinely high index of clinical ________ is essential given how 

individually rare these conditions are. 
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5.1.3 principles of management and screening 

Restricting, supplementing, or replacing what the pathway cannot handle 

General management principles for inborn errors of metabolism include dietary restriction of 

the specific substance the affected pathway cannot adequately process, supplementation of a 

deficient downstream product the pathway would normally produce, and, for selected conditions, 

enzyme replacement therapy, directly replacing the missing or deficient enzyme, with the 

specific approach chosen depending genuinely on the exact metabolic defect and pathway 

involved. 

Newborn screening programmes, testing blood samples collected shortly after birth for a panel 

of treatable inborn errors of metabolism, allow presymptomatic identification and, for many 

conditions, prompt initiation of treatment before irreversible harm occurs, representing a 

genuinely important public health achievement that has transformed the outcome for several 

previously devastating conditions, phenylketonuria among the most notable examples covered 

further in the following Part. 

Fill in the blank: Newborn screening programmes allow presymptomatic identification before 

________ harm occurs. 

Figure 5.1: A healthcare worker collecting a newborn heel-prick sample for metabolic screening. 
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Pilot questions 5.1 

• List the broad categories used to classify inborn errors of metabolism. (Linked to SLO 

5.1) 

• Explain the significance of the autosomal recessive inheritance pattern for family 

counselling. (Linked to SLO 5.1) 

• List red flag features suggesting an inborn error of metabolism in an infant. (Linked to 

SLO 5.2) 

• Describe the general diagnostic approach to a suspected inborn error of metabolism. 

(Linked to SLO 5.2) 

• Describe the value of newborn screening programmes. (Linked to SLO 5.3) 

 

 

5.2 Selected Inborn Errors of Metabolism 

5.2.1 phenylketonuria 

A genuine screening and dietary management success story 

Phenylketonuria, resulting from deficiency of the enzyme phenylalanine hydroxylase, causes 

accumulation of phenylalanine, which, if untreated, produces severe, irreversible intellectual 

disability, and, since affected infants appear entirely normal at birth, universal newborn 

screening, already introduced in the previous Part, is genuinely essential to identify the condition 

before irreversible neurological damage has had the opportunity to occur. 

Management centres on strict dietary phenylalanine restriction, maintained lifelong though 

with some flexibility permitted with advancing age, and, when instituted promptly following 

newborn screening and maintained diligently, allows genuinely normal neurodevelopment, 

representing one of the clearest, most compelling demonstrations of the value of newborn 

screening combined with effective dietary treatment across the whole of inherited metabolic 

disease. 

Fill in the blank: Untreated phenylketonuria produces severe, irreversible intellectual disability 

from accumulated ________. 
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5.2.2 glycogen storage disorders 

A family of conditions disrupting glycogen handling 

Glycogen storage disorders, resulting from deficiency of one of several enzymes involved in 

glycogen synthesis or breakdown, present with a range of clinical patterns depending on the 

specific enzyme affected and the tissues in which that enzyme is normally most active, with 

hepatic forms typically presenting with hepatomegaly and hypoglycaemia, and muscle forms 

typically presenting with exercise intolerance and muscle cramping. 

Von Gierke disease, glucose-6-phosphatase deficiency, the most common and one of the most 

severe glycogen storage disorders, presents in infancy with significant hepatomegaly and severe 

hypoglycaemia, and management centres on maintaining stable blood glucose through frequent 

feeding and, particularly overnight, cornstarch supplementation, a slowly digested carbohydrate 

source providing a genuinely steady glucose supply across the extended overnight fasting period 

that would otherwise precipitate dangerous hypoglycaemia. 

Fill in the blank: Von Gierke disease presents in infancy with significant hepatomegaly and 

severe ________. 

5.2.3 lysosomal storage disorders 

Progressive accumulation within cellular waste-disposal organelles 

Lysosomal storage disorders, resulting from deficiency of a specific lysosomal enzyme 

normally responsible for breaking down a particular complex molecule, lead to progressive 

accumulation of that undegraded substrate within cells, producing progressive, often multi-

system disease affecting the nervous system, liver, spleen, and skeleton depending on the 

specific disorder and the tissue distribution of the accumulating substrate. 

Gaucher disease, the most common lysosomal storage disorder, and Tay-Sachs disease, a 

further recognised example with a particularly severe, typically fatal early childhood course, 

illustrate the genuinely wide spectrum of severity within this category, and, for selected 

lysosomal storage disorders including Gaucher disease, enzyme replacement therapy, already 

introduced as a general management principle earlier in this Series, has meaningfully 

transformed the prognosis for affected patients where it is available and accessible. 

Fill in the blank: Gaucher disease is the most common ________ storage disorder. 
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Table 5.1: Comparing selected inborn errors of metabolism 

Disorder Pathway affected Key management approach 

Phenylketonuria Amino acid metabolism 
Lifelong dietary phenylalanine 

restriction 

Von Gierke disease Carbohydrate metabolism 
Frequent feeding and 

cornstarch supplementation 

Gaucher disease Lysosomal storage 
Enzyme replacement therapy 

where available 
 

Pilot questions 5.2 

1. Describe phenylketonuria and its underlying enzyme deficiency. (Linked to SLO 5.4) 

2. Explain why newborn screening is essential for phenylketonuria. (Linked to SLO 5.4) 

3. Describe Von Gierke disease and its typical presentation. (Linked to SLO 5.4) 

4. Explain the role of cornstarch supplementation in glycogen storage disorder management. 

(Linked to SLO 5.4) 

5. Describe lysosomal storage disorders and give an example. (Linked to SLO 5.5) 

 

 

5.3 Gout 

5.3.1 pathogenesis of gout 

Crystals forming when uric acid exceeds its solubility 

Gout results from hyperuricaemia, elevated blood uric acid, leading to the formation and 

deposition of monosodium urate crystals within joints and surrounding tissue when uric acid 

concentration exceeds its solubility limit in body fluids, and hyperuricaemia itself results from 

either overproduction of uric acid, underexcretion by the kidneys, or, most commonly, a 

combination of both contributing factors. 

Risk factors for hyperuricaemia and gout include a diet high in purine-rich foods and alcohol, 

obesity, certain medications including diuretics, and impaired renal function reducing uric acid 

clearance, and, notably, not every individual with hyperuricaemia develops clinical gout, 

meaning elevated uric acid alone is a necessary but genuinely insufficient condition for the 

disease to actually manifest clinically. 
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Fill in the blank: Hyperuricaemia results from overproduction of uric acid, underexcretion by 

the kidneys, or a ________ of both. 

5.3.2 clinical presentation of acute and chronic gout 

From a single dramatic attack to persistent joint damage 

Acute gout presents classically with sudden-onset, severe pain, redness, swelling, and warmth 

affecting a single joint, most characteristically the first metatarsophalangeal joint of the big toe, a 

presentation termed podagra, though other joints including the ankle, knee, and wrist can also be 

affected, and attacks typically peak in intensity within twenty-four hours before gradually 

settling over the following one to two weeks even without specific treatment. 

Chronic gout, resulting from longstanding, poorly controlled hyperuricaemia, can produce 

tophi, visible deposits of urate crystals typically forming around joints and the ear, alongside 

chronic joint damage and deformity if recurrent attacks and ongoing crystal deposition are not 

adequately controlled, underlining why effective long-term management, covered in the 

following sub-Part, genuinely matters beyond simply treating each individual acute attack as it 

occurs. 

Fill in the blank: Acute gout most characteristically affects the first metatarsophalangeal joint, a 

presentation termed ________. 

5.3.3 management of gout 

Treating the attack, then preventing the next one 

Acute gout management aims for rapid symptom control using nonsteroidal anti-inflammatory 

drugs, colchicine, or corticosteroids, with the specific choice depending on patient factors 

including renal function and other comorbidities, and prompt treatment initiated early in an 

attack genuinely improves the speed of symptom resolution compared with delayed treatment. 

Urate-lowering therapy, typically allopurinol or febuxostat, is indicated for patients with 

recurrent attacks, tophi, or evidence of joint damage, aiming to reduce uric acid below its 

solubility threshold and thereby prevent future crystal formation, though this therapy should not 

generally be started during an acute attack itself, since abrupt changes in uric acid level can 

paradoxically precipitate a further attack, a genuinely important practical point in the timing of 

long-term gout management. 

Fill in the blank: Urate-lowering therapy should not generally be started during an acute attack, 

since abrupt changes can paradoxically precipitate a further ________. 
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Figure 5.2: A patient's swollen, red big toe characteristic of acute gout, podagra. 

Pilot questions 5.3 

1. Describe the pathogenesis of gout. (Linked to SLO 5.6) 

2. List risk factors for hyperuricaemia and gout. (Linked to SLO 5.6) 

3. Describe podagra. (Linked to SLO 5.6) 

4. Describe tophi and their significance in chronic gout. (Linked to SLO 5.6) 

5. Explain why urate-lowering therapy should not be started during an acute attack. (Linked 

to SLO 5.7) 

 

5.4 Wilson's Disease 

5.4.1 pathogenesis of wilson's disease 

A single gene defect disrupting copper handling 

Wilson's disease, an autosomal recessive disorder resulting from mutation in the ATP7B gene, 

disrupts normal cellular copper transport, impairing both biliary copper excretion and 
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incorporation of copper into caeruloplasmin, the main copper-carrying protein in blood, leading 

to progressive, pathological copper accumulation, initially within the liver and, as hepatic 

capacity to sequester further copper is eventually exceeded, subsequently within the brain and 

other tissues. 

This progressive, multi-organ copper accumulation explains why Wilson's disease produces such 

a genuinely wide clinical spectrum, and the age at which the condition first becomes clinically 

apparent varies considerably between affected individuals, though it most commonly presents in 

later childhood, adolescence, or early adulthood, a pattern reflecting the time genuinely required 

for pathological copper accumulation to reach a clinically significant threshold in affected 

tissues. 

Fill in the blank: Wilson's disease impairs incorporation of copper into ________, the main 

copper-carrying protein in blood. 

 

5.4.2 clinical presentation of wilson's disease 

A genuinely wide spectrum across liver, brain, and eye 

Hepatic presentation, often the earliest manifestation, ranges from asymptomatic abnormal 

liver function tests through acute hepatitis to established chronic liver disease and, in some cases, 

acute liver failure, and Wilson's disease should be actively considered in any young patient 

presenting with otherwise unexplained liver disease, since it remains a genuinely important, 

treatable cause that can easily be overlooked if not specifically considered. 

Neurological and psychiatric presentation, typically emerging somewhat later than hepatic 

disease, includes movement disorders such as tremor and dystonia, dysarthria, and a genuinely 

wide range of psychiatric symptoms including personality change, depression, and, less 

commonly, psychosis, while the characteristic Kayser-Fleischer ring, a golden-brown ring of 

copper deposition visible around the periphery of the cornea, though not universally present, is a 

specific and genuinely diagnostically valuable sign when identified on careful ophthalmological 

examination. 

Fill in the blank: A Kayser-Fleischer ring is a golden-brown ring of copper deposition visible 

around the periphery of the ________. 
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5.4.3 management of wilson's disease 

Removing excess copper and preventing further accumulation 

Copper chelation therapy, using agents such as penicillamine or trientine to bind and promote 

urinary excretion of excess copper, forms the mainstay of treatment for symptomatic Wilson's 

disease, while zinc therapy, reducing intestinal copper absorption, is used either as an 

alternative in appropriately selected patients or as maintenance therapy following an initial 

period of chelation to remove already-accumulated excess copper. 

Given its genuinely treatable, and if untreated, ultimately fatal, natural history, early diagnosis 

and prompt initiation of appropriate treatment meaningfully improves long-term outcome, and 

lifelong treatment adherence and monitoring, including regular assessment of liver function and 

neurological status, is genuinely essential, since abrupt discontinuation of treatment can 

precipitate rapid, sometimes severe clinical deterioration, closing this Series, and the entire 

course, on the genuinely important theme of early recognition transforming outcome that has run 

throughout this whole programme of study. 

Fill in the blank: Abrupt discontinuation of Wilson's disease treatment can precipitate rapid, 

sometimes severe clinical ________. 

Table 5.2: Clinical features of Wilson's disease by system 

System Typical feature Timing 

Hepatic 
Abnormal liver tests to acute 

or chronic liver disease 
Often earliest presentation 

Neurological Tremor, dystonia, dysarthria 
Typically later than hepatic 

disease 

Ophthalmological Kayser-Fleischer ring 
Variable, valuable diagnostic 

sign when present 
 

Pilot questions 5.4 

1. Describe the underlying genetic defect and its effect in Wilson's disease. (Linked to SLO 

5.8) 

2. Describe the hepatic presentation of Wilson's disease. (Linked to SLO 5.8) 

3. Describe the neurological and psychiatric presentation of Wilson's disease. (Linked to 

SLO 5.8) 

4. Describe the Kayser-Fleischer ring and its diagnostic value. (Linked to SLO 5.8) 

5. Describe the management of Wilson's disease. (Linked to SLO 5.8) 
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Series Summary 

This final Series covered inborn errors of metabolism, gout, and Wilson's disease. Part 5.1 

covered the classification, presentation, and screening principles of inborn errors of metabolism, 

while Part 5.2 turned to selected specific examples, phenylketonuria, glycogen storage disorders, 

and lysosomal storage disorders. Part 5.3 covered the pathogenesis, presentation, and 

management of gout, and Part 5.4 closed with the pathogenesis, presentation, and management 

of Wilson's disease. 

You should now be able to classify and describe inborn errors of metabolism, gout, and Wilson's 

disease across all four Parts of this Series, meeting the outcomes set for this Series. Across the 

full course, Series 1 covered the risk factors, pathogenesis, and clinical features of diabetes 

mellitus, Series 2 covered its complications, investigations, and management, Series 3 covered 

disorders of the hypothalamus and pituitary gland, Series 4 covered disorders of the adrenal-

thyroid axis and calcium metabolism, and this Series has closed the course with inborn errors of 

metabolism, gout, and Wilson's disease, together forming a comprehensive foundation in 

metabolic and endocrine medicine. 

 

Glossary of Terms 

1. Enzyme replacement therapy: treatment directly replacing a missing or deficient 

enzyme. 

2. Gaucher disease: the most common lysosomal storage disorder. 

3. Hyperuricaemia: elevated blood uric acid, the underlying cause of gout. 

4. Inborn error of metabolism: a genetic condition resulting from a specific enzyme 

deficiency disrupting a metabolic pathway. 

5. Kayser-Fleischer ring: a golden-brown corneal ring of copper deposition seen in 

Wilson's disease. 

6. Newborn screening: testing newborn blood samples for a panel of treatable inborn errors 

of metabolism. 

7. Phenylketonuria: an inborn error of amino acid metabolism from phenylalanine 

hydroxylase deficiency. 

8. Podagra: acute gout affecting the first metatarsophalangeal joint of the big toe. 

9. Tophus: a visible deposit of urate crystals in chronic gout. 

10. Urate-lowering therapy: long-term treatment reducing uric acid to prevent future gout 

attacks. 
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11. Von Gierke disease: glucose-6-phosphatase deficiency, a severe glycogen storage 

disorder. 

12. Wilson's disease: an autosomal recessive disorder of copper metabolism from ATP7B 

gene mutation. 

 

Concept Check Questions [Series 5] 

Objective questions 

• Most inborn errors of metabolism are inherited in an autosomal ________ pattern. 

(Linked to SLO 5.1) 

• Untreated phenylketonuria produces severe, irreversible intellectual disability from 

accumulated ________. (Linked to SLO 5.4) 

• Acute gout most characteristically affects the first metatarsophalangeal joint, a 

presentation termed ________. (Linked to SLO 5.6) 

• Wilson's disease impairs incorporation of copper into ________, the main copper-

carrying protein in blood. (Linked to SLO 5.8) 

• A Kayser-Fleischer ring is a golden-brown ring of copper deposition visible around the 

periphery of the ________. (Linked to SLO 5.8) 

Short-answer questions 

1. List red flag features suggesting an inborn error of metabolism in an infant. (Linked to 

SLO 5.2) 

2. Describe Von Gierke disease and its typical presentation. (Linked to SLO 5.4) 

3. Describe tophi and their significance in chronic gout. (Linked to SLO 5.6) 

4. Explain why urate-lowering therapy should not be started during an acute attack. (Linked 

to SLO 5.7) 

5. Describe the hepatic presentation of Wilson's disease. (Linked to SLO 5.8) 

Long-answer questions 

6. Discuss the classification, presentation, diagnosis, and management principles of inborn 

errors of metabolism. (Linked to SLO 5.1, 5.2, 5.3) 

7. Describe phenylketonuria, glycogen storage disorders, and lysosomal storage disorders. 

(Linked to SLO 5.4, 5.5) 

8. Discuss the pathogenesis, clinical presentation, and management of gout. (Linked to SLO 

5.6, 5.7) 

9. Describe the pathogenesis and clinical presentation of Wilson's disease. (Linked to SLO 

5.8) 
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10. Discuss the management of Wilson's disease. (Linked to SLO 5.8) 

 

Answers to Concept Check Questions [Series 5] 

Objective questions 

11. Recessive. 

12. Phenylalanine. 

13. Podagra. 

14. Caeruloplasmin. 

15. Cornea. 

Short-answer questions 

16. Red flags include poor feeding, vomiting, lethargy, seizures, unusual odour, and family 

history of unexplained infant death. 

17. Von Gierke disease is glucose-6-phosphatase deficiency, presenting with hepatomegaly 

and severe hypoglycaemia. 

18. Tophi are visible urate deposits reflecting longstanding, poorly controlled hyperuricaemia 

and chronic joint damage risk. 

19. Abrupt uric acid changes can paradoxically precipitate a further attack if started during 

acute gout. 

20. Hepatic presentation ranges from abnormal liver tests through acute hepatitis to chronic 

liver disease or acute failure. 

Long-answer questions 

21. Basic response: Inborn errors are classified by pathway affected; infants present with red 

flag features such as poor feeding and seizures; diagnosis uses biochemistry and specific 

metabolic testing; management includes dietary restriction, supplementation, or enzyme 

replacement. 

Value-added response: A value-added response notes that newborn screening allows 

presymptomatic identification before irreversible harm occurs. 

22. Basic response: Phenylketonuria is phenylalanine hydroxylase deficiency managed with 

dietary restriction; glycogen storage disorders like Von Gierke disease cause 

hepatomegaly and hypoglycaemia; lysosomal storage disorders like Gaucher disease 

cause progressive substrate accumulation. 
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Value-added response: A value-added response notes that enzyme replacement therapy 

has meaningfully transformed prognosis for selected lysosomal storage disorders. 

23. Basic response: Gout results from hyperuricaemia and urate crystal deposition; acute 

gout classically presents as podagra; management combines acute symptom control with 

urate-lowering therapy for recurrent disease. 

Value-added response: A value-added response notes that not every individual with 

hyperuricaemia develops clinical gout, since elevated uric acid alone is necessary but 

insufficient for disease. 

24. Basic response: Wilson's disease results from ATP7B mutation disrupting copper 

transport, causing progressive copper accumulation; presentation includes hepatic, 

neurological, and ophthalmological features including the Kayser-Fleischer ring. 

Value-added response: A value-added response notes that Wilson's disease should be 

actively considered in any young patient with otherwise unexplained liver disease. 

25. Basic response: Management uses copper chelation therapy or zinc therapy to remove or 

reduce absorption of excess copper, requiring lifelong treatment adherence and 

monitoring. 

Value-added response: A value-added response notes that abrupt discontinuation of 

treatment can precipitate rapid, sometimes severe clinical deterioration. 

 

 

Answers to Pilot Questions [Series 5] 

Part 5.1 

1. Categories include amino acid, carbohydrate, and complex molecule storage or 

breakdown disorders. 

2. Autosomal recessive inheritance means both parents are typically unaffected carriers, 

relevant to recurrence risk counselling. 

3. Red flags include poor feeding, vomiting, lethargy, seizures, unusual odour, and family 

history of unexplained infant death. 

4. Diagnosis begins with basic biochemistry before progressing to specific metabolic 

investigations tailored to the clinical picture. 
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5. Newborn screening allows presymptomatic identification and prompt treatment before 

irreversible harm occurs. 

Part 5.2 

6. Phenylketonuria is phenylalanine hydroxylase deficiency causing phenylalanine 

accumulation and intellectual disability if untreated. 

7. Affected infants appear normal at birth, so screening is essential to prevent irreversible 

neurological damage. 

8. Von Gierke disease is glucose-6-phosphatase deficiency, presenting with hepatomegaly 

and severe hypoglycaemia. 

9. Cornstarch provides a slowly digested glucose source, preventing overnight 

hypoglycaemia. 

10. Lysosomal storage disorders result from deficient lysosomal enzymes; Gaucher disease is 

the most common example. 

Part 5.3 

11. Gout results from hyperuricaemia leading to urate crystal deposition within joints and 

surrounding tissue. 

12. Risk factors include purine-rich diet, alcohol, obesity, diuretics, and impaired renal 

function. 

13. Podagra is acute gout affecting the first metatarsophalangeal joint of the big toe. 

14. Tophi are visible urate deposits reflecting longstanding, poorly controlled hyperuricaemia 

and ongoing joint damage risk. 

15. Abrupt uric acid level changes can paradoxically precipitate a further attack if started 

during an acute episode. 

Part 5.4 

1. ATP7B mutation disrupts cellular copper transport, causing progressive pathological 

copper accumulation. 

2. Hepatic presentation ranges from abnormal liver tests to acute hepatitis, chronic disease, 

or acute liver failure. 

3. Neurological and psychiatric presentation includes tremor, dystonia, dysarthria, and 

personality or mood change. 

4. The Kayser-Fleischer ring is a golden-brown corneal copper ring, a specific and 

diagnostically valuable sign when present. 

5. Management uses copper chelation therapy or zinc therapy, with lifelong treatment 

adherence and monitoring. 
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Figures, Plates, Tables, and Boxes 

1. Figure 5.1: A healthcare worker collecting a newborn heel-prick sample for metabolic 

screening. AI-generated using the prompt: "Create a realistic clinical illustration titled 

Newborn Heel-Prick Screening, showing a healthcare worker gently holding a newborn 

infant's foot to collect a small blood sample from the heel, hospital nursery setting. Clean 

clinical illustration style, no text." 

2. Table 5.1: Comparing selected inborn errors of metabolism. AI-generated using the 

prompt: "Create a clean reference table titled Comparing Selected Inborn Errors of 

Metabolism, listing disorder, pathway affected, and key management approach. Simple 

clinical reference table style with outside border." 

3. Figure 5.2: A patient's swollen, red big toe characteristic of acute gout, podagra. AI-

generated using the prompt: "Create a realistic clinical illustration titled Acute Gout 

Presenting as Podagra, showing a close-up view of a patient's foot with a visibly swollen, 

red, inflamed big toe joint, clean neutral background. Clean clinical illustration style, no 

text." 

4. Table 5.2: Clinical features of Wilson's disease by system. AI-generated using the 

prompt: "Create a clean reference table titled Clinical Features of Wilson's Disease by 

System, listing system, typical feature, and timing. Simple clinical reference table style 

with outside border." 

 


