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Introduction: 

• Hyperglycaemia due to defects in insulin secretion, insulin action, or both. 

- a defect of action is always accompanied, somehow, by a defect of production. 

• T2D: Insulin resistance + a problem in the response of islets to this insulin resistance. 

• Chronically, it will cause damage in multiple organ systems, especially the kidneys, eyes, nerves, and 

blood vessels 

• In USA, diabetes is the leading cause of: 

- end-stage renal disease 

- adult-onset blindness  

- nontraumatic lower extremity amputations 

• 8% of USA population  

• Diabetes prevalence among adult Jordanians is near 34 per cent 

• Impaired glucose tolerance or “prediabetes” = elevated blood sugar that does not reach the criterion 

accepted for the diagnosis of diabetes…high risk to become diabetics (25% during 5 years) 

- these criteria change with time so expect different criteria to be listed elsewhere. 

 

Diagnosis for DM: 

 

 

 

 

 

 

 

 

• You might see changes in guidelines regarding these numbers. 

• You might find the values for HbA1c different in Biochemistry, so memorise the numbers there 

instead of here. (if a question in the exam is about HbA1c it’s a Biochemistry question) 

• All tests, except the random blood glucose test in a patient with classic hyperglycaemic signs, need 

to be repeated and confirmed on a separate day (ie on two occasions) 

• Acute stresses, such as severe infections, burns or trauma, can lead to transient hyperglycaemia 

due to secretion of hormones like catecholamines and cortisol that oppose the action of insulin.  

…so the diagnosis of diabetes requires persistence of hyperglycaemia following resolution of the 

acute illness. 

 

Fasting plasma glucose ≥ 126 

mg/dL 

- if 100-125: impaired fasting 

glucose 

 

Random plasma glucose ≥ 200 

mg/dL 

(in a patient with classic hyperglycaemic 

signs, aka polyuria, polydipsia, 

polyphagia) -> sufficient on one occasion 

 

2-hour plasma glucose ≥ 200 

mg/dL during an oral glucose 

tolerance test (OGTT) with a 

loading dose of 75 gm 
- if 140-199: impaired glucose 

tolerance 

A glycated hemoglobin (HbA1C) level ≥ 6.5%  
- if 5.7-6.4: impaired glucose tolerance 

- reflects the glc levels for the past 2-3 months 

- If measured one day, the following day’s values won’t be of much difference. 

However, you must measure it on two occasions to rule out Lab errors. 
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Normal Actions of Insulin: 

 
 

DM Type 1 vs Type 2; general: 

Type I Diabetes Type II Diabetes 

autoimmune destruction of beta cells  
with resultant absolute insulin deficiency 

peripheral resistance to insulin action +  
inadequate secretory response by the  
pancreatic β cells (“relative insulin deficiency”) 
 

the most common type in those <20  years 
 

90% to 95% of diabetic patients in general; the vast 

majority of such individuals are overweight 

 

the terms “juvenile” and “insulin-dependent” are 
no more used 
• used to be called juvenile, but later discovered that 

DM type II can also strike at an earlier age due to 
obesity, and DM Type I was found to be able to 
strike at an adult age as well. 

• used to be called insulin-dependent but it was also 
found that type II can worsen to reach a stage of 
insulin-dependence. 
 

• the most important mechanism for type II is: 
environmental risk factors (obesity) with the 
resulting insulin resistance. 

• in the first stages, insulin production is 
normal/increasing that helps the patient 
maintain a euglycaemic state (normal glc + 
resistance + elevated insulin) 

• This is present in a good percentage of obese 
people that have not yet developed DM type II. 

• When the symptoms become detectable in a 
patient, it has progressed from mere insulin 
resistance to T2D with some defect of the 
pancreas’ response to this resistance thus its 
inability to maintain this euglycaemic state. 

• However, this is termed “relative insulin 
deficiency” not “absolute” bc the main factor 
playing in this pathogenesis is resistance. 

• This euglycaemic state/insulin resistance can be 
detected by measuring the insulin levels in the 
blood. 
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Type I Diabetes Type II Diabetes 

Onset: Usually childhood & adolescence Onset: usually adult, increasing incidence in 
childhood & adolescence. (bc of obesity in children) 

Normal weight or weight loss preceding diagnosis Vast majority are obese (80%) 

• But also remember, when an obese person 
develops DM, they may lose some weight. 

Progressive decrease in insulin levels Early: Increased blood insulin  
Late: Normal or moderate decrease in insulin  

Circulating Islet autoantibodies 
(Anti-insulin, anti-GAD, anti-ICA512) 

• the damage is mediated mainly by cell-
mediated hypersensitivity reaction not 
autoantibodies, the latter may play a role 
though. 

No islet Autoantibodies 

Genetics: 

• Major Linkage to MHC-II genes 

• Also linked to polymorphisms in CTLA4 & 
PTPN22 (autoimmune tolerance) 

• No HLA Linkage 

• Linkage to obesity-related genes. 

 Pathogenesis: 
Multiple obesity associated factors (circulating 
unesterified fatty acids, inflammatory mediators, 
adipocytokines) linked to pathogenesis of insulin 
resistance. 
((Adipose tiss. sometimes may have fxns similar to 
endocrine organs.)) 

Pathology/Morphology: 

• Insulitis (inflam. infiltrate of T cells & 
macrophages) 

• β- cell depletion, islet atrophy 

 

• no insulitis, amyloid deposition in islets. 
- In long-standing cases (>90%) 
- unknown if a cause or a result of islet 

damage 

• Mild β- cell depletion 

 

Acute metabolic complications: 

Diabetic Ketoacidosis 
    diabetic ketoacidosis may also occur in Type II  

 

Hyperosmolar Hyperglycaemic Syndrome 
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Pathogenesis: 

• The classic manifestations of the disease (hyperglycaemia and ketosis) occur late in its course, after 

more than 90% of the β cells have been destroyed 

• in some cases, the first manifestation of DM type I is diabetic ketoacidosis 

• TH1 cells (which may secrete cytokines, including IFN-γ and TNF, that injure β cells), and CD8+ CTLs 

(which kill β cells directly; an imp role in T1D) 

• The islet autoantigens that are the targets of immune attack may include: 

- insulin 

- the β cell enzyme glutamic acid decarboxylase (GAD)  

- islet cell autoantigen 512 (ICA512) 

• Autoantibodies against islet antigens are found in the vast majority of patients. It is not clear if the 

autoantibodies cause injury or are merely produced as a consequence of islet injury 

• Role of infection: unknown, can be either causative or protective  

- ++ Some viri have Ags that are similar enough to Ags on Beta cells, so the immune system 

mistakenly destroys islet cells. Other protective evidence is related to the Hygiene-Hypothesis. 

 

 

 

Pathogenesis: (not autoimmune)  

• primarily adipose tissue secreting FFA through  

the action of lipase. (this activity is more in  

Central/visceral fat (so central (abdominal) 

obesity is worse)) 

• FFA & Glc-> increase in blood and accumulate in  

cells esp those with insulin working on them 

• FFA increase -> affect Metabolism -> accumulation 

of  toxic products that impair signal transduction  

when insulin binds to these cells therefore becoming 

insulin-resistant 

• FFA and glucose activate inflammasome in  

macrophages and islet cells causing IL-1 beta  

secretion which stimulates an inflam. process  

in different tissues which also impairs 

the tissues’ response to insulin. 

 

 

 

It needs beta cell 

dysfunction to occur 
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• Adipokines = Adipose cytokines 

(some increase glucose and others decrease glucose) here those that decrease glucose by 

increasing insulin sensitivity are decreased (e.g., adiponectin & leptin) 

- Adiponectin is normally released by adipose tissue, but it’s undergoing lipolysis in people with T2D, it 

decreases therefore contributing to insulin-resistance & hyperglycaemia. 

• Genetic basis is strongly implicated (a very complicated topic) 

• The most important environmental risk factor for type 2 diabetes is obesity, particularly central or 

visceral obesity 

• A sedentary lifestyle (typified by lack of exercise) is another risk factor, independent of obesity 

• Weight loss and exercise usually have additive effects on improving insulin sensitivity and are often 

the first nonpharmacological measures attempted in patients with milder type 2 diabetes 

• It’s newly found that T2D is curable with weight-loss & exercise. 

 

 

 

 

• Exocrine Pancreatic defects:  

- Chronic pancreatitis 

- Pancreatectomy/trauma 

- Neoplasia 

- Cystic fibrosis 

- Haemochromatosis: build-up of iron 

- Fibrocalculous pancreatopathy: v rare, unresolved aetiology, specific to some countries like 

India & Bangladesh. (fibrosis + inflammation @ pancreas) 

 

• Endocrinopathies: 

- Acromegaly 

- Cushing syndrome: thru the action of Cortisol 

- Hyperthyroidism: increased gluconeogenesis & impairs insulin action (insulin resistance) 

- Pheochromocytoma 

- Glucagonoma  

 

• Infections: 

- Cytomegalovirus 

- Coxsackie B virus 

- Congenital rubella 

 

• Drugs: 

- Glucocorticoids 

- Thyroid Hormone 

 

 

° 

Any infection destroying the exocrine pancreas 

will also have detrimental effects on the adjacent 

endocrine islets. 
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• Genetic syndromes associated w/ diabetes: 

- Down syndrome 

- Klinefelter syndrome: gonadal dysgenesis (hypogonadism) leads to increased 

intraabdominal fat deposition 

- Turner syndrome 

- Prader-Willi syndrome: severe obesity causing insulin resistance 

 

• Gestational Diabetes Mellitus: 

Diabetes in pregnancy causes the following: 

- Macrosomia (excessive birth weight) 

- Risk for obesity & DM later for the infant 

- High risk of DM in the mother later 

Preg. Womans’s placenta releases Human Placental Lactogen, plays a role in causing gestational 

DM in those who are susceptible. 

If pregestational (already diabetic before pregnancy): Risk for stillbirth and congenital 

malformations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genetic Defects of β-cell function Genetic Defects of insulin action 

• Maturity-onset diabetes of the young 

(MODY) 

MODY 1, 2, 3, 4, 5, 6 

Resembles DM 2 but young age 

• Type A Insulin resistance 

• Lipoatrophic diabetes 

BOTH: Insulin resistance + acanthosis 

nigricans + certain features 

 

Acanthosis Nigricans 

 

• Pigmented velvety skin lesions on skin folds  

(e.g. armpit, neck) 

• accompanying any insulin resistance, 

• Esp in obese people 

• If acanthosis nigricans appears suddenly in 

a thin & old person, 

suspect a paraneoplastic syndrome of a GI cancer. 
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• The classical triad of diabetes 

 

 

 

 

 

• Weight loss & muscle weakness 

• & sometimes: 

 

• Diabetic ketoacidosis (DKA): mainly in type 1 (may be also type 2) 

- if insulin is not taken or in stresses that increase adrenaline such as infection 

- usually: 250-600 mg/dL 

- fatigue, nausea and vomiting, severe abdominal pain, a characteristic fruity odour, and 

deep, laboured breathing (also known as Kussmaul breathing) ^(symptoms of any metabolic 

acidosis) 

- if untreated, coma 

• Hyperosmolar hyperosmotic/hyperglycaemic syndrome (HHS): in type 2 

- particularly in patients who do not drink enough water to compensate for urinary losses 

from chronic hyperglycaemia, especially an elderly or stroke patients 

- the absence of ketoacidosis and its symptoms (nausea, vomiting, Kussmaul breathing) 

delays the seeking of medical attention (the pancreas is still compensating) 

- higher mortality rate than diabetic ketoacidosis (may reach 20%) 

- Usually: 600-1200 mg/dL 

 

• The base for both acute complications is dehydration 

- T1D-> not taking insulin properly -> elevated blood FFA -> increased formation of ketone 

bodies in the liver (acetoacetic acid, beta-hydroxybutyric acid) -> ketoacidosis; and due to 

dehydration, their concentration appears higher 

- T2D-> not drinking enough water to compensate for the polyuria [osmotic diuresis] 

 

• The most common acute metabolic complication in either type of diabetes is 

hypoglycaemia!!! 

- May be due to an increased insulin dose while eating less, strenuous exercise…etc 

 

 

polydipsia 

polyuria polyphagia 
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• Macrovascular complications (due to atherosclerosis caused by DM): 

- Cardiac ischaemia 

- Brain ischaemia 

- Lower limb ischaemia (= peripheral vascular disease; cold LL) 

- Renal Artery may also be affected 

• Most common causes of mortality in long-standing diabetes are macrovascular:

- Myocardial Infarction

- Renal vascular insufficiency

- Cerebrovascular accidents

• Microvascular complications:

- Retinopathy 

- Nephropathy (glomeruli) 

- Neuropathy 

• It is recommended that HbA1C be maintained below 7% in diabetic patients 

 

Mechanisms of DM complications: 

1- Formation of advanced glycation end products (AGEs): 

- derivatives from accumulated intracellular glucose react with proteins and form AGEs 

- AGEs bind to their receptors (RAGEs) on inflammatory cells, endothelial and vascular smooth 

muscle cells  

- stimulation of atherosclerosis and secretion of TGF-beta and VEGF 

o Basement membrane changes in glomerulus and retina 

o VEGF causes angiogenesis and leaky vessels & exudates in retina 

o Increased ROS production 

o Hypercoagulability 

o Vasc. SM proliferation & ECM deposition 

 

2- Activation of protein kinase C: 

- production of VEGF, TGF-β, and the procoagulant protein plasminogen activator inhibitor-1 

(PAI-1) by the vascular endothelium 

 

3- Enzymatic actions on glucose will lead to: 

- consumption of NADPH (which is needed for GSH (reduced glutathione) regeneration) …so: 

oxidative stress 

- sorbitol accumulation in the lens will cause cataracts  

 

4- Hexosamine Pathways and Generation of Fructose-6-Phosphate: 

- this results in more TGF-beta and more plasminogen activator inhibitor-1 
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• = PanNets or Islet cell tumours 

• Rare in comparison to exocrine pancreatic tumours 

• They resemble their counterparts, carcinoid tumours, found elsewhere in the alimentary tract 

• May be single or multiple; benign or malignant 

• Like other endocrine neoplasms, it is difficult to predict the behaviour of a pancreatic endocrine 

neoplasm based on their light microscopic appearance. Unequivocal criteria for malignancy 

include:  

▪ Metastases 

▪ vascular invasion 

▪ local infiltration 

• 90% of insulin producing tumours are benign 

• 60% to 90% of other functioning and nonfunctioning pancreatic endocrine neoplasms are 

malignant.  

• Fortunately, insulinomas are the most common subtype of pancreatic endocrine neoplasms. 

• Common genetic abnormalities: 

- MEN 1 

- PTEN and TSC2 (tumour suppressors) …their inactivating mutations increase mTOR 

signalling pathway  

- Alpha-thalassaemia/mental retardation syndrome, X-linked (ATRX)  

- Death-domain associated protein (DAXX) 

• Inactivating mutations in one of ATRX or DAXX is present in almost 50% of the cases 

 

• Insulinoma

- Mostly functioning (insulin-secreting) 

- however, the hypoglycaemia is mild in most cases, and many cases never become clinically 

symptomatic 

 

• Gastrinoma & Zollinger-Ellison Syndrome

- They are as likely to arise in the Gastrinoma Triangle: 

▪ duodenum  

▪ peripancreatic soft tissues  

▪ pancreas  

- Severe peptic ulceration in 90-95% of cases due to increased HCl production  

- Zollinger-Ellison syndrome = multiple ulcers in stomach, duodenum and uncommon 

locations such as jejunum 

- Resistant to therapy 

- More than 50% of the patients have diarrhoea; in 30%, it is the presenting symptom 

▪ stimulation of pepsinogen-> mucosal damage-> diarrhoea 

▪ an imp presentation 

 

We’re not required to 

know what ATRX or DAXX 

abbreviations stand for 



10 | P a g e  
 

- More than half of gastrin-producing tumours are locally invasive or have already 

metastasised at the time of diagnosis 

 

• α-cell tumours (glucagonomas): 

- 2ry DM + necrolytic migratory erythema (skin lesion) + anaemia 

 

• δ-cell tumours (somatostatinomas) 

 

• VIPoma  

- WDHA syndrome = watery diarrhea + hypokalaemia + achlorhydria 

- Aka Verner-Morrison Syndrome (VMS), or Pancreatic Cholera Syndrome (PCS) 


