
The major risk factors for type 2 diabetes mellitus  
• Age - Older than 45 years 

• Obesity - Weight greater than 120% of desirable body weight 
(true for approximately 90% of patients with type 2 diabetes) 

• Family history of type 2 diabetes in a first-degree relative 
(parent or sibling) 

• Hispanic, Native American, African American, Asian 
American, or Pacific Islander descent 

• History of prior impaired glucose tolerance (IGT) or impaired 
fasting glucose (IFG) 

• Hypertension (>140/90 mm Hg) or dyslipidemia (high-density 
lipoprotein [HDL] cholesterol <35 mg/dL or triglyceride level >250 
mg/dL) 

• History of GDM or delivering a baby who weighed more than      
9 pounds, which suggests GDM 

Diabetes type Diabetes type Diabetes type Diabetes type 2222                                
Jeffrey Pond is a 48-year-old sales manager who has come to see his general practitioner complaining of continual tiredness, which he feels is 

largely the result of broken sleep.  

History of Presenting Illness … is not very exciting     
Presents in middle or later life with… 
- Weight gain 
- Polydipsia 
- Polyuria 
- Blurred vision ( !! means sugar is over 20mmol/L) 
- Increased appetite  
- Frequent Urinary Tract Infections  
- Frequent yeast infections 
-  Fatigue  
- Dry or pruritic skin  
- Numbness or 

tingling in the 
extremities  

 

Findings on Examination 
LOOK: 
Dehydrated? 
Comatose? 
Kussmaul Breathing (“air hunger”, deep and 
rapid)  
= ketoacidosis 
Obese? (type 2) 
Recent weight loss 
Abnormal endocrine face? Eg. cushings, 
acromegaly? 
Pigmenatation: bronze? = haemochromatosis 

 
BEGIN WITH LOWER LIMBS: 
Skin: 
Hairless and atrophied with loss of subcutaneous tissue 
Ulcers 
Infections, eg. cellulitis, boils, fungus 
Pigmented scars 
Fistulae with underlying abscess 
Muscle wasting 
Charcots joint (horribly swollen due to repeated injury) 

 
PALPATE LEG PULSES and 
TEMPERATURE OF EXTREMITIES 
Check capillary return 
Auscultate femoral and popliteal bruits 
!!! Neuro exam @ the lower limbs !!! 
 
UPPER LIMBS: 
Look at the injection sites 
Blood pressure lying and standing (autonomic 
neuropathy) 

 
 
 
 
 
 
 

 
EYES 
Test visual acuity 
Look for Argyll-Robertson pupil (accommodates but does 
not react to light) 
Cataracts 
 
FUNDOSCOPY 
Look for proliferative retinopathy, dot-and-blot 
haemorrhages and microaneurysms 

 
NEURO EXAM OF CN 3, 4, 6 
(diabetic 3

rd
 nerve palsy affects movement but not the 

pupil reflex) 

 
EARS: 
Infected? 

 
MOUTH 
Candida thrush? 

 
NECK + SHOULDERS: 
Carotids: bruit? 
Scleroderma? 
Acanthosis nigricans? 
 
ABDOMEN:  
hepatosplenomegaly?
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DIABETIC PATIENT IN FRONT OF YOU: ask yourself:  
WHY ARENT THEY ON THE FOLLOWING DRUGS: 

• Statins 

• ACE inhibitors 

• Metformin 

• Aspirin 
A SMOKER?? ���� aspirin right away. 

THUS REDUCE MACROVASCULAR RISK FACTORS: LIVE LONGER 

 

PAINFUL NEUROPATHY? 
���� give antiepileptics; 
lower the glutamate = reduce 
neuropathic pain 
 

Tests and Investigations          
Fasting Glucose (after overnight fast) 

> 7 mmol/L = diabetic 

Random Glucose (after meal) 
   > 11 mmol/L = diabetic 
Glycosylated Hemoglobin (Hemoglobin A1C):  

to gauge the average glucose levels of the last 120 days  

Gold standard: Oral Glucose Tolerance Test 
   High carbohydrate diet for 3 days 
   Overnight fast (8-14hrs) 
   75g of glucose in 1 cup of water over 5 minutes 
   BLOOD TAKEN FASTING and 2 hrs after  

  DIABETIC IF over 7 fasting, over 11 after glucose 
IMPAIRED GLUCOSE TOLERANCE if  

- over 7 fasting  
- between 7 and 11 after glucose 

Diabetes established as definitive diagnosis: now investigate complications: 
Battery of tests include 

- ECG 
- Doppler ultrasound of major arteries 
- Evoked potential testing 
- Nerve conduction studies 
- Urine 24 hr collection tests (for microalbuminuria, proteinuria, hematuria) 
- Creatinine, Urea, Electrolytes 

Management            
1. WEIGHT LOSS via Diet + exercise: see the management of obesity 
2. METFORMIN bidaily, unless liver is diseased or kidneys are failing 
3. SULPHONYLUREAS: NOT the long-acting varieties, else you’ll get hypo episodes 
4. Alpha-glucosidase inhibitors for after-meal hyperglycaemia 

5. Thiazolidinediones  REDUCE the nsuline resistance � BUT not on PBS,  
Thus only for those who are METFORMIN-INTOLERANT 

ALL ELSE HAS FAILED: go to insulin. + STAY ON METFORMIN and all  the others. 

Prognosis    
= one of the leading causes of 
morbidity and mortality in the US  
due to its effects on the development of optic, 
renal, neuropathic, and cardiovascular disease.  

• Diabetes is the leading cause 
of blindness in working-age 

adults in the US, accounting for 24,000 new blind persons every year. 90% of this lost vision is preventable.  

• Diabetes is the leading cause of end-stage renal disease (ESRD) in the US. 

Approximately 28,000 patients with diabetes develop ESRD every year.  
With current therapeutic modalities, most future ESRD probably is preventable.  

• Diabetes  is the leading cause of lower extremity amputations in the US,  

with a 15- to 40-fold increase in risk compared to the nondiabetic population.  
• Epidemiology 

Over 90% of diabetes is type 2 diabetes mellitus.  
The concordance of type 2 DM in identical twins is between 70 and 90%.  

5-10% of Australians have Diabetes type 2 �  
AND HALF OF THEM ARE UNAWARE THEY HAVE IT 



51% of Australians 

ARE  NOT DOING 

ENOUGH EXERCISE 

to get any sort of 

HEALTH  BENEFITS FROM IT 

Why? Technology is making life easier 

for us, thus no sweeping, no chopping 

wood, no long travel on foot- plus 

TV/video games/computers/mobile 

phones are making it more 

comfortable to communicate from 

home rather than in person:  

all the makings of an  

~OBESOGENIC SOCIETY~ 
where a high energy intake 

is matched by 
a low energy expenditure 

Management of Obesity:           
A Soft and Fluffy Approach 

Rationale: why do we want to be thinner? These are just the Physiological Benefits: 
Weight loss of 10kg: 20% fall in overall mortality  
    50% fall in fasting glucose in diabetes 
   10/20 mm fall in blood pressure (sys/dias) 
   15% less LDLS 
   30% less triglycerides 
   improved fibrinolysis, 

reduced RBC agglutination 

 

History and Examination of Obesity:     
Can be triggered by smoking cessation, puberty, menopause, steroid treatment, pregnancy or bed-confined illness. 

 
 
 
 
 
 
 
 

GOALS OF MANAGEMENT 
- Maintain weight (don’t gain any) 
- Moderate weight loss 
- Change behaviour to keep it lost 
- Improve mobility 
- Improve wellbeing 
- Improve self-perception 
- Control co-morbidities 

- Eg. hypertension, diabetes 

OPTIONS FOR MANAGEMENT:          

Diet 
- short-term fix, not lifestyle modification 
- usually involves deprivation of a nutrient 
- THIS HAS BAD CONSEQUENCES: 

- Deprivation of food = preoccupation with food 
- Thus, obsession with recipes, cookbooks, plus 

increased food-seeking behaviour 
- Thus, there is GORGING at the completion of 

such a hunger strike 
- Plus, the effects of starvation: lethargy, decreased 

concentration, irritability and depression 
- Best long term achievement of most diets 

 = 10% reduction in weight on average 
 in controlled conditions 

- One to two thirds of this is regained in one year 
- The rest is regained within 5 years 
- Most people end up fatter. 

Why? Willpower is a short-term skill, but eating and 

drinking are not short term habits. THUS: cant change with 
willpower alone, or you will exhaust yourself. 
- Changes must be small, sustainable, and must be made gradually. 
- Let patients decide which changes  

- Plus, must reduce non-hungry eating; identify satiety and hunger 
signals and how to control them 

THUS: discuss their diet esp. fat and sugar; discuss their activity 
plans and reasons for exercise 

Exercise                
Must find out physical capabilities, 
- previous activity level, current activity level 
- what the obstacles to exercise are 

MAKE THEM UNDERSTAND:  its NOT OPTIONAL 
But message must be positive; tell them that it will get easier 
Reduce excuses as much as possible: eg. contingency plans for when 
its raining, or too hot, etc.;SPEND AS MUCH TIME COUNCELLING 
ON ACTIVITY AS ON DIET! Must acquire NEW HABITS, or else the fat 
will return worse than ever 

 

An aside: MOST TEENAGE GIRLS KNOW MORE 

ABOUT DIETING AND NUTRITION 

THAN A GENERAL PRACTITIONER 

THUS: less death from stroke, MI, 
and diabetic complications; PLUS 
improved QOL because no sleep 
apnoea, no exercise limitation, and 
no social phobia complexes (eg. 
unwillingness to exercise in public) 

Ask about  
- family history 
- duration of current weight state 
- age of onset 
- weight loss attempts 
- perceived level of disability 
- associated co-morbidities 

Look for 
- height, weight, waist measurement  

(beware of cultural bias of  
BMI standards; i.e what’s normal for 
Anglo is skinny for Tonga ) 

- Blood Pressure 
- Fat neck, crowded oropharynx 

(Sleeping Ok?..) 
- Hirsuitism  
- Hepatomegaly (portal hypertension or 

fatty change?) 
- Cardiomegaly 
- Venous stasis 

- Hernia 

Investigate 
- Lipids: triglycerides, cholesterol, 

LDL, HDL,  
- Glucose, Insulin (do tolerance test or 

random fasting sugar twice) 
- Liver Function Tests  
- Testosterone 
- SHBG (Sex hormone-binding 

globulin)  
- FAI (free androgen index;  

= total testosterone x 100 / sex  
hormone binding globulin].  

- TSH to see if hypothyroid 

Boring STATISTICS: 
We’re all eating 5% less fat, but more sugar (since 1983) 
More food budget being spent on meals away from home 

Frequency of eating out is strongly associated with obesity 
Consumption of soft drink up 500% in last 50 years! 

THEN WHY ARE WE ALL SO FAT? 
- Fat tastes nice; + easily chewed/swallowed 
- Genetic predisposition to liking fat comes from 

its poor availability during our evolution (where 
a high fat meal was a rare treat) 

- Obese men prefer high fat and protein; 
- Obese women go for high fat and sweet 
- THIS IS NOT ABNORMAL PHYSIOLOGY: 
Society has taken advantage of a genetic weakness 



MANAGEMENT OF OBESITY:  the Hard, Scaly approach      7.05 Lecture 6 

Drugs: only ever effective in combination with lifestyle changes!! 

NORADRENERGIC AGENTS: 
- eg. phentermine, diethylpropion; � ARE AMPHETAMNINE DERIVATIVES: 
- THUS: side effects are tachycardia, hight blood pressure, insomina, anxiety, hyperactivity… 
- These drugs are HABIT FORMING and BEHAVIOUR  MODIFYING 
- Effects are MODEST 

PANCREATIC LIPASE INHIBITORS: 
- Eg. Orlistat (Xenical) 
- Slightly more sensible, these drugs prevent the emulsification and subsequent breakdown of 

triglyceribes in the duodenum by the pancreatic lipase ensyme. 
- THUS you malabsorb fat, up to 30%  of it is lost; good if youre hyperlipidaemic 
- BUT: fat soluble vitamins are also malabsorbed 
- Effects are MODEST: better than placebo by 3-5kg of weight loss 

SSRIs: 
- Used outside of their antidepressant domain 
- Eg.: Sibutramine ™, blocks re-uptake of serotonin and noradrenaline 
- THUS: increases satiety AND increases energy use by increasing the basal metabolic rate 
- Causes dry mouth, constipation, hypertension, insomnia 

Other Agents:  
- Include METFORMIN (drug of choice for obese diabetes II ) 
- Include STATINS which improve cardiovascular co-morbidities 
- Include ANTIHYPERTENSIVES for the same reason 
- Include standard ANTIDEPRESSANTS to lift mood and reduce noose-seeking behaviour  

 
“Bariatric surgery”           

LAST DITCH EFFORT, very rarely justifiable.  
Involves either  
- stapling some of the stomach  

(thus reducing its ability to distend)  
- removing some of the small intestine  

(to facilitate malabsorption) 
INDICATIONS: 
- Massive co-morbidity 
- Morbid obesity  

(BMI over 40; i.e such obesity that places one at a risk of death that is greater by orders of magnitude, eg. Gina ) 
- ABSENCE OF 

- Binge eating 
- Serious psychiatric illness 
- Cardiac, respiratory or renal impairment 

The total picture :     TERM OF TREATMENT = WHOLE OF LIFE  

Successful weight management is  
- Improved well being 
- Better family function 
- Improved social interaction 
- Narrowed gap between fantasy & reality  
AVOID RELAPSES!! But…Reduce guilt, plan for times of high risk; accept relapses as normal 
One will never lose those qualities which make one prone to over-eating 

 not including LIPOSUCTION, which is an 
acceptable method to reduce weight in order 
to lighten the individual and thus ENABLE 
THEM TO EXERCISE WITHOUT UNDUE 
EFFORT OR SOCIAL STIGMA 

SUCCESSFUL PEOPLE who were 
FORMERLY FAT report  

CAREFUL RESTRICTIVE EATING 
and HIGH LEVEL EXERCISE 

minimum 60min per day 
 

Body weight

Years of management or intermittent monitoring

Normal

Overweight

Obese

Natural course of further weight gain

Successes

1. Sustained weight, no increase

2. Minor weight loss with dietary
    change to reduce risk of complications

3. Modest weight loss with
    clear risk factor reduction e.g. B.P.

4. Weight normalisation: rare

Adapted from Rössner, 1997



Inside the  

VISCERAL ADIPOCYTE 
Which features an already-high rate of lipolysis 

 

 

Possible Mechanism of DIABETES TYPE 2           7.05 
 
 

 
 
 
 

 

 

 

 
 

Counter-Insulinergic Hormones: 
- CORTISOL 
- ADRENALINE 
- Growth Hormone 
 

PPAR-gamma normally inhibits  
11-beta-HSD-1 enzyme which interconverts 
inactive cortisone into cortisol; THUS: underactive 
PPAR-gamma = overproduction of cortisol inside 
insulin-sensitive tissues 

 INSULIN 
Normally acts to 
counter lipolysis 
and will do so if 
administered 
therapeutically 
In insulin-
dependent DM 2 

ACTIVATION INHIBITION 
Hormone 
Sensitive 

Lipase 
 

This mechanism omits HONK and all the 
complications of diabetes because they were 
exhaustively covered in mechanism for DM1. -ay  

  DIET 
 

Pancreatic 
Lipase 

  @ duodenum 

Inhibited by orlistat 
(xenical) thus = 
malabsorption of fat 

Intake / satiety moderated by LEPTIN : 
which is normally produced in proportion 
to how much adipose tissue you have 

triglycerides 

FREE FATTY ACIDS 
 

At the HEPATOCYTE 
Visceral adipocytes secrete their FFAs straight 
into the portal vein system; THUS the liver is first 
to encounter the massive load of fat. 
 
This causes an increased uptake of FFAs 
� increased rate of lipid oxidation  
    (the beta-oxidation pathway ) 
�thus, increased AcetylCoA 
�AcetylCoA activates enzymes: 
- Pyruvate Carboxylase 
- Phosphoenol Pyruvate Carboxykinase 
- Glucose-6-phosphatase 
!! THESE ARE RATE-LIMITING ENZYMES OF 
GLUCONEOGENESIS !! 
THUS:  

gluconeogenesis goes out of control 
THUS: 
INCREASED SECRETION OF GLUCOSE FROM 
HEPATOCYTES 

 
 

At the MUSCLE CELL 
 

At the ADIPOCYTE: 
Obesity is for some reason associated 

with greater production of 

TNF -Alpha 
Which alters gene expression 

There must be 
considerable 
central adiposity 
for these effects 
to cause 
pathology 

Biochemical Competition: 
FFAs compete with glucose for 
oxygen in the mitochondria (each 
requires oxygen for its metabolism) 

THUS: reduced glucose 
metabolism 

Post-receptor Defect: 
Reduced activity of IRS-1  
(insulin receptor substrate-1) 

THUS: Reduced activity of PI-3 
(protein responsible for proper 
expression of GLUT-4 transporters)  

THUS : reduced response 
to insulin 

Metabolic Readjustment: 
Fatty acid oxidation increases fatty 
Acyl CoA concentration:  
� Acyl CoA  
directly inhibits Glycogen Synthase;  
THUS � no glycogen is made 
THUS:  

Reduced Glucose Utilisation 

Increase in NAD to NADH ratio: 
���� SLOWING OF KREBS CYCLE   

Accumulation of AcetylCoA which has 
nowehere else to go: results in 
���� INHIBITION of Pyruvate  
                             Dehydrogenase   
thus � accumulation of CITRATE 
thus � Inhibition of  

     phosphofructokinase 
thus accumulation of glucose-6-phosphate; 
thus � inhibition of  

hexokinase 2 
THUS: BLOCK OF GLUCOSE 
PHOSPORYLATION and hence  
INCREASED INTRACELLULAR GLUCOSE 
AND DECREASED TRANSPORT OF 
GLUCOSE INTO THE CELL 

Receptor Defect: 
Reduced expression 

of insulin receptor 

Reduced 
expression of 
IRS-1 gene 
and GLUT-4 
gene 

HYPERGLYCAEMIA 
 

INSULIN RESISTANCE 
 

HSL breaks down stored and 
newly acquired triglycerides into 
glycerol and free fatty acids 

Beta-cells respond by secreting 
more insulin 
 

AMYLIN is co-secreted from beta-cells; 
� over time forms disorganised aggregates 

in the islets of pancreas 
 

HYPERINSULINAEMIA 
 

Compensation 
for increased 
insulin = 
downregulation 
or receptor 

“GLUCOSE TOXICITY” causes 

the beta cells to become 
unresponsive to glucose  

 AMYLIN receptors present in the kidney: we 
don’t know what hey do, but they seem to cause 
accumulation of amylin and hence a  

CHARACTERISTIC DM 2 
NEPHROPATHY 

Amylin (presumably) choke 
sthe beta cells and brings about 
ISLET FAILURE , thus no further 

insulin is secreted 

HYPOINSULINAEMIA 
And subsequently 

INSULIN DEPENDANCE 
 



@ Duodenal or   
jejunal epithelial cell 

~LIVER~ 
 

 
Lipid Transport in the Bloodstream            7.05 
Since they are not water soluble, the lipids must make alternative transport arrangements.  

This involves being carted around in microscopic lipoprotein particles. 

 

THE TYPICAL LIPOPROTEIN PARTICLE: is of SPHERICAL SHAPE, with a COAT and a CORE 

 
 
 
 
 
 

 

 
 
 

OUTSIDE:  

Made of phosphatidyl choline, aka. LECITHIN 

This is a glycerol backbone with two fatty acids. 
Being hydrophilic, the glycerol end of a lecithin molecule faces 
outwards, and the fatty acids face inwards, thus giving the 
lipoprotein a roughly spherical shape. 
THIS IS A LIPID MONOLAYER  
(not bilayer like in cell membranes, because the inside of a 
lipoprotein is made of  hydrophobic lipids) 

ALSO: the coat contains PROTEINS which give 

lipoproteins their name. These are responsible for 
targeting these proteins to specific cells. 

INSIDE: the TRANSPORTED LIPIDS: 

- Triglycerides and Cholesterol esters 
 

EMBEDDED PROTEINS: 
So-called “Apolipoproteins” 
because all lipid content has 
been leeched from them.  
 
2 groups: 

EXCHANGEABLE 
- (can be swapped between 

two lipoprotein particles)  

- A1, A2, C2, E 

And 

NON-EXCHANGEABLE 
- (embedded forever in the 

lecithin layer) 

- B48, B100 
 

~TYPES OF LIPOPROTEINS~ 
  type          density (g/ml) 
Largest;  
 
 
 
 
Smallest 

* The higher the density, the greater the cholesterol content 

(cholesterol is the densest of the transported lipids) 
THUS the big chylomicrons are almost completely full of triglycerides 
And HDL is made completely of cholesterol.  

Chylomicrons  0.95  
Chylomicron remnants 1.0 
VLDL    1.0 
VLDL remnants  1.05 
LDL    1.1 
HDL    1.2 

ingested 
TRIGLYCERIDES 
 

Pancreatic 
lipase 

 

Fatty Acids 
 

Reassembled and 
packaged into 
CHYLOMICRONS 
Which are too big to travel 
through capillaries in the gut; 
THUS: must use the 
lymphatics! 

Very unusual; chylomycrons 
totally bypass the liver, so there 
is no first pass metabolism 

Into circulation � 
Via the Thoracic Duct 

chylomicrons 
Immobilised @ 
capillary beds 

 
Lipoprotein Lipase (LPL) 
@cell surface extracts the 
triglycerides and breaks them 
down to monoglycerides and FFAs 

 

ApoC2 
switches 
 on LPL 

Chylomicron 
remnants are 

slightly richer in 
cholesterol 

Recirculate and get taken up by up by the 
liver which recognises ApoB48 and ApoE 

 
VLDLs get synthesised and 
 released by the LIVER: used in 
starvation as a source of energy 

ApoC2 
switches 
 on LPL 

LPL  

VLDL remnants (slightly richer in 
cholesterol) are either reabsorbed by the 

liver, or modified in the circulation into LDLs  

LDLs: only one apoprotein (B100)  

� bind to surfaces of cells which need cholesterol via LDL receptors  
( statin drugs usefully promote experession of these) 
!! if the apoB100 protein gets oxidised or glycosylated (eg. in diabetes) it can no longer be 
recognised by the LDL receptor: needs to be taken care of by the “scavenger” receptor of 
macrophages: and macrophages then turn into the FOAM CELLS of atheroma!! 
 

HDLs: the GOOD cholesterol 
� are the BACKWARD TRANSPORT 
 of cholesterol esters  to the liver;  

EARLY  HDL: no cholesterol; just a disk of 

lecithin; and ApoA1 is present in the coat: docks 
with cells which are releasing cholesterol. 
�this causes uptake of cholesterol into the HDL 
blob; BUT: the cholesterol is immature,i.e needs 
to be esterified. This is done by the enzyme 
Lecithin Cholesterol Acyl-Transferase (LCAT) 
which transfers one fatty acid from lecithin into 
the cholesterol (thus esterifying it) and leaving a 
lysophosphatidyl-choline remnant (glycerol 
backbone with just one fatty acid); 

THUS THE  MATURE HDL IS FORGED 



The properties of the principal lipoprotein classes      
Lipoprotein  
class  

Major lipids  Apoproteins  Density  
(g/ml)  

Diame
ter  
(mm)  

Origin  Destination  

Chylomicrons  TAG and SE 
from diet  

A I , A II , B 48  
C II , C III , E  

<0.94  80-500  Enterocytes  Capillary beds in adipose 
tissue  

Chylomicron 
remnants  

CE from diet  A I , A II , B 48  
C II , C III , E  

<1.006  40-100  Capillary beds  Hepatocytes  

VLDL  TAG from 
liver  

B 100 , C II  
C III , E  

<1.006  30-80  Hepatocytes  Peripheral capillary beds  

VLDL 
remnants  

TAG and CE  B 100 , C III , 
E  

<1.019  25-35  VLDL  LDL  

LDL  CE  B 100  1.019-
1.063  

15-25  VLDL  Peripheral tissues and 
hepatocytes  

HDL  Cholesterol, 
CE and TAG  

A I , A II , E  1.063-
1.21  

5-12  Enterocytes  Hepatocytes  

Where an apoprotein has a demonstrated function with respect to a particular lipoprotein class, the code is shown in 
boldface. Only apoproteins discussed in the text have been included; others have been identified, but their functions have 
not yet been established unequivocally.  
CE, cholesterol ester; TAG, triaclglycerol; VLDL, very low density lipoproteins; LDL, low density lipoproteins; HDL, high 
density lipoproteins 

Organ Pathology in Diabetes: PANCREAS       7.05 

TYPE I 
This is an insulitis of 

an islet of Langerhans 

in a patient who will 

eventually develop 

type I diabetes 

mellitus. The presence 

of the lymphocytic 

infiltrates in this 

edematous islet 

suggests an 

autoimmune 

mechanism for this 

process. The 

destruction of the islets 

leads to an absolute 

lack of insulin that 

characterizes type I 

diabetes mellitus. 
 

TYPE II             
In Type II, the islets 
often look normal. 
This islet of Langerhans 
demonstrates pink 
hyalinization (with 
deposition of collagen 
or amyloid) in many of 
the islet cells. This 
change is common in 
the islets of patients 
with type II diabetes 
mellitus. 
 
The latter is beta-pleated 
amylin, that new islet 
hormone. It is common in 
Type II diabetes, it may 
precede the overt disease, 
and it now appears that its 
massive accumulation in 
islets of type II diabetes 
does impair insulin 
production, and possibly is 

toxic to the beta-cells (Nature 368: 756, 1994).  



      In turn, amyloid-laden islets seems to be the result of chronic 
over-stimulation of beta-cells (J. Clin. End. Met. 79: 290, 1994).  

Islet amyloid is considered by many to be an epi-phenomenon. Could amyloid be 
a "tombstone" or a "trigger" or a combination of both in regards to these two 
exponentially growing diseases? Whether or not it is causal (a trigger), or a 
bystander (a tombstone) or a combination we know that islet amyloid is being 
deposited in up to 70-90% of patients with T2DM and we must continue to study 
this phenomenon and better understand its plight. Amyloid is literally defined as 
being "starchlike" from the Greek root word amylo because these areas turned 
blue when iodine was applied to the tissue. This definition however is a misnomer 
as amyloid is a proteinaceous extracellular deposit resulting from the 
polymerization of polypeptides which undergo aggregation into antiparallel 
crossed beta pleated sheets. A characteristic feature of amyloid histologically is 
the positive staining with Congo red and birefringence on viewing with polarized 
light. Electron microscopy reveals interlacing bundles of parallel arrays of fibrils 
with a diameter of 7-10 nanometers (Figure 3). X-Ray diffraction reveals the 
adjacent amyloid fibrils to be organized as antiparallel crossed beta-pleated  

          sheets. 

Amylin or Islet Amyloid Polypeptide (IAPP)        
Cooper GJS in 1988 was responsible for giving the name "amylin" to islet amyloid polypeptide [13]. Amylin and islet amyloid polypeptide are 
currently interchangeable terms for the 37 amino acid polypeptide which forms the monomeric unit of polymerized, aggregated, and beta 
pleated sheet structure of islet amyloid (Figures 1, 2, 3). 
Amylin is co-synthesized, co-packaged within the Golgi apparatus, and co-secreted within the secretory granule by the islet beta 
cell in response to elevations of plasma glucose. 
 Amylin may be referred to as insulin’s "fraternal twin"  
as it is constitutively expressed with insulin when exposed to non-glucose and glucose stimulation (nutrient stimuli). 
 
The amylin gene is located on the short arm of chromosome 12 and transcribes an 89 amino acid precursor peptide (Figure 4) [14].  
Proprotein convertases (PC1, PC2, and PC3) are responsible for the processing of the prehormones to the active secreted hormones 
insulin and amylin.  
It is primarily PC2 that is responsible for amylin processing within the secretory granule and is responsible for converting the prohormone 
(89 amino acid) to the actively secreted (37 amino acid) amylin [15]. Since amylin’s discovery in 1987 it is currently thought to be the third 
active pancreatic islet hormone important in glucose homeostasis. It potently inhibits gastric emptying and is important in controlling and 
delaying the rate of meal derived glucose. It inhibits hepatic release and production of glucose in the postprandial period. In addition to the 
above amylin has been shown to inhibit glucagon secretion as well as somatostatin. Amylin’s synthesis and excretion parallels insulin in the 
beta cell. 
Amylin levels are elevated in the type 2 diabetic patient, the insulin resistant obese patient, and the patient with impaired glucose tolerance  
 
In addition to producing satiety, amylin also increases thirst which indicates it has an action within the central nervous system  
 
Amylin has been shown to have binding sites within the renal cortex in the area of the juxtaglomerular apparatus.  
 
Amylin has been shown to activate the rennin angiotensin aldosterone system  

Table 2. The five stages of T2DM: historical time line of T2DM. 
I. (LATENT) TYPE 2 DIABETES MELLITUS PREDIABETES: [EARLY] 

Insulin Resistance: (Figure 5) 
Genetic Component. 
Environmental Component. Modifiable: Obesity / Sedentary life style; Nonmodifiable: Ageing 

Beta Cell Defect: (Dysfunction) 
Genetic....... Abnormal processing, storage, or secretion. 
Intracellular extracellular amylin fibril toxicity [23]. Abnormal processing, storage, or secretion. 

Intra-Islet Endothelial Absorptive Defect: 
Heparan sulfate proteoglycan (HSPG) PERLECAN of the capillary endothelial cells avidly attracts 
amylin (IAPP) and islet amyloid forms an envelope around the capillary. This is in addition to the 
increase in basement membrane associated with the pseudohypoxia (associated with glucotoxicity) 
and the redox stress within the capillary (Figure 7) 

II. PROGRESSIVE: [MIDDLE] 
Persistent Hyperinsulinemia 
Persistent Hyperamylimemia 

Continued remodeling of endocrine pancreas (amyloid). 
Beta cell displacement, dysfunction, mass reduction, and diffusion barrier. 

III. IGT (Impaired Glucose Tolerance): [LATE] 
[Start treatment at this time] 
[Diagnose earlier: Rejuvenation of the 2 hour glucose tolerance blood sugar 140-199 mg/dL] 

Increased insulin resistance [Feeds forward] > Glucotoxicity [Feeds forward] > Insulin resistance 
[Feeds forward] > Glucotoxicity: creating a vicious cycle. 
Islet amyloid. Increasing beta cell defect. Loss of beta cell mass with displacement. 
[Remodeling of islet architecture including ECM] Beta cell loss centrally [35] 

IV. IFG (Impaired Fasting Glucose): [LATER] 
[Blood sugar ranging 110-126 mg/dL] 
[Impaired hepatic glucose production (HGP)] 

Increasing global insulin resistance (HEPATIC) with subsequent gluconeogenesis. Feeding forward 
in the vicious to accelerate insulin resistance globally. 

V. (OVERT) TYPE 2 DIABETES MELLITUS: [TOO LATE] 
Change in treatment modality: Start treatment at stage III-IV (IGT)  
Paradigm Shift. Va. Vb. Vc. Moderate. Moderate/Severe. Severe. 

 



REACTIVE OXYGEN SPECIES: 
 
These ROS create an "elevated tension" of "Redox Stress" (reduction and oxidation: the damaging process of unpaired 
electrons attempting to re-pair to become more stable) within the islet contributing to an unstable milieu with unfolding of 
native protein (polypeptide) structures. This redox stress is likened to a violent thunderstorm within the islet. The unfolding of 
amyloidogenic amylin’s native secondary structure to allow fibril and amyloid formation, damage to the plasma membrane 
via calcium channel formation, vesicle bleb formation, increased cytosolic calcium, and swelling of the intracellular 
organelles can be compared to lightning strikes of a thunderstorm. As nature tries to re-pair these unpaired electrons (in 
order to obtain a more stable electrostatic state) there will be damage to the surrounding elements  
 

 
 
 

LARGE VESSEL DISEASE ("macroangiopathy"): accelerated atherosclerosis  

Diabetics have a variety of poorly-understood disturbances of lipid metabolism. Nonenzymatic glycosylation of 
lipoproteins seems to be a problem, LDL's stick best to glycosylated collagen, etc., and glycation products (when 
they bind to their special receptors in the intima) cause the production of fibrous tissue.  
The result is the rapid development of severe atherosclerosis, with strokes, gangrene of the lower extremities, and 
myocardial infarcts taking their toll, often early in life. Of course, this is all much worse if the diabetic also smokes 
cigarettes.  

Good glycemic control does help the accelerated atherosclerosis, confirming the idea that it's due largely 
to the accumulation of advanced glycation products which cause collagen production.  

Big news: Administering the soluble form of the glycation product receptor seems to stop the accelerated 
atherosclerosis. Definitely stay tuned. Nature 4: 1025, 1998.  

 
 
SMALL VESSEL DISEASE ("microangiopathy"): hyaline arteriolar sclerosis  

This is a complex problem.  
The basement membrane of the capillaries and the arterioles becomes much thicker 
("hyaline arteriolar sclerosis"). Its expansion eventually compromises the lumen of the 
vessels.  
Not surprisingly, these vessels are relatively inelastic, and this is an early, important 
problem: Br. Med. J. 312: 744, 1996.  
Even if the lumen is not badly compromised and the wall isn't excessively stiff, the small 
vessels of diabetics open and close chaotically, and proper tissue perfusion cannot be 
assured.  



Additionally, the pericytes can proliferate (especially in the glomeruli, where pericytes are 
called "mesangial cells") or die off (especially in the retina, where pericytes are called "mural 
cells"). This causes trouble at both sites.  
* Endothelial cells can also proliferate, narrowing the lumen further.  
* Other factors that are cited are the over-sticky platelets of diabetics, increased blood 
viscosity, increased RBC rigidity, and increased numbers of free radicals.  

Microangiopathy augments the ischemia caused by atherosclerosis, which is why so many 
diabetics lose legs. It may account for other problems also.  
Tight diabetic control may reduce or even reverse microangiopathy. See NEJM 309: 1546 & 
1551, 1983, and many others since.  
Most diabetics eventually become hypertensive. Nobody knows why, but inability to handle 
sodium seems essential: Am. J. Med. Sci. 307(S1): S-53, 1994.  

Many diabetics are greatly troubled by congestive heart failure as the disease progresses, and perhaps 
nonenzymatic glycosylation of the heart muscle proteins itself is part of the problem, since even if you 
control for other factors, poor glycemic control correlates strongly with the development of CHF 
(Circulation 103 2668, 2001).  

 
DIABETIC KIDNEY DISEASE         

Diabetic kidney: This kidney shows a 
glomerulus with changes due to diabetes. 
The mesangium (supportive tissue) 
becomes expanded into nodules and 
compresses surrounding capillary loops. 
This causes proteinuria, and eventually 
renal failure. 
 ("diabetic nephropathy"; Disease-A-Month 44: 
214, 1998; NEJM 341: 1127, 1999):  
Renal failure causes much disability and death 
among type I diabetics; this is now the #1 single 
cause of end-stage renal disease in the U.S. 

Type II diabetics generally die of 
something else before their kidneys 
fail.  
Kimmelstiel-Wilson Lesion 
At low power, the overall architecture of the 
kidney is normal, but several components 
are abnormal. Although the predominant 
lesion is in the glomeruli, there are also 

vascular changes and secondary interstitial and tubular abnormalities. Many of the glomeruli are completely sclerosed, 
replaced by dense connective tissue. 
Several of the better preserved glomeruli 
show nodules of dense hyaline (mesangial 
matrix) surrounded by open capillaries. 
Look for arterioles in the close proximity of 
glomeruli that also show marked thickening 
of their walls with the same basement 
membrane type material. Characteristic of 
diabetes is the involvement of both the 
afferent and the efferent arterioles. In 
addition, the larger vessels show intimal and 
medial thickening. The interstitium shows 
chronic inflammation and fibrosis, and there 
is a focus near the medulla of dilated 
tubules with neutrophils in the lumen 
indicative of acute pyelonephritis. The 
atrophic changes in the interstitium are in 
large part the result of the glomerular 
disease with superimposed chronic 
pyelonephritis 

Renal vascular lesions  
Arteriolar sclerosis of both afferent and efferent arterioles at the glomerular pole is highly 
characteristic of diabetes. (The other diseases of renal arterioles, notably common-type high blood 
pressure, only cause sclerosis of the afferent arteriole.)  
* Atherosclerosis of intrarenal arteries is common in diabetics and rare in non-diabetics; it is not the 
major problem.  

Glomerular lesions  
Always present:  

1. Thickening of the glomerular basement membrane because of increased production of 
GBM (sometimes called "diffuse glomerulosclerosis").  
2. Increased amounts of mesangial matrix (also sometimes called "diffuse 
glomerulosclerosis"). Increased number of mesangial cells in the early lesion, later 
decreased as the entire glomerulus is replaced by matrix ("hyalinization" of the glomerulus.)  
* 3. The GBM, mesangial matrix, and tubular basement membranes (also thick) are bind 
albumin and other proteins non-specifically ("all that sticky sugar....")  



* These three features, together, are pathognomonic of diabetes mellitus (but you probably 
knew already....) They occur separately in other diseases.  

Often present:  
Nodular glomerulosclerosis or (nodular) Kimmelstiel-Wilson disease. Big balls of GBM-
mesangial matrix material in the glomerular tufts. Highly characteristic of diabetes.  

Sometimes present:  
* "Fibrin caps" ("exudative lesion", "hyperfiltration lesion") -- hyaline crescents on a glomerular tuft  
* "Capsular drops" -- hyaline material on the inside surface of Bowman's capsule (highly characteristic 
of diabetes.)  

Clinically, patients have albuminuria (rarely heavy proteinuria), then renal failure (probably due to the 
mesangium crunching the glomerular capillaries).  
The etiology of diabetic glomerulopathy is complex and poorly-understood. Intrarenal fluid dynamics are 
involved. We don't even know why the kidneys enlarge in diabetics (NEJM 324: 1662, 1991).  

Tight control of blood glucose does seem to benefit these patients, and reduces the hyperfiltration 
response to amino acids (NEJM 324: 1629, 1991). Patients are now put on ACE-inhibitors and 
protein-restricted to prevent progression of the renal disease.  

Other renal lesions in diabetes:  
* Thick tubular basement membranes (not a health problem).  
* Fatty change of tubular cells (systemic lipid disturbance, not a health problem).  
* Glycogen in proximal tubular cells (Armanni-Ebstein lesion, a sign of heavy glycosuria, not itself a health 
problem).  

Kidney infections (gram-negative bacilli causing infection of renal pelvis in pyelonephritis, staphylococci causing cortical 
infections, candida infections, etc.)  

Renal papillary necrosis -- just like it sounds. (* "Baby Robbins" misnames it "necrotizing papillitis". The 
lesion is seen in diabetes, obstruction, sickle cell disease, Wegener's, or abuse of he analgesic phenacetin.)  

pyelonephritis and papillary necrosis in a diabetic  

 
EYES: Diabetes is the commonest cause of blindness before old age in the US. Review: Lancet 350: 197, 1998.  

Cataracts: a variety of types, including some clearly caused by sorbitol deposition (proof Proc. Nat. Acad. Sci. 
9: 2780, 1995).  
Glaucoma: reason for its being more common with diabetes is uncertain.  
Diabetic retinopathy: the most serious diabetic eye problem  

Nonproliferative phase (NEJM 322: 978, 1990)  
Edema, protein exudates, hemorrhages, microinfarcts ("cotton-wool patches") all indicate 
vascular problems  
Microaneurysms (the first change, and highly characteristic of diabetes): ballooning of 
capillaries where perhaps a pericyte has come off.  

Proliferative phase: new vessels grow, eventually invading vitreous humor, with hemorrhage, 
granulation tissue, fibrosis, retinal detachment. These patients get photocoagulation.  
proliferative retinopathy – the scar contracts and tears off the retina  

The molecular biology remains puzzling. Sudden normalization of a poorly-controlled 
diabetic's glucose can accelerate proliferative retinopathy (Arch. Ophth. 116: 874, 1998).  

 
PERIPHERAL NERVES (morphology: Diabetes 46 S 2: S 50, 1997)  

Manifests as symmetrical sensory loss, sometimes with uncomfortable paresthesias, and as autonomic 
disturbances such as diarrhea (Am. J. Gastro. 94: 2165, 1999), bladder problems, orthostatic hypotension, 
impotence. Less often a mononeuropathy, perhaps due to infarction of a nerve.  
Axons are lost, and Schwann cells also take a beating.  

Probable chemistry: increased availability of glucose for polyol pathway results in more sorbitol.  
* Aldose reductase produces polyols which are linked to the late complications in nerve and kidney. 
Inhibitors were not a great success for the neuropathy, but different alleles confer susceptibility to or 
protection from the glomerulopathy. (Diabetes Diabetes: 46: 1997.)  

The most interesting new work in diabetic neuropathy focuses on the ability of ACE inhibitors to stop the progression 
independent of effects on blood pressure (NEJM 345: 851, 2001) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



When lipids remain a problem the modification of 
both the type and amount carbohydrate and or fat 
have been shown to be beneficial, for instance an 
increase in monounsaturated fat maybe of more 
benefit than an increase in carbohydrate if lipid 
levels are not reducing adequately. 

WEIGHT GAIN             
four major causes: 
growth or an increase in lean body mass, fat or fluid in the body. 
Societal factors eg. inappropriate food (energy) intake and lack of activity are the predominant causes today.  
The composition of the diet, particularly the amount of fat eaten, is also important.  
Inactivity may also be due to illness or injury. 
 

ENDOCRINE WEIGHT GAIN: 
- hyperinsulinaemia and Type 2 diabetes,  
- acromegaly,  
- Cushing's Syndrome,  
- hypothyroidism  
- raised prolactin levels.  

the amount of weight gain caused by these conditions is not great, 
 though body composition may change substantially. 

 

Fluid retention as oedema: 
- retained by local mechanical factors (varicose veins, groin constriction, removal of lymphatics etc.) 

- general mechanical factors such as ischaemic cardiac failure or cardiomyopathy.  

- due to failure of excretion (renal failure).  

- Altered osmotic pressure of the plasma due to protein loss usually through the bowel or kidney is a further cause as is the 

inability of the liver to manufacture albumin and other proteins due to disease of that organ. 

 
DIET AND DIABETES            
  

 
Aims of Medical Nutrition therapy  

1. Reducing initial symptoms  
2. Integrating the overall principles into person's lifestyle  
3. Achieving and maintaining optimal levels of body fat  
4. Managing cholesterol and triglyceride levels  
5. Helping the patient to understand the relationship between blood sugar and various 

lifestyle factors (food, physical activity, dining out, alcohol, losing excess body fat, 
stress and illness) …thus, EDUCATION 

6. Independence of management  
7. Adequate energy and nutrition for growth and development  
8. Achieving optimum health in the long term  

 
Weight loss : educate re. Exercise; ADVICE: reduce portion size and reduce the daily ingested fat 
 

Fat : SATURATED bad, UNSATURATED good! 

The recommendations for fat are as follows; 
• Minimize saturated fat, to no more than 10% of total energy  

• Reduce polyunsaturated fat , no more than 10% of total fat  

• increase the intake of omega-3 fats :  fish 3-4 times per week  

• Choose monounsaturated fats eg. olive oil canola  avocad and most nuts  
• Reducing the amount of fat consumed of all types may help if you are trying to lose weight  

Carbohydrate            
EVENLY SPREAD: nibble throughout the day  = reduce blood sugars, cholesterol and triglycerides. 
WATCH OUT and don’t eat too much (tendency for oversnacking) 
… best to leave 2 hours between intakes 
The following factors need to be taken into consideration when looking at a patient carbohydrate intake: 

• Is the person eating adequately to get the necessary vitamins minerals and fibre  

• What has their glycaemic control been like (HbA1c)  

• The type and spread of carbohydrate  

• The timing of carbohydrate particularly in relation to physical activity  

• The total and saturated fat content of the carbohydrate foods eaten  
 
TESTS OF CARBOHYDRATE TOLERANCE: assess blood sugar 2hrs after eating. 
CONFOUNDED !! by medication (insulin, OHA, timing and amount), intra-abdominal fat, the glycaemic index of the food, 
amount and timing of physical activity, the fat content of the meal, stress and anxiety, abnormal GIT motility (delayed) and 
the unknown or individual differences. 
 
 
 
 
 
 

For type 2 diabetes dietary intervention  
= main stay of treatment  

� can delay the onset of medication. 



Glycaemic Index           

� is a ranking of the effect on blood glucose of a 50g carbohydrate load from any food.  
It does not reflect the nutritional value of a food, its fat, sugar or fibre content.  
Low GI foods can improve QOL by improving sugar control 
  

Exchanges : a 15 gram QUANT of carbohydrate 

. This system allowed a person to keep the carbohydrate intake consistent while eating a variety of foods.  
On the down side it meant that people were often weighing and measuring foods consistently.  
It is therefore often used in the following situations;  

• for people who like to work out how much they are having particularly for people who like structure and detail,  

• for people on insulin who find it useful to work out how much insulin certain amount of carbohydrate they need or 
can have,  

• for parents or children who feel secure knowing the quantity of carbohydrate their child is eating  

• It also is useful to make comparisons in blood glucose response between two different carbohydrates where the 
quantity needs to be the same  

• to make sure that a person eats an adequate amount of carbohydrate  

• For the patient to know for himself or herself how much they need to eat to cope with a hypo  

• and to assess whether a person is eating adequately for their nutritional needs.  
The number of exchanges a person eats should be based on their appetite, their activity levels, if they are growing or are 
pregnant and whether they need to gain, lose or maintain weight. 
 

Regular physical activity  

 physical activity reduces blood glucose, blood pressure and improves lipids.  
In type 2 diabetes physical activities can mean a reduction or elimination of medication.  

It reduces intra abdominal fat and insulin resistance and increased HDL cholesterol. 
People with type 1 diabetes who exercise should carry a carbohydrate source with them or have it close by (not in the locker room).  

 

Artificial sweeteners  

-  useful to reduce total carbohydrate load  
- However, now there is less need for them  
- PLUS the addition of some sucrose (table sugar) has been shown to lower blood glucose.  
 

Alcohol  
recommendations are the same for everybody. 

� no more that 4 standard drinks for men  
� no more than 2 standard drinks for women  
� two alcohol free days a week. 

 Alcohol should be consumed with food as alcohol on an empty stomach can precipitate hypoglycaemia.  

Low alcohol beer, spirits and dry wines are preferred because of their lower kilojoule content.  
 
 
 
 

INSULIN RELEASE AND ACTION        
Mechanism: 
�glucose rises over 5mM/L 
�sensed by hypothalamus � parasympathetic stimulation 
�sensed by beta-cell: � GLUT-2 transporters take it up 
�phosporylation of glucose by glucokinase (determines Beta-cell response threshold) 
�potassium channel gets blocked by ATP ( insulin-generating drugs work by blocking this channel!!) 
important because the concentration of calcium outside the cell is 10,000 times greater than that inside the 
cell 
�thus potential difference becomes more positive 
� Voltage-gated Ca+ channels are triggered 
�calcium is injected into beta-cell  
�Ca++ triggers fusion of vesicles to outer membrane via cytoskeletal phosphorylation 
�THUS insulin is exocytosed 

 
 

C-peptide: 35 a.a. polypeptide  

 Non-diabetic individuals secrete C-peptide along with insulin.  
  

Hormonal and Neural effectors  

The beta cell requires other compounds (called potentiators) to respond to glucose.  
Tonic amounts of hormones such as glucagon, glucagon like polypeptide I, and gastric inhibitory polypeptide, etc are required to 
allow some beta cells to respond to glucose. Beta cells are well innervated with branches from both the sympathetic and parasympathetic 
arms of the central nervous system. Stimulation by the former inhibits secretion but the latter augments glucose induced secretion.  

So powerful are the hormonal and neural potentiators that some insulin release can occur at the sight/smell of food (pre-
absorptive insulin release).  
 



Biphasic response  

first phase: release of preformed insulin 
Second phase: synthesis of new insulin 
Type II diabetic patients often have a defect in first phase secretion, but exhibit a normal 2nd phase response.  
 

Insulin action  

The key target tissues of insulin are liver, muscle and adipose tissue. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

LEPTIN AND THE CONTROL OF BODY WEIGHT    
Leptin is the product of the obese (ob) gene, on chromosome 7 in humans.  
= an 162 amino acid protein  
synthesised in the adipocyte.  
In mice this protein acts as a satiety factor, perhaps by reducing Neuropeptide Y (a peptide which stimulates food intake) in 
the brain. There is a specific transport protein to move leptin across the blood brain barrier. 
 
Leptin levels are increased by insulin, glucocorticoids and increased nutrition.  
There are strains of obese animals which cannot produce leptin (ob/ob mouse) and others which have abnormal receptors 
(db/db mouse, fa/fa rat).  
In human obesity leptin levels are elevated and so far only 3 individuals have been found to have obesity due to 
abnormalities in this gene (1, 2).  
Leptin levels in humans are related to adipose tissue size and this may be the reason why levels in women are higher 
than in men. 
The exact role of leptin in humans, in obesity and in control of food intake and metabolism is still being investigated.  
 
It appears likely that in humans leptin plays a role in protection from starvation, the timing of puberty and in substrate partitioning. 

 

factors which signal satiety and control food intake.  

These include insulin and cholecystokinin as well as neuropeptide Y and the glucocorticoids. 
 Serotonin appears to be an important neurotransmitter in the hypothalamus in those areas involved in the control of appetite 
and eating and the alteration of local serotonin levels is the mechanism by which appetite suppressant drugs work. 
There is alteration of autonomic nervous system outflow with changes in thermogenesis and metabolism.  
 
Whilst the possibility of "set points" regulating weight in humans may be mentioned, in the current state of knowledge it 
appears that the control of weight can be explained by a series of equilibria in the metabolic processes of the body. 
Any disruption tends to be returned to the equilibrium position, though with time and a constant stimulus (eg lack of activity 
or increased eating) these equilibrium processes can be reset. 

 
 
 
 

DIET, LIFESTYLE AND LIPOPROTEINS      
Lifestyle, including diet, effectively prevents or treats lipoprotein abnormalities especially for the obese or patient with 
diabetes. 

Fat and fibre in the diet  

The composition of the fatty acids consumed influences plasma cholesterol and its distribution among lipoproteins.  

Saturated fats especially lauric (C12:0), myristic (C14:0) and palmitic (C16:0) acid increase LDL cholesterol and 
hence total cholesterol.  
Stearic (C18:0) acid is believed to be neutral.  
Monounsaturated fat in the Australian diet consists of almost entirely oleic acid ( ! OLIVE OIL ! ) (C18:1) which has 
been found to increase HDL and lower LDL cholesterol. The most potent LDL cholesterol-lowering effect is from linoleic 
acid (C18:2 n-6).  
The omega 3 alpha-linolenic acid (C18:3 n-3) also lowers LDL cholesterol but to a lesser extent.  
 
As well as lowering total and LDL cholesterol, HDL cholesterol may be lowered on regimes rich in polyunsaturated 
fat. Very long chain n-3 polyunsaturated fats (found in fish oils and cold-water fatty fish), eicosapentaenoic acid (C20:5) and 
docosahexaenoic acid (C22:6) have triglyceride-lowering properties and lower the risk of thrombosis.  
 
However, in some studies large amounts (in the form of supplements) have been shown to raise LDL cholesterol. The 
combination of the three types of fat is important. It is recommended that the percentage of total energy from saturated fat 
should be less than 8%; polyunsaturated around 6% (the ideal ratio of n-6 to n-3 is unknown but 1:7 currently suggested in 
Australia); monounsaturated fat makes up the difference.  
Lauric and myristic acid are found mainly in dairy foods and tropical oils and palmitic acid is found in most foods of animal 
origin and tropical oils. Oleic acid is widely distributed in foods, often in combination with saturated fatty acids, but comprises 
most of olive, high oleic safflower and Canola oils and margarines. Sources of polyunsaturated fat include sunflower and 
safflower oil for n-6. The main source of n-3 linolenic acid is Canola. 
Trans fatty acids are found in dairy and meat products but those which occur during hydrogenation of polyunsaturated oils 
in margarine manufacture (mainly elaidic acid C18:1 trans) caused concern. When consumed in larger amounts (7% energy) 
they have been shown to lower HDL and raise LDL. Trans fatty acids which result from industrial hydrogenation are slowly 
being phased out of the Australian food supply. 
Soluble fibre like pectins and gums have mild cholesterol-lowering properties and augment fat modification. 

Cholesterol, sterols and stanols    

There is clear evidence that dietary cholesterol increases total and LDL-cholesterol.  
It is estimated that for each 100mg of cholesterol consumed (up to a total of 500mg) there is a 2-3% increase in 
plasma cholesterol.  
 
Hence a reduction in dietary cholesterol from 500 to 250 mg per day will reduce plasma cholesterol by 5-7%.  
Plant sterols and stanols have a similar structure to cholesterol, the difference being the presence of a methyl or ethyl group 
in their side chain. Studies indicate that incorporating plant sterols and stanols into the diet may be an effective method 



of lowering total and LDL cholesterol levels. These substances are found mainly in wood pulp, leaves, nuts and 
vegetable oils. These have also been incorporated in the food supply in margarines and other foods.  
A daily intake of 2-3g of plant sterols or stanols reduces LDL cholesterol by 10-15%.  

 
Energy and exercise  

Weight reduction in overweight individuals improves the lipoprotein profile.  
Triglycerides are lowered and HDL cholesterol rises with regular exercise. 
 As the energy restricted diet will be modified in fatty acid profile LDL cholesterol decreases.  
A number of fat replacers and synthetic triglycerides have been developed that are either unabsorbed or have half the 
energy content of normal fat. Hence they may have a role to play in energy restricted diets and if they replace saturated fat 
have lipid lowering potential.  
Most have not been approved for use in Australia as yet. 

Alcohol  
Consumption of moderate amounts of alcohol on a regular basis will increase HDL cholesterol and has a variety of 
effects which are beneficial with respect to coronary heart disease.  
Red wine contributes to the intake of polyphenolic compounds which act as antioxidants.  

Smoking  

Smoking is a strong risk factor for coronary heart disease and should most definitely be avoided by those with 
hyperlipidaemia. There is some research to indicate that smokers develop an insulin resistance-like syndrome with 
associated hypertriglyceridaemia.  
 
 
 
 

The METABOLIC SYNDROME X         
 
a number of disorders cluster together.  
These are Type 2 diabetes, abdominal obesity, hypertension and dyslipidaemia. 
it was noted that insulin resistance was associated with all disorders. 
 It is sometimes fancifully called the "Deadly Quartet".  
It is not yet clear whether insulin resistance is the underlying mechanism, but it certainly coexists and plausible theories 
demonstrating how insulin resistance can produce all the abnormalities of the Metabolic Syndrome are possible. 
 
Though originally thought to be a disorder of western society, it is now found in many societies throughout the world as 
they become more affluent and move from their traditional diets and activity patterns.  
 
The Metabolic Syndrome is associated with abdominal adiposity particularly,  
and some ethnic groups seem predisposed to the laying down of this particular fat deposit, with subsequent metabolic 
complications occurring at degrees of adiposity less than that causing this syndrome in Caucasians. 
 
Mechanism: 
  Genetic predisposition + dietary insult (western diet) 
  �visceral fat being laid down  
  � is active metabolically, i.e responsive to li[polytic stimuli 
  � is also right next to the liver, thus there is a HIGH FLUX of lipids into the liver each time 
  � provides energy for increased gluconeogenesis (increased hepatic glucose output[HGO]) and lipid  

(VLDL) production. 
� BUT the glucose UPTAKE is limitd because of insulin resistance 
� hyperglycaemia, the source of all your woe 
 

 Resistin, a newly described adipocyte factor, may play a role in inducing insulin resistance and impair glucose 
tolerance. 
Hypertension may be related to altered activities of membrane ion pumps. 
 

The usual dyslipidaemia associated with the syndrome is raised triglycerides with low HDL cholesterol, LDL cholesterol may 
be normal of marginally elevated. However these lipid changes do cause vascular disease as the lipid particles are small 
and dense and hence more atherogenic. There are also changes in the oxidisability of these particles which also add 
to their potential for causing vascular damage. 
 
 The high levels of apoprotein B and insulin are also atherogenic.  

The dyslipidaemia is related to the visceral fat area. 
 
Since the original description other features have been added to the Metabolic Syndrome, including hyperfibrinogenaemia, 
hyperleptinaemia, elevated PAI1 levels and so on. However the basic components, obesity, Type 2 diabetes and 
hypertension together with hypertriglyceridaemia remain the important ones. 
 
 
 
 
 
 
 
 
 



 
 

ORAL HYPOGLYCAEMIC DRUGS       
Type 2 usually treated initially with an appropriate diet and exercise.  
If these measures fail then give drugs. 

OLD SCHOOL: the sulphonylureas, biguanides, and αααα glucosidase inhibitors.  
NOVEAU: meglitinides and the glitazones ..  
 

Sulphonylureas  
� bind to Sulphonylurea” receptors 
� these receptors are linked to K+ channels 
� S.ur. close these channels,thus � depolarisation of the cell 
 Although in experimental systems they have been shown to improve peripheral glucose uptake their predominant action is 
to stimulate insulin secretion. In fact the drugs have no hypoglycaemic action in pancreatectomised animals or humans.  
The only differences between the various drugs in this group relate to their half-life, duration of action and relative disposal 
by hepatic metabolism and renal excretion. The most important side effect of drugs in this group is hypoglycaemia but some 
patients do get allergic skin rashes particularly if they are allergic to sulphonamides which are chemically related 
compounds. The principal problem with using sulphonylureas is that they tend to stimulate appetite and cause weight 
gain. For this reason they are first choice of drug only in non-obese patients. They may be added to other therapies as 
second line drugs in obese patients. 
 

Biguanides  

Eg. METFORMIN 
� INCREASES glucose uptake into muscle and fat 
� DECREASES appetite by ?gastric irrits 
� DECREASES intestinal glycose absorption 
� DECREASES gluconeogenesis 

Metformin is the only biguanide currently available. It works by a combination of effects including increased glucose uptake 
into skeletal muscle and fat, appetite suppression (possibly related to gastric irritation), decreased intestinal glucose 
absorption and decreased gluconeogenesis. It does not stimulate insulin release in either the fed or fasting state and 
therefore lowers elevated blood glucose towards normal but does not cause hypoglycaemia.  
Metformin is excreted entirely by the kidney and hence accumulates in the presence of renal failure. The most 
important side effect of Metformin is lactic acidosis which can be life threatening. This is very important and renal function 
should be checked in all patients for whom Metformin is prescribed. It is contraindicated in significant renal failure. 
Its other side effects are gastric intolerance and diarrhoea and about 10% of diabetics cannot tolerate the drug for these 
reasons. The majority will be able to tolerate it if they are given it initially in low dose and it is taken after meals to reduce the 
gastric irritation. It has the major advantage that it prevents weight gain and sometimes assists weight loss and it is 

therefore the drug of first choice in obese Type 2 diabetes patients. It may be used in combination 

with sulphonylureas if glycaemic control is inadequate with either therapy alone. 

    

αααα glucosidase inhibitors  

���� inhibit the activity of alpha-glycosidase: which normally breaks down complex carbs 
into sugars (@ intestine) 
� THUS: less absorption of glucose through gut wall 

The most widely available drug in this group is acarbose. It is less effective than drugs from the other two groups in 

reducing blood glucose but may be used in combination with the sulphonylureas or metformin. It is not very well tolerated 
since it acts by causing malabsorption of carbohydrates which travel on to the colon, are fermented by colonic 
bacteria and produce abdominal distension, pain and flatulence.  
 

Meglitinides  

Exactly the bloody same as Sulphonylureas 

The only drug in this group currently available is repaglinide. They work by stimulating the same receptor as the 
sulphonylureas but at a slightly different site. Actions and side effects, particularly hypoglycaemia , are therefore very similar 
to the sulphonylureas. Repaglinide is short acting and must be taken at least twice a day.  
 

Glitazones  

� act on Peroxisome Proliferator Receptors in adipocytes: 
� MAY CAUSE WEIGHT GAIN!! 
 
The correct chemical name for these is thiazolidinediones. They work by a novel method to reduce insulin resistance by 
acting on the Peroxisome Proliferator Receptors (PPARg) in fat cells. They are effective in lowering blood glucose but can 
cause weight gain and should be avoided in obese patients. The two currently available are rosiglitazone and pioglitazone. 
They have not been shown to cause liver damage but liver function test monitoring is recommended because the first drug 
of this type (troglitazone) caused svere liver damage in some people.  
 



GENETIC HYPERLIPIDAEMIA        
Several genetic diseases result in hyperlipidaemia. Although some patients have hyperlipidaemia which is secondary to 
another disease, primary and secondary hyperlipidaemia often co-exist. The primary hyperlipidaemias are: 

9. Common (polygenic) hypercholesterolaemia. This is the most frequent cause of cholesterol levels exceeding 
5.2 mmol/L. It reflects an interaction between multiple genes and dietary and other environmental factors, and has 
more than one metabolic basis. Variations in environmental factors are the main reason for differences between 
countries in cholesterol levels and consequently prevalence of CHD.  

10. Familial hypercholesterolaemia (FH). This results in a significant increase in CHD risk. Heterozygous FH affects 
1 in 500 although some racial groups, such as Lebanese, South Africans and French Canadians, are at higher risk. 
Heart disease may occur as early as the second decade of life or as late as the 6th or 7th. The condition is caused 
by the impaired function of LDL receptors which leads to a marked elevation in LDL cholesterol concentrations. 
Hypercholesterolaemia often coupled with the presence of tendon xanthomas in the patient provide a definitive 
diagnosis. The disease is transmitted by autosomal dominant inheritance. Homozygous FH affects about 1 per 
million and leads to cholesterol levels as high as 18-30 mmol/L while heterozygous is more commen (1 per 500) 
and cholesterol levels reach 10-13 mmol/L.  

11. Remnant hyperlipidaemia or Type III hyperlipidaemia. This disorder is one cause of early onset CHD. Typically 
there is a marked elevation in cholesterol and triacylglycerol levels. Laboratory confirmation requires demonstration 
of abnormal apo E (apo E2/2 is typical) or cholesterol enrichment of VLDL. Physical signs include tuberous 
xanthomas. Other lipoprotein abnormalities are often unmasked by the presence of this apo E phenotype.  

12. Familial Combined hyperlipidaemia (FCH). This is the most common genetic disorder of lipoprotein metabolism. 
It has a strong environmental component and is associated with insulin resistance. This condition has no unique 
clinical features. Elevated cholesterol and/or triglycerides are observed. The production of apoB is increased, levels 
of both VLDL and LDL are increased (alone or together). Diagnosis is helped by the presence of a family history of 
elevated lipid levels.  

13. Chylomicronaemia. This is a rare cause of elevated triacylglycerol levels and low HDL levels in early life. The 
accumulation of triacylglycerol is of dietary origin. It may be caused secondary to diseases e.g. diabetes, or by a 
deficiency of lipoprotein lipase or its cofactor apolipoprotein CII. Transmission is by autosomal recessive 
inheritance. There is no excess risk of CHD.  

14. Familial hypertriacylglycerolaemia. This disease is characterised by moderately elevated triacylglycerol which is 
evident at adulthood. If exacerbated it may lead to chylomicronaemia. This disorder is similar to chylomicronaemia 
syndrome but the mechanism is different. The severity of hypertriacylglycerolaemia is variable and this is 
associated with VLDL. The metabolic defect is unknown.  

 
 
SO… 

Most frequent cause of elevation: “Polygenic Hypercholesterolaemia” 
Earliest onset: Type 3; +xanthoma 
Most common genetic cause: “familial Combined”, assoc. with insulin resistance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



BELOW: The regulation of glucose metabolism in the liver. In the hepatocyte, insulin stimulates the utilization and storage of 
glucose as lipid and glycogen, while repressing glucose synthesis and release. This is accomplished through a coordinated 
regulation of enzyme synthesis and activity. Insulin stimulates the expression of genes encoding glycolytic and fatty-acid 
synthetic enzymes (in blue), while inhibiting the expression of those encoding gluconeogenic enzymes (in red). These 
effects are mediated by a series of transcription factors and co-factors, including sterol regulatory element-binding protein 
(SREBP)-1, hepatic nuclear factor (HNF)-4, the forkhead protein family (Fox) and PPAR co-activator 1 (PGC1). The 
hormone also regulates the activities of some enzymes, such as glycogen synthase and citrate lyase (in green), through 
changes in phosphorylation state. GK, glucokinase; Glucose-6-P, glucose-6-phosphate; G-6-Pase, glucose-6-phosphatase; 
F-1,6-Pase, fructose-1,6-bisphosphatase; PEPCK, phosphoenolpyruvate carboxykinase; PFK, phosphofructokinase; PK, 
pyruvate kinase; ACC, acetyl-CoA carboxylase; FAS, fatty-acid synthase.  

 
Cross-talk between tissues in the regulation of glucose metabolism. Insulin is secreted from the -cells of the pancreas in 
response to elevations in plasma glucose. The hormone decreases glucose production from the liver, and increases glucose 
uptake, utilization and storage in fat and muscle. The fat cell is important in metabolic regulation, releasing FFAs that reduce 
glucose uptake in muscle, insulin secretion from the beta-cell, and increase glucose production from the liver. The fat cell 
can also secrete 'adipokines' such as leptin, adiponectin and TNF, which regulate food intake, energy expenditure and 
insulin sensitivity.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Glitazone receptor activity: a summary 
Similar to other nuclear hormone receptores, PPAR acts as a ligand activated transcription factor. Upon 

binding fatty acids or hypolipidemic drugs, PPARa interacts with RXR and regulates the expression of target 

genes. These genes are involved in the catabolism of fatty acids. Conversely, PPARg is activated by 

prostaglandins, leukotrienes and anti-diabetic thiazolidinediones and affects the expression of genes 

involved in the storage of the fatty acids. PPARb is only weakly activated by fatty acids, prostaglandins and 

leukotrienes and has no known physiologically relevant ligand. However, data from PPARb null mice suggest 

PPARb does serve a role in fatty acid metabolism and perhaps in skin proliferation and cancer 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 


