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T1D risk increases with number of antibodies 

GAD   IA2   Insulin AA   Islet  and ZnT8 



From Time point of Abnormal glucose tolerance 

Children develop T1DM faster 



From appearance of double AB positive 

Children develop T1DM faster 



ENDIT  

European Nicotinamide Diabetes Intervention Trial  



T1DM 

2016 

Averaging 60-70 new cases per year.  

 

27% New onset DKA rate 

 

~450 in clinic in total  
 30 T2DM/ 20 Other 

 

20% of all children on insulin pumps 

 

Adolescent cohort is 150 
 Feeds into 3 DHB and other 

 

 



Starship service  

Type 1 Diabetes  Mellitus 

(~450- 500 patients) 

8%

13%

69%

10%

Maori

Pacific Island

European

Other



T1DM Auckland DKA at new 

onset 

Jefferies, C. 2015 
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Particulars of children 

Tiny doses (0.5 u/kg/day) 

Tend to mix insulin with syringes 

Sensitive to short acting 

Major impact of intercurrent illnesses 

Increased risk of cognitive loss with recurrent 

severe hypoglycaemia (<5 years) (or DKA) 

Constant need to adjust for growth 

Adolescence is looming 



Diabetes Time Line 
Oct 1920 
 Conception of idea of extracting insulin 

 
1921 The “team” 
 Student Best 
 Macleod Supervisor 
 Collip pharmacologist 

 
1921 Treat first  
De-pancreactomised dog 
 
 



1923 Nobel prize 

 Macleod and Banting 

 



1922 First Human 

subject 

 Leonard Thompson 

 7.5 cc each buttock of 

“Macleod’s serum” 

 Reduction in 

glycosuria 

 Secondary abscess 

formation 



Diabetes – history of treatment 

 

1923 

• Eli Lilly and Company 

markets Iletin® 

(animal source 

insulin), the first 

commercially 

available insulin. 

 







Skyler JS. Endocrinol Metab 

Clin 1996;25:243–254.  

Benefits of treating to target: type 1 diabetes 

Achievement of HbA1c targets reduces costly complications 

Treat to target 

HbA1c <7% 
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Retinopathy 

Nephropathy 

Neuropathy 

Microalbuminuria 





www.apeg.org.au 









The first insulins 



Pen 

Insulin hexamer Insulin dimers Insulin monomers 





Why not inhale insulin? 



Insulin Pumps 



Medtronic Paradigm  







What we know about pumps 

Cochrane review 1 

Improved HbA1c 

Less variability in BSL 

Improved post prandial BSL 

Improved fasting glycaemia 

Less events of severe 

hypoglycaemia 

Improvement in quality of 

life 

Less insulin 

No weight gain 

No increase in DKA 
1. Misso, M., K. Egberts, et al. (2010). "Continuous subcutaneous insulin infusion (CSII) 

versus multiple insulin injections for type 1 diabetes mellitus." Cochrane Database of 

Systematic Reviews 20(1): CD005103 



Insulin pump Auckland data  

De Bock 2012 

75 children were treated with  

insulin-pump therapy for  

more than 12 months. 
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Pharmac funded pump 

Indications funded 

 Recurrent Hypoglycemia  

 Erratic levels and improvement in HbA1c. 

Initial application valid for  

 3 months for pump 

 9 months for consumables 

Review at 9 months 

 Renewed for 2 years  

 Ongoing 

 



Glucose sensing and new stuff 

 



Dexcom  

Lag time plus 5 +/- 4.85 min 

 

 











Faster! 

Or Longer ! 



Glucose monitoring 

“Flash” Glucose monitoring 

? No other players at the moment 





Wearable Bio-sensors 
JAMA online June 23, 2016 



Case-12 year female 
Weight loss, polyuria, polydipsia.  

Father diabetic, European family. 
 From 24 yrs age & Rx insulin, no complications. 

 

Random glucose 20 mmol/l, Trace      ketonuria. 

BMI SDS +1 

No acanthosis nigricans, in mid puberty 

Not hyperthyroid 

 

Stabilised on BD insulin 0.5 U/kg/day 

Remains with HbA1c ~7% (55mmol/mol) for next 
2 years of follow-up 



Case-12 year female 

What is the differential diagnosis and what 

(if any) investigations are required? 

 



Investigations 
Pre-Diabetes antibody screening 

 ICA, GAD, IA2 antibody 

These are all negative 

Negative for coeliac markers, thyroid 

 autoantibodies 

 

DNA for ?MODY  

HNF1 mutation in exon 4. 

Diagnosis: MODY 3. 



MODY = Monogenic diabetes 



Monogenic Diabetes 

Influences expression of 

many other genes in 

several organs. 

 

Often results in abnormal 

embryonic development. 

 

Failure of  cell 

development  insulin 

gene transcription. 

 

Hattersley. J Paed Endocrinol 

Metab. 2000. 

GK abnormality 

 Glucose signal switch  

 

Transcription factor 

defect 



MODY Prevalence 

Monogenic DM, more to come. 

Freq of MODY and forms varies with 

country, ethnicity, policy. 

In the UK Paediatric Clinics MODY is 

>10x more prevalent than type 2 DM. 
 

Hattersley. J Paed Endocrinol Metab. 2000; 

13(Suppl 6):1411-7. 







MODY 3 

?commonest form of MODY (65%). 

Progressive  cell failure. 

Presents with symptomatic hyperglycaemia 

usually in 20’s sometimes in adolescence. 

Secondary insulin resistance later develops. 

Those at risk of developing MODY 3 have 

normal insulin secretion however fail to increase 

insulin secretion with increased plasma glucose. 

BEWARE stress induced hyperglycaemia with 

FH DM. 



Management 
1. Aim for good glycaemic control. 14% of 

adults have severe retinopathy. 

2. Try diet/sulphonylureas initially.  

1/3 diet, 1/3 sulphonylureas, 1/3 insulin. 

Insulin needed with age, obesity. 

3. Monitor HbA1c, if 8% start insulin. 
 

  Velho. Diabetes Care 1996; 19:915-9. 

  Hattersley. Diab Med 1998; 15:15-24. 



Case-10 year 
A healthy obese 10 yr old boy presents with 

increased thirst.  

Random BGs 7.5, 8.5 mmol/l.  

Mild asthma, becotide 400 gm/day via spacer. 

 

Mother had gestational DM. Now has IGT with 

fasting BG 6.8 mmol/l. 

Maternal g’mother also had gestational DM. 

BMI SDS +3, no acanthosis nigricans. 

 



Case-10 year 

What investigations should be 

performed? 



Case-10 year 
What investigations should be performed? 

ICA, GAD, IA2 Abs negative. 

Serum hydroxybutyrate negative. 

 

HbA1c 5.9%. 

Fasting BG 7.5 mmol/l, insulin 30 mIU/l. 

 

OGTT 2 hour value 7.9 



Case-10 year 

Diagnosis? 



Case-10 year 

What are the possible underlying 

diagnoses? 

Glucokinase mutation (MODY2) 

Atypical/Pre type 1 DM. 

 

NOT: Type 2 DM 

  Stress induced DM. 

  Steroid induced DM. 



Case-10 year old 

How should he be managed? 



Case-10 year 
How should he be managed? 

He doesn’t really have diabetes! 

Needs to trim down! 

“Diet”. 

Good glycaemic control easily achieved 

as insulin secretory capacity normal. 

Minimal risk of complications.  

age and obesity have minimal effect. 



MODY 2 and GCK 
Glucokinase: 

Is the  cell sensor. 

Converts gluglu-6-PO4. 

Mutation has glu affinity. 

Resetting of fasting BG for given insulin secretion. 

  2nd commonest form of MODY  

 (12-50%). 

Usually asymptomatic and undiagnosed. 

Present from birth. 

 

? What condition results from a homozygous GK mutation 



MODY = Monogenic diabetes 



MODY 2 or glucokinase defect 



Case-3 year old 
A short 2 yr old Pacific Island boy presents with 
anaemia (Hb 79 gm/l, MCV 60).  

 

Noted to have random BGs of 10.2, 13.3 and 
9.8 mmol/l, HbA1c 8.2%.  

 

He has mild sensorineural  hearing loss. He is 
an adopted child.   

 

His mother died of unknown causes at the age 
of 35 yrs. 



Diagnosed with “type-1” diabetes mellitus 
and treated with insulin. 

  

Glycaemic control was suboptimal with 
HbA1c values of 9.5-10.0%. 

 

At 4 years of age his hearing loss had 
become severe. 

 

One morning he was found drowsy with a 
left sided hemiparesis still evident after 8 hrs, 
(BG was 4.5 mmol/l at presentation). 

Case-3 year old 



What has happened to him? 

 

Todd’s paresis from a hypoglycaemic 

seizure? 

Stroke? 

 

What investigations should be 

undertaken? 

Case-3 year old 



What investigations should be undertaken? 

MRI (Stroke) 

GAD and IA2 antibodies (negative) 

Serum, CSF lactate and pyruvate () 

Muscle biopsy (ragged red fibres). 

WBC and muscle DNA analysis 
(mitochondrial tRNA A3243 mutation) 

 

Mother died of massive stroke. 

Diagnosis: MELAS syndrome with DM 

Case-3 year old 



Mitochondrial mutations & DM 

Uncommon cause of DM. 

Consider with DM and disease in other 

organs without evidence of autoimmune 

disease, particularly mental retardation, 

deafness, unexplained short stature. 

Wide spectrum of organ systems 

involved and severity. 

Progressive defects. 



Case-Term Baby 
A term 2.6 kg infant is born to a 

primigravid woman. Infant noted to be 

sleepy day2. 

Random BGs (mmol/l) D2 6.5 

     D3 7.2 

     D4 7.9 

     D5 7.8 

Father is slim and thinks he has DM 

and is supposed to be on a diet. 



Case-Term Baby 

Does the infant require further 

investigation? 



Case-Term Baby 
Does the infant require further investigation? 

ICA, GAD, IA2 for infant and father -ve. 

 

OGTT for father. 

8.3 mmol/l (0), 9.1 (60), 8.9 (120). 

Screen father’s siblings/parents if available with 
fasting BG. Father 4.1, mother 7.1, brother 6.5, 
sister 4.2. 

 

Repeat BG at 1 month, 7.4 mmol/l. 



Case-Term Baby 

What is the likely cause of the 

hyperglycaemia in this infant? 

Unrecognised sepsis. 

Neonatal DM. 

Leprachaunism IUGR. 

Monogenic Diabetes 



Birth Weight & MODY2 

Mother  Infant  BWt 

Mutation  Normal   

Normal  Mutation   

Mutation  Mutation  Normal 

 
Velho Diabetologia 2000; 43(8):1060-3. 



Case-13 year  

A 110 kg 13 yr old Polynesian female 

presents with polyuria and polydipsia. 

Mother has type 2 DM.  

BG = 30 

Ketonuria 3+ 

Weight loss 20 KG 



Case-13 year 

Cervical and axillary acanthosis 

nigricans. 

Tanner 5 breast/pubic hair. 

Acne present. 

BP=130/85 supine. 

Renal function normal 

Investigations: 

ICA, GAD positive 

 



Case-13 year 
What sort of Diabetes does she have? 

 

Relate to 

 1) Ketonuria 

 2) Positive antibodies 

 3) family history 

 



Case-13 year 
What sort of Diabetes does she have? 

 

Relate to 

 1) Ketonuria 

 2) Positive antibodies 

 3) family history 

 

She has AB related to type 1 diabetes and is 

obese or has “both” T1Dm and T2DM 



Case-8 year 

8 year old girl present with a marked bullous 
eruption on 30% of her body 

Thin++, some grey hair 

Started on high dose steroids for ?disorder 

BG repeatedly >20 and becoming more and 
more symptomatic 

Severe acanthosis 

No response to subQ insulin (1u/kg/day) 

Changed to IV insulin at 4u/kg/day to maintain 
BG <15. 



Case-8 year 

Subsequently developed microscopic 

haematuria, rash faded on body and 

insulin requirement decreased to 0.5u 

/kg/hr and then stopped.  

Off Insulin BG ranged between 1.9 and 10. 

Fasting insulin >2,000  BG 5 mmol/l 

Haematuria persisted while on steroids 



Case-8 year 

? Unifying diagnosis 

 

SLE with skin and renal involvement 

 

Type B Insulin resistance 

 Polyclonal IgG antagonistic to the IR. 



Mr “T” 

3 am call, 14 year old boy Samoan boy 

URTI and severe headache  CED 
 CT head    Normal 

 LP    Normal 

Nucleated cells 2, RBC 12,050  

Prot 0.39, Glucose 8.3, No Growth after 3 days. 

 Blood glucose  16 mmol/l, repeat 10 mmol/l 

 No urinary ketones 

116 Kg and has had some possible weight loss 

Acanthosis present on neck 

Mother has type 2 diabetes, grandparents in 
Island DM 

Initial diagnosis please 

 



Mr “T” 
Overnight glucoses 10 and 19 

Head ache just about gone, been having them 
monthly for a year or so. 

Poor sleep as hard to fit into bed 

History 

 Reflux nephropathy with L nephrectomy, 
hypertension & long standing microalbuminuria 

 Albumin/Creatinine ratio      49.7        

   

Has not been taking the lisinopril prescribed 
 No glucose in urine 18 months earlier 

Mother T2Dm on insulin, no compilations known, no 
renal disease 

? Any additional thoughts to your diagnosis  



Mr “T” 

Exam: 

 Tall  and muscular boy, moustache, quiet, not 
very overweight.  

 No acanthosis. 

 Height   191  Weight 116 

 BMI 29   

Weight loss from 130 to 116 kg 

Tests awaited 

 Fasting insulin Awaited 

 Hba1c  10.1% 

 Lipids    N,   LFT   N 

 Pre type 1 DM Abs Awaited 

Diagnosis and treatment options please. 

 

 



Mr “T” 

Treated with insulin to normalise BG 

 In light of HbA1c and renal abnormalities 

 Await Pre-type 1 DM Abs then consider other 

 

Results 

 Insulin  15.0 mIU/L 

 Glucose 9.2  (HOMA 8.6) 

 

Diagnosis and treatment options please. 



Mr “T” 

Stabilised well on 1 u/kg/day insulin 

Results 

  Anti GAD antibodies     > 250    U/ml    H    0-10   

   Anti IA2 antibodies      > 400    U/ml    H    0-15 

 

 

 

 Type 1 DM  

 


