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Diagnosis 
1. Fasting (min 8 hrs) plasma glucose 

> 7mmol/L 
 

OR 
 

2. Classic symptoms (polyuria, 
polydipsia, weight loss) and 
random BGL > 11.1mmol/L 

 

OR 
 

3. 2 hour OGTT value > 11.1mmol/L  
(75g or 1.75g/kg (children) 
glucose 

OR 
 

4. HbA1c > 6.5% (not POC) 
 

ISPAD 2018 guidelines 
* N.B. Not in CARPA 7th ed. 



Glucose dysregulation 

ISPAD 2018 guidelines 

Impaired fasting glucose 

 Fasting plasma glucose 5.6-6.9 mmol/L 
 

 

Impaired glucose tolerance 

 2 hour value > 7.8 but < 11.1mmol/L 
 



Epidemiology 



Youth onset  
diabetes worldwide 

Pinhas-Hamiel and Zietler, 2005. J Ped; 

146(5): 693-700. 

Viner et al. 2017. Lancet; 389: 2252-60. 



Type 2 diabetes in Indigenous young people 

Kevat et al. 2014. Lancet; 313. 
Haynes et al. 2016. MJA; 204(8). 



Youth onset diabetes in the Top End 
Type 1 Diabetes Type 2 Diabetes 

Number 70 37 

Female 38 (54%) 33 (89%) 

Aboriginal &/or Torres 
Strait Islander 

12 (17%) 31 (84%) 

Age (yrs) 17 (6-24)  22 (10-25)  

Age at diagnosis (yrs) 10 (2-22)  18 (10-25)  

HbA1c (%, mmol/mol) 9.3% (6.7-14) 
78 mmol/mol (50 -130)  

10.5% (5.2-14.1) 
91 mmol/mol (33 -130) 

Retrospective 

study: 2007-2011 

 

Top End 

population  

<25 years: 74 100 

Stone M et al, J Paed Child Health, 2013; 49: 976-979 

Data are n (%) or 
median (range) 



Pathophysiology 



Pathophysiology of type 2 diabetes in young people 

 

 

 

• B-cell function is impaired in adolescents 
with obesity and Type 2 DM 

 

• First change is loss of initial response to 
glucose load in terms of ↑ insulin secretion (ie 
post prandial hyperglycaemia) 

 

• Some obese adolescents will normalise OGTT 
as have transient insulin resistance of puberty 

 

• Insulin sensitivity does not change over time 

 
 

Levy J et al. 1998. Diabet Med; 15:290-296 



A different disease to that seen in adults:  
poorer treatment response, worse ß cell function 

Nadeau et al. Diab Care 2016;39:1635-1642 

• 80% of ß-cell 
function is reduced 
or lost at diagnosis   
(cf 50% in adults) 

 
• And further 

declines after 
diagnosis (2-4x 
faster loss than 
adults) 



What determines glycaemic control in young 
people with T2DM? 

 

• Residual ß cell function at diagnosis appears to be most important factor 

     (ie. Insulin secretion more important than insulin sensitivity) 

• Weight gain and BMI 

• Mental health 

• Puberty related insulin resistance 

• Heterogenous population 

• Bimodal distribution 

 

 

Two groups of patients? 
 
1. Stable normalisation 

of BGLs on initial 
treatment and HbA1c 
in target 

2. Rapidly progressive 
disease and elevated 
HbA1c, treatment 
failure 

Viner et al. 2017. Lancet; 389: 2252-60 



Treatment 



Importance of intensive early treatment 
“We believe that adolescent type 2 diabetes needs to be reframed as a  

severe progressive phenotype” 
(Viner et al, 2017. Lancet.) 

 

• Aim HbA1c <6.5% (47.5mmol/mol)  

• “treat to target” 
 

• ‘Window of opportunity” to treat and improve long term outcomes 

• Preserve B cell function for longer 
 

• Earlier and increased complications in youth onset diabetes 
 

• Monitor for complications from diagnosis, then annually 
 

• Higher rates of treatment failure – why? 
 

 
TODAY study group, 2012. NEJM; 366(24): 2247–2256. 



Current treatment recommendations in <18yo 
(ISPAD 2018) 

 

• Limited options due to lack of evidence / licensed meds 

• Lifestyle changes, whole of family approach 

HbA1c <8.5% (69.4mmol/mol) and no symptoms 
 
• Metformin 

• Start at 500-100mg daily for 1-2 weeks 
• Titrate by 500mg every week until reach 

maximal dose of 1g bd 
• Then change to XR formulation (2g daily) as less 

side effects 

HbA1c ≥8.5% (69.4mmol/mol) or ketosis 
 
• Need lantus 0.25-0.5U/kg/day 
• Start Metformin at same time 
• Transition to full dose metformin over 2-6 weeks 

while reducing insulin dose 
 

 

If HbA1c >6.5% within 4 months of metformin 
monotherapy, consider insulin (up to 1.5U/kg/day) 



Current treatment recommendations in 18-25yo 
(CARPA  2017) 

 

 

 

Lifestyle changes 

Metformin (reduce dose in renal 
impairment) 

Add second agent 
• Exenatide (GLP1 agonist) * 

• SGLT2 inhibitor * 
• Insulin 

• Gliptin (DPP4 inhibitor) * 
• Gliclazide MR (Sulfonylurea) * 

• Pioglitazone (thiazolidinedione) 

Add third agent 
* Avoid in pregnancy 



Management of complications 
 

Accelerated complications cf adults 
 

• Retinopathy 

• Microalbuminuria 

• Monitor weight, height, BMI, waist circumference 

• Blood pressure (aim <95th centile for gender, age and ht) 

• Annual FBC, EUC, LFTs, TFTs, fasting lipids, Vitamin D 

• Lipid aims: 

• LDL-C < 2.6mmol/L 

• HDL-C >0.91mmol/l 

• Triglycerides <1.7mmol/L 

• Mental health 

• Neuropathy, feet 

• Screen for PCOS, OSA, smoking, alcohol use 

 



What are the barriers in management? 
• Socioeconomic 

disadvantage 

• Access to health services 

• Competing health needs 

• Shame of diagnosis 

• Normalisation of diabetes 

in family 

• Food insecurity 

• Limited health service 

resources 

• Limited local resources 

for lifestyle change 

• Health literacy 

• Mental health 
McGovack et al, 2017. Lancet 



The future and the past…. 



Future trajectories post youth onset diabetes   
• High rate of complications 

• 23x ↑ risk ESRF cf non-diabetic patients 

• Early foot ulceration (even 2 years post 

diagnosis) 

• 3.5x ↑ risk AMI cf later onset DM 

 

• Complications at an early age 

 

• 15 year reduction in life expectancy if 

diagnosed at <25yo 

 

• Pregnancies complicated by hyperglycaemia 

and increased risk to next generation 

 

 

Renal Survival:  
• 100% for T1 & T2 at 10yrs since diagnosis 
• 15yrs: 92% T2 vs 100% T1 
• 20yrs: 55%  T2 vs 100% T1 

Rhodes et al, 2012. Diab Med. 
Wilmot et al, 2014. Ther Adv Chron Dis 
Dart et al, 2012. Diab Care  



Intergenerational diabetes 

T2DM 

Obesity 

No diabetes GDM Pre-existing DM 

• 90% of young people with diabetes have a 
parent or grandparent affected 
 

• Altered growth patterns, obesity 
 

• Hyperglycaemia in pregnancy: 
• ↑ risk of T2DM later in life, additive to 

genetic susceptibility (differing risk 
between siblings) 

• Continuum of risk 
 

• ↑ BP 
 

Dabelea D et al. J Mat-Fet Med 2000; 9(1):83-8. 
Dabelea D et al. Diabetes 2000; 49(12): 2208-11. 
Dabelea D et al. Diabetes Care 2007; 30(2) 



The scene is set early in life….. 

• Interactions between environment, epigenetic changes, 
organ programming, neurohormonal signalling  
 

• Low risk individuals: 
• Contain chronic fuel overload  
• Healthy β cells and increased s/c adipose tissue 

 
• At-risk young people: 

• Unable to contain fuel overload  
• Vulnerable islets (susceptible to failure if overworked)  
• Adipose tissue develops an abnormal phenotype when 

stressed (visceral) 
• Leads to ↑ inflammatory cytokines  

• → stress and injury in multiple tissues, and Type 2 
diabetes 

Nolan et al, 2011. Lancet. 



Screening and prevention 



Screening 
2012 Azzopardi et al (MJA) 

 

From 10yo (or earlier if pubertal) in Indigenous children with 

any of: 

• Acanthosis nigricans 

• Overweight or obese (BMI Z score ≥1) 

• Family history of diabetes 

• Dyslipidaemia 

• Psychotropic medications 

• Maternal history of diabetes in pregnancy 

 



Childhood obesity in Top End 
• 2017 audit by remote nutritionists of 

TEHS PHC sites (data courtesy of Khia de Silva) 

 

• Only 42% of children <15yo had both 

height and weight measured (so 

unknown BMI in 58%) 

 

• Obesity rates increase from 7yo, 

large regional variation 

 

• Only 21.5% of obese children were 

identified as such in PCIS, only 10% 

given care plan 



Is there any evidence for screening if no 
indication of insulin resistance? 
• Limited 

• Canadian First Nations (Dean et al 1998) 

• Recommend screening from 7yo  

• 15% of children with T2DM were <10yo (all obese, all with insulin resistance and 

asymptomatic) 
 

• USA (Baranowski et al 2006) 

• Fasting and OGTT detected <1% T2DM prevalence in high risk ethnicity adolescents 

• 5.6% had IFG, 2% had IGT, 36% with insulin resistance (all high BMI) 
 

• Japan (Urakami et al 2007) 

• School aged screening for urinary glycosuria 

 

 



Suggested screening pathway for young 
people in NT 
 

Young person at risk 

Measure HbA1c 

HbA1c <5.7% 
(39mmol/mol)  

HbA1c 5.7-6.4%  
(39-46 mmol/mol) 

HbA1c ≥6.5% 
(48mmol/mol) 

OGTT No diabetes 

Annual screening 

Diabetes 

Formal bloods, 
complication 
screening, care plan, 
treatment 

‘Pre-diabetes’ 

Treat insulin resistance 

NT Youth 
Diabetes 
Working Group 
2018 



Prevention of youth onset diabetes 
• Complex, no clear evidence 

 

• Need to focus upstream of individuals 

• Multi-sector 

• Need innovative approaches 

• Whole of family, whole of community 
 

• Prevention of childhood obesity 
 

• Target high risk families 
 

• Interventions early in life (prevent intergenerational transmission) 
 

• Address mental health 



The complexities…… 



What don’t we know about youth onset T2DM? 

• How do we preserve β cell function long term? 

 

• What treatments (or combinations) will be safe long term in young people and most 

effective? 

 

• Why do some young people have such a severe phenotype? 

 

• How and when to intervene to prevent intergenerational diabetes and metabolic disease? 

 

• How are mental health issues and T2DM best addressed? 

 

• How do we prevent complications? 

 



What don’t we know in the NT? 
• The true number of children and young people with T2DM in NT (and northern Australia)  

• 2018 Hot North Pilot project underway (Dr Aveni Haynes) 

 

• How do young people and families understand diabetes? 

 

• What are the priorities of young people and families? 

 

• How best to engage young people and avoid stigma? 

 

• What is the best model of care? 

 

• What innovative ‘outside of the box’ approaches will work? 

 

• What is an effective intervention for childhood obesity in remote communities? 

 

 

2018 Hot North  

Early Career    

Fellowship  
(Dr Renae Kirkham) 



“One cannot tackle the epidemic of diabetes 
without addressing the underlying social 
issues that contribute to the disease and 

create barriers to its management…..” 

Harris et al, 2016. Diab Res Clin Prac. 

A call to action….. 



QUESTIONS? 


