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The incidence and prevalence of T1DM in children 



Incidence of type 1 diabetes in children aged 0–14 years, by geographical 
region and over time



Age-specific incidence rates of T1DM 

Anastasia Katsarou et al., NATURE REVIEWS | DISEASE PRIMERS , 2017



Pathogenesis of T1DM 



Pancreatic inflammation and insulitis in T1DM 



The auto-immune attack to the beta-cells in Type 1 DM  
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a 25-year-old concept revisited
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Worldwide, approximately 79 000 children aged
less than 15 years are diagnosed with T1DM every
year. In total, 497 100 children in 2013 and 542 000
children in 2015 were diagnosed with T1DM
globally.
Globally, there is a large variation in DKA rates. 
The rates for children is in the range between 15 
and 80 % for new-onset T1DM and between 5 
and 7 % for already diagnosed T1DM

Johann Große1, Henriette Hornstein1, Ulf Manuwald1, Joachim Kugler1, Ingmar Glauche2, 
Ulrike Rothe1

Horm Metab Res 2018; 50: 209–222













 L’analisi indica che DKA è più comune nei paesi con un più basso
indice di sviluppo

 Il fattore latitudine è associato a KDA ovvero i bambini vicino
all’equatore (i tassi di DKA decrementano con l’aumentare della
altitudine) hanno i più alti tassi di KDA rispetto ai bambini
scandinavi

 I paesi con più alta incidenza e prevalenza di T1DM appaiono più
efficienti nel riconoscimento dei sintomi della KDA e
nell’insorgenza del T1DM

 Una più precoce diagnosi è avvantaggiata dal più alto livello di
assistenza medica
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Lack of Progression to DM of ICA+ 
0602+ Relatives
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T1DM- a slowly progressive T-cell mediated 
autoimmune illness
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We cannot easily/accurately measure islet mass in vivo or ex vivo
No accepted norm for the islet number within a human pancreas

Strong association with MHC class II (DQ in particular)
Other associations much weaker, population dependent-

e.g. insulin VNTR, CD152, other

Infectious agent(s)?- Etiology if true?
Environmental toxin(s)?
Absence of childhood illness?
Combination of factors?
Age of exposure?

Diabetes
Onset

β cell
Mass??

Is β cell mass
completely 
lost?

Can β cell
regeneration 
occur?

Is β cell loss
exclusively 
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What is the “slope” of the β cell loss?
Is recovery possible once process begins?
What underlies the effect of age on slope 

of β cell loss?
Why does the β cell destruction typically

occur slowly (in contrast to graft rejection)?

David Harlan





• Hispanics are under-represented in T1D research despite being the
largest minority and fastest growing immigrant population in the US.
About 1 in 6 people living in the US are Hispanic, which could be
nearly 1 in 4 by 2035

• Studies in patients with T1D suggest that Hispanics have unique
genetic, immunologic, metabolic and clinical characteristics, although
there are discrepancies among the reports

• Better understanding of the effect of ethnicity in T1D may explain
some of the differences in glycemic control and clinical outcomes
among ethnic groups. It may also shed light on research gaps and set
the stage for future advancement in the field.

Ethnicity in Type 1 Diabetes Current Diabetes Reviews, 2018, Vol. 14, No. 3 271
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Beta-cell Autoantibodies
• Newly diagnosed NHWs with T1D were found more likely to be

positive for multiple autoantibodies as compared to Hispanics

• Conflicting results have been reported on the prevalence of positivity
for glutamic acid decarboxylase autoantibody (GAD), compared with
NHW, with lower prevalence (54%) in Hispanic children with T1D in
some studies and higher (79.3% vs. 60.1%) prevalence for GAD as well
as for IA-2 (74.7% vs. 67%) in others, while similar frequencies were
observed for zinc transporter 8 autoantibody (ZnT8A) in both groups in
a T1DGC study

• The differences on islet autoantibody levels by race/ethnicity were
observed in a population based cohort of Colorado infants and
toddlers with increased genetic T1D risk in the DAISY (The Diabetes
and Autoimmunity Study in the Young) study: lower levels of GAD and
to a lesser degree insulin autoantibodies (IAA) in NHWs than in
minority children (86% Hispanic)

Ethnicity in Type 1 Diabetes Current Diabetes Reviews, 2018, Vol. 14, No. 3 271



Beta-cell Autoantibodies



• Autoantibody markers appear months or years before the onset of type 1 diabetes and
can occur as early as in the first year of life. Autoantibodies associated with type 1
diabetes have been detected in children as early as 3 months of age.

• The Environmental Determinants of Diabetes in the Young (TEDDY) study did show an
overall autoantibody incidence of 16.1/1000 person-years until 6 years of age in children
at genetic risk. However, the highest peak in incidence was found between 9 and 24
months of age which was similar in both children with family history of type 1 diabetes
and from the general population.

• IAA is likely the most common and the first autoantibody present in young children
before clinical onset. IAA is also reported to be associated with younger seroconversion
(first time present)

• GADA is usually the first autoantibody present before onset in adolescent and adulthood
and also in children if IAA is not present. The order of appearance was also shown to be
related to HLA-genotypes in the TEDDY study.

• GADA, IA-2A and ZnT8A are shown to be more persistent than IAA in children. Almost all
children, 90-100%, with initial GADA, IA-2A and ZnT8A positivity before clinical onset were
also positive for the same autoantibodies at diagnosis compared to IAA (75%).

Beta-cell Autoantibodies





Metabolic Characteristics
• Hispanic adults are consistently reported to be more obese [39] and insulin

resistant than NHWs. They were shown to have higher insulin and C-peptide
levels, higher insulin area-under-the-curve (AUC) in response to a standard
75-g oral glucose tolerance test (OGTT), and lower insulin sensitivity. In
children, prevalence of obesity was significantly higher in Hispanic than
NHW youth (21.9% vs. 14.7%) based on data from the National Health and
Nutrition Examination Survey in 2011-2014

• Hispanic youth with T1D were reported to have higher overweight and
obesity prevalence (up to 45.9% in Hispanics vs. 31.1% in NHWs), higher
body mass index (BMI), and BMI z-score.

• Although higher residual beta cell function was shown in Hispanics
previously, there was no association found between C-peptide and ethnicity
in 1,662 participants in a SEARCH study and 524 children with newly
diagnosed T1D at Texas Children’s Hospital.

Ethnicity in Type 1 Diabetes Current Diabetes Reviews, 2018, Vol. 14, No. 3 271



Clinical Characteristics
Approximately one third of the children presents with diabetic
ketoacidosis (DKA) at the onset of T1D, which can be associated with
significant morbidity and mortality. Hispanic children have been reported
to present with higher rate of DKA at the onset of T1D than NHWs in
multiple studies. Even though socio-demographic differences are
considered as important confounders, NHWs still had lower rate of DKA at
the onset after adjustment for those factors in a study including 5615
children with T1D. Nevertheless, similar rates of DKA at the onset were
shown in a Pediatric Diabetes Consortium Study (n=805) and a SEARCH for
Diabetes in Youth Study (n=2824).

Ethnicity in Type 1 Diabetes Current Diabetes Reviews, 2018, Vol. 14, No. 3 271



Management and Clinical Outcomes
• Hispanic youth are less likely to be treated with intensive insulin therapy than

NHWs: less likely to be provided a sliding scale with carbohydrate counting
and less likely to be treated with pump therapy after adjustment for
sociodemographic factors

• Not surprisingly, higher rate of Continuous Glucose Monitoring (CGM) use in
NHWs compared to Hispanics was reported in children less than 13 years of
age in T1D Exchange clinic registry

• Hispanic youth were 1.6-2.3 times more likely to have poor glycemic control
(defined by HbA1c above 9.5%) than NHWs on two different SEARCH studies

Ethnicity in Type 1 Diabetes Current Diabetes Reviews, 2018, Vol. 14, No. 3 271



To leverage the TrialNet study of subjects with a single diabetes
associated autoantibody at screening in order to explore factors
determining progression to multiple autoantibodies and,
subsequently, the pathogenesis of T1D.

Many observations hint at distinct disease-associated networks
leading to T1D, perhaps induced by distinct nongenetic events.
Such disease-associated pathways could operate in unison,
especially in children with T1D, who often have multiple
autoantibodies.
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ORs >1 reflect higher relative likelihood of being 
single-autoantibody positive at diagnosis 

ORs <1 reflect a lower relative likelihood (lower odds) of having a 
single autoantibody (i.e., higher relative odds of having multiple-
autoantibody positive at diagnosis).



Mean log-transformed AUC for C peptide



Mean log-transformed AUC for  glucose levels



SUMMARY

• La variante genetica TCF7L2 associata al
diabete di tipo 2 gioca un ruolo importante negli
individui più anziani

• Gli individui più giovani manifestano forma più
aggressiva di malattia, più rapido declino della funzione
β-cellulare prima e dopo l’insorgenza della malattia, più
alta frequenza di chetoacidosi correlata a più severa
insulino-deficienza e più bassi livelli di C peptide alla
diagnosi.

• Gli individui più anziani presentano meno alleli HLA
correlati al diabete di Tipo 1 e meno autoanticorpi,
ovvero presentano una forma meno aggressiva e
progressiva di autoimmunità insulare
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Islet function is impaired prior to the onset of diabetes in animal models of T1D. In
human, in vivo measurements show signs of beta-cell dysfunction up to 5 years prior to
diabetes onset. These findings suggest that beta cells become defective before they are
killed outright.

Correspondingly, insults that pertain to T1D, e.g., the release from inflammatory cells of
sub-lethal cytotoxic cytokines such as interferon γ (IFNγ), interleukin-1β (IL-1β), and
tumor necrosis factor-α (TNF-α), impair beta cell metabolism and the usual increases in
cytosolic ATP/ADP ratio following nutrient stimulation.









Diverse Modalità d’esordio



Novembre 2018, GDM
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