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Il ‘Peso’ del Diabete nei Bambini
 Il diabete è una delle malattie croniche più frequenti nei

bambini e negli adolescenti.
 L’80% dei pazienti con diabete di tipo 1 sono diagnosticati

prima dei 18 anni.
 Il diabete di tipo 1 è diagnosticato in oltre il 90% dei bambini

con iperglicemia.

International Diabetes Federation (2014)
Numero di bambini con diabete di tipo 1
(0-14 anni, migliaia) 497.1

Numero di bambini con diabete di tipo 1
per anno (0-14 anni, migliaia) 79.1

Aumento annuale di incidenza (%) 3-5
International Diabetes Federation, http://www.idf.org/



Cardiovascular
Disease

Diabetic
Retinopathy

Leading cause
of blindness

in working age
adults

Diabetic
Nephropathy
Leading cause of
end-stage renal disease

Stroke

2- to 4- fold
increase in
cardiovascular
mortality
and stroke

Diabetic
Neuropathy

Leading cause of non-traumatic
lower extremity amputations

Complicanze Vascolari del Diabete

International Diabetes Federation, http://www.idf.org/
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Genetic/familial
factors

Biological/
environmental

factors
• Blood pressure
• Lipids
• Puberty
• Gender
• BMI
• Disease duration
• Smoking

• Renal /CVD genes
• Family history of

hypertension,
dyslipidemia,
T2D, CVD

Vascular complications

GL
YC

AE
M

IC
 E

XP
O

SU
RE

Onset of T1D during childhood

Vascular complications



Nefropatia



Microalbuminuria

Albumin excretion rate between 20-200 µg/min or 30-300
mg/day  (timed overnight or 24 hour
urine collection)

Albumin concentration 30-300 mg/L
(early morning urine samples)

Albumin-creatinine ratio 2.5–25 mg/mmol in males
3.5–25 mg/mmol in females
(spot urine sample)

MA è la più precoce manifestazione di nefropatia diabetica

Definizione:



Controllo Glicemico e
Rischio di Microalbuminuria

Amin R et al., BMJ 2008

Nordwall M et al.,
Pediatr Diabet 2009

The Linkoping Diabetes
Complications Study

The Oxford Regional
Prospective Study



Pressione Arteriosa e Microalbuminuria

OR (95 %C.I.) p

Day-DBP (mmHg) 1.10 (1.02-1.19) 0.01

HbA1c (%) 1.44 (1.06-1.96) 0.02

ACR (mg/mmol) 3.06 (1.86-5.04) <0.001

Daytime DBP as an
independent predictor for the

development of MA

Abnormal nocturnal BP pattern  as
an independent predictor for the

development of MA

Lurbe E et al.,
N Engl J Med 2003

Marcovecchio ML et al.,
Diabetologia 2009





Retinopatia



Retinopatia Diabetica

• La retinopatia diabetica è la più comune
causa di nuovi casi di cecità in adulti di età
compresa tra 20 e 74 anni di età.

• Durante le prime due decadi di malattia
diabetica, praticamente tutti i pazienti con
diabete di tipo 1 e circa il 60% di pazienti con
diabete di tipo 2 hanno la retinopatia.

Ciulla TA et al., Diabetes Care 2003



• Consistent risk factors
- Duration of diabetes
- Hyperglycaemia
- Hypertension
- Hyperlipidaemia
- Pregnancy
- Nephropathy/renal disease

• Less consistent risk factors
- Obesity
- Smoking
- Moderate alcohol consumption
- Physical inactivity

Fattori di Rischio per Retinopatia Diabetica
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Prevenzione

Intensive education and treatment should be
used in children and adolescents to prevent
or delay the onset and progression of
complications (A).

Improvement in glycaemic control will
reduce the risk for onset and progression of
diabetes vascular complications (A).

ISPAD Clinical Practice Consensus Guidelines 2014. Pediatr Diabetes 2014



HbA1c < 7,5%



Trattamenti Addizionali
ISPAD

Il trattamento con un ACE-inibitore, titolato per la
normalizzazione della escrezione di albumina,
dovrebbe essere considerato quando la UACR supera i
30mg/g in due su tre campioni di urine.
Il campione dovrebbe essere ottenuto dopo un

intervallo di 6 mesi durante I quali si migliora anche il
controllo metabolico (B).

L’ ADA raccomanda di inziare il trattamento se è
presente microalbuminuria persistente.

Mancanza di studi clinici controllati!!!!



Dunger DB et al., BMC Pediatrics 2009
Results in 2016!



Obiettivi per Ridurre il Rischio di Complicanze
- HbA1c ≤7.5% (senza ipoglicemie gravi)
- LDL colesterolo < 2.6mmol/l (100 mg/dl)
- HDL colesterolo > 1.1mmol/l (42 mg/dl)
- Trigliceridi < 1.7mmol/l (150 mg/dl)
- Pressione arteriosa <90° centile per età, seso e altezza
- BMI <95° centile
- Fumo – VIETATO!
- Attività fisisca - moderata > 1 ora/giorno
- Attività sedentaria < 2ore/giorno
- Nutrizione appropriata

- calorie
- grassi <30% delle calorie, grassi saturi <10%
- fibre 25-35g/die, frutta e vegetali

ISPAD Clinical Practice Consensus Guidelines 2014. Pediatr Diabetes 2014



Valori di Soglia Raccomandati per Diversi Parametri
per Intervento e Prevenzione Primaria

Valore soglia Tipo di intervento
Pressione arteriosa > 90°
percentile per età, sesso e altezza

Stile di vita

Pressione arteriosa > 90°
percentile nonostante lo stile di
vita

ACEI

Pressione arteriosa >95° percentile Stile di vita e ACEI

LDL-C > 100 mg/dl  (2.6 mmol/l) Nutrizione
LDL-C > 130 mg/dl  (3.4 mmol/l) e
uno o più fattori di rischio CVD

Statine

Donaghue K et al., Pediatric Diabetes 2014



Cardiovascular
Disease

Diabetic
Retinopathy

Leading cause
of blindness

in working age
adults

Diabetic
Nephropathy
Leading cause of
end-stage renal disease

Stroke

2- to 4- fold
increase in
cardiovascular
mortality
and stroke

Diabetic
Neuropathy

Leading cause of non-traumatic
lower extremity amputations

International Diabetes Federation, http://www.idf.org/Grazie!
chiarelli@unich.it

Complicanze Vascolari del Diabete







The number of
people with diabetes
is increasing in every

country.

Diabetes caused
5.1 million deaths

in 2013.

Diabetes: The Global Burden
Year 2013



Diabetes Complications and Mortality

Orchard TJ et al., Diabetes 2010
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• Duration of T1D

• Puberty

• GH/IGF-I axis (↑GH; ↓IGF-I)

• ↑Blood pressure

• Dyslipidaemia

• Smoking

Other Risk Factors for
Microalbuminuria during Adolescence

Gender

Marcovecchio ML et al., Pediatr Diabet 2009

Others



Evidence for Genetic Risk
 DN incidence peaks during the second decade of diabetes and declines

thereafter. (Krolewski AS et al., Am J Med 1985)

 35% of patients with diabetes develop nephropathy, irrespective of
glycaemic control. (Andersen AR et al., Diabetologia 1983)

Seaquist ER et al., N Engl J Med 1989
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 Assessment for retinopathy should be performed by an
ophthalmologist or a trained experienced observer through dilated
pupils (B).

 Initial eye examination should also be considered to detect cataracts or
major refractive errors (E).

 The frequency of retinopathy screening in general should occur
annually, but should be more frequently if there are high risk features
for visual loss.

 For those with duration <10 yr, minimal background retinopathy on
fundus photography and reasonable glycemic control, biennial
assessment by fundal photography can occur (E).

ISPAD Clinical Practice Consensus Guidelines 2014. Pediatr Diabetes 2014

 Screening for retinopathy should start at 10 years of age or at onset of
puberty if this is earlier, with 2–5 yr diabetes duration (C).

Individuazione Precoce della Retinopatia



An initial dilated and comprehensive eye
examination should be considered for the child at the
start of puberty or at age ≥10 years, whichever is
earlier, once the youth has had diabetes for 3–5
years. (B)

After the initial examination, annual routine follow-
up is generally recommended. Less frequent
examinations, every 2 years, may be acceptable on
the advice of an eye care professional. (E)

Individuazione Precoce della Retinopatia



Prevenzione e Trattamento



1) There is limited evidence that the use of ACEi in
adolescents and children decreases albumin
excretion rate and reverses structural changes
within the kidney.(Grade A)

2) Sample sizes in the studies were small, but
seemed to be well tolerated with few reported
adverse events. (Grade A)

3) A large placebo controlled trial is required to
provide more robust evidence for the efficacy and
adverse effects with the use of ACEi in children.
(Grade A)



Dunger DB et al., BMC Pediatrics 2009
Results in 2016!



Pezzolesi M et al., Diabetes 2009

Genome-Wide Association Scan for DN
Susceptibility Genes in T1D

FRMD3

CARS



Ameur R et al., Nephrol Dial Transplant 2010

Biomarkers
of prediction

Biomarkers of
progression rate

Biomarkers of
regression

under therapy

Biomarkers of
spontaneous

regression

Proteomic Biomarkers of Diabetic Nephropathy



Role of miRNA in Diabetes
and its Complications

Kumar M et al., Protein Cell 2012



Individuazione Precoce della Nefropatia

 Annual screening for albuminuria should be undertaken by any of
these methods (E):
- first morning urine samples for urinary albumin/creatinine ratio

(ACR)
- or timed urine collections for albumin excretion rates (AER)

 Abnormal screening tests should be repeated, as microalbuminuria
may disappear and not be persistent (E).

 Because of biological variability, two of three consecutive
collections should be used as evidence of microalbuminuria.

 Confounders are exercise, menstrual bleeding, infections, fever,
kidney diseases, and marked hyperglycemia.

ISPAD Clinical Practice Consensus Guidelines 2014. Pediatr Diabetes 2014

 Screening for microalbuminuria should start from 10 yr of age, or at
onset of puberty if this is earlier, with 2-5 yr diabetes duration (C).



At least an annual screening for albuminuria, with a
random spot urine sample for albumin-to-creatinine
ratio (UACR), should be considered once the child
has had diabetes for 5 years (B).

Measure creatinine clearance/estimated glomerular
filtration rate at initial evaluation and then based
on age, diabetes duration and treatment (E).

Individuazione Precoce della Nefropatia



Sviluppo di Specifici ‘Target’ di Trattamento

Prolonged hyperglycemia

Amadori products

AGEs

RAGE

Intracellular signaling
molecules

Growth factors & cytokines

AGE formation inhibitors
• Aminoguanidine

• ALT-946
• Pyridoxamine

• OBP-9195
• LR-90

• Benfothiamine

AGE crosslink breakers
• PTB

• ALT-711
• C-36

• TRC-4186

AGE receptor antagonists
• sRAGE

• RAGE antibody

Interventions targeting signal
molecules

• PKC inhibitors
• NADPH oxidase inhibitors

• TGF-beta inhibitors
• Growth factors inhibitors



Conclusioni

●Il rischio di complicanze vascolari nei
bambini con diabete è alto.

●Le complicanze diabetiche microvascolari
influenzano negativamente la prognosi di
bambini ed adolescenti con diabete.

●La identificazione precoce di fattori di
rischio e manifestazioni precliniche è
essenziale per implementare strategie per
la prevenzione ed il trattamento di queste
pericolose complicanze.



Il ‘Peso’ del Diabete:
Incidenza delle Complicanze Vascolari

• Stroke Every 12 min
• Blindness Every 90 min
• Infarction Every 19 min
• Dialysis Every 90 min
• Amputation Every 19 min

Hammes HP et al., J Diabetes Complications 2003


