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Definition

Diabetes mellitus (DM) is a group of metabolic
diseases characterized by chronic hyperglycaemia
resulting from defects in insulin secretion, insulin
action, or both. The abnormalities in carbohydrate,
fat, and protein metabolism that are found in diabetes
are due to deficient action of insulin on target tissues.
If ketones are present in the blood or urine, treatment
is urgent because ketoacidosis can evolve rapidly.

Diagnostic criteria for diabetes in
childhood and adolescence

Diagnostic criteria for diabetes are based on blood
glucose measurements and the presence or absence
of symptoms (E) (1, 2). Three ways to diagnose
diabetes are possible and each, in the absence of
unequivocal hyperglycaemia, must be confirmed, on
a subsequent day, by any one of the three methods
given in Table 1.

d Diabetes in children usually presents with charac-
teristic symptoms such as polyuria, polydipsia,
blurring of vision, and weight loss, in association
with glycosuria and ketonuria.

d In its most severe form, ketoacidosis, or rarely
a non-ketotic hyperosmolar state, may develop and
lead to stupor, coma, and in absence of effective
treatment, death.

d The diagnosis is usually confirmed quickly by
measurement of a marked elevation of the blood
glucose level. In this situation, if ketones are present

in the blood or urine, treatment is urgent. Waiting
another day to confirm the hyperglycaemia may be
dangerous in allowing ketoacidosis to evolve
rapidly.

d In the absence of symptoms or presence of mild
symptoms of diabetes, hyperglycaemia detected inci-
dentally or under conditions of acute infective,
traumatic, circulatory, or other stress may be transi-
tory and should not in itself be regarded as diagnostic
of diabetes. The diagnosis of diabetes should not be
based on a single plasma glucose concentration.
Diagnosis may require continued observation with
fasting and/or 2-h postprandial blood glucose levels
and/or an oral glucose tolerance test (OGTT).

d An OGTT should not be performed if diabetes can
be diagnosed using fasting, random, or postprandial
criteria, as excessive hyperglycaemia can result
using a fasting OGTT in these circumstances. It is
rarely indicated in making the diagnosis of type 1
DM (T1DM) in childhood and adolescence (E) (2).

d If doubt remains, periodic re-testing should be under-
taken until the diagnosis is established or refuted.

Impaired glucose tolerance and impaired
fasting glycaemia

d Impaired glucose tolerance (IGT) and impaired
fasting glycaemia (IFG) are intermediate stages in
the natural history of disordered carbohydrate meta-
bolism between normal glucose homeostasis and dia-
betes (E) (3, 4).

d IFG and IGT are not interchangeable and represent
different abnormalities of glucose regulation. IFG is
a measure of disturbed carbohydrate metabolism in
the basal state, while IGT is a dynamic measure
of carbohydrate intolerance after a standardized
glucose load.

d Patients with IFG and/or IGT are now referred to
as having ‘pre-diabetes’, indicating the relatively
high risk for development of diabetes in these
patients (A) (5, 6).

d They can be observed as intermediate stages in any
of the disease processes listed in Table 2.

d IFG and IGT may be associated with the metabolic
syndrome (MS), which includes obesity (especially
abdominal or visceral obesity), dyslipidaemia of the
high-triglyceride and/or low-high density lipopro-
tein (HDL) type, and hypertension.
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d Individuals who meet the criteria for IGT or IFG
may be euglycaemic in their daily lives as shown
by normal or near-normal glycated haemoglobin
levels, and those with IGT may manifest hyper-
glycaemia only when challenged with an OGTT.

Categories of fasting plasma glucose (FPG) are
defined as follows:

d FPG , 5.6 mmol/L (100 mg/dL) ¼ normal fasting
glucose.

d FPG 5.6–6.9 mmol/L (100–125 mg/dL) ¼ IFG.
d FPG � 7.0 mmol/L (126 mg/dL) ¼ provisional diag-
nosis of diabetes (the diagnosis must be confirmed, as
described above under ‘Diagnostic criteria’).

The corresponding categories when the OGTT is
used are as follows:

d 2-h postload glucose , 7.8 mmol/L (140 mg/dL) ¼
normal glucose tolerance.

d 2-h postload glucose 7.8–11.1 mmol/L (140–199 mg/
dL) ¼ IGT.

d 2-h postload glucose . 11.1 mmol/L (200 mg/dl) ¼
provisional diagnosis of diabetes (the diagnosis
must be confirmed, as described above).

Pathogenesis of T1DM

d Individuals have an absolute deficiency of insulin
secretion and are prone to ketoacidosis.

d Most cases are primarily due to T-cell mediated
pancreatic islet b-cell destruction, which occurs at
a variable rate and becomes clinically symptomatic
when approximately 90% of pancreatic b-cells are
destroyed (C) (7).

d Serological markers of an autoimmune pathologic
process, including islet cell, glutamic acid decarbox-
ylase (GAD), islet antigen (IA)-2, IA-2b, or insulin
autoantibodies (IAAs), are present in 85–90% of
individuals when fasting hyperglycaemia is detected
(B) (8, 9).

d Susceptibility to autoimmune T1DM is determined
by the interaction of multiple genes. Human leucocyte

antigen (HLA) genes having the strongest known
association, with linkage to DQA and DQB genes,
which can be either predisposing or protective (B)
(10–12).

d Individuals at increased risk of developing
T1DM can often be identified by measurement
of diabetes-associated autoantibodies, genetic
markers, and intravenous glucose tolerance testing
(B) (13–16).

d The environmental triggers (chemical and/or viral)
which initiate pancreatic b-cell destruction
remain largely unknown, but the process usually
begins months to years before the manifestation of
clinical symptoms (B) (15, 16).

d In geographical areas where T1DM occurs with
lower incidence, there is a higher rate of diabetic
ketoacidosis (DKA) at presentation (17, 18)

d When the clinical presentation is typical of T1DM
(often associated with DKA) but antibodies are
absent, then the diabetes is classified as T1B
(idiopathic). Other forms of diabetes should also
be considered as shown in Table 2.

Epidemiology of T1DM

d More than half of individuals with T1DM are
diagnosed before the age of 15 yr (B) (19). In
most western countries, T1DM accounts for more
than 90% of childhood and adolescent diabetes.
Type 2 DM (T2DM) is becoming more common
and accounts for a significant proportion of youth-
onset diabetes in certain at-risk populations (B)
(20).

d Epidemiological incidence studies define the ‘onset
of T1DM’ by the date of the first insulin injection
because of the variable time between the onset of
symptoms and diagnosis (B) (21).

d The incidence of T1DM varies greatly between
different countries, within countries, and between
different ethnic populations (B). Annual incidence
rates for childhood T1DM (0–14 yr age group)
comparing different countries of the world are
shown in Figure 1 (0.1–37.4 per 100 000) (21, 22).

Table 1. Criteria for the diagnosis of diabetes mellitus (1, 2) (E)

Symptoms of diabetes plus casual plasma glucose concentration � 11.1 mmol/L (200 mg/dL).* Casual is defined as any
time of day without regard to time since the last meal.

or
Fasting plasma glucose � 7.0 mmol/L (�126 mg/dL).† Fasting is defined as no caloric intake for at least 8 h.
or
2-h postload glucose � 11.1 mmol/L (�200 mg/dL) during an oral glucose tolerance test (OGTT). The test should be
performed as described by the World Health Organization (WHO) (2), using a glucose load containing the equivalent of
75 g anhydrous glucose dissolved in water or 1.75 g/kg of body weight to a maximum of 75 g (3).

*Corresponding values (mmol/L) are �10.0 for venous whole blood and �11.1 for capillary whole blood.
†Corresponding values are �6.3 mg/dL for both venous and capillary whole blood.

Craig et al.
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d In Europe, incidence rates show a close correlation
with the frequency of HLA susceptibility genes in
the general population (B) (23–26).

d In Japan, the incidence of T1DM is extremely low at
1.5–2.0 per 100 000 and has a different and unique
HLA association compared with Caucasians (27).
In addition, a slowly progressive form of T1DM is
common (28).

d Gender differences in incidence are found in some,
but not all, populations (B) (21, 29–32).

d A well-documented rise in the incidence has
been noted in many countries, and in some reports,
there has been a disproportionately greater

increase in those younger than the age of 5 yr (B)
(33–35).

d A seasonal variation in the presentation of new
cases is well described, with the peak being in the
winter months (B) (32, 36, 37).

d Despite familial aggregation, there is no recogniz-
able pattern of inheritance. The risk of diabetes to
an identical twin of a patient with T1DM is about
36% (B) (38); for a sibling, the risk is approximately
4% by the age of 20 yr (B) (39, 40) and 9.6% by the
age of 60 yr (B) (41), compared with 0.5% for the
general population. The risk is higher in siblings of
probands diagnosed at a younger age (B) (40, 42).

Table 2. Aetiological classification of disorders of glycaemia

I. Type 1
b-cell destruction, usually leading to absolute insulin deficiency
A. Autoimmune
B. Idiopathic

II. Type 2
May range from predominantly insulin resistance with relative insulin deficiency to a predominantly secretory defect with
or without insulin resistance

III. Other specific types
A. Genetic defects of b-cell function E. Drug or chemical induced
Chromosome 12, HNF-1a (MODY3) Vacor
Chromosome 7, glucokinase (MODY2) Pentamidine
Chromosome 20, HNF-4a (MODY1) Nicotinic acid
Chromosome 13, insulin promoter factor
(IPF)-1 (MODY4)

Glucocorticoids
Thyroid hormone

Chromosome 17, HNF-1b (MODY5) Diazoxide
Chromosome 2, NeuroD1 (MODY6) b-adrenergic agonists
Mitochondrial DNA mutation Thiazides
Chromosome 11, KCNJ11 (Kir6.2),
ABCC8 [sulphonylurea receptor 1 (SUR1)]

Dilantin
a-Interferon

Others Others
B. Genetic defects in insulin action F. Infections
Type A insulin resistance Congenital rubella
Leprechaunism Cytomegalovirus
Rabson–Mendenhall syndrome Coxsackie B4
Lipoatrophic diabetes Others
Others G. Uncommon forms of immune-mediated diabetes

C. Diseases of the exocrine pancreas ‘Stiff-man’ syndrome
Pancreatitis Anti-insulin receptor antibodies
Trauma/pancreatectomy Autoimmune polyendocrine syndrome deficiencies

I and IINeoplasia
Cystic fibrosis Others
Haemochromatosis H. Other genetic syndromes sometimes

associated with diabetesFibrocalculous pancreatopathy
Others Down’s syndrome

D. Endocrinopathies Klinefelter’s syndrome
Acromegaly Turner’s syndrome
Cushing syndrome Wolfram’s syndrome
Glucagonoma Friedreich’s ataxia
Phaeochromocytoma Huntington’s chorea
Hyperthyroidism Laurence–Moon–Biedl syndrome
Somatostatinoma Myotonic dystrophy
Aldosteronoma Porphyria
Others Prader–Willi syndrome

Others

IV. Gestational diabetes

HNF, hepatocyte nuclear factor; MODY, maturity-onset diabetes of the young.
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Pediatric Diabetes 2006: 7: 343–351 345



151050 20 25 30 35 40 45
Fiji

China (Zunyi)
Thailand

Columbia
Pakistan

Paraguay
China (H.K.)

Korea
Japan
Cuba

Macedonia
Chile

Romania
Israel

Argentina
Croatia
Russia

Brazil
Latvia

Poland
Lithuania

Sudan
France
Algeria

Slovenia
Libya

Portugal
Hungary

Slovak Republic
Czech Republic

Austria
Greece

Bulgaria
Cyprus

Luxembourg
USA (Hispanic)

Estonia
Belgium

Italy (Liguria)
Netherlands

Iceland
Germany

Malta
Spain

Denmark
Puerto Rico (USA)

USA (African-American)
USA (White)
UK (Oxford)

Canada (Calgary)
Norway

UK (Northern Ireland)
Australia

Kuwait
New Zealand

UK (Scotland)
Sweden
Canada
Sardinia
Finland

Fig. 1. Annual incidence rates for type 1 diabetes mellitus (T1DM) (0–14 yr age group) comparing different countries in the world [modified
from the International Diabetes Federation Atlas (80)].
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d T1DM is two to three times more common in the
offspring of diabetic men (3.6–8.5%) compared with
diabetic women (1.3–3.6%) (B) (40, 42–47).

Classification

The etiological classification recommended by the
American Diabetes Association (ADA) (E) (1) and the
World Health Organization (WHO) expert committee
on the classification and diagnosis of diabetes (E) (2)
is shown in Table 2 with minor modification.

Classifying types of diabetes

The differentiation between T1DM, T2DM, and
monogenic diabetes has important implications for
both therapeutic decisions and educational ap-
proaches. Regardless of the type of diabetes, however,
the child who presents with severe fasting hyper-
glycaemia, metabolic derangements, and ketonaemia
will require insulin therapy initially to reverse the
metabolic abnormalities (48).
The possibility of other types of diabetes should be

considered in the child who has the following:

d An autosomal dominant family history of diabetes.
d Associated conditions such as deafness, optic
atrophy, or syndromic features.

d Marked insulin resistance or requires little or no
insulin outside the partial remission phase.

d A history of exposure to drugs known to be toxic to
b-cells or cause insulin resistance.

Measurement of fasting insulin or C-peptide is
useful in the diagnosis of T2DM in children. Fasting

insulin and C-peptide levels are usually normal or
elevated, although not as elevated as might be
expected for the degree of hyperglycaemia (E) (49).
If patients are treated with insulin, measuring
C-peptide when the glucose is sufficiently high (.8
mmol/L) to stimulate C-peptide will detect if endog-
enous insulin secretion is still occurring. This is rare
outside the honeymoon period (2–3 yr) in children
with T1DM (E). T2DM is more completely discussed
in a later chapter.
Characteristic features of youth-onset T1DM in

comparison with T2DM and monogenic diabetes are
shown in Table 3.

Maturity-onset diabetes of the young

Maturity-onset diabetes of the young (MODY) was
described as a disorder with the following character-
istics: onset before 25 yr of age, autosomal dominant
inheritance, non-ketotic DM (50, 51).
These classical definitions given to MODY are no

longer very helpful, as T2DM occurs in children and
will often meet all these criteria (B, C) (52). In
addition, defining the molecular genetics has shown
that there are marked differences between genetic
subgroups within these old, broad categories, mak-
ing it much more appropriate to use the genetic
subgroups, an approach that has been supported by
the ADA and WHO in their guidelines on classifi-
cation (E) (Table 2). There is great variation in the
degree of hyperglycaemia, need for insulin, and risk
for future complications (B) (53), see chapter, ‘The
diagnosis and management of monogenic diabetes in
children’.

Table 3. Clinical characteristics of T1DM, T2DM and monogenic diabetes in children and adolescents

T1DM T2DM Monogenic

Characteristics
Genetics Polygenic Polygenic Monogenic
Age Throughout childhood Usually pubertal

(or later)
Often postpubertal except
MODY2 and neonatal
diabetes

Onset Most often acute, rapid Variable; from slow,
mild (often insidious)
to severe

Variable

Associations
Autoimmunity Yes No No
Ketosis Common Rare Rare in MODY, common in

neonatal diabetes
Obesity Reflects the

background risk
Very common Reflects the background

risk
Acanthosis nigricans No Yes No

Frequency (% of all
diabetes in young people)

Usually 90%1 Most countries ,10%
(Japan 60–80%)

?1–3%

Parent with diabetes 2–4% 80% 90%

MODY, maturity-onset diabetes of the young; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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Neonatal diabetes

Insulin-requiring hyperglycaemia in the first 3–6
months of life is known as neonatal DM.

d This rare condition (1 in 400 000 births) may be
associated with intra-uterine growth retardation (C)
(54, 55). Approximately half of the cases are
transient and have been associated with paternal
isodisomy and other imprinting defects of chromo-
some 6 (B, C) (55, 56), see chapter, ‘The diagnosis
and management of monogenic diabetes in children’.
In patients with transient neonatal DM, permanent
diabetes may appear later in life (C) (57).

d Permanent cases have been associated with pancre-
atic aplasia, activating mutations of KCNJ11, which
is the gene encoding the adenosine-triphosphate-
sensitive potassium channel subunit Kir6.2 (7p15-
p13), as well as ABCC8 [sulphonylurea receptor 1
(SUR1)], also in the same chromosome region (57,
58); mutations of the insulin promoter factor-1
(IPF-1) (chromosome 7) in which there is pancreatic
aplasia; complete glucokinase deficiency (chromo-
some 7) (C) (59); mutations of the FOXP3 gene (T-
cell regulatory gene) as part of the IPEX syndrome
(C) (60).

Mitochondrial diabetes

Mitochondrial diabetes is commonly associated with
sensorineural deafness and is characterized by pro-
gressive non-autoimmune b-cell failure.

d Maternal transmission of mutated mitochondrial
DNA can result in maternally inherited diabetes.
Although several mutations have been implicated,
the strongest evidence relates to a point substitution
at nucleotide position 3243 (A to G) in the
mitochondrial tRNA [leu (UUR)] gene (B) (61,
62).

Cystic fibrosis and diabetes

Cystic fibrosis (CF)-related diabetes (CFRD) is
primarily due to insulin deficiency, but insulin
resistance during acute illness, secondary to infections
and medications (bronchodilators and glucocorti-
coids), may also contribute to IGT and diabetes.

d CFRD tends to occur late in the disease, typically in
adolescence and early adulthood.Cirrhosis, if present,
may contribute to insulin resistance. The onset of
CFRD is a poor prognostic sign and is associatedwith
increased morbidity and mortality. Poorly controlled
diabetes will interfere with immune responses to
infection and promote catabolism (E) (63, 64).

d Screening recommendations vary from testing
a random blood glucose level annually in all
children with cystic fibrosis �14 yr old to perform-
ing an OGTT annually in all those .10 yr old (63,
64), but conventional measures such as FPG,
OGTT, and haemoglobin A1c (HbA1c) may not
be appropriate tools for the diagnosis of diabetes in
patients with CF (B) (65).

d Insulin therapy initially may only be needed during
respiratory infections due to acute or chronic
infective episodes, but eventually, insulin therapy
is frequently necessary. Initially, insulin doses are
small (supplemental rather than total insulin
replacement). In some patients, early insulin ther-
apy prior to symptoms of hyperglycaemia may
provide metabolic effects beneficial to growth,
weight, and pulmonary function (66, 67) (B).

Drug-induced diabetes

d In neurosurgery, large doses of dexamethasone are
frequently used to prevent cerebral oedema (e.g.,
dexamethasone 24 mg/d). The additional stress of the
surgerymay add to the drug-induced insulin resistance
and cause a relative insulin deficiency, sufficient to
cause a transient form of diabetes. This will be
exacerbated if large volumes of intravenous dextrose
are given for diabetes insipidus. An intravenous
insulin infusion is the optimal way to control the
hyperglycaemia, which is usually transient.

d In oncology, protocols which use L-asparaginase,
high-dose glucocorticoids, cyclosporin, or tacroli-
mus (FK506) may be associated with diabetes.
L-Asparaginase usually causes a reversible form of
diabetes (B) (68). Tacrolimus and cyclosporin may
cause a permanent form of diabetes, possibly due to
islet cell destruction (C) (69). Often the diabetes is
cyclical and associated with the chemotherapy
cycles, especially if associated with large doses of
glucocorticoids.

d Following transplantation, diabetes most frequently
occurs with the use of high-dose steroids and
tacrolimus; the risk is increased in patients with
pre-existing obesity (B) (70, 71).

d Diabetes can also be induced by the use of atypical
antipsychotics including olanzapine, risperidol,
quetiapine, and ziprasidone, in association with
weight gain (72).

Stress hyperglycaemia

Stress hyperglycaemia has been reported in up to 5% of
children presenting to an emergency department. Acute
illness or injury, traumatic injuries, febrile seizures, and
elevated body temperature (.39�C) were identified as
the most common associated features (73).

Craig et al.
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d The reported incidence of progression to overt
diabetes varies from 0 to 32% (B, C) (74–79).
Children with incidental hyperglycaemia without
a serious concomitant illness were more likely to
develop diabetes than those with a serious illness
(77). Islet cell antibodies (ICAs) and IAAs testing
had a high positive and negative predictive value for
T1DM in children with stress hyperglycaemia (77).

Recommendations

d Diagnostic criteria for diabetes are based on blood
glucose measurements and the presence or absence
of symptoms (E) (1, 2).

d The diagnosis is usually confirmed quickly by
measurement of a marked elevation of the blood
glucose level. In this situation, if ketones are present
in the blood or urine, treatment is urgent. Waiting
another day to confirm the hyperglycaemia may be
dangerous in allowing ketoacidosis to evolve rapidly
(E).

d An OGTT should not be performed if diabetes can
be diagnosed using fasting, random or postprandial
criteria, as excessive hyperglycaemia can result. It is
rarely indicated in making the diagnosis of T1DM
in childhood and adolescence (E) (2).

d Severe hyperglycaemia detected under conditions of
acute infection, trauma, surgery, respiratory dis-
tress, circulatory, or other stress may be transitory
and require treatment but should not in itself be
regarded as diagnostic of diabetes (E).

d Measurement of diabetes-associated autoantibody
markers, e.g., ICAs, GAD, IA-2, IAAs and/or
HbA1c may be helpful in some situations. There is
currently insufficient evidence to support the
routine use of the HbA1c for the diagnosis of
diabetes (E) (1).

d Measurement of fasting insulin or C-peptide is useful
in the diagnosis of T2DM in children. Fasting insulin
and C-peptide levels are usually normal or elevated,
although not as elevated as might be expected for the
degree of hyperglycaemia (E) (49).

This article is a Chapter in the ISPAD Clinical
Practice Consensus Guidelines 2006–2007 of the
International Society for Pediatric and Adolescent
Diabetes (ISPAD, www.ispad.org). The complete set
of these Guidelines will later be published as
a compendium. Additional comments, clarifications
or corrections should be directed to the Correspond-
ing Author.

References

1. AMERICAN DIABETES ASSOCIATION. Diagnosis and Clas-
sification of Diabetes Mellitus. Diabetes Care 2005: 28:
S37–S42.

2. WORLD HEALTH ORGANIZATION. Definition, Diagnosis
and Classification of Diabetes Mellitus and its Compli-
cations. Part 1: Diagnosis and Classification of Diabetes
Mellitus. Geneva: WHO/NCD/NCS/99.2, 1999.

3. RASILAINEN S, YLIPAASTO P, ROIVAINEN M et al.
Mechanisms of beta cell death during restricted and
unrestricted enterovirus infection. J Med Virol 2004: 72:
451–461.

4. DAHLQUIST GG, FORSBERG J, HAGENFELDT L, BOMAN J,
JUTO P. Increased prevalence of enteroviral RNA in
blood spots from newborn children who later developed
type 1 diabetes: a population-based case-control study.
Diabetes Care 2004 27: 285–286.

5. HARRIS R, DONAHUE K, RATHORE SS, FRAME P, WOOLF

SH, LOHR KN. Screening adults for type 2 diabetes:
a review of the evidence for the U.S. Preventive Services
Task Force. Ann Intern Med 2003: 138: 215–229.

6. HOERGER TJ, HARRIS R, HICKS KA, DONAHUE K,
SORENSEN S, ENGELGAU M. Screening for type 2 diabetes
mellitus: a cost-effectiveness analysis. Ann Intern Med
2004: 140: 689–699.

7. GEPTS W. Pathologic anatomy of the pancreas in
juvenile diabetes mellitus. Diabetes 1965: 14: 619–633.

8. SABBAH E, SAVOLA K, EBELING T et al. Genetic,
autoimmune, and clinical characteristics of childhood-
and adult-onset type 1 diabetes. Diabetes Care 2000: 23:
1326–1332.

9. VERGE CF, STENGER D, BONIFACIO E et al. Combined use
of autoantibodies (IA-2 autoantibody, GAD autoanti-
body, insulin autoantibody, cytoplasmic islet cell anti-
bodies) in type 1 diabetes: Combinatorial Islet
Autoantibody Workshop. Diabetes 1998: 47: 1857–1866.

10. LAMBERT AP, GILLESPIE KM, THOMSON G et al.
Absolute risk of childhood-onset type 1 diabetes defined
by human leukocyte antigen class II genotype: a pop-
ulation-based study in the United Kingdom. J Clin
Endocrinol Metab 2004: 89: 4037–4043.

11. NOBLE JA, VALDES AM, COOK M, KLITZ W, THOMSON

G, ERLICH HA. The role of HLA class II genes in
insulin-dependent diabetes mellitus: molecular analysis
of 180 Caucasian, multiplex families. Am J Hum Genet
1996: 59: 1134–1148.

12. PUGLIESE A, KAWASAKI E, ZELLER M et al. Sequence
analysis of the diabetes-protective human leukocyte
antigen-DQB1*0602 allele in unaffected, islet cell
antibody-positive first degree relatives and in rare
patients with type 1 diabetes. J Clin Endocrinol Metab
1999: 84: 1722–1728.

13. KULMALA P, SAVOLA K, REIJONEN H et al. Genetic
markers, humoral autoimmunity, and prediction of type
1 diabetes in siblings of affected children. Childhood
Diabetes in Finland Study Group. Diabetes 2000: 49:
48–58.

14. MACLAREN N, LAN M, COUTANT R et al. Only multiple
autoantibodies to islet cells (ICA), insulin, GAD65, IA-
2 and IA-2beta predict immune-mediated (Type 1)
diabetes in relatives. J Autoimmun 1999: 12: 279–287.

15. SKYLER JS, KRISCHER JP, WOLFSDORF J et al. Effects of
oral insulin in relatives of patients with type 1 diabetes:
The Diabetes Prevention Trial – Type 1. Diabetes Care
2005: 28: 1068–1076.

16. VERGE CF, GIANANI R, KAWASAKI E et al. Prediction of
type I diabetes in first-degree relatives using a combina-
tion of insulin, GAD, and ICA512bdc/IA-2 autoanti-
bodies. Diabetes 1996: 45: 926–933.

17. DUNGER DB, SPERLING MA, ACERINI CL et al. European
Society for Paediatric Endocrinology/Lawson Wilkins
Pediatric Endocrine Society consensus statement on
diabetic ketoacidosis in children and adolescents.
Pediatrics 2004: 113: e133–e140.

Consensus Guidelines

Pediatric Diabetes 2006: 7: 343–351 349



18. LEVY-MARCHAL C, PATTERSON CC, GREEN A. Geo-
graphical variation of presentation at diagnosis of type I
diabetes in children: the EURODIAB study. European
and Diabetes. Diabetologia 2001: 44(Suppl. 3): B75–
B80.

19. VANDEWALLE CL, COECKELBERGHS MI, DE L et al.
Epidemiology, clinical aspects, and biology of IDDM
patients under age 40 years. Comparison of data from
Antwerp with complete ascertainment with data from
Belgium with 40% ascertainment. The Belgian Diabetes
Registry. Diabetes Care 1997: 20: 1556–1561.

20. PINHAS-HAMIEL O, ZEITLER P. The global spread of type
2 diabetes mellitus in children and adolescents. J Pediatr
2005: 146: 693–700.

21. KARVONEN M, VIIK-KAJANDER M, MOLTCHANOVA E,
LIBMAN I, LAPORTE R, TUOMILEHTO J. Incidence of
childhood type 1 diabetes worldwide. Diabetes Mon-
diale (DiaMond) Project Group. Diabetes Care 2000:
23: 1516–1526.

22. INTERNATIONAL DIABETES FEDERATION. Diabetes Atlas.
Second Edn, Brussels: IDF 2003.

23. DORMAN JS, BUNKER CH. HLA-DQ locus of the human
leukocyte antigen complex and type 1 diabetes mellitus:
a HuGE review. Epidemiol Rev 2000: 22: 218–227.

24. GILLESPIE KM, BAIN SC, BARNETT AH et al. The rising
incidence of childhood type 1 diabetes and reduced
contribution of high-risk HLA haplotypes. Lancet 2004:
364: 1699–1700.

25. ILONEN J, REIJONEN H, GREEN A et al. Geographical
differences within Finland in the frequency of HLA-DQ
genotypes associated with type 1 diabetes susceptibility.
Eur J Immunogenet 2000: 27: 225–230.

26. KUKKO M, VIRTANEN SM, TOIVONEN A et al. Geo-
graphical variation in risk HLA-DQB1 genotypes for type
1 diabetes and signs of beta-cell autoimmunity in a high-
incidence country. Diabetes Care 2004: 27: 676–681.

27. SUGIHARA S, SAKAMAKI T, KONDA S et al. Association of
HLA-DR, DQ genotype with different beta-cell func-
tions at IDDM diagnosis in Japanese children. Diabetes
1997: 46: 1893–1897.

28. OHTSU S, TAKUBO N, KAZAHARI M et al. Slowly
progressing form of type 1 diabetes mellitus in children:
genetic analysis compared with other forms of diabetes
mellitus in Japanese children. Pediatr Diabetes 2005: 6:
221–229.

29. KARVONEN M, PITKANIEMI M, PITKANIEMI J, KOHTAMAKI

K, TAJIMA N, TUOMILEHTO J. Sex differences in the
incidence of insulin-dependent diabetes mellitus: an
analysis of the recent epidemiological data. World
Health Organization DIAMOND Project Group. Dia-
betes Metab Rev 1997: 13: 275–291.

30. GALE EA, GILLESPIE KM. Diabetes and gender.
Diabetologia 2001: 44: 3–15.

31. CUCCA F, GOY JV, KAWAGUCHI Y et al. A male-female
bias in type 1 diabetes and linkage to chromosome Xp in
MHC HLA-DR3-positive patients. Nat Genet 1998: 19:
301–302.

32. WEETS I, KAUFMAN L, VAN der AB et al. Seasonality in
clinical onset of type 1 diabetes in Belgian patients
above the age of 10 is restricted to HLA-DQ2/DQ8-
negative males, which explains the male to female excess
in incidence. Diabetologia 2004: 47: 614–621.

33. EURODIAB ACE STUDY GROUP. Variation and trends in
incidence of childhood diabetes in Europe. Lancet 2000:
355: 873–876.

34. KARVONEN M, PITKANIEMI J, TUOMILEHTO J. The onset
age of type 1 diabetes in Finnish children has become
younger. Diabetes Care 1999: 22: 1066–1070.

35. ONKAMO P, VAANANEN S, KARVONEN M, TUOMILEHTO J.
Worldwide increase in incidence of type I diabetes – the

analysis of the data on published incidence trends.
Diabetologia 1999: 42: 1395–1403.

36. GREEN A, BRUTTI G, PATTERSON CC et al. Variation and
trends in incidence of childhood diabetes in Europe.
Lancet 2000: 355: 873–876.

37. LEVY-MARCHAL C, PATTERSON C, GREEN A. Variation by
age group and seasonality at diagnosis of childhood
IDDM in Europe. The EURODIAB ACE Study
Group. Diabetologia 1995: 38: 823–830.

38. OLMOS P, A’HERNR,HEATONDA et al. The significance of
the concordance rate for type 1 (insulin-dependent)
diabetes in identical twins. Diabetologia 1988: 31: 747–
750.

39. HARJUTSALO V, PODAR T, TUOMILEHTO J. Cumulative
incidence of type 1 diabetes in 10,168 siblings of Finnish
young-onset type 1 diabetic patients. Diabetes 2005: 54:
563–569.

40. STECK AK, BARRIGA KJ, EMERY LM, FIALLO-SCHARER

RV, GOTTLIEB PA, REWERS MJ. Secondary attack rate
of type 1 diabetes in Colorado families. Diabetes Care
2005: 28: 296–300.

41. LORENZEN T, POCIOT F, HOUGAARD P, NERUP J. Long-
term risk of IDDM in first-degree relatives of patients
with IDDM. Diabetologia 1994: 37: 321–327.

42. GILLESPIE KM, GALE EA, BINGLEY PJ. High familial risk
and genetic susceptibility in early onset childhood
diabetes. Diabetes 2002: 51: 210–214.

43. Anon. Familial risk of type I diabetes in European
children. The Eurodiab Ace Study Group and The
Eurodiab Ace Substudy 2 Study Group. Diabetologia
1998: 41: 1151–1156.

44. DORMAN JS, STEENKISTE AR, O’LEARY LA, MCCARTHY

BJ, LORENZEN T, FOLEY TP. Type 1 diabetes in offspring
of parents with type 1 diabetes: the tip of an
autoimmune iceberg? Pediatr Diabetes 2000: 1: 17–22.

45. EL HASHIMY M, ANGELICO MC, MARTIN BC, KROLEWSKI

AS, WARRAM JH. Factors modifying the risk of IDDM
in offspring of an IDDM parent. Diabetes 1995: 44:
295–299.

46. LORENZEN T, POCIOT F, STILGREN L et al. Predictors of
IDDM recurrence risk in offspring of Danish IDDM
patients. Danish IDDM Epidemiology and Genetics
Group. Diabetologia 1998: 41: 666–673.

47. WARRAM JH, KROLEWSKI AS, GOTTLIEB MS, KAHN CR.
Differences in risk of insulin-dependent diabetes in
offspring of diabetic mothers and diabetic fathers. N
Engl J Med 1984: 311: 149–152.

48. SILVERSTEIN J, KLINGENSMITH G, COPELAND K et al. Care
of children and adolescents with type 1 diabetes:
a statement of the American Diabetes Association.
Diabetes Care 2005: 28: 186–212.

49. AMERICAN DIABETES ASSOCIATION. Type 2 diabetes in
children and adolescents. Pediatrics 2000: 105: 671–680.

50. FAJANS SS, BELL GI, POLONSKY KS. Molecular mecha-
nisms and clinical pathophysiology of maturity-onset
diabetes of the young. N Engl J Med 2001: 345: 971–
980.

51. OWEN K, HATTERSLEY AT. Maturity-onset diabetes of
the young: from clinical description to molecular genetic
characterization. Best Pract Res Clin Endocrinol Metab
2001: 15: 309–323.

52. AMERICAN DIABETES ASSOCIATION. Type 2 diabetes in
children and adolescents. American Diabetes Associa-
tion. Diabetes Care 2000: 23: 381–389.

53. EHTISHAM S, HATTERSLEY AT, DUNGER DB, BARRETT

TG. First UK survey of paediatric type 2 diabetes and
MODY. Arch Dis Child 2004: 89: 526—529.

54. VON MUHLENDAHL KE, HERKENHOFF H. Long-term
course of neonatal diabetes. N Engl J Med 1995: 333:
704–708.

Craig et al.

350 Pediatric Diabetes 2006: 7: 343–351



55. METZ C, CAVE H, BERTRAND AM et al. Neonatal
diabetes mellitus: chromosomal analysis in transient and
permanent cases. J Pediatr 2002: 141: 483–489.

56. HERMANN R, LAINE AP, JOHANSSON C et al. Transient
but not permanent neonatal diabetes mellitus is
associated with paternal uniparental isodisomy of
chromosome 6. Pediatrics 2000: 105: 49–52.

57. GLOYN AL, PEARSON ER, ANTCLIFF JF et al. Activating
mutations in the gene encoding the ATP-sensitive
potassium-channel subunit Kir6.2 and permanent neo-
natal diabetes. N Engl J Med 2004: 350: 1838–1849.

58. MASSA O, IAFUSCO D, D’AMATO E et al. KCNJ11
activating mutations in Italian patients with permanent
neonatal diabetes. Hum Mutat 2005: 25: 22–27.

59. NJOLSTAD PR, SOVIK O, CUESTA-MUNOZ A et al.
Neonatal diabetes mellitus due to complete glucokinase
deficiency. N Engl J Med 2001: 344: 1588–1592.

60. BENNETT CL, CHRISTIE J, RAMSDELL F et al. The immune
dysregulation, polyendocrinopathy, enteropathy, X-
linked syndrome (IPEX) is caused by mutations of
FOXP3. Nat Genet 2001: 27: 20–21.

61. VAN DEN OUWELAND JM, LEMKES HH, RUITENBEEK W
et al. Mutation in mitochondrial tRNA(Leu)(UUR)
gene in a large pedigree with maternally transmitted
type II diabetes mellitus and deafness. Nat Genet 1992:
1: 368–371.

62. REARDON W, ROSS RJ, SWEENEY MG et al. Diabetes
mellitus associated with a pathogenic point mutation
in mitochondrial DNA. Lancet 1992: 340: 1376–1379.

63. YANKASKAS JR, MARSHALL BC, SUFIAN B, SIMON RH,
RODMAN D. Cystic fibrosis adult care: consensus
conference report. Chest 2004: 125: 1S–39S.

64. MORAN A, HARDIN D, RODMAN D et al. Diagnosis,
screening and management of cystic fibrosis related
diabetes mellitus: a consensus conference report. Dia-
betes Res Clin Pract 1999: 45: 61–73.

65. DOBSON L, SHELDON CD, HATTERSLEY AT. Conventional
measures underestimate glycaemia in cystic fibrosis
patients. Diabet Med 2004: 21: 691–696.

66. DOBSON L, HATTERSLEY AT, TILEY S, ELWORTHY S,
OADES PJ, SHELDON CD. Clinical improvement in cystic
fibrosis with early insulin treatment. Arch Dis Child
2002: 87: 430–431.

67. NOUSIA-ARVANITAKIS S, GALLI-TSINOPOULOU A, KARA-

MOUZIS M. Insulin improves clinical status of patients
with cystic-fibrosis-related diabetes mellitus. Acta Pae-
diatr 2001: 90: 515–519.

68. PUI CH, BURGHEN GA, BOWMAN WP, AUR RJ. Risk
factors for hyperglycemia in children with leukemia
receiving L-asparaginase and prednisone. J Pediatr
1981: 99: 46–50.

69. DRACHENBERGCB,KLASSENDK,WEIRMRet al. Islet cell
damage associated with tacrolimus and cyclosporine:
morphological features in pancreas allograft biopsies and
clinical correlation. Transplantation 1999: 68: 396–402.

70. MAES BD, KUYPERS D, MESSIAEN T et al. Posttrans-
plantation diabetes mellitus in FK-506-treated renal
transplant recipients: analysis of incidence and risk
factors. Transplantation 2001: 72: 1655–1661.

71. AL UZRI A, STABLEIN DM, COHN A. Posttransplant
diabetes mellitus in pediatric renal transplant recipients:
a report of the North American Pediatric Renal
Transplant Cooperative Study (NAPRTCS). Trans-
plantation 2001: 72: 1020–1024.

72. LEVITT KATZ LE, SWAMI S, ABRAHAM M et al. Neuro-
psychiatric disorders at the presentation of type 2 diabetes
mellitus in children. Pediatr Diabetes 2005: 6: 84–89.

73. VALERIO G, FRANZESE A, CARLIN E, PECILE P, PERINI R,
TENORE A. High prevalence of stress hyperglycaemia in
children with febrile seizures and traumatic injuries.
Acta Paediatr 2001: 90: 618–622.

74. SHEHADEH N, ON A, KESSEL I et al. Stress hyperglycemia
and the risk for the development of type 1 diabetes. J
Pediatr Endocrinol Metab 1997: 10: 283–286.

75. BHISITKUL DM, VINIK AI, MORROW AL et al. Pre-
diabetic markers in children with stress hyperglycemia.
Arch Pediatr Adolesc Med 1996: 150: 936–941.

76. VARDI P, SHEHADE N, ETZIONI A et al. Stress hypergly-
cemia in childhood: a very high risk group for the
development of type I diabetes. J Pediatr 1990: 117: 75–77.

77. HERSKOWITZ-DUMONT R, WOLFSDORF JI, JACKSON RA,
EISENBARTH GS. Distinction between transient hyper-
glycemia and early insulin-dependent diabetes mellitus
in childhood: a prospective study of incidence and
prognostic factors. J Pediatr 1993: 123: 347–354.

78. SCHATZ DA, KOWA H, WINTER WE, RILEY WJ. Natural
history of incidental hyperglycemia and glycosuria of
childhood. J Pediatr 1989: 115: 676–680.

79. HERSKOWITZ RD, WOLFSDORF JI, RICKER AT et al.
Transient hyperglycemia in childhood: identification of
a subgroup with imminent diabetes mellitus. Diabetes
Res 1988: 9: 161–167.

80. Incidence and trends of childhood Type 1 diabetes
worldwide 1990-1999. Diabet Med 2006: 23: 857–866.

Consensus Guidelines

Pediatric Diabetes 2006: 7: 343–351 351


