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SECTION A

Pathophysiology of Type 2 Diabetes mellitus in children
Jyoti Kini
Abstract:
While Type 2 diabetes mellitus (T2DM) continues to be a disease of the elderly and the middle
aged, currently there has been an upsurge in the incidence of T2DM in the adolescents and the
young. Family history, maternal gestational diabetes, low birth weight have contributory role to
play in the pathophysiology of T2DM.
The pathophysiology underlying the development of alterations in glucose metabolism ranging
from abnormal fasting glucose (AFG) to impaired glucose intolerance (IGT) is multifactorial. The
early onset of diabetes in childhood or adolescence heralds a long disease interval with resultant
escalation of the probability of development of co-morbidities and the entire range of macro- and
microvascular complications.
Key words: Pathophysiology, type 2 diabetes mellitus, multifactorial

Introduction:
While Type 2 diabetes mellitus (T2DM)
continues to be a disease of the elderly and
the middle aged, currently there has been
an upsurge in the incidence of T2DM in
the adolescents and the young. This is
especially true in high prevalence
populations and is a consequence of the
steady increase in the global prevalence of
T2DM. 1-3
Worldwide, in children, type1 diabetes is
still the predominant type of the disease,
however within ten years it will be
outnumbered by those with T2DM. Until a
decade ago, T2DM accounted for less than
3% of all newly diagnosed cases of
diabetes in the young, though currently
about 45% are credited to be T2DM.3
Moreover the early onset of diabetes in
childhood or adolescence heralds a long
disease interval with resultant escalation of
the probability of development of comorbidities and the entire range of macroand microvascular complications. 1, 2

Pathophysiology:
There is limited data available on the
pathophysiology of T2DM in the young.
The rise of incidence of overweight and

obesity is mirrored by a rise in T2DM
indicating cause and effect. This holds
good particularly when the obesity is
central and there is a decrease in physical
activity.
Family
history,
maternal
gestational diabetes, low birth weight have
contributory role to play. These conditions
are associated with insulin resistance and
fall in insulin secretion secondary to β cell
failure is the crucial step.1, 2, 4
The pathophysiology underlying the
development of alterations in glucose
metabolism ranging from abnormal fasting
glucose (AFG) to impaired glucose
intolerance (IGT) is multifactorial.1 Owing
to the paucity of information on the
pathophysiology of T2DM in children and
adolescents, an extrapolation with that
available
from
adults
is
done.
Identification of genes involved in type 2
diabetes has proved difficult as a result of
the complex inheritance patterns and
interaction with the environment.1, 2, 4
Quite a few of the major predisposing
genes have been located on chromosome
1q, 12q, 20q and 17q.5 Minor genes
include the Pro12Ala polymorphisms in
peroxisome proliferator activated receptor
(PPAR)-γ and the kir 6.2 E23K variant.6
Studies have revealed a strong family
history of T2DM in the parents and first
119
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degree relatives of the young affected by
T2DM.1,2 Members of these families tend
to be overweight or inactive with an
increased tendency to high fat intake and
binge eating. Economic development and
urbanization has ushered in lifestyle
changes along with a rise in childhood/
adolescent overweight and obesity with
consequent increase in T2DM. Even in
India the age adjusted prevalence of
overweight among 13- to 18- year olds
was 18% in boys and 16% in girls, the
prevalence
rates
being
directly
proportionate to age and socioeconomic
status and indirectly with physical
Sedentary
lifestyle
and
activity.2,7
inactivity are the main reasons for
overweight and obesity. It has been
reported that cigarette smoking, higher
body mass index and lower parental
education at baseline are associated with
reduced bodily activity. Dependence and
fixation with television, electronic gadgets
and computer devices have been linked
with childhood obesity and have also been
related to consumption of high fat, high
calorie foods.8 Socioeconomic status,
lower status in developed nations and
higher in developing countries, also plays
a contributory role.2 The risk for obesity
and glucose intolerance in adulthood
increases with low birth weight babies.
Gestational diabetes also adds to the
chances of the progeny developing
impaired glucose tolerance (IGT) and
T2DM. High insulin levels in the amniotic
fluid at 33-38 weeks of gestation forecasts
IGT later.2, 9
Most studies in the young with T2DM
suggest that insulin resistance is an early
feature in these children. To begin with,
insulin
presents
as
compensatory
hyperinsulinemia. Insulin resistance in
liver is revealed in the form of decreased
hepatic glucose uptake and impaired
suppression of glucose production rather
there is overproduction of glucose inspite
of the hyperinsulinemia.4 Similarly, insulin
resistance in the muscle causes a decreased
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glucose transport and uptake by the
myocytes presenting as postprandial
hyperglycemia.4 As the disease progresses
and β cell failure ensues and the β cell is
unsuccessful
in
counteracting
the
1,2
Severe
peripheral resistance state.
insulin resistance is associated with fat
accumulation in liver and muscle tissues
and decreased sensitivity of β cell insulin
secretion.1,4 Elevated free fatty acids
(FFA), fat derived inflammatory cytokines
and low adiponectin levels in obese
children may be the potential triggers for
accelerated β cell failure.1,4 Lipotoxicity
induced by chronically elevated FFA gives
rise to further gluconeogenesis and
hepatic/muscle
insulin
resistance.
Deposition of fat in the β cell results in
impaired secretion of insulin and β cell
failure.4 Hypersecretion of islet amyloid
polypeptide and amyloid deposition within
the pancreas have also been incriminated
in progressive β cell failure.4
Obese adolescents with T2DM have
approximately 80% reduction or loss of β
cell function.4,10,11 In their study in obese
adolescents, Cali et al reported that the
individuals with abnormal fasting glucose
(AFG) had decreased glucose sensitivity of
first phase insulin secretion and liver
insulin sensitivity as compared to those
with IGT who had more severe degrees of
peripheral insulin resistance and subjects
with normal glucose tolerance.12 Obese
adolescents with IGT are more insulin
resistant than those with normal glucose
tolerance (NGT) despite the comparable
degree of adiposity.1 Progression to AFG
from NGT is associated with 50% decline
in β cell volume indicating a significant
loss of β cell mass even before the onset of
T2DM.4 Also the insulin secretion relative
to insulin sensitivity shows a significantly
declining pattern, highest in youth with
NGT, intermediate in youth with IGT and
lowest in those with T2DM.13
Obese adolescents who show signs of
glucose dysregulation, including AFG,
IGT or both are more likely to have
120

Journal of International Medicine and Dentistry 2015; 2(2): 118-136

Symposium: Type 2 Diabetes Mellitus in Children

impaired insulin secretion rather than
reduced insulin sensitivity. Hence they are
at high risk for progression to T2DM. Any
further loss of insulin sensitivity or
secretion will further enhance the chances
for this progression. The development of
T2DM from a stage of insulin resistance is
much faster in obese children.1 The
increase in the prediabetes conditions
parallels the rise in prevalence of T2DM
with IGT being reported in 25% of
children and 21% of adolescents with
marked obesity, irrespective of the ethnic
backgrounds.14 The deterioration of β cell
function is faster (about 15% per year) in
children/ adolescents with T2DM as
compared to adults.15
There is a hyperbolic relationship between
insulin sensitivity and secretion. When
there is a fall in insulin sensitivity an
increase in insulin secretion maintains
euglycemic level. This is termed as the
‘disposition index’ (DI).1,4,16 The β cell is
considered as a responsive organ to stimuli
generated by insulin target tissues such as
muscle, liver or fat. Hyperglycemia may
therefore be an adaptive response, to
trigger a signal for β cell to secrete insulin
to meet the increased demand. Weiss et al
used oral glucose tolerance test (OGTT) to
demonstrate the phenomenon of glucose
allostasis i.e., an increase in ambient
glycemia in order to maintain a constant
DI when the sensitivity to insulin is
diminishing. Overweight children who
progress to IGT exhibit lower DI values as
compared with those whose glucose
tolerance is maintained, suggesting an
early defect in β cell function may trigger
the development of IGT and T2DM in the
obese youth.17
The detection of hepatic steatosis is a
significant marker of multi-organ insulin
resistance and risk of T2DM.1,18 Insulin
resistance is directly related to percent
hepatic fat. 60-90% of adolescents with
T2DM have acanthosis nigricans, a
physical marker of insulin resistance.
Obese youngsters with polycystic ovarian
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syndrome also have a 50% loss of
peripheral
insulin
sensitivity
with
development of hepatic insulin resistance
and compensatory hyperinsulinemia.1,2
In conclusion, in the pediatric population,
the speedy rate of development of
alterations in glucose homeostasis and
progression to T2DM is driven by the
rapid loss of β cell function suggesting a
more aggressive disease course when
compared to adults.
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SECTION B

Clinical scenario of Type 2 Diabetes mellitus in children
Mallikarjungowda S Patil
Abstract:
Type 2 diabetes mellitus (T2DM) is a heterogeneous disorder, characterized by peripheral insulin
resistance and failure of beta cells to keep up with increasing insulin demand. T2DM children are
usually obese, may present with mild symptoms of polyuria and polydypsia.
A systemic approach for treatment of T2DM should be implemented according to the natural course
of the disease, including adding insulin when oral hypoglycemic agents failure occurs. Life style
modification is an essential part of management. When lifestyle interventions fail to normalize
blood glucose, oral hypoglycemic agents are introduced for management of persistent
hyperglycemia.
Key words: Type 2 diabetes mellitus, polyuria, polydipsia, oral hypoglycaemic agents

Introduction:
Type 2 diabetes in children was formerly
known as non-insulin dependent diabetes
or adult onset diabetes. Type 2 diabetes is
a heterogeneous disorder, characterized by
peripheral insulin resistance and failure
of beta cells to keep up with increasing
insulin demand. Generally they are not
ketosis prone, but ketoacidosis may
develop. T2DM is considered a polygenic
disease aggravated by environmental
factors, such as low physical activity and
excessive caloric intake. Most patients are
obese, though the disease can occasionally
be seen in normal weight individuals1.
Risk factors:
Childhood obesity,
sedentary life style, decreased physical
activity, Low economic status, maternal
smoking, smoking in young2.

Clinical features:
T2DM in children more likely to be
diagnosed in native Americans, Hispanic
Americans, and African American youth.
Its highest incidence is in Pima group
Indians Youth (15- 19 years prevalence is
5%)(Pima are group of indigenous
Americans living in an area consisting of
what is now central and southern Arizona)

. Most are diagnosed at adolescence,
incidence increases with increasing age.
Family history of T2DM will be present
practically in all cases. T2DM children are
usually obese, may present with mild
symptoms of polyuria and polydypsia.
They may also present with no symptoms
and detected on screening tests.
On physical examination they may have
acanthosis nigricans - skin lesions seen in
neck and flexural areas, Striae, increased
waist to hip ratio. T2DM children may
have polycystic ovarian disease, lipid
disorders and hypertension.3
Maturity onset diabetes of young
(MODY)—A rare form of DM in children,
that includes several disorders caused by
monogenic defects in beta cell function
inherited as autosomal dominant fashion4.
Testing for T2DM in children 1, 3
Criteria
• Overweight (BMI >85th percentile for
age and sex, weight for height >85th
percentile, or weight >120% of ideal for
height)
Plus Any 2 of the following risk factors:
• Family history of type 2 diabetes in 1st
or 2nd degree relative
123
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• Race/ethnicity (American Indian, African
American, Hispanic, Asian/Pacific
Islander)
Signs of insulin resistance or conditions
associated with insulin resistance
(acanthosis
nigricans,
hypertension,
dyslipidemia, polycystic ovary syndrome)
Age of initiation: Age 10 yr or at onset of
puberty if puberty occurs at a younger age
Frequency: Every 2 years
Test: Fasting plasma glucose preferred
Laboratory testing reveals elevated HbA1c
levels and HbA1c values are higher at
diagnosis among less percentage of youth.

Hyperlipidemia characterized by elevated
triglycerides and low density lipoprotein
(LDL) cholesterol levels are commonly
seen in patients with T2DM at diagnosis.
Therefore lipid screening is indicated in all
new cases of T2DM. The current
recommendation is to use fasting blood
glucose as a screening test, but some
authorities now recommend that HbA1c be
used as a screening tool and it has the
advantage that a fasting sample is not
required. In borderline or asymptomatic
cases, the diagnosis may be confirmed.

RESEARCH SCHEME FOR CLASSIFICATION OF DIABETES IN CHILDREN
AND YOUTH 3:
OBESE
YES

NO

Fasting
c-peptide/ insulin

Auto antibodies

No
High

Fasting
c-peptide/ insulin

low

High
T2DM

Yes
IM type 1

low

Auto antibodies

Yes
IM type 1

No
Idiopathic type 1

T2DM

or MODY

Idiopathic type 1
or MODY

124
Journal of International Medicine and Dentistry 2015; 2(2): 118-136

Symposium: Type 2 Diabetes Mellitus in Children

www.jimd.in

Complications of T2DM and their monitoring 7
Blood pressure
Hypertension
Fatty liver

Polycystic ovarian disease

Microalbuminuria
Dyslipidemia
Sleep apnea

AST, ALT, USG

Menstrual history, assessment of androgen excess with total /
free testosterone, DHEA
Urine albumin concentration, urine/creatinine ratio
Fasting lipid profile. Obtain at diagnosis and every 2 yrs
Sleep study to assess overnight oxygen saturation.

Treatment:
Type 2 diabetes mellitus is a progressive
syndrome that gradually leads to complete
insulin deficiency during a patient’s life.
A systemic approach for treatment of
T2DM should be implemented according
to the natural course of the disease,
including adding insulin when oral
hypoglycemic agents failure occurs.
Lifestyle modification is an essential part
of management. There is no definite
dietary or exercise regimen, but most
centers recommend low fat, low calorie
diet, with 30-60 minutes physical activity
atleast 5 times per week. When lifestyle
interventions fail to normalize blood
glucose, oral hypoglycemic agents are
introduced for management of persistent
hyperglycemia.
Patients who present with diabetic keto
acidosis or with markedly elevated HbA1c
(>9.0%) will require treatment with
insulin using protocols similar to those
used for treating T1DM. Once blood
glucose levels are under control most cases
can be managed with oral hypoglycemic
agents and lifestyle changes, but some

patients will continue to require insulin
therapy.
The most commonly used oral agent is
metformin. Renal function must be
assessed before starting metformin as
impaired renal function has been
associated with potentially fatal lactic
acidosis in adults. Significant hepatic
dysfunction is also a contraindication,
though mild elevations in liver enzymes
may not be an absolute contraindication.
The usual starting dose is 500 mg bid and
this may be increased to a maximum dose
of 2,500 mg per day. Abdominal
symptoms are common early in the course
of treatment, but in most cases will resolve
with
time.
Other
agents
like
thiazolidinediones (TZDs), sulfonylureas,
acarbose, pramlintide, and incretin
mimetics are being used routinely in
adults, but in pediatrics they constitute 2nd
line agents at this time. Sulfonylureas are
widely used in adults, but experience in
pediatrics is limited. Sulfonylureas cause
insulin release by closing the potassium
channel (KATP) on β cells. They are
occasionally used when metformin
monotherapy
is
unsuccessful
or
125
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contraindicated for some reason (use in
certain forms of neonatal diabetes) 1, 5
Pramlintide (Symlin) is an analog of IAPP
(islet amyloid polypeptide), which is a
peptide that is co-secreted with insulin by
the β cells and acts to delay gastric
emptying, suppress glucagon, and possibly
suppress food intake. It is not yet approved
for pediatric use5. The term impaired
glucose tolerance (IGT) is suggested as a
replacement
for
terms
such
as
asymptomatic diabetes, chemical diabetes,
subclinical diabetes, borderline diabetes,
and latent diabetes in order to avoid the
stigma associated with the term diabetes
mellitus. Although IGT represents a
biochemical intermediate between normal
glucose metabolism and that of diabetes,
experience has shown that few children
with IGT go on to acquire diabetes;
estimates range from zero to 10% 6.
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SECTION C

Epidemiology and Prevention of Type 2 Diabetes Mellitus
in children
Savindika Nawarathna, Animesh Jain
Abstract:
Type 2 diabetes mellitus was considered rare amongst children, but recently the incidence has
increased worldwide with almost half of the newly diagnosed cases being children and adolescents.
Type 2 diabetes mellitus (T2DM) is primarily characterized by insulin resistance detected at the
level of skeletal muscle, liver, and adipose tissues with a failure of β-cell compensation and a relative
insulin deficiency.
A variety of risk factors like race, obesity, insulin resistance, family history, psychococial factors,
birth weight, exposure to maternal DM and breastfeeding can influence the development of T2DM.
Type 2 DM screening in the paediatric population should be clinically focused and take into
account not only those risk factors identified in the American Diabetes Association guidelines, but
also the clinical context, pubertal status, and the results of simple screening measures such as fasting
glucose and triglycerides. More outcome-based research is required before general screening, to
identify children and adolescents with pre-diabetes or insulin resistance can be recommended.
Key words: Type 2 diabetes mellitus, insulin, children

Introduction:
Considered a silent killer, diabetes has
affected about 382 million people globally
with a rapidly increasing epidemic
amongst children. Previously, type 2
diabetes mellitus was considered rare
amongst children, but recently the
incidence has increased worldwide with
almost half of the newly diagnosed cases
being
children
and
adolescents1.
Originating from the Greek word
‘Diabeinein’ meaning ‘siphon’ or ‘pass
through’, diabetes is a complex metabolic
disorder
characterized
by
chronic
hyperglycaemia resulting from defects in
insulin secretion and/ or action which in
turn
leads
to
abnormalities
of
carbohydrate, fat and protein metabolism 2,
3
.
Type 2 diabetes mellitus (T2DM) is
primarily
characterized
by insulin
resistance detected at the level of skeletal
muscle, liver, and adipose tissues with a
failure of β-cell compensation and a

relative insulin deficiency. Once thought
to be a disease of adulthood, T2DM is
becoming increasingly common in
children and adolescents. In adults, there is
an established progression from insulin
resistance to glucose intolerance (IFG or
IGT) toT2DM. Progression through these
stages can occur over many years and is
often unaccompanied by symptoms of
disease. The extent to which children
progress through stages of obesity, insulin
resistance, and glucose intolerance is not
fully understood; however, it appears that
the pathway to disease is much shorter and
less predictable in children than in adults.
Paediatric patients with T2DM are usually
overweight or obese (BMI>85thpercentile
for age and sex), and co morbidities such
as hypertension and dyslipidemia can be
present at diagnosis. Polycystic ovarian
syndrome is a common co-morbidity in
adolescent girls diagnosed with T2DM.
Often there is a strong family history
amongst family members. Diet and
exercise are the mainstays of treatment for
T2DM. Unlike T1DM, T2DM can
127
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successfully be treated
hypoglycemic agents 4, 5, 6.

with

oral

Risk Factors:
Race/ Ethnicity
Race and ethnicity is a very significant
factor amongst adults diagnosed with Type
2 DM, and it is suggested that holds the
same importance for the youth. Certain
races are seen to have a greater affinity
towards developing the condition. In
multiple studies, the only paediatric cases
of Type 2DM are of non-European
backgrounds. Higher prevalence have been
seen in Asians, Hispanics, indigenous
peoples (U.S.A., Canada, Australia), and
African-Americans, with the highest rates
in the world being observed in Pima
Indians 7, 8, 9.
Obesity
The risk of Type 2 DM increases with
increasing weight, weight gain, body mass
index (BMI),waist-to-hip ratio and central
fat deposition 10, 11. Japanese studies
demonstrate a rise in paediatric Type 2DM
incidence, paralleling rises in obesity from
1975 to 1995 12. A Turkish study of 196
obese 7 to18 year olds, found that 35
(18%) had IGT and six (3%) had T2DM 13.
A lifestyle predisposing to obesity also
seems to characterize families of
adolescents with T2DM 14.The problem of
obesity also extends to developing nations,
particularly in relatively affluent urban
areas. In India, a recent study reported that
18% of 13 to18 year old children were
found to be overweight 15, with the
prevalence correlating positively with age
and socioeconomic status and negatively
with physical activity. Considering that
obesity goes hand in hand with numerous
non communicable diseases, type 2 DM
holds a strong correlation with it, leading
us to believe that lifestyle modification has
a huge role to play in the reduction of the
epidemic.
Insulin Resistance

www.jimd.in

Type 2DM in youth typically occurs
during puberty and is thought to coincide
with a physiologic rise (as high as 50%) in
insulin resistance 16, 17. Healthy
adolescents are able to compensate for the
pubertal rise in insulin resistance with an
increase in insulin secretion. However,
some adolescents’ pancreatic β-cells
cannot overcome this rise in insulin
resistance, and therefore a relative insulin
deficiency develops, eventually leading to
Type 2DM 13, 18.Since puberty occurs on
average a year earlier in females than
males, pubertal insulin resistance also
begins earlier in females 19. This may
partly explain the female predominance in
adolescent Type 2DM, and the earlier age
of onset in females. Using frequently
sampled intravenous glucose tolerance
tests, other authors demonstrated that both
African-American and Hispanic children
have more insulin resistance than those of
European ancestry 18, 20.
Family History
Many studies show a strong family history
among affected youth, with 45–80%having
at least one parent with DM and 74–100%
having a first- or second-degree relative
with Type 2DM 21.
Psychosocial Factors
Many youth with Type 2DM are obese,
and obesity may play a role in the
development of depression 22-24. In
addition, negative body image and weight
concerns have been associated with
subsequent depression in girls in several
studies 25. Hence, it can be considered
more or less to be a vicious cycle, which
can be altered by lifestyle modification
and parental guidance.
Birth weight
Several risk factors for Type 2DM during
the foetal or neonatal period have been
described. They all appear to act through
increasing the risk of obesity at earlyages.
Being either small for gestational age
(SGA) or large for gestational age (LGA)
was associated with the development of
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Type 2DM later in life 26-32. Both genetic
and environmental factors are likely to be
involved in mediating these relationships.
Studies of monozygotic and dizygotic
twins have shown that the lower birth
weight twin has a greater risk of DM in
adulthood, suggesting the importance of
environmental and intrauterine factors.
Children born SGA were also more likely
to develop hypertension and dyslipidemia
later in life. In case-control studies
including French subjects selected from a
population-based registry of births 33, 34,
individuals born SGA demonstrated
hyperinsulinemia and insulin resistance as
early as the age of 20 years when
compared with controls born with normal
size. In a recent German study, lower birth
weight was associated with higher HbA1c
among healthy non-diabetic youth 35, 36.
Exposure to maternal DM
Several reports have convincingly shown
that exposure to maternal DM in utero isa
significant risk factor for obesity, IGT, and
Type 2DM in youth37.
Breastfeeding
In population-based studies, breastfeeding
is protective against later development of
obesity and Type 2DM38-41. Even as
infants, bottle-fed babies have significantly
higher plasma insulin levels and a
prolonged insulin response to glucose42. A
longer duration of exclusive breastfeeding
also appears highly protective in a dose
dependent manner against overweight and
obesity in children of various age groups.

Epidemiology:
The epidemiology of Type 2 DM in youth
is yet unclear because of its relative rarity,
the infrequency of comprehensive
registries, and the small number of
appropriate, population and clinical based
studies. There is, therefore, a need for
large population-based studies using
standardized case definitions to define the
magnitude of the problem of childhood
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T2DM. Population-based studies, where
all individuals within a geographical area
undergo diabetes screening, are ideal to
determine prevalence, as they capture even
undiagnosed cases. However, among the
limited number of available populationbased studies of Type 2 DM in youth, few
test oral glucose tolerance [the gold
standard for diabetes mellitus diagnosis]
and many lack key data essential to
differentiate Type 2 DM from Type 1 DM.
A couple of population and clinic based
studies had been done over the years
which have determined the incidence and
prevalence of Type 2 DM in those
particular areas and ethnicities. The studies
have been summarized in Table I and II.

Screening and Prevention:
Prevention can occur at multiple stages in
the development of the disease. Primordial
prevention refers to efforts to prevent the
development of risk factors for the disease,
while primary prevention refers to efforts
to prevent the development of the disease
in the presence of risk factors. Secondary
prevention aims to identify existing but
undiagnosed cases in an attempt to alter
the early natural history of the clinical
condition. Finally, tertiary prevention
refers to efforts focused on prevention and
control of complications once the disease
is present.
Type 2 DM should itself be considered a
complication of obesity in susceptible
children. Therefore, primordial prevention
of Type 2DM entails the prevention of
obesity in children and adolescents in
general, as well as in those patients who
are most at risk for development of Type
2DM and its associated disorders. Primary
prevention efforts focus on the prevention
of the development of diabetes once
obesity is established. These can be
divided into interventions to reduce
obesity and other risk factors, either
through behavioural or pharmacologic
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Table I: Studies of Prevalence of Type 2 Diabetes in Youth
Study/Location
NHANES
III/U.S.A.

Age Group

Prevalence per 1000

Period

Reference

12-19

1.3

1988-1994

43

NHANES/U.S.A.

12-19

3

1999-2002

44

Canada
Indian Health
Service

4-19

11.1

1996-1997

45

15-19

5.4

1998

46

10-14

22.3

1992-1996

47

15-19

50.9

6-18

0.09(males)

1993-1999

48

2005

49

2000

50

Arizona, USA
Taiwan

0.15(females)
Israel

17

0.36(males)
0.1(females)

Saudi Arabia

<14

1.2

14-29

7.9

Table II: Studies of Incidence of Type 2 Diabetes in Youth
Study/Location
Chicago, USA

Age Group

Incidence per 100,000

Period

Reference

0-17

15.2(African
American)

1985-1999

51

10.7(Latino)
Cincinnati

10-19

7.2

1994

52

UK

0-17

2.9(Blacks)

2004-2005

53

1.25(South Asians)
Japan

2.0/105 (primary
grades)

<15

54,55

13.9/105 (junior high)
0.35(Whites)
Australia

0-17

intervention,
and
those
designed
specifically to prevent the onset of
diabetes. Medications to reduce the weight

17

1990-2000

56

of the child are proven to be useful tools.
On the other hand, Behavioural methods
and lifestyle modification have proven to
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be effective too. It is suggested that there
may be some benefit to interventions
where the parent is given responsibility for
behaviour change, rather than the child.
Secondary prevention includes screening
for Type 2DM in order to modify the
clinical course of diabetes. Tertiary
intervention would involve efforts to
prevent and control complications of Type
2 DM in affected children.
The micro vascular complications of Type
2 DM, such as hypertension, nephropathy,
and retinopathy, are frequently identified
at the time of diagnosis of Type 2 DM in
children and adolescents57. The presence
of complications at diagnosis implies the
existence of long standing hyperglycaemia
and suggests that the diagnosis of Type 2
DM could have been made earlier,
allowing for earlier intervention. In
addition to the presence of complications
at diagnosis, adolescents with Type 2 DM
may have acute diabetes presentations,
including hyperglycaemic hyperosmolar
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state (HHS) 58 and malignant hyperthermia
like syndrome with rhabdomyolysis 59.
These conditions are associated with high
rates of morbidity and mortality that might
be preventable if diagnosis were made
earlier in the course of disease
development. Therefore, there has been
great interest in the development of
screening strategies aimed at identifying
early diabetes in children at risk in order to
avoid life threatening presentations and the
development of chronic complications that
are associated with significant patient and
economic burden.
In 2000, the American Diabetes
Association
(ADA)
issued
recommendations for Type 2 DM
screening
among
children.
These
recommendations were based on clinical
reports, showing that affected children
were obese, pubertal, had a family history
of Type 2 DM, and other clinical signs of
insulin resistance. The guidelines from
2007 are presented in Table III.

Table III: Testing for T2DM in Children—ADA Recommendations 60
Criteria:
-Overweight (BMI > 85th percentile for age and sex, weight for height > 85th percentile,
or weight >120% of ideal for height)
Plus any two of the following risk factors:
-Family history of T2DM in first- or second-degree relative
-Race/ethnicity (Native American, African-American, Latino, Asian-American, Pacific
Islander)
-Signs of insulin resistance or conditions associated with insulin resistance (acanthosis
nigricans,
hypertension, dyslipidemia, or PCOS)
-Maternal history of diabetes or GDM
Age of initiation: age 10 yr or at onset of puberty, if puberty occurs at a younger age
Frequency: every 2 yr
Test: Fasting plasma glucose preferred
There are several tests that could be used
in a screening program for IGT and DM in
adolescents. These include urine glucose,

casual (non-fasting) blood glucose, fasting
glucose, formal glucose tolerance tests,
and hemoglobinA1c. In general, urine
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testing, though convenient and amenable
to wide-spread screening that does not
require a blood draw 61, has been
considered
too
insensitive
for
identification of cases of diabetes in highrisk patients. Blood tests are considered
specific, but till date they have been
specific in determining diabetes mellitus in
general, rather than specifically pin
pointing on Type 2 DM. Hence screening
for cases, at this point is not considered
very confirmatory for Type 2 DM.
Therefore, a specific test for determining
the condition must be introduced making it
easier for clinicians and for researches in
finding the exact prevalence and incidence
of Type 2 DM amongst the youth.

Conclusions:
Today, we stand in challenging times
where diabetes amongst children has to be
defined in completely different words.
From Type 1 DM being the sole cause of
DM amongst children approximately ten
years back, today, Type 2 DM with its
questionable pathogenesis and sparse
literature, it makes it very difficult for the
doctors to calm this roaring epidemic
down, especially in the developing and
under
developed
countries,
where
resources are limited. Encouragement
towards this subject is an immediate
requirement.
Type 2 DM screening in the paediatric
population should be clinically focused
and take into account not only those risk
factors identified in the ADA guidelines,
but also the clinical context, pubertal
status, and the results of simple screening
measures such as fasting glucose and
triglycerides.
More
outcome-based
research is required before general
screening, to identify children and
adolescents with pre diabetes or insulin
resistance can be recommended. With the
trend of increase of Type 2 DM in
children, further research into risk factors,
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associations, prevention and control should
be conducted and encouraged. The studies
shown above are insufficient to determine
the worldly growth of Type 2 DM amongst
the children since they have been
conducted a couple of years back, where in
diabetes
amongst
children
was
synonymous to Type 1 DM. In addition,
research determining screening techniques
specific to Type 2 DM must be established
because determining trends become hard
when clinicians or researchers have to
solely depend on a patient’s history and
examination to arrive a confident
diagnosis.
Furthermore, Care for diabetic children
should be improved in developing
countries to avoid the progression of the
disease to a complicated state. Parents and
guardians should be given proper training
and lessons to monitor and manage their
child’s condition and make them as
comfortable as possible.
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