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Preface

Type 2 diabetes now affects over 5% of the world’s population and is

affecting progressively younger populations. This epidemic of type 2

diabetes parallels the global increase in obesity. The reasons for these

concomitant epidemics remain poorly understood, but involve the

complex interactions of genetic predisposition, prenatal environment,

and the major lifestyle and environmental changes brought about by

modernization, industrialization, and globalization.

Previously regarded as a disease of adults, type 2 diabetes is now seen

in adolescence and even childhood. Pediatricians and physicians caring

for the young have to decide whether a newly diagnosed child or adoles-

cent with diabetes has type 1 diabetes, type 2 diabetes, ADM (atypical

diabetes mellitus), MODY (maturity onset diabetes of the young), or one

of the other recently described forms of diabetes. In some parts of the

world, such as Japan, type 2 diabetes has become more prevalent than

type 1 diabetes, even in childhood and adolescence.

This book provides a state-of-the-art review and is aimed at pediatri-

cians, physicians, medical students, diabetes educators, and other

medical health professionals involved in the care of children and adoles-

cents with type 2 diabetes. In this volume, international experts address

the interrelationship of diabetes, obesity, insulin resistance and the

metabolic syndrome, the spectrum of clinical features and diagnostic

issues, the epidemiology, pathophysiologic basis, genetics, and the treat-

ment of type 2 diabetes in children and adolescents.



While there is a large body of information on type 2 diabetes in

adults, there are relatively few data on this disease in childhood and

adolescence. The available data in type 2 diabetes of young onset indi-

cate that the microvascular complications of diabetes (retinopathy and

nephropathy) are as severe and as frequent as in type 1 diabetes, while

the macrovascular complications are greatly accelerated. Children and

adolescents with type 2 diabetes will face the major complications of

diabetes as young adults, unless effective therapy can prevent these. 

The management of children and adolescents with type 2 diabetes is

complex and involves the whole family and the resources of the com-

munity. The treatment may involve weight reduction, lifestyle

modification, exercise programs, and medications to treat the hyper-

glycemia. Few of the drugs used in the treatment of type 2 diabetes and

even fewer of those used to reduce the risk of cardiovascular disease have

been licensed for use in childhood and adolescence.

The direct and indirect costs of diabetes and obesity are consuming a

large proportion of health care resources in both developing and devel-

oped nations. Children and adolescents with diabetes face a lifetime of

therapy and the likelihood of complications in young adulthood at a

time when family commitments and productivity should be at their

peak. The prevention of type 2 diabetes and obesity have become urgent

issues for all age groups, but especially so for children and adolescents.

Martin Silink

Kaichi Kida 

Arlan L Rosenbloom

viii Preface



c h a p t e r  1

Introduction – global
evolution of diabetes in
children and adolescents
Martin Silink, Kaichi Kida, and Arlan L Rosenbloom

Evolution is usually a process of slow change that can only be appreci-

ated after a considerable amount of time has passed. Although we think

of epidemics as being more revolutionary than evolutionary, we have

witnessed the evolution of two concurrent global non-communicable

disease epidemics, or pandemics, in less than 25 years. The epidemics of

obesity and type 2 diabetes, unlike acute and time-limited epidemics of

infections in the past, pose an insidious and continuing profound effect

on individual and public health. These pandemics are intimately linked,

with the epidemic of obesity preceding and setting the scene for the

development of type 2 diabetes. In the evolutionary process, these dis-

eases are now affecting progressively younger age groups. No longer can

we think of type 2 diabetes as maturity onset diabetes. In many parts of

the world and among certain ethnic groups, the incidence of type 2 dia-

betes in the adolescent age group is now equal to or greater than that of

type 1 diabetes and it is even being recognized in prepubertal children,

as young as 4–6 years in the USA and UK.1

Although 2–3% of pediatric diabetes had been recognized as being

type 2 at least 30 years ago,2–4 type 2 diabetes has only emerged as a

common pediatric disease in the past decade.5 Concomitantly, recogni-

tion of the epidemic of obesity and its multiple deleterious effects on

lifelong health, of which type 2 diabetes is only one aspect, has moved

this disease of civilization to the forefront of pediatric concerns.



Pediatricians need to deal with these challenging problems, and under-

stand their etiology, their morbidity, and what possible treatments are

available. Much remains unknown.

The global epidemic of type 2 diabetes parallels the increasing global

prevalence of obesity. In the USA, obesity rates exceed 20% of the popula-

tion. In the USA in 1988, data from the Centers for Disease Control and

Prevention (CDC) revealed that only 19 states had a prevalence of obesity

of 10 –14% and none had a documented prevalence in excess of this. By

1995, 27 states had a prevalence of obesity of 15–19%, with the remainder

having a prevalence of 10 –14%. The situation continued to deteriorate

and, by 2000, 23 states in the USA had a prevalence of obesity in excess of

20%, 26 with a prevalence of 15 –19%, and only one with a prevalence of

10 –14%.6 These alarming data have been mirrored by similar rises in

many other parts of the world. Children and adolescents have not been

exempt and a prevalence of obesity in excess of 10% has been recorded

from such disparate countries as Thailand, Japan, Australia, the USA, Italy,

and the UK.

The documented increase in obesity in the USA has been accompa-

nied by an equally well-documented rise in type 2 diabetes. In 1990,

only four states had a prevalence of diabetes >6% but, by 2000, 20 states

had a prevalence >6%.7

The World Health Organization (WHO) has calculated that in 1995

there were approximately 130 million people with type 2 diabetes

globally. These figures increased to 150 million in 2000, 172 million in

2002, and the projection is for there to be 300 million people with dia-

betes by 2025. Currently, there are no figures for type 2 diabetes in ado-

lescents and children.

The relationship between obesity and disordered glucose regulation

has also been demonstrated in childhood and adolescence. A recent

study from Yale University demonstrated that of 55 obese children aged

4–10 years 25% had impaired glucose tolerance (IGT). In obese

adolescents aged 11–18 years, 21% had IGT and a further 4% had previ-

ously undiagnosed type 2 diabetes.8

The link between a sedentary lifestyle with obesity and the develop-

ment of diabetes is through insulin resistance. Obesity and inactivity
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both reduce insulin sensitivity and therefore require the pancreatic beta

cells to secrete increased amounts of insulin. Progressive beta-cell failure

results in impaired insulin secretion and the consequent loss of glucose

regulation. Chronic hyperglycemia is thought to induce beta-cell apopto-

sis, irreversible insulin deficiency, and permanent diabetes. The progres-

sion of the metabolic abnormalities from normal glycemic homeostasis

to type 2 diabetes has several intermediate stages which can be detected

as impaired fasting glycemia (IFG) or as IGT (Figure 1.1). Genetic vari-

ations in insulin resistance have been documented among various ethnic

groups and may contribute to the increased susceptibility to diabetes in

these populations (the thrifty genotype hypothesis). Intrauterine en-

vironmental factors may also influence lifelong insulin sensitivity and

beta-cell function (the thrifty phenotype hypothesis).9
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Insulin
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Figure 1.1 The effects of excess calories and a sedentary lifestyle in leading
to the development of obesity, insulin resistance, impaired glucose
homeostasis and, finally, type 2 diabetes. BG = blood glucose; IFG = impaired
fasting glucose, IGT = impaired glucose tolerance.



In many countries, the increase in type 2 diabetes has occurred with

a concurrent well-documented increase in immune-mediated diabetes

(type 1 diabetes). Although these two forms of diabetes seem quite

distinct, the accelerator hypothesis suggests that beta-cell damage from

chronic hyperglycemia may induce release of beta-cell immunogens.10

The worldwide increases in obesity rates are due to people consuming

more energy than they expend. For the average person a net accumula-

tion of 1% of daily food energy will result in a 1 kg weight gain over

a year. This net excess in caloric intake can result from eating this amount

more each day or expending fewer calories in exercise. This simple formu-

lation does not reflect the complexity of the situation. The causes of

obesity involve psychosocial factors as well as the simple acts of over-

eating or under-exercising. Studies have shown that people tend to

consume a similar bulk of food each day. Eating the same bulk of more

energy-dense food will inevitably increase caloric intake.11

Despite famine and starvation affecting about 800 million of the

world’s population, the fact remains that, for the remainder, never in the

history of man has so much food been so readily available to so many.

The previous feast–famine cycles have been replaced by more or less con-

tinuous feasting. Foods are increasingly made calorie dense with high fat

content and with highly refined carbohydrate, and often have low satia-

tion value. Flavor enhancers help to promote appetite. Even the texture of

food is designed to appeal to the palate and its presentation is visually

attractive. Give away toys with foods determine choice and portion size

has become larger – ‘value for money’.

Drinks are increasingly high in calories as the shift is to bottled or

canned drinks. Thirst is thus being slaked not with water but with sweet

energy-containing drinks that further stimulate appetite and thirst.

Drink volumes are being determined by the size of the can or bottle

rather than by the magnitude of thirst.

With the urbanization of societies, exercise is no longer part of every-

day life. School curricula do not include exercise as such and there has

been an emphasis on sport and winning versus exercising for health.

Television, videos, and computers have all contributed to more time being

spent on sedentary activities. Exercise not only consumes energy but also

4 Type 2 diabetes in childhood and adolescence



increases insulin sensitivity, predominantly by increasing glucose flux

through the GLUT4 transporters present in insulin-sensitive tissues such

as skeletal muscle. Moderate activity of 30 min/day has been shown to

improve insulin sensitivity. However, sedentary lifestyles are the norm.

The 20th century witnessed a major population increase, the progressive

urbanization of societies, and the formation of mega-cities. Major lifestyle

changes have occurred in accommodating to this new environment,

which is often hostile and filled with traffic. The place of employment for

people is increasingly distant from home, making use of public or private

transport a necessity. Similarly, children need to be driven to schools

or have to use public transport. Homework, academic pursuits, and

work competition contribute to long hours in sedentary circumstances.

Playgrounds have disappeared in many areas and have been transformed

into sterile manicured parks in others. Neighborhoods may not be safe for

children to play outside.

Family issues contribute to the increasing move to prepackaged high-

energy foods and decreased exercise. In many societies, there has been

disintegration of the extended family along with divorce rates of 40–50%.

Children have to cope with both parents at work or being part of single-

parent families. Many families simply do not have the time to prepare

food or may have lost the skills to be able to prepare it. Prepackaged or

fast foods offer easy alternatives but suffer the disadvantage of being high

in fat and energy.

Societal perceptions of obesity are also changing. Mothers tend to be

aware of their own overweight or obese state but not that of their 

children.12

The importance of stress as part of modern lifestyles in the genesis of

obesity and diabetes is gaining acceptance. Coronary vascular risk was

doubled in white-collar workers who felt they had low control over their

jobs and who perceived little reward for the effort expended in their

work.13 Elegant studies in animal models as well as human studies indi-

cate a role of the hypothalamo–pituitary–adrenal axis in the pathogene-

sis of the metabolic syndrome.14

The treatment of type 2 diabetes in childhood and adolescence is

especially difficult. Internationally, the only drugs licensed for use in the

Evolution of diabetes 5



treatment of type 2 diabetes in childhood and adolescence are insulin

itself and metformin, with metformin being the drug of choice for those

able to be weaned off insulin or those whose hyperglycemia is not too

severe. Other drugs, while available and effective, are used ‘off-licence’.

Type 2 diabetes causes both macro- and microvascular complications

of diabetes. The mechanism of this damaging process is slowly becom-

ing understood and involves oxidative and glycation processes. It is fas-

cinating to consider that glucose and oxygen are sustainers of life yet

both are major determinants of the damaging aging processes. Both lead

to tissue damage directly and indirectly: oxygen, through production of

reactive oxygen species; glucose, through glycation of proteins. Evidence

now indicates that type 2 diabetes is just as capable as type 1 diabetes of

causing serious morbidity and increased mortality. Children and adoles-

cents with type 2 diabetes thus face these complications in early adult-

hood. The lessons learned from the UKPDS (United Kingdom

Prospective Diabetes Study) that intensified treatment reduces the risk of

complications need to be applied to the treatment of type 2 diabetes in

the young and this requires close follow-up.

Recognizing the difficulties of treatment of type 2 diabetes, the long-

term aim should be primary prevention. Primary prevention of disorders

of glucose homeostasis will need to focus on reducing insulin resistance to

which obesity and a sedentary lifestyle are the most important contribu-

tors. The global epidemic of obesity and diabetes will not be reversed until

the environmental and lifestyle issues are addressed effectively. There is

now incontrovertible proof that lifestyle modification (modest weight

reduction and daily exercise equivalent to 30 min of brisk walking) signifi-

cantly decreases the risk of patients with IGT progressing to diabetes.15,16

The solutions are public health and societal ones. Examples of healthy

practices, which still need the fullness of time to demonstrate their effec-

tiveness, include the National School Fruit Program in the UK. Singapore

has 12 years’ experience with the TAF Program (trim and fit) in which all

schools have to publish the prevalence of obesity, overweight, and

fitness ranking in their school. Incentives are provided to the school for

improvements in these parameters. Education on eating and lifestyle

changes for the whole family are part of this program. Preliminary data
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indicate that the increase in obesity in schoolchildren has largely been

contained.

The food and drink industry needs to produce less energy-dense foods,

but will only do so if the market demands it. Data from Wisconsin show

the positive effect of price reduction on the sales of low-fat snacks,

whereas health promotion education had little impact. Television adver-

tising of snack foods aimed at school-age children needs to be limited,

especially during their peak viewing times, but whether this is achieved by

industry-led codes of practice or government regulation is being debated.

The recent filing of class-action lawsuits against certain fast-food chains

in the USA, citing the addictive nature of fast foods and the lack of health

warnings on fast foods containing high fat, is being watched with interest.

Perhaps the fear of litigation may lead to changes towards healthier fast

foods. The banning of soft drink and snack machines from schools in

several county school districts in the USA is an important beginning.

What is clear is that the problem of obesity and diabetes is very great.

Preventive action is urgently needed and will require a broad societal

initiative. The time for inaction and complacency is past.
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c h a p t e r  2

Diagnosis and classification
of type 2 diabetes in
childhood and adolescence
Arlan L Rosenbloom and Martin Silink

Diagnosis

The diagnosis of diabetes mellitus encompasses a wide array of meta-

bolic diseases characterized by chronic hyperglycemia. Because insulin is

the only physiologically significant hypoglycemic hormone, hyper-

glycemia must be the result of either impaired insulin secretion by the

beta cells of the pancreas, resistance to the effect of insulin in the liver,

muscle, and fat cells, or a combination of these pathophysiologic situa-

tions. It is important to recognize that the hyperglycemia of diabetes is

not simply a reflection of abnormal glucose metabolism, but the result

of disturbed energy metabolism from inadequate insulin action with

widespread disturbances in carbohydrate, fat, and protein metabolism.

Criteria for the diagnosis of diabetes were revised several years ago by

the American Diabetes Association (ADA) and the World Health

Organization (WHO).1,2 The major change in the revised criteria for the

diagnosis of diabetes has been a lowering of the diagnostic level of

fasting plasma glucose from ≥7.8 mmol/l (140 mg%) to ≤7.0 mmol/l

(126 mg%).

Also in the revised criteria, categories of impaired fasting glucose (IFG)

and impaired glucose tolerance (IGT) were added because of recognition

that these abnormalities are associated with increased cardiovascular

morbidity, and the ADA has recommended that IFG and IGT be



regarded as constituting a state of prediabetes. These terms are not inter-

changeable, representing different abnormalities or stages of abnormal-

ity in glucose regulation. IFG is an abnormality of glucose homeostasis

in the fasting state whereas IGT can only be diagnosed by a 2-h post-

load reading following a standard oral glucose intake. Long-term studies

in children and adolescents are not yet available, but longitudinal data

in adults indicate that after 5–10 years, those with IGT have similar poss-

ibilities of progressing to diabetes, reverting to normal, or remaining

with IGT (Figure 2.1).3 Those with IFG have a 45% chance of reverting to

normal or remaining with IFG and approx 10% risk of progressing to

diabetes. Even though glucose homeostasis differs at various age and

developmental stages, circulating glucose levels do not significantly vary

with age (except at the extremes of age); thus, the ADA and WHO crite-

ria for diagnosis of diabetes and prediabetes in childhood are the same

as for adults (Table 2.1).

10 Type 2 diabetes in childhood and adolescence

Figure 2.1 Natural history of impaired glucose tolerance (IGT). 
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In the absence of marked hyperglycemia with metabolic decompensa-

tion, abnormal values should be confirmed by repeat testing on a differ-

ent day. The oral glucose tolerance test (OGTT) is not recommended for

routine clinical use.1 The WHO recommends that, ‘for clinical purposes,

an OGTT to establish diagnostic status need only be considered if casual

blood glucose values lie in the uncertain range and the fasting blood

glucoses are below those which establish the diagnosis of diabetes’.2

Classification

The classification of diabetes has been revised from that based on treat-

ment to a largely etiologic taxonomy reflecting contemporary under-

standing of the pathogenesis of various forms of diabetes (e.g., type 1

diabetes instead of insulin-dependent diabetes mellitus or IDDM; type
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Table 2.1 Criteria for the diagnosis of diabetes

� Symptoms plus 

random plasma glucose concentration ≥11.1 mmol/l (200 mg/dl),

� or fasting plasma glucose ≥7.0 mmol/l (126 mg/dl),

� or 2-h plasma glucose ≥11.1 mmol/l (200 mg/dl) during an oral glucose

tolerance test (OGTT).

The test should be performed in the morning, after an overnight fast of 

8–14 h, using a glucose load containing the equivalent of 1.75 g/kg 

anhydrous glucose up to a maximum of 75 g (i.e., 1.75 g/kg for those weighing

<43 kg and 75 g for those weighing > 43 kg). The glucose load should be

dissolved in 250–300 ml water and drunk over the course of 5 min. The test is

timed from the beginning of the drink. Before the OGTT, there should have been

at least 3 days of an unrestricted diet containing at least 150 g of carbohydrate

daily.

Prediabetes:

Impaired glucose tolerance (IGT) = 2-h plasma glucose ≥7.8 to

<11.1 mmol/l (≥140 to <200 mg/dl)

Impaired fasting glucose (IFG) = ≥ 6.1 to < 7.0 mmol/l (≥110 to

<126 mg/dl)



2 diabetes instead of non-insulin-dependent diabetes mellitus or

NIDDM; other types of diabetes). An abbreviated classification is given

in Table 2.2.

Although most patients can be readily classified as having type 1 or

type 2 diabetes, there are a number of patients in whom the distinc-

tion is difficult to make and who share features of both type 1 and

type 2 diabetes.

Type 1 diabetes
Type 1 diabetes, immune-mediated, occurs throughout childhood with

similar peaks of incidence at about 7 and 12–13 years of age. It is much

less frequent in Asians and native North Americans, and somewhat less

frequent in African-Americans than in those of European origin. Only

about 5–10% of newly diagnosed patients have affected first-degree rela-

tives and there is an equal sex ratio. The disease is associated with human

leukocyte antigen complex (HLA) specificities (which vary in different

ethnic populations) and diabetes specific autoimmunity, indicated by the

presence of circulating autoantibodies to insulin (IAA), islet cell cytoplasm

(ICA), glutamic acid dehydrogenase (GAD), or tyrosine phosphatase (IA-2)

in 85–98% of patients. Onset is typically associated with weight loss,

12 Type 2 diabetes in childhood and adolescence

Table 2.2 Classification of diabetes in children

• Type 1a (beta-cell destruction, usually leading to absolute insulin

deficiency)

1a. immune-mediated

1b. idiopathic.

• Type 2a (may range from predominantly insulin resistance with relative

insulin deficiency to a predominantly secretory defect with insulin

resistance).

• Other specific types (e.g., genetic defects of beta-cell function or insulin

action, cystic fibrosis, glucocorticoid induced, or with genetic syndromes).

a Patients with any form of diabetes may require insulin treatment at some stage of their

disease. Use of insulin does not, of itself, classify the patient.



polyuria, polydipsia, fatigue, and weakness; in infants and toddlers, non-

specific symptoms are often not recognized as indicative of diabetes.

Ketoacidosis may occur in as many as 40% of newly diagnosed patients in

some settings. Insulin secretion, as demonstrated by C-peptide concentra-

tion, is very low or absent, although there may be a period of partial

recovery following initial diagnosis and treatment that can last for

months to (rarely) years.

Type 1 diabetes, idiopathic, may be difficult to differentiate from 

immune-mediated type 1 diabetes. This classification includes a variety 

of causes and these may be specific to different parts of the world and

ethnic backgrounds. In Southeast Asian countries, up to 60% of young

people with a clinical picture of type 1 diabetes (short duration of 

typical symptoms, non-obese, ketosis prone, insulin-deficient, and total

dependence on insulin) may not have GAD autoantibodies which charact-

erize immune-mediated type 1 diabetes.4 In a recent study in New South

Wales, Australia, of 205 newly diagnosed patients with typical type 1 

diabetes, 3.4% were negative for antipancreatic autoantibodies (ICA, IAA,

GAD, IA-2) despite ongoing need for insulin.5 In Japan, a rapid-onset

insulin-deficient form of diabetes has been shown by pancreatic biopsies to

be associated with a generalized lymphocytic infiltration of the pancreas

and is presumed to be viral in origin.6

In the USA, many patients with non-immune type 1 diabetes may

have what has been termed atypical diabetes mellitus (ADM) or ‘flatbush’

diabetes; this form of diabetes has been variously considered to be a form

of type 1, type 2, or maturity-onset diabetes of the young.1,7–9 This condi-

tion occurs throughout childhood with onset rarely past 40 years of age,

and has only been described in African-American patients. It is not asso-

ciated with HLA specificities. There is a strong family history in multiple

generations giving a dominant pattern of inheritance. Although an indi-

vidual patient may be overweight, reflecting the population prevalence of

obesity, there is no association with obesity. There is an abnormal sex

ratio with three times as many females as males being affected. Islet cell

autoimmunity is absent. Although ketoacidosis is common at onset,

insulin may not be required for survival after recovery from the acute

metabolic deterioration; however, diabetic control may be poor and

Diagnosis and classification 13



ketoacidosis may recur without insulin treatment in some individuals.

There is no evidence of insulin resistance and insulin secretion is dimin-

ished but does not deteriorate.

Type 2 diabetes
Type 2 diabetes of childhood occurs predominantly during the second

decade of life but is increasingly being described in prepubertal children.

Obesity is almost always present with body mass index (BMI) above the

85–95th percentile for age and sex. Although seen in all races, there is

much greater risk in African-American, Native American, Hispanic (espe-

cially Mexican) American, Asian, Pacific Islander, South Asian, Middle

Eastern, and Australian Aborigine peoples.10–22 There is no association

with HLA specificities and a high percentage, probably greater than 75%,

have first- or second-degree relatives affected. Sex ratios vary in different

populations, from 4 to 6 females for every male in Native Americans to

an even sex ratio in Libyan Arabs. Ketosis and ketoacidosis occur in one-

third or more of newly diagnosed patients, resulting in frequent mis-

classification of type 2 diabetes as type 1 disease. Fatal complications of

severe dehydration (hyperosmolar hyperglycemic coma, hypokalemia)

may occur at the time of or before diagnosis.23 Type 2 diabetes is often

detected in the asymptomatic individual as a result of testing because of

risk factors such as family history, or during routine school or sports

examination. Other features of the insulin resistance syndrome are 

frequently present (Figure 2.2).

Autoantibody positive type 2 diabetes has long been recognized in adult

populations with apparent type 2 diabetes and these individuals have

been referred to as having either type 1.5 or, more commonly, latent

autoimmune diabetes of adults (LADA). This is a phenomenon largely of

younger adult patients, with 21% of 157 25–34 year olds in the United

Kingdom Prospective Diabetes Study (UKPDS) being positive for ICA,

34% positive for GAD antibodies, and 20% positive for both, decreasing

to 4%, 7%, and 2%, respectively, in the 1769 55–65 year olds.24 The anti-

body-positive individuals were significantly less overweight than those 

who were antibody-negative and their HbA1c concentrations were

significantly higher. Furthermore, beta-cell function was significantly
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decreased in antibody-positive individuals, particularly the younger

patients, resulting in more rapid development of insulin dependence,

typically 3 years following diagnosis. In a nationwide Swedish study of

all 15–35-year-old newly diagnosed diabetes patients over a 2-year

period (n = 764), 76% were classified as type 1, 14% as type 2, and the

rest, unclassified. A remarkable 47% of type 2 patients and 59% of

unclassified patients were positive for ICA, GAD antibodies, or IA-2.25 In

this study, as in the UKPDS, antibody positivity was associated with

lighter body weight and lower C-peptide concentration.

As would be expected by the predominance of LADA among young

adults thought to have type 2 diabetes, a substantial number of children

with purported type 2 diabetes have been found to be antibody-positive.

Among 48 children with type 2 diabetes, 8% demonstrated positivity for

a fragment of islet cell antibody (ICA512), 30% were positive for GAD

antibodies, and 35% for IAA.26 Degree of obesity did not correlate with

antibody positivity. As with type 1 diabetes, thyroid autoimmunity was

present in several individuals with islet cell autoimmunity. In another

study of 37 African-American children and adolescents with type 2 dia-

betes, 10.8% were positive for GAD antibodies, IA-2, or both.27
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The presence of autoantibodies in patients clinically regarded as

having type 2 diabetes is a dilemma in the classification of their dia-

betes. The question whether the presence of autoantibodies demands

the classification of the patient as having type 1 diabetes is being

debated. Diagnostic algorithms based on whether autoantibodies are

present – therefore type 1 diabetes – or absent – therefore either 

maturity-onset diabetes of the young (MODY), idiopathic type 1 dia-

betes, or type 2 diabetes – have been proposed based on autoantibody

and C-peptide levels. Although such algorithms may be helpful with

most patients, there is increasing recognition of the group of patients

who behave clinically as though they have type 2 diabetes but who

have diabetes-specific autoantibodies. A unifying hypothesis (the accel-

erator hypothesis) has been proposed which suggests that the hyper-

glycemia secondary to insulin resistance is able to induce beta-cell

apoptosis with the development of beta-cell autoimmunity.28 Testing

for ICA and GAD antibodies may be indicated in all pediatric patients

thought to have type 2 diabetes, considering the high frequency of

evidence of such autoimmunity in otherwise typical type 2 diabetes.

The presence of such antibodies will indicate the need to check for

thyroid autoimmunity and to consider other associated autoimmune

disorders. Such testing will also provide therapeutic guidance, indicat-

ing the more likely deterioration of insulin secretion over the first few

years from diagnosis.

Other specific types of diabetes
The eight subclassifications under this rubric include diabetes caused by:

1. genetic defects of beta-cell function

2. genetic defects in insulin action

3. diseases of the exocrine pancreas

4. endocrine disease, particularly glucocorticoid excess

5. drugs or chemicals

6. infections

7. uncommon forms of immune-mediated diabetes

8. other genetic syndromes associated with diabetes.
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Genetic defects of beta-cell function (see Chapter 11)

Genetic defects of beta-cell function include mutations that result in

MODY, mitochondrial mutations, and mutations that affect the insulin

gene or affect cleavage of proinsulin.29 The most important of these in

the consideration of non-type-1 diabetes in children is MODY, defined

as diabetes occurring before age 25, which is not insulin requiring, and

not ketotic, with measurable C-peptide concentrations and absence of

insulin requirement for 5 years after diagnosis, with an autosomal domi-

nant pattern of transmission, although testing may be required to

demonstrate this in milder forms. Affected families have been detected

in Caucasian, Japanese, and South Asian populations.

The proportion of all diabetes that is due to MODY varies widely

among different populations, from 0.14% in Germany to 3% in England

and 4.8% in Madras, India, with one study indicating that 10% of

Caucasian French families with type 2 diabetes have MODY. In a study

of Japanese patients with type 1 diabetes, which is rare in this popula-

tion, approx 6% had a molecular defect resulting in MODY. Molecular

defects involving six genes have been identified in MODY families, with

over 200 different mutations described.30

The rare mitochondrial mutations associated with diabetes and deaf-

ness are, by definition, inherited from the mother who is always the

source of the offspring’s mitochondria. The most common mutation

occurs at position 3243 of the mitochondrial gene encoding for leucine

transfer RNA. Disease severity depends on the specific mutation, the pro-

portion of normal and abnormal mitochondria, and their tissue distribu-

tion.31 Identical mitochondrial gene mutations may also be associated

with syndromes, including myoclonic epilepsy, ragged red fiber disease,

mitochondrial encephalopathy, lactic acidosis, and stroke-like syndrome

(MELAS syndrome).32 The mitochondrial mutations interfere with beta-

cell energy generation, impeding insulin secretion.

Genetic defects in insulin action

Numerous mutations in the insulin receptor have been described

which are associated with dramatic insulin resistance, and are

extremely rare.
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Diseases of the exocrine pancreas

In the USA and Western Europe, cystic fibrosis (CF) is the most import-

ant pancreatic disorder associated with diabetes, which may resemble

type 1 or type 2 diabetes at various times in the same individual. With

increasing survival of CF patients, CF-related diabetes is becoming a sub-

stantial component of pediatric diabetes care. In Southeast Asia, tha-

lassemia is a more common cause of secondary diabetes.

Endocrine disease

Cushing’s syndrome, acromegaly, and pheochromocytoma have been

associated with secondary diabetes, as the result of pathologic counter-

regulation, with increased gluconeogenesis and peripheral insulin

resistance.

Drugs and chemicals

As with the endocrine disorders, treatment with glucocorticoids, growth

hormone, or catecholamines can be diabetogenic. A substantially

increased incidence of type 2 diabetes and impaired glucose tolerance

has been associated with growth hormone treatment of children and

adolescents.33 Patients with acquired immunodeficiency receiving pen-

tamidine for pulmonary Pneumocystis carinii infection have developed

diabetes as the result of drug-induced beta-cell necrosis. Patients with

oncologic diseases may develop a reversible form of diabetes when on

various chemotherapy regimens, especially those combining high-dose

glucocorticoids and L-asparaginase.

Infection

The only infection for which there is incontrovertible proof that it

causes diabetes is congenital rubella. Approximately 10–15% of affected

individuals will develop diabetes in their lifetime.34

In severe infections of any kind, the stress and concomitant counter-

regulatory hormone production may result in stress hyperglycemia. In

very young patients, this may be prolonged and be accompanied by

ketosis or even ketoacidosis, particularly during a severe infection such

as meningitis. Because this state is not associated with specific damage to
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the beta cells, the diabetes resolves with improvement in the infectious

state.

Uncommon forms of immune-mediated diabetes

Anti-insulin receptor antibodies can result in severe insulin resistance.

Affected individuals are lean and have acanthosis nigricans as a feature

of their insulin resistance. Anti-insulin receptor autoantibodies typically

produce hypoglycemia but glucose intolerance can also be seen.

Genetic syndromes associated with diabetes

Numerous syndromes are associated with diabetes, which in some

instances appear related to obesity, such as with the Prader–Labhart–

Willi syndrome and the Bardet–Biedl syndrome and, therefore, similar to

isolated type 2 diabetes.1

Problems in classification
An analysis of about 700 newly diagnosed 5–19-year-old patients at the

three university diabetes centers in Florida over the 5-year period from

1994–99 indicated that 3% of the approx 600 patients initially classified

as type 1 diabetes were later considered to have type 2 disease and 8% of

the approx 80 initially diagnosed as type 2 diabetes were later

reclassified as type 1 disease.35 This experience likely reflects the true

proportion of patients in whom classification is challenging.

There are a number of reasons why the distinctions indicated in 

Table 2.3 may be problematic. With increasing obesity in childhood, as

many as 20–25% of newly diagnosed patients who do not have type 2

diabetes may be overweight. Family history has low specificity because of

the high frequency of type 2 diabetes in the population, with a random

family history likelihood of approx 15%, and even greater in minority

populations. Furthermore, a family history for type 2 diabetes is as much

as three times more likely in patients with type 1 diabetes than in the

general population and type 1 diabetes is more frequent in relatives of

patients with type 2 diabetes.36 The genetic interaction between type 1

and type 2 diabetes is also reflected in HLA haplotype interaction and, as
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noted above, by the presence of diabetes-related autoimmunity markers

in some children and adults with typical type 2 diabetes.37 C-peptide

measurements may be of limited help in differentiating type 1 and type

2 diabetes at onset and over the first year or so, because of the sup-

pression of insulin secretion in type 2 diabetes at onset from gluco-

toxicity/lipotoxicity, and because normal C-peptide levels can be seen in

the recovery phase of autoimmune diabetes (honeymoon phase).

Diagnostic strategy

Acute onset
Individuals with severe hyperglycemia or ketoacidosis, who are not

obese, seldom require diagnostic reconsideration, unless they are

African-American, with an autosomal dominant family history of dia-

betes in lean individuals before 40 years of age, in which case they likely

have ADM. Obese patients with acute onset may require islet cell

autoimmunity testing. Should this not be practical, or if there is acan-

thosis nigricans, the diagnosis can usually be made during the first

several months on the basis of the ability to reduce insulin with weight

reduction, exercise and, as necessary, response to oral hypoglycemic

therapy.

Insidious onset or detection in the asymptomatic
individual
Overweight individuals with mild but gradually progressive symptoms

over months to years or who are asymptomatic can be considered to

have type 2 diabetes. Lean individuals should have diabetes-related anti-

body studies which will indicate whether type 1 diabetes has been

detected in an early stage. Absence of islet cell autoimmunity in a lean

individual should lead to consideration of MODY. Fasting C-peptide

concentrations may be of value after correction of hyperglycemia.

Elevated levels indicate type 2 diabetes. Normal levels may reflect the

recovery phase of type 1 diabetes, especially that detected early; repeat

testing 1 year later will be more informative. The diagnosis may need to
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be reviewed in the context of the developing clinical picture and the

results of further investigations.

Who to test for type 2 diabetes or prediabetes
Because testing is only a consideration for an at-risk population, rather

than the population at large, in the context of secondary intervention,

the activity can be considered to be case finding rather than screening,

determination of obesity being the screening test. Case finding is

justified when the condition tested for is sufficiently common to ratio-

nalize the investment of resources, the condition is serious in terms of

morbidity and mortality, there is a prolonged latency period without

symptoms when abnormality can be detected, and a test is available that

is sensitive (i.e., has few false negatives) and is accurate with acceptable

specificity (i.e., with a minimal number of false positives). All of these

criteria are readily met by type 2 diabetes in children and adolescents.

The final criterion – that an intervention be available to prevent or delay

disease onset or more effectively treat the condition detected when it is

in the latency phase – is the most problematic.

A consensus panel of the ADA recommended that overweight chil-

dren with two additional risk factors be considered for testing.38

Overweight was defined as body mass index (BMI) >85th percentile for

age and sex (Figures 2.3 and 2.4), weight for height >85th percentile, or

weight >120% of ideal for height. The additional risk factors were a

family history of type 2 diabetes in first- or second-degree relatives,

race/ethnicity (Native American, African-American, Hispanic, Asian,

Pacific Islander), and signs of insulin resistance or conditions associated

with insulin resistance (acanthosis nigricans, hypertension, dyslipi-

demia, ovarian hyperandrogenism). The age of initiation was suggested

as 10 years or at the onset of puberty if puberty occurs at a younger age,

with a frequency of retesting of every 2 years. The fasting plasma glucose

was recommended as the preferred test.

There are a number of problems with these recommendations. They

were developed without data and, in fact, many clinicians have detected

asymptomatic diabetes in overweight patients who do not meet any of

the additional criteria. The consensus panel provided an important dis-

claimer that, ‘Clinical judgment should be used to test for diabetes in
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high-risk patients who do not meet these criteria’. Although type 2 dia-

betes is undoubtedly disproportionately seen in both adults and chil-

dren from certain ethnic/racial groups, substantial numbers of white,

non-Hispanic children, adolescents, and adults are also affected, making
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Figure 2.3 Body mass index (BMI) percentiles for males (2–20 years) in the
USA. Source: Developed by the National Center for Health Statistics in
collaboration with the National Center for Chronic Disease Prevention and
Health Promotion (2000).

BMI

34

32

30

28

26

24

22

20

18

16

14

12

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
kg/m2 kg/m2

Age (years)

BMI

34

32

30

28

26

24

22

20

18

16

14

12

97th

95th

90th

85th

75th

50th

25th

10th

5th
3rd



this a dubious criterion for testing. A recent report of testing a multieth-

nic cohort of 167 severely obese children and adolescents found IGT and

silent type 2 diabetes in substantial numbers regardless of ethnicity.39

Outside of North America, South Asian and Middle Eastern populations
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Figure 2.4 Body mass index (BMI) percentiles for females (2–20 years) in the
USA. Source: Developed by the National Center for Health Statistics in
collaboration with the National Center for Chronic Disease Prevention and
Health Promotion (2000).
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are also disproportionately at risk.16,19,22 The age suggested is arbitrary,

particularly with increasing numbers of obese youngsters under 10 years

of age being seen with type 2 diabetes. The study noted above found

that 25% of the 55 obese children aged 4–10 years had IGT, as did 21%

of the 112 adolescents aged 11–18 years, whereas silent type 2 diabetes

occurred in 4% of the adolescents.39 The fasting plasma glucose was con-

sidered to be the most convenient test method by the consensus panel,

but is unlikely to be sufficiently sensitive, because postprandial plasma

glucose increases earlier during the course of development of type 2 dia-

betes.40 A study in a large population of obese adults concluded that the

fasting plasma glucose was a highly unreliable means of detecting type 2

diabetes compared to the 2-h post-glucose-load glucose level.41

Metabolic syndrome

Type 2 diabetes is now recognized as a manifestation of the metabolic

syndrome, also known as the insulin resistance syndrome, the diabesity

syndrome, or syndrome X, and this syndrome is increasingly being

described in childhood and adolescence (see Figure 2.2).42 A suggested

definition includes glucose intolerance (IGT or diabetes) or insulin resist-

ance (hyperinsulinemia), together with two or more of the following:

hypertension, dyslipidemia, central adiposity, and microalbuminuria.2

Several other components may be present but are not necessary for the

diagnosis (hyperuricemia, coagulation disorders, raised PAI-1, polycystic

ovary syndrome/ovarian hyperandrogenism). Acanthosis nigricans is

frequently present.

Hypertension
Hypertension is an independent risk factor for the development of albu-

minuria, retinopathy, and cardiovascular disease in type 2 diabetes, esti-

mated to account for 35–75% of diabetes complications.43 Blood

pressure is also an important factor in the early appearance of athero-

sclerotic lesions in children and adolescents.44,45 Studies in adults have

demonstrated a decrease in the incidence of major cardiovascular events

with antihypertensive therapy.46,47 In the UKPDS, hypertension control
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was more important in the reduction of cardiovascular events than was

blood glucose control.48

Although no data are available for type 2 diabetes in children, a study

of 589 children with type 1 diabetes onset before 17 years of age has

demonstrated an increased risk of nephropathy, proliferative retinopa-

thy, peripheral neuropathy, cardiovascular disease, and peripheral artery

disease in the presence of elevated blood pressure during the first 

10 years after diagnosis.49 It is important to note that even modest eleva-

tions of blood pressure conferred increased risk; for example, systolic

pressure 121–129 mmHg conferred a relative risk of cardiovascular

disease of 2.5.

Blood pressure should be measured at each quarterly examination.38

Blood pressure is obtained with the patient sitting; for children over

the age of 13 years, the first and 5th Korotkov sounds (the point of dis-

appearance of all sounds) should be recorded and measurement

repeated at least twice to minimize the ‘white coat effect’. (In children

<13 years of age, the diastolic blood pressure can be recorded as the

point of muffling of sounds (K4).) Elevations need to be rechecked at

least twice at weekly intervals. Body size is the most important factor in

blood pressure interpretation in children and adolescents. Tables 2.4

and 2.5 provide the 90th and 95th percentile references for blood

pressure for each age in boys and girls in relationship to height

percentiles.50

Dyslipidemia
Lipoprotein abnormalities in type 2 diabetes are extensive, and include

hypertriglyceridemia, elevated very low-density lipoprotein (VLDL), ele-

vated total and low-density lipoprotein (LDL) cholesterol, elevated

lipoprotein(a), decreased high-density lipoprotein (HDL) cholesterol,

increased small dense LDL particles, decreased lipoprotein lipase activity,

increased lipoprotein glycation, and increased lipoprotein oxidation.51

There are extensive studies demonstrating that the reduction of hyper-

lipidemia decreases the risk of coronary events in patients with diabetes,

emphasizing the importance of monitoring and treating hyperlipidemia

in children and adolescents with type 2 diabetes.
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Acanthosis nigricans
Acanthosis nigricans (AN) is considered a hallmark of insulin resistance,

typically seen in obesity, but also in lean individuals with genetic

insulin resistance syndromes. There is wide ethnic variability in fre-

quency of AN with obesity: approx 90% of obese Native Americans,

approx 50% of obese African-Americans, approx 15% of obese Hispanic

Americans, and fewer than 5% of obese white youngsters have AN.52 AN

also has varying specificity as an indicator of hyperinsulinism, inversely

to its frequency of association with obesity. It is associated with IGT or

type 2 diabetes in approx 25% of those under 20 years of age and approx

45% of those 20–30 years old.52 In a study of 139 overweight African-

American and white 6–10 year olds, AN was not considered to be a reli-

able marker for hyperinsulinism.53
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Type 2 diabetes in children
and adolescents in North
America
Giuseppina Imperatore, Desmond E Williams, and Frank Vinicor

Introduction

Traditionally, diabetes mellitus in youth was thought to be almost 

esclusively type 1 diabetes, but there have been increasing numbers 

of reports of type 2 diabetes among youth in the last 30 years. In 1971, 

Dr Harvey Knowles wrote:

A second type of diabetes in young persons closely resembles that of

the stable middle-aged onset type. Herein the patients as a rule have

no symptoms, are overweight, can secrete insulin, and respond to sul-

fonylurea therapy. Often the diagnosis is made serendipitously. In the

Juvenile Diabetic Clinic at the Cincinnati General Hospital 11 of these

patients have been followed along with 300 patients with the unsta-

ble insulin deficient type of diabetes. The age of these 11 patients at

diagnosis ranged from 11 to 17 years. The prevalence of this type of

diabetes very likely is higher than presently appreciated, because of

lack of symptoms or signs leading to suspicion of diabetes.1

Type 2 diabetes is increasingly being reported, especially in minority

populations.2–6 Type 2 diabetes has been reported in youth from the

United Kingdom,5,6 Japan,7,8 Hong Kong,9 Bangladesh,10 Libya,11

Australia,12 and New Zealand.13



Despite these recent reports, our understanding of the magnitude of

various types of diabetes in young people from different populations

remains limited. Furthermore, there is no ‘gold standard’ for differentiat-

ing the types of childhood diabetes. Many of the existing methods have

relied on such clinical factors as age at onset, obesity, family history,

acuteness of onset, and insulin therapy, but these factors do not reliably

differentiate the types. For example, adolescents with type 2 diabetes

can present with diabetic ketoacidosis (DKA), and patients with type 1

diabetes may be obese and not have severe acute symptoms at the time

of diagnosis. Misclassification may result in improper disease manage-

ment, which is one reason for the need to develop reliable and valid

classifications of diabetes. Such taxonomy should:

1. differentiate the types of diabetes in children and adolescents

2. be suitable for estimating the frequency of the types of diabetes in

various populations

3. provide effective classification(s) for clinical diagnosis, research

studies, and population surveillance.

In this chapter, we review what is known about the epidemiology of

diabetes in youth, including the magnitude of the problem and its risk

factors and we highlight gaps in our knowledge and the challenges for

public health.

Prevalence and incidence

A high frequency of type 2 diabetes in adolescents was initially reported

in Pima Indians.2 Diabetes is highly prevalent in the Pima Indian popula-

tion, and is almost always type 2 diabetes, even when it occurs at a

young age.14,15 A recent analysis that included data on 5274 Pima Indian

children aged less than 20 years reported a strong increase in the preva-

lence of type 2 diabetes from 1967–76 to 1987–96.16 Among 15–19 year

olds, the prevalence of type 2 diabetes increased in boys from 2.4% to

3.8% and in girls from 2.7% to 5.3%. Since 1981, the Indian Health

Service (IHS) has collected data on reported diabetes from outpatient
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clinics serving American Indian populations. Prevalence estimates from

these data for youths aged 15–19 years were 3.2 per 1000 in 1990 and 5.4

per 1000 in 1998.17 The magnitude of the problem in other major ethnic

or racial groups is not known. A report from a major pediatric center in

Cincinnati (Ohio) was the first to estimate the incidence rates for type 2

diabetes in 10- to 19-year-old African-American and white children,

based on projections from the referral population. The incidence of diag-

nosed type 2 diabetes increased from 0.7 per 100,000 in 1982 to 7.2 per

100,000 in 1994.18 There is also indirect evidence from US population-

based registries of type 1 diabetes that the incidence of type 2 diabetes

may be increasing among youth. According to reports from the US reg-

istry of type 1 diabetes in Allegheny County, Pennsylvania, the annual

incidence of diagnosed diabetes mellitus (based on insulin treatment

started at diagnosis) among 15- to 19-year-old African-Americans

increased from 13.8 per 100,000 in 1985–89 to 30.4 per 100,000 in

1990–94.19 This increase may have been partially attributable to an

increase in type 2 diabetes, which could have been misclassified as type 1

diabetes and treated with insulin at diagnosis. Data from the Chicago,

Illinois type 1 diabetes registry also support this hypothesis. Indeed, after

reviewing medical records and interviewing patients listed in the Chicago

registry, Lipton et al.20 identified a subset with clinical characteristics

resembling type 2 diabetes. They found that among African-American

and Hispanic children aged 0 –17 years the annual incidence of presumed

type 2 diabetes increased by 9% from 1985 to 1994, a period in which

the incidence of type 1 diabetes remained unchanged.20

Until 1992, type 2 diabetes accounted for 2–4% of all newly diagnosed

cases of diabetes under the age of 19 years. In the last decade, however,

this proportion ranged from 8% to 45%, with considerable variation by

age and race/ethnicity.21

Part of the secular increase of type 2 diabetes may be attributed to

greater awareness that led to more diagnosis, but clinical recommenda-

tions for screening youth for type 2 diabetes were not published until

2000.22 Moreover, better diagnosis cannot explain the trends observed in

population-based studies, and as noted above, the presence of a small

proportion of patients with type 2 diabetes has long been recognized in
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pediatric populations.1 Even with the great increase reported, the pres-

ence of type 2 diabetes in youth might be very much underestimated. In

the USA, there is one undiagnosed adult with type 2 diabetes for every

two or three diagnosed adults,23 and this might also well be the case

among children and adolescents.

Clinical characteristics
A review of 578 cases of type 2 diabetes in youth found that about 94%

were from minority communities.24 The mean age at diagnosis usually

coincided with the age of puberty (approximately 12–14 years), except

among the Pima Indians, where the mean age at diagnosis was 16 years.

Type 2 diabetes was rarely observed in children under 10 years of age,

although in the Pima population it occurred as early as 4 years of age.

The disease was more common in girls than in boys, with ratios ranging

from 2:1 to 6:1. It was found that 74–95% of the cases had a first- or

second-degree relative with diabetes.

Obesity and acanthosis nigricans, both strongly related to insulin

resistance, were common. In Cincinnati, 66% of the children with type

2 diabetes were referred because of symptoms or acute illness, and 32%

because of glycosuria during routine testing.18 Weight loss and ketosis

were common, and ketoacidosis was also reported. In type 2 diabetes

among those less then 20 years, data on complications are scarce.

Among 114 adolescents with type 2 diabetes who had a mean age at

diagnosis of 15.5 years, and were identified by the diabetes registry of a

health management organization, 26% had hypertension (defined as

systolic or diastolic blood pressure > 90th age-, gender-, and height-

specific percentile, or the use of antihypertensives) and glycated hemo-

globin concentration (HbA1c) averaged 9%.25

The incidence of microvascular complications was assessed in Pima

Indians who were diagnosed with type 2 diabetes before the age of 20

years.26 By the age of 30 years 57% had developed nephropathy (defined as

protein-to-creatinine ratio ≥ 0.5 g protein per g creatinine) and 45% devel-

oped retinopathy (defined as the presence of at least one microaneurysm,

hemorrhage, or proliferative retinopathy).
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In Manitoba and northwestern Ontario, among young adults whose

type 2 diabetes was diagnosed before the age of 17 years, 63% had an

HbA1c concentration above 10% and 6.3% were on dialysis.27 All these

findings indicate that a high prevalence and lifetime incidence of

microvascular and macrovascular complications are likely among young

adults who develop type 2 diabetes during childhood. Delayed diagnosis,

poor glucose control, and the presence of risk factors for cardiovascular

disease during the teenage years, and the long duration of diabetes may

all predispose to early complications. In adults, diabetes control is

insufficient to prevent or delay complications,28 and this situation may be

worse for children and adolescents. Adolescents may be particularly reluc-

tant to undertake self-management and keep follow-up appointments,

and they may experience behavioral problems; access to health care may

also be inadequate. Thus, carefully conducted studies of the quality of care

and of potential interventions among children are needed.

Major risk factors and their secular trends

Type 2 diabetes results from the interaction between genetic and envi-

ronmental factors. The genetic contribution, as highlighted in Chapter

11, likely involves several gene variants, each with relatively modest

effect, that interact with each other or with environmental factors

resulting in disease. The discussion below focuses on modifiable factors

that have been linked to an increased risk of developing type 2 diabetes.

Prenatal, perinatal, and early life factors
Associations between both low and high birth weight and type 2 diabetes

in children have been described in many populations.29 The increased

risk associated with high birth weight is largely explained by maternal

diabetes during pregnancy.29 Results from animal models indicate that

the exposure to diabetes in utero results in defects in both insulin action

and insulin secretion, leading to the development of diabetes later in

life.30 Data from the Pima Indian study demonstrate that within the same

family, children born after a mother’s diagnosis of diabetes have a much
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greater risk of developing diabetes at an early age than children born

before the diagnosis.31 Because the offspring born before and after the

onset of their mother’s diabetes carry a similar risk of inheriting the

mother’s diabetes susceptibility genes, the difference in risk reflects the

effect of intrauterine exposure to hyperglycemia. This observation has

important public health implications, indicating a cumulative effect of

women developing diabetes during childbearing age and exposing their

children to diabetes in utero, thereby increasing the risk to the offspring

of developing diabetes at a younger age.

Low birth weight has also been associated with type 2 diabetes and

insulin resistance in childhood.15,32–34 Fetal programming in response to

the in-utero environment,35,36 the influence of genetic factors on both

intrauterine growth and glucose tolerance later in life,37,38 and the selec-

tive survival of small babies genetically predisposed to type 2 diabetes

and insulin resistance29 may all be responsible for this association.

Breast-feeding reduces the risk of both type 2 diabetes and obesity in

children,39–41 with a dose–response relationship between the duration of

breast-feeding and protection from type 2 diabetes and obesity.39,41,42

This is encouraging, because the US Pregnancy Risk Assessment

Monitoring System 1993–99 showed a significant positive trend in

breast-feeding at 4 weeks in all but four states studied.43

Obesity
In the United States the rate of overweight among children has dramati-

cally increased over the past 25 years,44 and obesity is a well-established

risk factor for the development of type 2 diabetes in adults. Results from

the US 1999–2000 National Health and Nutrition Examination Survey

(NHANES) indicate that approx. 15% of children aged 6–11 years and of

adolescents aged 12–19 years are obese (defined as a body mass index

greater than or equal to the age- and sex-specific 95th percentile)44

(Figure 3.1). This represents an increase of 5 percentage points between

NHANES III conducted in 1988–94 and NHANES 1999–2000. It is also

apparent that obesity prevalence in children and adolescents was relatively

stable from the 1960s to the early 1980s (Figure 3.1); from NHANES II

(1976–80) to NHANES III, however, obesity prevalence nearly doubled
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among both children and adolescents. Coinciding with this trend, 

frequency of type 2 diabetes increased among youth. The Pima Indian

prospective study showed that the mean weight of Pima Indian children

increased significantly between the periods of 1967–76 and 1987–96, and

the prevalence of type 2 diabetes increased significantly with increasing

relative weight.16 Dietary changes and reduction in physical activity are

considered the underlying cause of this obesity epidemic in youth.

Diet
During the last 30 years, the diets of American children and adolescents

have undergone considerable changes. The NHANES surveys show that

among US adolescents the proportion of total calories represented by fats

declined from 37% to 33% between the early 1970s and the early 1990s.45

During the same period, the proportion of calories from saturated fatty

acids declined from 14% to 12%. Although these data indicate that fat

intake of US children changed favorably over two decades or so, they also

indicate that children in the early 1990s were still consuming more than

the contemporary dietary recommendations for total fat (� 30% of energy)
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and saturated fatty acids (� 10% of energy). Because dietary fat intake has

decreased, the apparent slight increase in mean energy intake (95 kcal/day

from NHANES I to NHANES III, albeit a change in methodology makes

comparisons difficult45) among adolescents aged 12–19 years most likely

came from carbohydrate intake, especially from refined foods such as

breads, pizza, cakes, cookies, high fat potatoes, and soft drinks.45,46 Soft

drinks supply as much as 8% of total energy intake of US adolescents,45

and among children 11–18, soft drink consumption more than doubled

from 1965 to 1996.46 These high glycemic-index foods produce greater

increases in blood glucose concentrations in the postprandial phase than

do foods with a low glycemic index,47 and a high glycemic-index diet has

been associated with type 2 diabetes in adults.48–50

Physical activity
Physical activity may play an important role in the trends observed in

obesity and may also have an effect on insulin resistance that is indepen-

dent of its relationship with obesity.51–55 The US 2001 Youth Risk Behavior

Surveillance (YRBS), conducted among a nationally representative sample

of high school students, found that about a quarter of boys and more than

a third of girls had not participated in vigorous or moderate physical activ-

ities during the preceding week.56 The proportion of inactive adolescents

increased with age and, of particular concern, girls were more likely to be

physically inactive than were boys in all age groups.56 A recent prospective

study of girls followed from age of 9 or 10 to 18 or 19 years confirm this

trend.57 Moreover, consistent with the increase in obesity among adoles-

cents, only about a half of US high school students regularly attend physi-

cal education classes, and this proportion has not increased during the past

10 years.56 The 2001 YRBS showed that about 40% of boys and 35% of

girls watch 3 or more hours of TV per day.56

Conclusions

In the 1990s, type 2 diabetes in children was recognized as an emerging

public health problem in North America.22,24 The American Diabetes
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Association and the American Academy of Pediatrics issued a joint

consensus statement to help health care providers in diagnosing, classi-

fying, and treating type 2 diabetes in children.22 Still, several important

pieces of the puzzle with significant clinical and public health implica-

tions are missing. First, we need to develop better case definition(s) that

will differentiate between types of diabetes in children and will be suit-

able for population studies and for clinical diagnosis. Secondly,

epidemiological data on the magnitude of the problem, its secular

trends, and natural history are needed for several at-risk populations. In

the United States these issues are currently being investigated in the

SEARCH for Diabetes in Youth study sponsored by the Centers for

Disease Control and Prevention and the National Institutes of Health.

Well-coordinated multicenter trials testing the feasibility of reducing

multiple risk factors in children and their benefits on health outcomes

are also needed.

Among adults, type 2 diabetes is highly related to behavioral and envi-

ronmental factors. Three major randomized controlled trials conducted

in diverse countries, settings, and populations, confirm that effective

lifestyle intervention can prevent or delay progression to type 2 diabetes

among overweight adults with impaired glucose tolerance (a 2 h 75 g

post-load glucose 7.8–11.1 mmol/l).50,58,59 Although the efficacy of these

interventions in children is unknown, it would be surprising if they were

not at least as successful in young persons. These interventions would

have to be family-based and include policy changes in schools that

address diet and physical activity.60 Community-based efforts are impor-

tant for controlling childhood obesity and preventing diabetes and to

encourage lifelong patterns of positive health behaviors.

Despite the availability of effective treatment, the quality of care for

adult type 2 diabetes remains suboptimal,28 and this situation is likely

to be worse for children and adolescents.21,24 Thus, carefully con-

ducted studies of quality of care and of potential management options

among children are needed. Finally, type 2 diabetes in children offers

some exceptional opportunities to understand the causes of the

disease and of insulin resistance, with the benefit of developing better

primary prevention.
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The emergence of type 2 diabetes in young people epitomizes the

growing problem of chronic diseases worldwide and their extension to

youth. The rising prevalence of obesity and type 2 diabetes in children is

also the consequence of worldwide social and economic changes. To

fight type 2 diabetes as a pediatric disease will require use of recent

medical advances, but will also require understanding and questioning

of the untoward health changes brought from industrialization.
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c h a p t e r  4

Type 2 diabetes in children
and adolescents in Asia
Kaichi Kida

Introduction

Type 2 diabetes, the predominant type of diabetes in adults, was pre-

viously thought to seldom develop in children and adolescents. It is,

however, rapidly emerging not only in children and adolescents of par-

ticular high-risk ethnic groups but also in Caucasians in parallel with a

change of lifestyle in recent decades. Furthermore, type 2 diabetes is

now the major type of diabetes in children and adolescents in some

high-risk ethnic groups.1–9 In Asian countries, lifestyles of children and

adolescents, as well as those of adults, have changed rapidly, resulting in

less physical activity and more fat intake. Consequently, obesity, which

is a major risk factor for type 2 diabetes, has steeply increased in chil-

dren and adolescents.10,11 The threshold of body mass index (BMI) for

the risks of cardiovascular diseases and type 2 diabetes (which are based

on insulin resistance) is lower in Asian populations than Caucasian pop-

ulations, suggesting a genetic predisposition to insulin resistance in

Asian populations.12,13 Loading of these environmental and genetic risk

factors for type 2 diabetes in Asian populations is reflected both by the

high frequency of childhood and adolescent type 2 diabetes and by its

rapid increase in Asian populations, shown by some population-based

and hospital-based studies.

Chronic complications develop in children and adolescents with type

2 diabetes as or more quickly than in those with type 1 diabetes.

Therefore, an intensive intervention program to promote healthy



lifestyles in childhood and adolescence is needed to reduce the risk for

type 2 diabetes and thus prevent its chronic complications, particularly

in high-risk Asian populations.

Epidemiology

Type 2 diabetes similar to that found in Native Canadian, Native

American, African-American and Mexican-American populations1–7 is

emerging in children and adolescents in Asian populations. There is

only a limited amount of data on the epidemiology of type 2 diabetes in

children and adolescents in Asia, which are based on population studies

in Japan and Taiwan. In Japan, all schoolchildren aged 6–15 years have

been screened for diabetes by a urine test once a year as determined by a

school health law passed in 1993. In some places in Japan, including

Tokyo and Yokohama, the diabetes screening program for schoolchild-

ren was launched by their local governments in the 1970s and 1980s.

The first morning urine taken at home is examined for glycosuria, fol-

lowed by a further examination and diagnosis in a medical center for

those who are positive for glycosuria. The diagnosis of type 2 diabetes is

made by clinical features, an oral glucose tolerance test (OGTT), and

measurements of insulin or C-peptide and autoantibodies. All the

expenses for the urine screening are covered by the government and

those for the further examination and diagnosis by the local govern-

ment and/or public medical insurance.

The incidence of type 2 diabetes in Japanese schoolchildren aged 6–15

years estimated from results of the diabetes screening program ranges

from 4.0 to 7.0 per hundred thousand children per year among different

areas in Japan.8,14,15 (N. Kikuchi, pers. comm.). The incidence of type 2

diabetes in this age group could be somewhat higher than these figures,

as it is likely that some cases are missed by urine screening and some

cases are found incidentally or clinically before the urine screening. The

sensitivity of the urine test for detection of type 2 diabetes is not neces-

sarily high, but almost all cases are thought to be ascertained by this

screening as the cases missed in the first screening should be picked up
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in the screening of the next year. The prevalence of type 2 diabetes in

schoolchildren in Osaka is estimated to be 28/100,000(105) by the

capture-mark-recapture method using the diabetes screening program,

registries of childhood diabetes and questionnaires to doctors as the

three sources of ascertainment.16

The incidence and prevalence of type 2 diabetes are 2–4 fold higher

than those of type 1 diabetes in Japanese children and adolescents

(1.5/105 per year for incidence and 8.0/105 for prevalence).17 A rapid

increase of type 2 diabetes in schoolchildren has been demonstrated in

Tokyo and Yokohama, where the urine diabetes screening program with

the urine test for schoolchildren has been conducted since the 1970s

and 1980s, i.e. before the nationwide program prescribed by the school

health law (Figure 4.1).8,14–16 The incidence of type 2 diabetes in school-

children in Tokyo and Yokohama has increased 3–4 fold over these 25

years – from 1.0–1.5 to 5–7/105 per year. This increase is in parallel with

an increase of obesity in the same age group.

In Taiwan, a nationwide diabetes screening program based on urine

testing of schoolchildren, similar to the Japanese program, has been in

place since 1992. Type 2 diabetes accounts for 60% of diabetes in

Taiwanese schoolchildren aged 6–18. The prevalence is estimated to be
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8.8/105 for boys and 12.2/105 for girls from the results of the diabetes

screening program.18 The Western Pacific Region of International

Diabetes Federation (IDF) study to survey the HbA1c of children and ado-

lescents with diabetes was carried out among 96 centers in Australia,

China, Indonesia, Japan, Malaysia, the Philippines, Singapore, South

Korea, Taiwan and Thailand (IDF WPR Childhood and Adolescence

Diabcare 2001 Report), and revealed that type 2 diabetes accounts for

9.8% of diabetes of children and adolescents who have visited the partic-

ipating diabetes centers during 6 months of the study period.19 It is

likely that the prevalence of type 2 diabetes in children and adolescents

in these Western Pacific countries is higher than that shown in the IDF

WPR 2001 Report, because a considerable number of children and ado-

lescents with type 2 diabetes are thought to be undiagnosed in some of

the regions in the study.

In New Zealand, type 2 diabetes is reported to account for 35% of cases

of diabetes diagnosed before the age 30 among Northland Maori regis-

tered with the Northland New Zealand Diabetes Service. The majority of

young New Zealand Maori patients had type 1 diabetes in studies in the

1980s; thus there is an increasing rate of type 2 diabetes in young New

Zealand Maoris.19 Similarly, a 5-year follow-up study of Australian aborig-

ines revelead that the prevalence of IGT and type 2 diabetes was 1.4%

and 1.4%, respectively, at a mean age of 13.3 years and 8.1% and 2.7%,

respectively, at a mean age of 18.5 years.20

There are a few reports of hospital-based studies indicating increases of

childhood and adolescent type 2 diabetes in Asian countries. In a hospital

in Bangkok, there were 59 newly diagnosed cases of childhood and adoles-

cent type 2 diabetes for the 10 years from 1987 to 1996 (5.9 cases/year),

whereas the number of cases for the 3 years from 1997 to 1999 increased

to 39 (13 cases/year).21 In Singapore, the number of cases of childhood and

adolescent type 2 diabetes increased by more than five times over a recent

3-year period in the two biggest diabetes centers for children and adoles-

cents.22 In the Middle East, as well, there is a report of 5 cases of type 2 

diabetes out of 40 cases of diabetes in children and adolescents aged 

0–18 years diagnosed in a hospital in the United Arab Emirates during the

period 1990–1998.23 It is thus evident that type 2 diabetes is rapidly 
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emerging in children and adolescents and accounts for a considerable 

proportion of cases of diabetes in this age group in many parts of Asia.

Clinical features

In Japan and Taiwan, most of the new cases of childhood and adolescent

type 2 diabetes are found by the diabetes screening program for school-

children before clinical symptoms of the diabetes manifest. In other

countries in Asia, most of the cases are found during evaluation of

obesity or of symptoms of diabetes such as emaciation, fatigue, polyuria

or polydipsia or, incidentally, by examinations for other illnesses. It

should be noted that a few percent of children and adolescents with type

2 diabetes have an episode of ketoacidosis at onset of the disease or after-

wards (IDF WPR Childhood and Adolescence Diabcare 2001 Report). In

Japan, it is reported that some adolescents or young adults with mild

type 2 diabetes present with a severe ketosis after drinking a large

amount of soft drinks for several days to several weeks. This is called

‘soft-drink ketosis’ and the relatively low capacity of insulin secretion of

Japanese people may make them more prone to this condition.24

Type 2 diabetes rarely develops before the age of 5 years and usually

begins to develop a few years before puberty followed by a linear increase

thereafter.14,15 The distribution curve of the age of onset in boys is 1.5 years

later than in girls, as is puberty, which suggests that changes in insulin

sensitivity associated with puberty might be involved in the development

of type 2 diabetes. There is almost no significant gender difference in the

incidence or prevalence of type 2 diabetes in Japanese children and adoles-

cents (M:F = 44:57 in Tokyo and M:F = 49:51 in Yokohama). Similarly, the

gender ratio of childhood and adolescent type 2 diabetes registered for the

IDF WPR 2001 Report in nine Asian countries excluding Japan is M:F =

48:52. These ratios are different from the female dominance reported in

children and adolescents with type 2 diabetes in Native Americans, Native

Canadians and Africans.1–7 In Taiwan, however, female dominance in the

incidence of type 2 diabetes in schoolchildren is demonstrated by results

in that country’s diabetes screening program (M:F = 8.8:12.2).18
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A strong family history is characteristic of childhood and adolescent

type 2 diabetes as it is of adult type 2 diabetes. The prevalence of type 2

diabetes in their parent(s) at diagnosis is 36%,14 which is far higher than

that in the general population of the same age group, and this familial

predisposition of type 2 diabetes is comparable to that of type 1 diabetes

in the Japanese.25

Obesity is one of the characteristic features of childhood and adolescent

type 2 diabetes. Obesity is found in 75–85% of Japanese children and ado-

lescents with type 2 diabetes, half of whom manifest only mild obesity

(less than 30% in percent overweight for the standard weight).8,14,15

(N. Kikuchi, pers. comm.) It is thus only 25–30% of children and adoles-

cents with type 2 diabetes who present with severe obesity (50% or more

in percent overweight). Similarly, in the IDF WPR 2001 Report, 32% of

children and adolescents with type 2 diabetes present with severe obesity

equivalent to a BMI of 30 or more in adults whereas 35% and 33% of

them had only mild obesity equivalent to adult BMI of 25–30 and normal

body weight, respectively. Less frequent association of obesity with type 2

diabetes in Asian populations than in other ethnic groups previously

reported in adults suggests that relatively insufficient secretion of insulin

might play a role in the development of type 2 diabetes in Asia. However,

it is evident that obesity is also a major risk factor for childhood and ado-

lescent type 2 diabetes in Asia. Acanthosis nigricans, which suggests the

presence of insulin resistance, is frequently seen in children and adoles-

cents with type 2 diabetes: 57% in Japan (IDF WPR 2001 Report), 85% in

Singapore22 and 71.4% in Thailand.21 As expected, the acanthosis nigri-

cans is more prevalent in obese children and adolescents with type 2 dia-

betes than in those without obesity (69% vs 19%) in Japan (IDF WPR

2001 Report), which indicates that relative insufficiency of insulin secre-

tion is predominantly involved in the development of non-obese type 2

diabetes in children and adolescents.

The natural course of type 2 diabetes in children and adolescents

seems to be the same as that in adults, and the eye and kidney complica-

tions develop in childhood and adolescence-onset type 2 diabetes as fast

as or even faster than in type 1 diabetes of the same age group.26–28

Particularly, microalbuminuria is reported to be present more frequently
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in young patients with type 2 diabetes than in those with type 1

diabetes (see Chapter 9; IDF WPR 2001 Report; and Ref. 28).

Insulin resistance

The lifestyle of children and adolescents as well as that of adults has

been rapidly modernized or westernized, causing a steep increase in

obesity in most Asian countries. In Japan, energy intake per capita per

day has not changed or even slightly decreased but the energy taken

from fat, particularly animal fat, has increased by 2.5 times over the last

30 years.10 Physical activity of Japanese children and adolescents signifi-

cantly decreased; 74% of schoolchildren had their physical activity mon-

itored on a certain day in 1981 but this had decreased to 52% in 1992,

according to a school health survey.29 The linear increase of obesity in

Japanese schoolchildren, by 2.5 times over the past 30 years, exactly

mirrors the modernization or westernization of lifestyle as seen in

changes of eating habits and physical activity10 (Figure 4.2). Similar

increasing trends of obesity in parallel with modernization or western-

ization of lifestyle are seen in children and adolescents in other Asian

countries. According to WHO, 6.2 million out of an estimated 22

million children defined as obese in the world are in Southeast Asia and

Western Pacific regions.11

Obesity is a major risk factor for the development of insulin resistance

leading to type 2 diabetes in children and adolescents as it is in adults. In

Japanese children and adolescents with obesity, increased insulin secre-

tion and deteriorated glucose tolerance are demonstrated by OGTT, sug-

gesting the development of insulin resistance in parallel with a degree of

obesity (r = 0.52, P = 0.001 and r = 0.32, P = 0.01) (Figure 4.3).30 Insulin

resistance associated with obesity is further demonstrated by decreased

insulin binding to its receptors (r = –0.69, P = 0.001) and by the increased

insulin resistance index ‘HOMA-R’ (1.25 in control vs 3.90 in obesity, 

P = 0.01)30,31 Decreased insulin sensitivity associated with obesity in

Japanese children and adolescents is more directly shown by the Minimal

model (1.2 in control vs 0.45 in obesity, P = 0.01) (Figure 4.4).32
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A high prevalence of glucose intolerance is observed in Japanese obese

children; impaired glucose tolerance/impaired fasting glucose (IGT/IFG)

and type 2 diabetes are found in 15–25% and 4–4.5% of obese children

whose percent overweight for the standard weight is 30% or more,30,33

which is comparable with a recent report on Caucasian, Hispanic and

African-American children and adolescents.34 IGT/IFG associated with

obesity in children and adolescents can be reversed by weight reduction,

but may lead to type 2 diabetes unless properly treated. In the follow-up

studies in Japan, 30% of children and adolescents with IGT/IFG develop

type 2 diabetes in 3 years.35 These findings indicate that insulin resistance

associated with obesity is a major risk factor for the development of type 2

diabetes in children and adolescents. It should be noted, however, that

the magnitude of insulin resistance is not so different between children

with simple obesity and obese children with type 2 diabetes as between

normal and obese children. The HOMA-R is 3.9 in simple obesity and 4.8

in obese type 2 diabetes (P = 0.04)31 and there is no difference in insulin

sensitivity as estimated by the Minimal model between them.32 Thus, it is

suggested that insufficient secretion of insulin plays an important role in

the development of type 2 diabetes in children and adolescents with
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insulin resistance associated with obesity. In Asian populations, one-

fourth of children and adolescents with type 2 diabetes are not obese. The

prevalence of acanthosis nigricans is significantly lower (IDR WPR 2001

Report) and both basal and stimulated insulin secretion is significantly

less in non-obese children and adolescents with type 2 diabetes than

obese ones.14

Insufficiency of secretion is considered to be predominantly involved

in the development of non-obese type 2 diabetes in children and ado-

lescents. However, it is still likely that insulin resistance is an under-

lying basis for the development of non-obese type 2 diabetes in

children and adolescents since their insulin secretion often has not

deteriorated to below the normal ranges and some of them manifest

acanthosis nigricans.

Apart from acquired insulin resistance resulting from environmental

factors – namely lifestyle – children and adolescents of Asian popula-

tions might have genetically lower insulin sensitivity than those of

Caucasian populations, as has been shown in Pima Indians and African-

Americans.36–38 This is supported by a finding that the genotype of

a mutant �3-adrenergic receptor gene, one of the candidate genes for

insulin resistance, is more prevalent in Asian populations than in Pima

Indians.39–41 Furthermore, the presence of genetic insulin resistance in

Japanese children and adolescents is suggested by a finding that serum

cholesterol levels are higher in Japanese children and adolescents despite

a lower fat intake compared with American children and adolescents.42

Treatment

Evidence-based treatment of type 2 diabetes for children and adolescents

has not been established but experiences gained in adults can be applied

to childhood and adolescent type 2 diabetes. In Asian countries, 31% of

children and adolescents with type 2 diabetes are treated by exercise and

diet, 41% with an oral hypoglycemic agent, 18% with insulin alone, and

10% with a combination of insulin and hypoglycemic agent (IDF WPR

2001 Report). The oral hypoglycemic agent most commonly used is 
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metformin, the effectiveness and safety of which is proved even in 

children and adolescents.43 Metformin is preferably used for obese type 2

diabetes and insulin secretagogues, including sulfonylureas and

nateglinide, for non-obese type 2 diabetes. With regard to insulin

therapy, 45% of children and adolescents with type 2 diabetes have

never been on insulin whereas only 25% of patients are currently on

insulin (IDF WPR 2001 Report), which indicates that some of them are

able to revert to oral hypoglycemic agents or even to exercise and diet if

glucose toxicity is eliminated by strict metabolic control with insulin.

The average metabolic control is better in type 2 diabetes than in type 1

diabetes in Asian patients, but the follow-up studies have shown that

chronic complications of retinopathy and nephropathy develop in chil-

dren and adolescents with type 2 diabetes as fast as or even faster than in

those with type 1 diabetes.26–28 The lack of symptoms in type 2 diabetes

often leads to poor compliance or a drop-out from the treatment; 20% of

126 patients have dropped out from treatment in 8 years of follow-up

period.44 A team approach, including pediatric nurse practitioners, is

needed for children and adolescents with type 2 diabetes to achieve a

good metabolic control and psychosocial well-being.45 In addition, early

detection of type 2 diabetes by screening for children and adolescents

with a risk of type 2 diabetes should be carried out to avoid the develop-

ment of complications, particularly in the high-risk ethnic groups in

Asia.46

Furthermore, lifestyle intervention with appropriate nutrition and

exercise should be a strategy for primary prevention of type 2 diabetes

in children and adolescents. Some local governments in Japan run

a school-based health promotion program to screen schoolchildren for

obesity, dyslipidemia and hypertension and give health education by

school nurses, school dieticians and school doctors to children with

any of these risks. The results indicate that 50% of schoolchildren with

obesity have successfully achieved weight reduction (Figure 4.5).10 It is

similarly reported from Singapore that the percentage of obese 

children in primary schools has fallen from 12.4% to 10.3% over a 

4-year period as a result of the Trim and Fit Program introduced from

1992.47 There is urgent need to establish a healthy lifestyle through a
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primary intervention for children and adolescents in order to stop the

increasing trend of type 2 diabetes in the world, particularly in Asian

countries where the increase is expected to be most significant in the

next 20 years.
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c h a p t e r  5

Childhood and adolescent
obesity
Louise A Baur and Elizabeth Denney-Wilson

Introduction

Childhood obesity is one of the most serious public health problems

facing the developed and, increasingly, the developing world.1,2 The

obesity epidemic is not simply a result of energy imbalance, but rather

a consequence of the complex interactions among biological, eco-

nomic, and social factors. The prevalence of obesity is increasing in

children of all ages. Obese children suffer from a host of co-morbidities,

some of which are immediately apparent, while others act as warning

signs of future disease. Although primary prevention is the most effec-

tive strategy in curbing the epidemic, treatment of those children who

are currently obese is needed to improve both their immediate and

long-term health outcomes.

How is obesity defined in children and 
adolescents?

Ideally, the definition of overweight and obesity in children should be

accurate, easy to perform and equate to health risk. Body mass index

(BMI), calculated by dividing weight in kilograms by height in metres

squared, is a simple, low-cost measure of body fatness in both adults and

children.3 In adults, the BMI cut-points of 25 kg/m2 and 30 kg/m2 are



used to define overweight and obesity, respectively, and relate to the

point at which health risks rise steeply.2 Among children, however,

there is insufficient evidence to provide an absolute definition of health-

related overweight.

Recently, an expert committee convened by the International Obesity

TaskForce (IOTF) recommended that BMI, based on centile curves that at

age 18 pass through the adult cut-points of 25 kg/m2 and 30 kg/m2, be

used to define overweight and obesity among children and adolescents.3

Subsequently, Cole and his colleagues developed a table of age- and 

sex-specific cut-points that can be used particularly in epidemiological

research to classify overweight and obesity.4 Use of this definition allows

international comparison of trends in overweight and obesity (see

below). In clinical practice, BMI-for-age charts, such as those developed

by the Centers for Disease Control and Prevention (CDC) in the United

States (see Figures 2.3 and 2.4 on pages 23 and 24) and elsewhere, can be

used to chart an individual’s BMI and monitor changes.5 However, the

decision about which specific centile lines denote overweight and obesity

remains arbitrary.

Abdominal or visceral fat is strongly linked to the co-morbidities of

obesity. Waist circumference, even in childhood and adolescence, is

strongly correlated with abdominal fat as well as markers for co-

morbidities such as adverse lipid and glucose profiles and hypertension.6

There are no internationally accepted criteria for high- or low-risk waist

circumference in children and adolescents.

In defining obesity a further consideration is that racial and ethnic

variations exist in the biological response to excess adiposity. For

example, Asian adults have a higher percentage body fat for a given BMI

than do whites.7 Studies in the United States have found that African-

American, Mexican American and Mohawk Indian children carry more

abdominal fat than white children.8 Acknowledgment of these

differences may require the development of ethnic- or race-specific defin-

itions or criteria for obesity. These differences may be important in the

primary prevention and management of overweight among racial and

ethnic groups.
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What is the prevalence of obesity among 
children and adolescents?

Initially described in Western countries, the obesity epidemic among

children has spread throughout the world, with some countries in

economic transition such as Uzbekistan, Peru and Nigeria reporting

prevalence rates higher than that in the United States.1 Of further

concern is that not only is the prevalence of obesity increasing but the

severity of overweight is greater than in the past.9

Table 5.1 provides estimates of the prevalence of obesity among chil-

dren in selected countries, using the IOTF definitions of overweight and

obesity. The prevalence of overweight and obesity among children in the

United States, Australia, and England is increasing among both boys and

girls.10–12 The prevalence of overweight and obesity in Hong Kong and

Singapore is similar to that found a decade earlier in the United States,

Australia, and England.4 In urban areas of China, the prevalence of over-

weight among children has doubled, from 14.6% in 1989 to 28.9% in

1997, while over the same period, the prevalence of obesity has increased

almost 10-fold, from 1.5% to 12.6%.13 Studies from many other coun-

tries, including Belgium, Egypt, Taiwan, Morocco, Finland, and Spain,

using different definitions of obesity, have also reported increases in the

prevalence of overweight and obesity among children and adolescents.14

Sociodemographic differences in the prevalence of
obesity
Recent data from the United States indicate sociodemographic

differences in the prevalence of obesity among Hispanic (21.8%),

African-American (21.5%) and white children (12.3%), with the sharpest

increases occurring among African-American and Hispanic children.15

An inverse social gradient between overweight and socioeconomic

groups among both boys and girls has also been shown in Germany.16

Among countries in economic transition, however, the association

between overweight prevalence and socioeconomic group is reversed.
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Studies from different countries, including China and Brazil,13,17 indi-

cate that children and adolescents from higher socioeconomic groups

are more likely to be overweight, the possible causes being a greater

abundance of energy-dense food, a less strenuous daily life, and greater

access to passive entertainment.

What are the health effects of obesity in 
children and adolescents?

Obese children and adolescents suffer co-morbidities affecting almost

every body system (Table 5.2). Immediate effects include social and

psychological problems, while long-term effects include the establish-

ment of risk factors for cardiovascular disease and type 2 diabetes and

the development of adult obesity.

Psychosocial
The most common consequences of obesity during childhood and 

adolescence are psychosocial dysfunction and social isolation.18,19 Pre-

adolescent children associate overweight body shape silhouettes with

poor social functioning, impaired academic success and reduced fitness

and health,20 although there is little evidence to suggest that self-

esteem is significantly affected in obese young children.19,21 As would

be expected, this situation changes by the time of adolescence. Cross-

sectional studies of teenagers show an inverse relationship between

weight and both global self-esteem and body-esteem.21 Obesity in ado-

lescent girls is significantly related to body dissatisfaction, drive for

thinness, and bulimia.22 Adolescence is a period when there is marked

self-awareness of body shape and physical appearance, so that it is not

surprising that the pervasive, negative social messages associated with

obesity in many societies are particularly important at this stage.

Overweight in adolescence may also be associated with later social 

and economic problems. A large prospective study from the USA has

shown that women who are overweight in late adolescence and early
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adulthood are more likely, as adults, to have lower family incomes,

higher rates of poverty and lower rates of marriage than women with

other forms of chronic physical disability but who were not over-

weight.23 These findings are likely to reflect social discrimination

against obese people.
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Table 5.2 Potential health problems associated with obesity among

children and adolescents

System Health problems

Psychosocial Social isolation and discrimination, decreased 

self-esteem, learning difficulties, body image disorder,

bulimia

Medium and long term: poorer social and economic

‘success’, bulimia

Respiratory Obstructive sleep apnoea, asthma

Orthopaedic Back pain, slipped femoral capital epiphyses, tibia

vara, ankle sprains, flat feet

Gastrointestinal Non-alcoholic steatohepatosis, gastro-oesophageal

reflux and gastric emptying disturbances, gallstones

Genitourinary Polycystic ovary syndrome, menstrual abnormalities

Cardiovascular Hypertension, adverse lipid profile (low HDL

cholesterol, high triglycerides, high LDL cholesterol)

Medium and long term: increased risk of 

hypertension and adverse lipid profile in adulthood,

increased risk of coronary artery disease in 

adulthood

Endocrine Hyperinsulinaemia, insulin resistance, type 2 diabetes

mellitus

Medium and long term: increased risk of type 2

diabetes mellitus in adulthood

Neurological Pseudotumour cerebri

HDL = high-density lipoprotein; LDL = low-density lipoprotein.



Orthopaedic
Orthopaedic complications are also well recognized in obese children. In

an international multi-centre study, 63% of children with slipped capital

femoral epiphyses had a body weight that was greater than or equal to

the 90th centile for age.24 In this problem, the femoral epiphysis is sub-

jected to the increased stress of weight bearing, with eventual slippage

occurring. Obesity has also been shown to be more commonly associ-

ated with the development of Blount’s disease (tibia vara) in which there

is a deformity of the medial portion of the proximal tibial metaphysis.

As well as these serious forms of orthopaedic disease, more minor abnor-

malities are also seen, including an increased susceptibility to ankle

sprains, knock knee (genu valgum) and flat, wide feet with increased

static and dynamic pressures.25

Gastrointestinal/hepatobiliary
Hepatic complications of obesity may be present, particularly non-

alcoholic hepatic steatosis, which is characterized by mildly raised levels

of serum transaminase activities, insulin resistance and, usually, resolu-

tion following weight loss.26 Hepatic cirrhosis may rarely develop. Obesity

is the major cause of gallstones in children without other medical prob-

lems. Gastro-esophageal reflux and gastric-emptying disturbances are

further complications of childhood obesity and appear to be a conse-

quence of raised intra-abdominal pressure from increased subcutaneous

and visceral fat.

Neurological
Idiopathic raised intracranial pressure (pseudotumour cerebri) is a very rare

complication of childhood obesity that requires immediate recognition

and management. About one-third of child and adolescent patients with

pseudotumour cerebri are obese,27 although the role of obesity and other

associated conditions in the pathogenesis of the disorder is unknown.

Respiratory
Asthmatic children who are overweight experience more severe respiratory

symptoms than do lean children with asthma and they require more
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medication and more frequent hospital treatment.28 Obstructive sleep

apnoea may occur in obese children and is usually associated with adeno-

tonsillar hypertrophy and insulin resistance.29 Profound hypoventilation

and even sudden death have been reported in severe cases of sleep apnoea

associated with obesity.

Features of the metabolic syndrome
Obesity, especially central obesity, in childhood is also associated with risk

factors for heart disease and type 2 diabetes. Dyslipidaemia is frequently

present, the lipoprotein pattern characterised by raised levels of triglyc-

erides and total and low-density lipoprotein (LDL) cholesterol and reduced

levels of high-density lipoprotein (HDL) cholesterol.30 This is particularly

related to the presence of increased intra-abdominal fat. Other features of

the metabolic syndrome, such as hypertension, hyperinsulinaemia, and

insulin resistance, are also commonly seen in centrally obese children.31

Blood lipid and lipoprotein concentrations, insulin concentrations, and

blood pressure all appear to track from childhood into young adulthood,

with obesity at baseline being a significant predictor of these measures in

adulthood.18

The incidence of type 2 diabetes mellitus among children and adoles-

cents is increasing and is inextricably linked to the prevalence of obesity

among young people. For example, Pinhas-Hamiel and colleagues reported

a 10-fold increase in the estimated incidence of type 2 diabetes among

their adolescent referral population, from 0.7/100,000 per year in 1982 to

7.2/100,000 per year in 1994.32 Other research in the United States suggests

that type 2 diabetes accounts for up to one-half of all new cases of paedi-

atric or adolescent diabetes.33 In this study all of the newly diagnosed ado-

lescents were obese and had family histories of type 2 diabetes.33 The early

onset and increasing prevalence of this disease could pose a major public

health problem as more people develop long-term complications at

younger ages.

Long-term morbidity and mortality
The most significant long-term consequence of childhood obesity is its

persistence into adulthood, with all the attendant health risks.30 This is
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more likely with parental obesity, the presence of obesity in late child-

hood or adolescence, or with greater severity of obesity.34 Overweight in

adolescence is also associated with long-term mortality and morbidity, a

finding that is independent of adult weight and socioeconomic status.18

Indeed, several long-term cohort studies have shown relative risk esti-

mates of approximately 1.5 for all-cause mortality and 2.0 for mortality

from coronary heart disease for overweight children and adolescents

when compared to their leaner peers.18

Thus, overweight and obesity in childhood and adolescence are asso-

ciated with a range of psychosocial and medical complications that are

both immediate and long term. This makes effective prevention and

management vital.

What are the causes of obesity?

Obesity is a complex disorder and, while there is clear evidence for

a genetic component to obesity, an appropriate environment must be

present in order for obesity to be expressed. The rapid increase in the

prevalence of obesity in the past two decades is due to significant

changes in the physical and social environment.

Genetic associations of obesity
Twin, adoption, and family studies have shown that there is a strong

genetic basis to the development of obesity. The genetic effects account for

25–40%, or possibly more, of the variance in obesity within a popula-

tion.34,35 Obesity is a polygenic disorder, with many genes currently linked,

or associated, with a predisposition to excess adiposity.36 Indeed, loci asso-

ciated with obesity have been identified on all chromosomes but one

(chromosome Y).

Candidate genes

There are increasing numbers of reports of candidate genes that have

significant associations with obesity-related phenotypes.36,37 Genes

for which there have been at least four separate reports of positive
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associations with obesity include leptin receptor, peroxisome proliferative

activated receptor-�, glucocorticoid receptor, �-2- and �-3-adrenergic

receptors, tumour necrosis factor, leptin, uncoupling proteins 2 and 3,

dopamine receptor D2, insulin, guanine nucleotide binding protein

� polypeptide 3 and low-density lipoprotein receptor.37 Not surprisingly,

the range of actions of candidate genes is extremely varied, reflecting the

many physiological pathways influencing total body energy balance and

fat distribution. Thus, genes influencing appetite and satiety signals, the

size of the fat depot, adipocyte differentiation, resting metabolic rate, diet-

induced thermogenesis, nutrient partitioning, peripheral insulin action,

visceral fat and obesity-related co-morbidities are all subjects of intense

investigation.36,37

Newly described single-gene mutations causing obesity

Mutations in six separate genes leading to severe early-onset obesity in

humans have been identified (Table 5.3). The most frequent reports

have been made for the melanocortin-4-receptor gene, which is associ-

ated with an autosomal dominant form of inheritance. However, in the

vast majority of instances of early-onset obesity, no gene mutation has

been identified.

Environmental influences on the development 
of obesity
Obesity is a complex condition, with genetic, metabolic, behavioural,

and environmental factors all contributing to its development. However,

the dramatic increase in the prevalence of obesity in the past few

decades can only be due to significant changes in lifestyle, affecting

both children and adults.

Television, computers and video games

The association between television viewing and obesity in childhood and

adolescence has been demonstrated in both cross-sectional and longitu-

dinal studies.38,39 Of particular interest is the finding in some prospective

studies that television viewing is associated with an increased incidence

of new cases of obesity, as well as a decrease in remission rates of
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established obesity.39 Television viewing appears to be a marker of a

vulnerable lifestyle and its association with obesity in children and ado-

lescents may reflect some of the following mechanisms:

• exposure of children to food advertising

• increased snacking of energy-dense foods and drinks while watching

television

• decreased opportunities for physical activity

• reinforcement of sedentary behaviour.

Dietary intake

The increased prevalence of obesity in recent decades may have resulted,

at least in part, from changes in dietary intake, such as an increase in the

consumption of high-fat foods or in sugar-containing drinks,40,41

although the evidence for a clear effect of diet is not strong. In 

a 12-month prospective study, early school-age children at high risk for

the development of obesity were shown to have gained marginally more

weight, and consumed a slightly larger proportion of energy from fat

than did children at low risk of obesity.42 Consumption of soda drinks

(soft drinks) at baseline is associated with increased weight gain over the

next 19 months in young adolescents.41 In young children, parental

influence on food selection is strong, although the influence of televi-

sion viewing may be significant. In older children and adolescents, peer

influence is also important. Less-desirable meal patterns, such as

frequent snacking, also appear to be related to obesity.

Physical activity and sedentary behaviour

In the prospective study of low- and high-risk young children mentioned

above, the high-risk group (with higher weight gain) had slightly lower

levels of total physical activity than did the low-risk group, suggesting

a pattern of physical activity that may predispose the at-risk child to the

development of obesity.42 Sedentary behaviour is not merely the inverse of

being physically active – they are different, although inter-linked, behav-

iours. One of the ways in which television viewing may have its associ-

ation with obesity in childhood is through the encouragement of
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sedentary behaviour.39 There are, however, no clear data linking viewing of

interactive videos, computers or other ‘small-screen’ time with the devel-

opment of obesity, although they are likely to be significantly associated.

Environmental issues in economies in transition

In developing countries and economies undergoing transition, many of

the same factors may be influencing the development of obesity. Dietary

changes that have accompanied modernization include an increase in

consumption of fat, added sugar and animal products in the diet and

a decrease in total cereal intake and fibre.43 Changes in activity level

have also occurred as a result of an increase in household labour-saving

devices and a rise in television and motor vehicle ownership.43

Thus, the increase in sedentary pursuits such as television viewing,

video games and computer use, an increase in the use of motorized trans-

port, a decrease in physical activity and an increase in the consumption

of high-fat and energy-dense foods are likely to be the major factors in

the epidemic of obesity.2 The early 21st century in industrialized commu-

nities provides an environment that is highly conducive to obesity.

What is the management of child and 
adolescent overweight and obesity?

A systematic review of the treatment of obesity by Glenny et al.44

showed that published studies have used small sample sizes with varying

attrition rates (0–56%), and have measured outcomes almost exclusively

in terms of degree of overweight, rather than including broader medical,

psychosocial and behavioural outcomes. Thus, the evidence to support

effective intervention is limited and may not be generalizable to other

clinical settings. Nevertheless, the broad principles of management are

well recognized (Table 5.4):

• behavioural modification

• family support
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• a developmentally appropriate approach

• sensitivity to cultural attitudes and customs

• dietary change

• increased physical activity

• decreased sedentary behaviour.

Clinical assessment
All obese children and adolescents should initially have a full history

and physical examination performed. This includes a sensitive explo-

ration of the implications of obesity for the young person and family

and of their motivation for behavioural change. A family history of
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Table 5.4 Basic elements of behavioural management of obesity in

childhood and adolescence

Clarification of treatment outcomes

Family involvement

Developmentally appropriate approach:
• Pre-adolescent children: focus on parents

• Adolescents: separate sessions for the young person

Long-term dietary change:
• Energy reduction

• Lower-fat food choices

• Reduction in high-sugar foods and drinks

• Avoidance of severe dietary restriction

Increase in physical activity:
• Incidental activity

• Active transport options (walking, cycling)

• Lifestyle activities

• Organized activities

Decrease in sedentary behaviour:
• Television, computer and small-screen use

• Alternatives to motorized transport



obesity and disorders associated with insulin resistance (e.g. type 2

diabetes, hypertension, dyslipidaemia, premature heart disease and

obstructive sleep apnoea) should be obtained. And, of particular impor-

tance, there should be a detailed exploration of the factors influencing

physical activity, sedentary behaviour and dietary intake.

Height and weight should be precisely and accurately measured and

BMI calculated as weight (kilogram)/height (meter)2 and then plotted on

a BMI-for-age chart. Waist circumference can be used as a proxy for

abdominal obesity.6,8 No specific cut-points for waist-circumference-for-

age exist for categorizing abdominal obesity in children and adolescents,

but if the waist circumference of a child or adolescent falls above the

acceptable waist circumference cut-points for adults (Table 5.5), then he

or she can be readily classified as having abdominal obesity. This imper-

fect, but practical, approach will, of course, lead to an underestimation

of abdominal obesity in paediatric patients.

BMI and waist circumference may be most useful in clinical assess-

ment of the individual patient when measured serially and used to

monitor change.

Complications that should be sought on physical examination

include hypertension, acanthosis nigricans (thickened pigmented skin

typically found on the neck and in skin folds, especially the axilla,

indicative of insulin resistance), striae, intertrigo, hepatomegaly (fatty
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Table 5.5 Sex-specific waist circumference and risk of metabolic

complications associated with obesity in Caucasian adultsa

Risk of metabolic complications Waist circumference (cm)

Men Women

Increased ≥94 ≥80

Substantially increased ≥102 ≥88

a Presented in the WHO Report2 and based upon a study of 4881 adults in the

Netherlands.66 Note that the identification of risk using waist circumference cut-points is

population-specific.



liver), and an abnormal gait due to joint problems. Warning signs that

may indicate other causes for the obesity (e.g. hypothyroidism, hyper-

cortisolism or Prader–Willi syndrome) include short stature, develop-

mental delay, or the presence of dysmorphic features. Note that it is

generally very easy to distinguish exogenous obesity associated with

a familial predisposition and a vulnerable lifestyle from other, rare,

causes of obesity. Biochemical screening for dyslipidaemia, insulin resis-

tance, glucose intolerance, and liver abnormalities should be undertaken

in patients with severe obesity, especially if there is a family history of

diseases associated with insulin resistance. A history of sleep apnoea

should be sought, but this can be difficult to ascertain on questioning.

Defining treatment outcomes
When treating a child or adolescent with obesity the goals of therapy

should be initially clarified (Table 5.6). Markers of a successful outcome of

therapy may include an improvement in morbidity (e.g. sleep apnoea,

hypertension, insulin resistance, dyslipidaemia), psychosocial functioning,
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Table 5.6 Defining weight management outcomes

Improvement in complications Improvement in adiposity

or behaviour

Resolution of medical complications, Weight: slowing in rate of weight

e.g. sleep apnoea, hypertension, gain, weight maintenance, weight

insulin resistance, glucose intolerance, loss 

dyslipidaemia.

Improvement in self-esteem and Waist circumference: decrease

psychosocial functioning

Increase in healthy lifestyle 

behaviours (related to eating, 

physical activity)

Increase in level of fitness or 

aerobic capacity

Improvement in family functioning



healthy lifestyle behaviours, aerobic capacity, or family functioning. With

regard to change in weight, amelioration of weight gain, rather than sub-

stantial weight loss, may be appropriate. Indeed, in younger children,

weight maintenance or a reduced rate of weight gain during a growth spurt

may be the most achievable approach; in effect, children may be able to

‘grow into’ an appropriate weight adjusted for height. A decrease in waist

circumference is a useful indicator of reduction in abdominal, as well as

subcutaneous, obesity.

Education of the family and, where appropriate, the young person,

about the nature of obesity, including the realization that it is a chronic

disorder of energy balance, is also important, as the need for long-term

changes in behaviour will then be more readily apparent. Small, achiev-

able goals are important, e.g. aiming initially for one walk per week or

reducing television viewing by 1 h per day every few weeks.

Family focus
Families influence food and activity habits, and thus effective therapy of

obesity must take this into account. Parental involvement in treatment

programmes is necessary for weight loss, both in young children and in

adolescents. Several studies have shown that long-term maintenance of

weight loss (i.e. from 2 to 10 years) can be achieved when the interven-

tion is family-based.45,46 These results have shown that long-term weight

control ‘success’ in childhood obesity is associated with such factors as

the amount of weight the parent loses in the initial phase, the use of

reinforcement techniques such as parental praise and a change in eating

habits, such as eating meals at home or a moderate reduction in fat

intake.45,46 Such findings imply that altered food patterns within the

whole family, as well as support of the child and parental reinforcement

of a healthy lifestyle, are important factors in successful outcomes.

A developmentally appropriate approach
There is increasing evidence that treatment of pre-adolescent obesity

with the parents as the exclusive agents of lifestyle change is superior to

a child-centred approach.47,48 An Israeli study randomized obese children

aged 6–11 years and their parents to either an experimental intervention
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where only the parents attended group sessions (with an emphasis on

general parenting skills), or a control intervention where only the

children attended group sessions.47,48 There was a greater reduction in

overweight in the experimental group, with children in the control

group having higher rates of reported anxiety and of withdrawal from

the programme. Thus, when dealing with the obese pre-adolescent child,

sessions involving the parent or parents alone, without the child being

present, are likely to be the most effective.

A different approach is needed for the adolescent patient. Features of

successful interventions in adolescent obesity include the provision of

separate sessions for the adolescent patient and the parent, and having a

structured, although flexible, programme that encourages sustainable

modifications in lifestyle, relationships and attitudes.49,50 There is also a

report of at least short-term success in management of adolescent obesity

with a phone- and mail-based behavioural intervention initiated in a

primary care setting.51

Dietary management
In the past, more prescriptive dietary approaches were used in the

treatment of paediatric obesity, but the current approach generally

involves education about healthy nutrition and appropriate food choices,

including a low-fat diet. There are many metabolic reasons why a high-fat

diet may cause problems with regulation of energy balance, as well as evi-

dence from adult studies that a low-fat diet is helpful in promoting weight

loss in obese patients.40 In the management of childhood obesity, a mod-

erate restriction in fat intake in the initial phase of therapy is associated

with sustained treatment effects.46 A low glycaemic index diet has been

proposed as useful in the management of childhood obesity but no

prospective studies have been performed using this treatment approach.52

There is no direct evidence for which dietary modification is most

effective for weight management in children and adolescents. Dietary

interventions should follow national nutrition guidelines and have an

emphasis on lower fat options, more vegetable and fruit intake, health-

ier snack food choices and, possibly, decreased portion sizes. A reduction

in soft drink or fruit juice intake is also important in decreasing total
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energy intake.41 Involvement of the entire family in making the change

to a sustainable and healthy food intake is vital. This is because changes

in shopping and cooking practices, and altered attitudes to snacking and

mealtimes, are required. The focus should be on behaviour change,

healthier food choices, and a reduction in fat content of foods and in

consumption of high-sugar drinks. Avoidance of severe dietary restric-

tion may be an important strategy in helping the development of the

child’s capacity to self-regulate dietary intake. Restrictive dieting may

also interfere with growth in childhood or encourage the development

of an eating disorder. Nevertheless, a flexible and individualized diet

prescription may be useful in helping a family or young person to make

the transition to sustained healthy eating habits.

Physical activity and sedentary behaviour
Epstein et al.53 have shown that participation of children in an exercise

programme during treatment for obesity is a predictor of long-term

successful weight control. The type of exercise employed (i.e. ‘lifestyle’

exercise versus programmed aerobic exercise) also appears to be impor-

tant for sustained weight loss; while both forms of exercise help promote

weight loss in the initial phase, the child or adolescent is more likely to

continue long term with the ‘lifestyle’ form of exercise.53 Families and

young people need to be reminded that increased physical activity may

best result from a change in incidental activity and not necessarily from

organized activities such as school sport. Importantly, children and

adolescents should be encouraged to choose activities that they enjoy

and which are therefore likely to be more sustainable.

A further controlled study has looked at the effect of targeting inactivity.

Epstein’s group54 has shown that 2-year outcome was most successful for

children who were placed in a group in which sedentary behaviour was

targeted rather than in those children who were in groups where they were

encouraged to increase their level of exercise. Thus, limitation of television

viewing, video games and computer games may encourage children to

choose more active pursuits.39,54

Parental involvement is vital if an increase in physical activity or

a decrease in sedentary behaviour is to occur. This may include monitoring
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television use, role-modelling of healthy behaviours, encouragement and

providing access to recreation areas or recreational equipment.

Types of interventions
Even in the management of adult obesity there have been few studies

looking at the effectiveness of different types of interventions (e.g. group

programmes, individual counselling sessions, sessions delivered by dif-

ferent types of health care professional), or interventions delivered in

different settings (e.g. primary care, community health centre, tertiary

institutions).55 When dealing with obese children and adolescents, 

there is some evidence that time-efficient interventions such as group

sessions, holiday camps, or mail- and phone-based behavioural inter-

ventions do at least as well as individual sessions.51,56

Other forms of therapy
The current clinical management of paediatric obesity involves behav-

ioural therapy. There is little information to guide the use of more

aggressive treatment approaches such as protein-sparing modified fasts,

obesity surgery, or drug therapy in the treatment of paediatric obesity.

Experience from adult studies suggests that they need to be used in the

context of a behavioural management programme. No pharmacological

agents are currently approved for the treatment of paediatric obesity,

although therapeutic trials are underway with drugs such as orlistat and

sibutramine. Until further randomized controlled trials of such therapies

are available, they should only be considered for obese young people

who have failed conventional management and have significant com-

plications of their obesity. Such therapies, if used at all, should occur in

the context of a behavioural weight management programme and be

restricted to specialist centres with expertise in managing morbid obesity.

Obesity prevention

The magnitude of the problem of obesity in most industrialized and

industrializing countries means that, to prevent further increases in

86 Type 2 diabetes in childhood and adolescence



prevalence, population-level strategies must be applied.2 Interventions

focussing on simply educating individuals and communities about behav-

iour change have had limited or no success. Instead, there is a need to

produce an environment that supports healthy eating and physical activity

throughout the community. This requires a commitment from many

sectors of society.

A recently published systematic review of interventions for preventing

obesity in children concluded that there are ‘limited high quality data

on the effectiveness of prevention programs’.57 This may well reflect the

methodological and ethical challenges in conducting such studies, often

in a sociopolitical environment that is not conducive to change.

However, the published studies do highlight the potential of both

a reduction in sedentary behaviours and an increase in physical activity

in prevention programmes.

The factors promoting the development of child and adolescent

obesity may be operating at both a micro-environmental level (i.e. the

settings where individuals live, eat, play or go to school) as well as at a

macro-environmental level (i.e. the broader sectors that ultimately influ-

ence dietary intake and physical activity and which are beyond the

ability of an individual to influence).58 Table 5.7 lists examples of the

settings that may be important in influencing the development of

obesity. When these are considered, it is apparent that opportunities

exist for a range of prevention strategies in a given community. These

might include:

• regulation of the nature and amount of food advertising directed at

children

• provision of high-quality recreation areas

• regulation of types of food and drink provided in school canteens

• provision of innovative physical education programmes in schools

that offer a range of fun and energetic opportunities beyond compet-

itive sports, such as dancing, martial arts and aerobics

• improvement in public transport

• provision of safe cycle paths and safe street lighting in local neigh-

bourhoods
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• support of walk-to-school programmes

• provision of economic incentives for the production and distribution

of vegetables and fruit

• development of town planning policies which promote active trans-

port or public transport over motorized transport.

There are few examples of successful multifaceted large-scale interven-

tions to guide obesity prevention. Such interventions will require inter-

sectoral and inter-governmental cooperation, supported by adequate

resources and significant community ownership.

Table 5.7 Examples of micro-environment settings and 

macro-environment sectors for the prevention of obesitya

Micro-environment settings Macro-environment sectors

Homes Technology and design (e.g. labour-

Schools
saving devices, architecture)

Community groups (e.g. 
Food production and importing

clubs, churches)

Community places (e.g. parks, 

Food manufacturing and distribution

shopping malls)

Food marketing (e.g. fast food

advertising)

Institutions (e.g. boarding schools) Food catering services

Food retailers (e.g. supermarkets) Sports and leisure industry 

(e.g. instructor training programmes)
Food service outlets (e.g. canteens, 

Urban and rural development (e.g.lunch bars, restaurants)

town planning, local government)
Recreation facilities (e.g. pools, 

Transport system (e.g. publicgyms)

transportation systems)
Neighbourhoods (e.g. cycle paths, 

Health systemstreet safety)

Local health care

a Adapted from Swinburn et al.58
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c h a p t e r  6

Insulin resistance and 
insulin secretion in
childhood and adolescence:
their role in type 2 diabetes
in youth
Silva A Arslanian

Introduction

Type 2 diabetes mellitus is a complex metabolic disorder of heterogeneous

etiology, with social, behavioral, and environmental risk factors unmask-

ing the underlying genetic susceptibility of individuals.1 Insulin resistance

and impaired insulin secretion are the two pathophysiological abnormali-

ties responsible for type 2 diabetes. There is clearly a strong hereditary

component to the disease, which is likely to be multigenic in nature.2 The

important role of genetic determinants is well illustrated when differences

in the prevalence of type 2 diabetes in various racial/ethnic groups are

considered.3 However, even though genetic susceptibility to type 2 dia-

betes is important, the escalating prevalence of type 2 diabetes in youth is

occurring too quickly to be the result of increased gene frequency and

altered genetic pool. Environmental lifestyle factors play an important

role. This chapter will review insulin sensitivity and secretion in child-

hood and discuss the factors responsible for abnormalities in either

parameter that may lead to the expression of type 2 diabetes.



Insulin resistance, insulin secretion, and 
the risk of type 2 diabetes

In its fully manifested phenotype, type 2 diabetes is characterized by

insulin resistance, involving both hepatic and peripheral tissues, and 

relative insulin deficiency. Glucose homeostasis depends on the delicate

balance between insulin action in insulin-sensitive tissues and insulin

secretion by the pancreatic beta cells. The nature of this balance is such

that insulin sensitivity and beta-cell function are inversely and propor-

tionately related in a hyperbolic function so that their product is always

a constant, referred to as the glucose disposition index (DI).4–6 Such a

relationship implies that differences in insulin sensitivity must be bal-

anced by reciprocal changes in beta-cell function to maintain glucose

tolerance. The DI seems to be a heritable characteristic.6,7 Those at risk

for diabetes have a lower DI, reflecting the inability of the beta cells to

compensate for insulin resistance. Thus, insulin resistance alone is not

sufficient to cause full-blown hyperglycemia, which will develop only if

insulin secretion by the beta cells is inadequate. There has been con-

siderable debate, however, about whether insulin resistance or insulin

hyposecretion is the primary or the earliest defect in type 2 diabetes in

adults.8–10 Studies on type 2 diabetes in youth are limited because it has

only recently become common as a pediatric condition. In this chapter

the hypothesis is put forward that the early abnormality in youth type 2

diabetes is insulin resistance, compounded later by beta-cell failure and

insulin deficiency (Figure 6.1). This chapter focuses on insulin sensitivity

and secretion during childhood growth and development. Physiological

and pathophysiological factors that modulate insulin sensitivity and

secretion will be discussed. Finally, although we do not understand all

the possible mechanisms responsible for the functional alterations

leading to type 2 diabetes in children, the information that is gradually

being gathered is summarized. Gaining insight into the pathophysio-

logical alterations responsible for type 2 diabetes in childhood will likely

bear on our choices of therapy and on our ability to treat this relentless

metabolic disorder.
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The fact that a large number of adult patients with DM are ‘insulin

insensitive’ was first demonstrated by Himsworth more than 60 years

ago.11 Since then, it has been recognized that resistance to insulin-

stimulated glucose uptake is a characteristic finding in adult patients

with type 2 diabetes and impaired glucose tolerance.12 Cross-sectional

and longitudinal studies have been performed in adult populations at

high risk for developing type 2 diabetes, such as the Pima Indians,

Nauruans (a population of Pacific islanders), and Mexican Americans.

These studies demonstrate that hyperinsulinemia and insulin resistance

are present in the prediabetic normoglycemic state.13–18 However, in

adults with clinical type 2 diabetes, impaired insulin action and insulin

secretory failure are both present.14,19–21 The failure of beta cells to con-

tinue to hypersecrete insulin thus underlies the transition from insulin

resistance with compensatory hyperinsulinemia and normoglycemia, to

impaired glucose tolerance with mild increases in postprandial glucose

concentrations, and then to clinical diabetes with overt fasting hyper-

glycemia and increased hepatic glucose production (Figure 6.1).22

Abnormalities of insulin secretion in adults with type 2 diabetes include

reduced or absent first-phase responses to intravenous glucose, delayed

and blunted secretory responses to the ingestion of a mixed meal, alter-

ations in the rapid pulses and ultradian oscillations of insulin secretion,

and increases in the plasma concentrations of proinsulin-like peptides 

relative to those of insulin.6,20,21 Studies of youths with type 2 diabetes are

almost nonexistent, but they would most likely mirror adult findings.

To date, there is uniform agreement among the published reports that

youth type 2 diabetes occurs in:

1. children who are obese

2. children who are predominantly from minority ethnic populations

(African-Americans, Hispanics, etc.), but whites are also affected

3. children who are typically in mid-puberty

4. children who have a strong family history of type 2 diabetes

5. children who have conditions associated with insulin resistance, e.g.

polycystic ovary syndrome (PCOS), hypertension, ‘syndrome X’,

acanthosis nigricans.23–28
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All of these risk factors have in common insulin resistance/hyperinsu-

linemia initially (Figure 6.1).22 The rest of this chapter reviews the

current state of knowledge with respect to insulin sensitivity and secre-

tion regarding each risk condition.

Obesity, insulin sensitivity, and secretion

Obesity is now the most common nutritional disease of children in the

United States. A recent survey, 1999–2000, of 4722 children from birth

through to 19 years of age, as part of the National Health and Nutrition

Examination Survey (NHANES), shows that the prevalence and severity

of obesity continue to escalate.29 The prevalence of overweight – body

mass index (BMI) for age ≥ 95th percentile – was approximately 10% for

2–5 year olds and 15% for 6–11 year olds and 12–19 year olds.29 The

prevalence of overweight among 12–19-year-old non-Hispanic blacks

(23.6%) and Mexican Americans (23.4%) was significantly higher than

among non-Hispanic whites (12.7%). Also, there is a ‘global epidemic of

obesity’ that is a rapidly growing threat to the health of populations in

an increasing number of countries.30,31

Obesity is a health risk not only in adulthood but also in childhood.32,33

Cross-sectional and longitudinal studies have shown that obesity and

increased abdominal fat distribution are major risk factors in adults for

type 2 diabetes in all populations.34 This risk is imparted through the nega-

tive impact of obesity on insulin action.35,36 The effects of obesity on

glucose metabolism are evident early in childhood. Our research has

demonstrated that in healthy Caucasian children, total body adiposity

accounts for 55% of the variance in insulin sensitivity.37 This negative

impact of obesity on insulin sensitivity is also evident in black children.38

Obese children have peripheral insulin resistance, with ~40% lower

insulin-stimulated glucose metabolism compared with non-obese

children.33 This decrease in insulin-stimulated glucose metabolism involves

both glucose oxidation and glucose storage.33 The insulin resistance of

obesity is not limited to glucose metabolism but also involves lipid

metabolism. Suppression of lipolysis with insulin is impaired in obese
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adolescents compared with lean controls.33 Moreover, the amount of vis-

ceral fat in children, lean or obese, black or white, plays an important role

in the impaired insulin sensitivity.39,40

Despite the presence of insulin resistance, glucose homeostasis remains

relatively normal for long periods in obesity. This occurs because of

increased insulin secretion to compensate for the lower insulin action. In

obese children, fasting and stimulated insulin levels are higher than 

in non-obese controls.33,41–43 However, when insulin secretion declines in

the face of insulin resistance, glucose homeostasis deteriorates. Data from

obese Japanese adolescents demonstrate that the compensatory increase

in first-phase insulin response is diminished with the progression to

severe type 2 diabetes.42 Similarly, C-peptide response to a mixed meal

(Sustacal) is significantly lower in adolescents with type 2 diabetes than

in the matched controls.44 Thus, even though obesity is a major risk

factor for type 2 diabetes, not all obese subjects develop diabetes unless

the delicate balance between insulin action and secretion is disturbed.

Race, insulin sensitivity, and secretion

There are convincing epidemiological and clinical research data showing

that black children are more hyperinsulinemic/insulin resistant than their

white peers.45–52 In the Bogalusa Heart Study of 377 children, 5–17-year-

old black children and adolescents had higher insulin responses during an

oral glucose tolerance test (OGTT) than did white children, even after

adjusting for ponderal index.45 Similarly, fasting insulin levels were higher

in black 7–11-year-old children compared with whites.47 These results sug-

gested that insulin sensitivity was lower in blacks but compensated with

increased insulin secretion. In our earlier studies of prepubertal healthy

children, fasting and first-phase insulin concentrations during a hyper-

glycemic clamp were significantly higher in blacks than whites.48

Similarly, in pubertal adolescents, insulin secretion was higher in blacks.49

Other investigators, using the tolbutamide-modified frequently

sampled intravenous glucose tolerance test (IVGTT) with minimal mod-

eling, demonstrated lower insulin sensitivity and higher acute insulin
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response in black vs white prepubertal children.50,51 In addition, the

hyperinsulinemia in black children is attributed to lower insulin clear-

ance as manifested in lower ratios of C-peptide to insulin.46,51 Our recent

observations indicate that insulin clearance is ~15% lower in black pre-

pubertal children compared with whites matched for age, BMI, body

composition, and abdominal adiposity.52

Based on such information, the general agreement is that the hyperin-

sulinemia in black children is an adaptive mechanism to compensate for

the lower insulin sensitivity by increased insulin secretion and decreased

insulin clearance. The lower insulin sensitivity in blacks may play a role

in the higher rates of type 2 diabetes whether in adults or children.

Insulin resistance alone, however, does not cause diabetes. Therefore, in

a recent investigation we evaluated beta-cell function relative to insulin

sensitivity in black vs white children. Contrary to our expectation, our

results revealed that the glucose DI is significantly higher in black chil-

dren.52 Even though insulin sensitivity is ~22% lower in blacks, glucose

DI is ~75% higher. This suggests that for the same degree of insulin sen-

sitivity, insulin secretion is higher in black children, as evident in Figure

6.2. The hyperinsulinemia observed in black children does not seem to

be only a compensatory adaptation to lower insulin sensitivity. There

seems to be an additional element of insulin hypersecretion.

We postulate that lifestyle dietary habits, particularly increased fat

intake, through the effects of free fatty acids (FFAs) on insulin secretion,

may play a role. In our study the higher fat/carbohydrate (CHO) ratio in

the diet of black children correlated inversely with insulin sensitivity

and clearance and positively with FFA levels and with first-phase insulin

concentrations.52 Black children have been reported to have high fat

intake in some53,54 but not all studies.55 It remains to be determined if

dietary habits are responsible for the lower insulin sensitivity and higher

insulin secretion in black children. On the other hand, low levels 

of physical activity and fitness, which have been described in black 

children, may also play a role.56–58 However, our observation (unpub-

lished data) and those of others demonstrate that neither physical activ-

ity nor fitness could explain the black/white difference in insulin

secretion and sensitivity.58
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Black/white differences in insulin sensitivity, secretion, and clearance

have also been observed in adults.59–61 In a nationally representative

sample of adults (n = 6538) in the US population, blacks had higher

fasting insulin levels, lower C-peptide values, and lower molar ratios of

C-peptide/insulin compared with whites, suggestive of derangement in

insulin clearance and impairment in beta-cell function.61 Because alter-

ations in insulin clearance, sensitivity, and secretion are detected early

in the first decade of life in black children, interventions which modify

the environmental impact on insulin sensitivity and secretion should be

initiated early in childhood.

Puberty, insulin sensitivity, and secretion

The mean age of diagnosis of type 2 diabetes is 13.5 years, in mid

puberty.23–26,28,62–64 This could be related to the decrease in insulin action

during puberty, which, in the case of a child with type 2 diabetes, further

accentuates insulin resistance and the need for increased insulin secre-

tion. The earliest information on the presence of insulin resistance during

puberty came from studies evaluating changes in serum insulin concen-

trations related to hormonal changes of puberty. In 1975, Rosenbloom 

et al. demonstrated that insulin responses during an OGTT increase signif-

icantly from toddlerhood to adolescence in both healthy and glucose-

intolerant individuals.65 A year later, Lestradet et al. reported that in

healthy children insulin levels during an OGTT were significantly elevated

at the age of puberty compared with prepuberty.66 Follow-up studies

demonstrated that basal and stimulated insulin levels rose throughout

puberty and declined following puberty until the third decade and

remained constant thereafter.67 Moreover, higher insulin concentrations

were seen in those subjects who secreted the most growth hormone (GH),

with a positive correlation between fasting insulin concentrations and

height velocity.68,69 Taken together, these results lead to the conclusion

that there is a temporary physiological insulin resistance during puberty,

manifested as hyperinsulinemia, driven by the elevations of GH during

puberty, both of which subside after completion of puberty.
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The direct evidence for pubertal insulin resistance became apparent

only after using experiments which measure in-vivo insulin sensitivity.

Amiel and colleagues, using the euglycemic insulin clamp, were the first

to demonstrate that in nondiabetic and diabetic pubertal adolescents,

insulin sensitivity was 25–30% lower compared with prepubertal children

or adults.70 Our studies show that the decrease in insulin-stimulated

glucose disposal in adolescents involves both oxidative and nonoxida-

tive glucose metabolism.71 Competition between FFAs and glucose and

increased lipid oxidation mediated by elevated GH may be responsible

for pubertal insulin resistance.71,72 The insulin resistance of puberty is

limited to the peripheral tissues without affecting hepatic glucose pro-

duction.71–73 Similar observations of lower insulin sensitivity and higher

insulinemia during puberty have been made by several other investiga-

tors using a variety of techniques, including the minimal model fre-

quently sampled intravenous glucose tolerance test.74–77 Consistent with

the cross-sectional data, a longitudinal study of 31 children progressing

from Tanner stage I puberty to Tanner stage III or IV showed that insulin

sensitivity (tolbutamide-modified intravenous glucose tolerance test and

minimal modeling) fell by ~30%.78 In the presence of a normally func-

tioning pancreatic beta cell, the puberty-related decrease in insulin sensi-

tivity is compensated by increased insulin secretion demonstrated

cross-sectionally and longitudinally.78,79 However, when we investigated

the impact of puberty in black children separately, despite ~30% lower

insulin sensitivity in adolescents compared with prepubertal children,

first- and second-phase insulin levels were not higher, unlike in white

children (Figures 6.3 and 6.4).80 This may suggest that in black children,

despite prepubertal hyperinsulinemia, the pancreatic beta cell may have

a limited capacity to further increase insulin secretion during puberty.

Longitudinal studies, specifically in black children, are needed to further

investigate this phenomenon. Whether or not this could explain the

pubertal peak in onset of type 2 diabetes, particularly in black children,

remains in question.

The cause of insulin resistance during puberty has been under investi-

gation. Both GH and sex steroids are likely candidates; however, the 

transient nature of pubertal insulin resistance is out of tempo with the
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increasing levels of sex steroids, which remain elevated in young adults

while insulin resistance subsides. On the other hand, GH secretion

increases during puberty coincident with the decrease in insulin action.81

Studies have demonstrated that insulin-stimulated glucose metabolism

correlates inversely with GH or insulin-like growth factor-I levels in white

and black children.70,71,80 Our research has shown that administering GH

to adolescents with normal variant short stature who are not GH defi-

cient, is associated with a deterioration in insulin action.82 On the other

hand, testosterone or dihydrotestosterone administration in boys with

delayed puberty has no such effect.83,84 Thus, increased GH secretion
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during normal puberty is most probably responsible for the insulin resist-

ance that evolves during puberty, and both these changes subside with

the completion of puberty.

Given this information, it is not surprising that the peak age at which

youths present with type 2 diabetes is in mid-puberty at about 13.5 years.

In an individual who has a genetic component of insulin resistance com-

pounded by environmental factors, the additional burden of evolving

insulin resistance during puberty may tip the balance from a state of

compensated hyperinsulinemia with normal glucose tolerance to

a decompensated state of beta-cell failure and glucose intolerance.

Family history of type 2 diabetes, insulin 
sensitivity, and secretion

A consistent finding in youth with type 2 diabetes is the presence of a

first- or second-degree relative with type 2 diabetes. Among Pima Indians

under the age of 25 years, diabetes occurs exclusively in persons with at

least one diabetic parent.13 Eighty percent of Hispanic youth have an

affected first-degree relative and 47% have diabetes in three or more 

generations.25 Among African-American youth with type 2 diabetes, 95%

have a family history of type 2 diabetes, with multiple affected family

members in more than one generation.23,24

Investigations of nondiabetic adult family members of patients with

type 2 diabetes have shown abnormalities in both insulin action and beta-

cell function. Insulin resistance precedes the development of type 2 dia-

betes by 1–2 decades in high-risk populations.85,86 On the other hand,

abnormalities in insulin secretion have also been described in subjects who

are at high risk of developing type 2 diabetes. First-degree relatives of indi-

viduals with type 2 diabetes have diminished beta-cell function at a time

when many of them still have normal glucose tolerance.87,88 Our research

in healthy black prepubertal children demonstrated that those children

with a family history of type 2 diabetes have around 25% lower insulin

sensitivity than those without such a family history despite comparable

age, BMI, body composition, abdominal adiposity, and physical fitness

levels.89 This familial tendency for insulin resistance when combined with
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adverse environmental influences of high energy intake and low energy

expenditure may result in type 2 diabetes years later. It remains to 

be determined if abnormalities in beta-cell function are also present in

children at high risk for type 2 diabetes.

Polycystic ovary syndrome, insulin sensitivity,
and secretion

Polycystic ovary syndrome, a common endocrinopathy affecting women

in the reproductive age group, is being increasingly recognized in adoles-

cent girls.90 It is a heterogeneous disorder characterized by hyperandro-

genism and oligo/amenorrhea secondary to chronic anovulation.91

Associated clinical features include hirsutism, acne, and obesity. A major

component of the syndrome is insulin resistance/hyperinsulinemia,

which is present in both obese and lean adults with PCOS.92 Adult

women with PCOS are at increased risk for type 2 diabetes and impaired

glucose tolerance (IGT).93,94 Around 30% of adolescents with PCOS have

IGT and ~4% have previously undiagnosed diabetes detected during

OGTT.95 Few studies in pediatrics have investigated insulin sensitivity

and secretion in adolescents with PCOS. Limited reports show that ado-

lescents with PCOS have fasting and stimulated hyperinsulinemia, and

evidence of hepatic insulin resistance.96,97

In our studies insulin sensitivity was 50% lower in obese adolescents

with PCOS compared with age, body composition, and abdominal obesity

matched obese control girls.98 In a follow-up study, we demonstrated that

adolescents with PCOS who have IGT have 40% lower first-phase insulin

secretion compared with those with normal glucose tolerance (NGT)

(Figure 6.5).99 In the presence of similar degrees of insulin resistance in the

two groups, the lower first-phase insulin secretion resulted in a signifi-

cantly lower glucose DI in the group with IGT (Figure 6.5).99 These meta-

bolic derangements are precursors of type 2 diabetes. Their presence early

in the course of PCOS in the adolescent age group significantly increases

their risk of type 2 diabetes if left without intervention. Metformin treat-

ment for 3 months in obese adolescents with PCOS-IGT improved glucose

tolerance and insulin sensitivity and lowered insulinemia and androgen
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levels.100 Large-scale double-blind placebo-controlled studies are needed to

determine whether or not insulin-sensitizing therapy prevents and/or

delays the conversion from IGT to type 2 diabetes in adolescents with

PCOS.

Intrauterine growth retardation, insulin 
sensitivity, and secretion

Several studies have linked size at birth, or indices of poor fetal growth,

with later development of impaired glucose tolerance and type 2 diabetes

in adults.101–103 This is postulated to be due to intrauterine ‘programming’,
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a term used to describe persistent changes in organ function caused by

exposure to adverse in-utero environmental influences.104

Most of the studies showing that subjects with low birth weight are

insulin resistant and predisposed to develop type 2 diabetes have been

performed in adults.105–108 Data in the pediatric literature are extremely

limited, with most of the studies using indirect indexes of insulin action

or secretion. In a study of 477 8-year-old Indian children, the association

of lower birth weight with fasting insulin level reached statistical signifi-

cance (P = 0.08).109 Lower birth weight was associated with increased cal-

culated HOMA (homeostasis model assessment) insulin resistance index

but not HOMA beta-cell function.109 In another small study of short pre-

pubertal children with intrauterine growth retardation (IUGR), insulin

sensitivity, measured with a modified frequently-sampled IVGTT, was sig-

nificantly lower than in the control group with normal birth weight.110

Moreover, HOMA insulin sensitivity was significantly related to

overnight GH secretion in short children born small for gestational

age.111 None of these studies, however, used sensitive methods of assess-

ing body composition and abdominal adiposity, which are important

determinants of insulin sensitivity. In a study where body composition

was assessed, low birth weight was significantly associated with increased

visceral fat.112 Moreover, a large-scale study of 10–11-year-old British

school children demonstrated that obesity is a more powerful determi-

nant of insulin level and insulin resistance than is size at birth.113

It is possible that fuel metabolism in a pregnant woman might exert

a long-range effect on her offspring, predisposing to obesity and IGT. This

is supported by the demonstration that excessive insulin secretion in

utero is a predictor of both obesity and IGT in adolescent offspring of 

diabetic mothers.114 Among Pima Indians, those with high birth weight

were more obese at 5–29 years of age, and those with low birth weight

were thinner but more insulin resistant relative to their body size than

those of normal birth weight.115 Data are not available in youth with type

2 diabetes with respect to the impact of birth weight on insulin sensitivity

and secretion. The limited data in the pediatric literature open new oppor-

tunities for understanding the complex mix of genetic and environmental

effects, prenatal and/or postnatal, underlying the diseases of under- and
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overnutrition and their relationship to insulin sensitivity/secretion. Much

research is needed on the effect of the intrauterine environment on 

outcomes in childhood and adulthood.

Conclusions

Genetic and environmental factors modulate insulin sensitivity and

secretion in children. The past few years have seen an emerging epidemic

of type 2 diabetes in children. This rapid increase has occurred too

quickly to be the result of an increased genetic pool. Environmental

influences of calorically dense nutrition and a sedentary lifestyle appear

to play a major role in the escalating rates of type 2 diabetes globally.

Intervention and prevention modalities which would improve insulin

action and maintain the balance between insulin sensitivity and secre-

tion must be initiated early in childhood as part of normal growth and

development. These strategies should target sociocultural, behavioral,

nutritional, and lifestyle modifications to reduce not only the escalating

rates of type 2 diabetes but also its complications.
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In-utero undernutrition 
and glucose homeostasis
later in life
Delphine Jaquet, Claire Lévy-Marchal, and Paul Czernichow

Introduction

Evidence over the past 10 years has demonstrated a significant associa-

tion between reduced fetal growth and the later development of meta-

bolic and cardiovascular diseases.

Knowledge from epidemiological studies
The unexpected long-term deleterious effect of reduced fetal growth was

initially observed by Barker and colleagues. This group first reported that a

low birth weight was significantly associated with an increased risk for the

later development of cardiovascular diseases or type 2 diabetes in a cohort

of Caucasian males aged 64 years.1,2 Other epidemiological studies 

performed in Pima Indians or in Caucasian subjects later confirmed this

observation, suggesting that the association holds true whether the study

populations are genetically predisposed or not to type 2 diabetes.3,4

The independent effect of thinness at birth, assessed by the ponderal

index, and the lack of association with gestational age on these compli-

cations observed in several studies support the hypothesis of deleterious

effect of reduced fetal growth rather than prematurity on this associa-

tion.2,4

Numerous epidemiological studies have demonstrated that being 

born with a low birth weight is also associated with hypertension1,5 or



dyslipidemia.6,7 These complications are clustered in syndrome X, which

is initially described by Reaven as constituting a major cardiovascular

risk factor.8 Interestingly, Barker and colleagues reported that a low birth

weight was also associated with a risk for the development of syndrome

X in adulthood.7 At 50 years of age the risk for the development of syn-

drome X was 10-fold higher in subjects with a birth weight less than

2.5 kg compared with subjects weighing 4.5 kg or more.7 This associa-

tion was independent of the current body weight or the gestational age.

This observation was later confirmed in a US study population com-

posed of Hispanic and non-Hispanic white subjects aged 30 years or

more.9 In this study population, the relative risk for the development of

syndrome X increased 1.72 times for each tertile decrease in birth

weight.

Mechanisms underlying this association
The Barker group initially proposed that type 2 diabetes could be the con-

sequence of undernutrition occurring during a critical period of fetal life,

with a consequent abnormal development of endocrine pancreas leading

to an impaired beta-cell function.2 They later extended this hypothesis to

all the other organs involved in the development of the cardiovascular

and metabolic abnormalities observed in syndrome X (also known as ‘the

metabolic syndrome’). Further epidemiological studies have failed to

confirm this hypothesis and the mechanisms underlying the develop-

ment of the metabolic complications associated with reduced fetal growth

remain to be understood. However, the alternative approaches and the

physiological investigations undertaken during the past few years have

helped to clarify the pathophysiology of this clinical association.

In the early studies, birth data were retrospectively analyzed according

to the metabolic profile observed in adulthood, and reduced fetal growth

assessed by birth weight irrespective of gestational age, which was not

available, introducing a confounding factor with prematurity. To specifi-

cally address the question of the metabolic consequences of fetal growth

retardation and understand the possible mechanisms, an alternative

approach has been to compare aged-matched subjects selected on birth

data in a case/control study design in which subjects were born either
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small or appropriate for gestational age. Additionally, studies performed

in subjects of different ages have allowed a better understanding of the

chronological organization of the different components of the metabolic

complications which might be associated with reduced fetal growth.

Which is the primary defect responsible for type 2
diabetes associated with reduced fetal growth?

Role of insulin resistance
The hypothesis of a critical role of insulin resistance in the metabolic

complications associated with in-utero undernutrition has been well

documented during the past few years. This hypothesis was firstly pro-

posed by the San Antonio, Texas group, which pointed out the impor-

tance of insulin resistance in this association.9 Insulin resistance has

been proposed to be the central pathological process underlying the

development of syndrome X.10 It was therefore tempting to speculate

that the clustering of these complications associated with reduced fetal

growth involves primarily the development of insulin resistance.

The significant association between a low birth weight and hyperinsu-

linemia in adulthood observed in several epidemiological studies strongly

suggests the development of insulin resistance.2,4,7 Moreover, studies

using the euglycemic hyperinsulinemic clamp method have demon-

strated that type 2 diabetes associated with a low birth weight requires

insulin resistance as described in the classical form of type 2 diabetes.11

In a case/control study, young adults (20 years old) born small for

gestational age (SGA) demonstrated hyperinsulinemia in an oral glucose

tolerance test (OGTT) compared with age-matched subjects born with

normal birth size12 (Figure 7.1). Reduced insulin sensitivity was present

as early as 20 years of age in subjects born SGA using the euglycemic

hyperinsulinemic clamp method13 (Figure 7.2). Subjects born SGA

demonstrated a peripheral glucose uptake significantly decreased in

comparison to controls. Similar results were obtained using the minimal

model.14 These observations indicate the early development of insulin

resistance in this situation.
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Both glucose oxidation and non-oxidative disposal rates were affected in

the insulin resistance associated with reduced fetal growth.15 These meta-

bolic abnormalities are consistent with the impaired regulation by insulin

of GLUT4 mRNA expression observed in muscle and adipose tissue of

insulin-resistant subjects born SGA.15 However, a similar impairment of

GLUT4 expression has also been reported in other clinical situations associ-

ated with insulin resistance. This suggests that insulin resistance itself,

rather than reduced fetal growth, is responsible for this abnormality. On

the other hand, when subjects born SGA were compared to controls, there

was no difference in the expression of the genes of the principal molecules

described in the insulin-signaling pathway.15 These observations were

made under basal condition and after insulin stimulation both in muscle

and adipose tissue.
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Figure 7.1 Serum insulin, proinsulin, and plasma glucose concentrations
during an OGTT (oral glucose tolerance test) in 20-year-old subjects who had
been born SGA (small for gestational age) and control subjects.12 Subjects
born SGA demonstrated significantly higher insulin and proinsulin excursions
during an OGTT than age-matched controls, suggesting the development of
insulin resistance early in adulthood. BMI = body mass index.



Hyperinsulinemia was the only feature of the syndrome X present in

subjects born SGA at the age of 20 years,12,13 suggesting that, as in the

syndrome X, insulin resistance could be the early critical component of

the metabolic syndrome associated with reduced fetal growth. However, it

should be emphasized that, clearly insulin-resistant SGA subjects already

demonstrated minor lipid profile abnormalities or increased adiposity.13

Reduced fetal growth and beta-cell function (Table 7.1)

Insulin-secretion defect is the other major component of type 2 dia-

betes. It has been initially proposed that type 2 diabetes associated

with a low birth weight could be the consequence of impaired beta-

cell function as a result of undernutrition during a critical period of

fetal life, leading to the abnormal development of the endocrine 
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Figure 7.2 Individual (left graph) and mean values (right graph) of peripheral
glucose uptake under euglycemic hyperinsulinemic clamp in 24-year-old SGA
(small for gestational age) adults (n = 25) and controls (n = 26) subjects.13

Insulin resistance in subjects born SGA was confirmed by the significantly lower
mean value of peripheral glucose uptake under euglycemic hyperinsulinemic 
(40 U/m2/min) clamp in comparison to controls. However, subjects born SGA
showed scattered individual values of peripheral glucose uptake, suggesting a
variable predisposition to insulin resistance. (f.f.m = fat-free mass)
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pancreas.2 Indeed, the same group later reported OGTT analyses

showing that a low birth weight was associated with insulin-secretion

defect in 21-year-olds.16 Twenty-five years ago, an anatopathological

study had reported an abnormal pancreas development in fetuses with

severe intrauterine growth retardation.17 However, it has recently been

shown that SGA does not alter fetal pancreas development and mor-

phology in comparison to fetuses with appropriate growth for gesta-

tional age (AGA) (Figure 7.3).18 In a case/control study comparing
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Figure 7.3 Relationship between islet number and gestational weeks or birth
weight in fetuses born small (SGA) or appropriate for gestational age
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density does not appear to be altered by reduced fetal growth.



young adults who had been born SGA or AGA, subjects born SGA did

not show any evidence in favor of an insulin-secretion defect either

under OGTT or using the minimal model.12,14 In these subjects, the

acute insulin response to an intravenous glucose tolerance test was

adapted to the degree of insulin sensitivity, suggesting preservation of

beta-cell function at the age of 20–25 years13,14 (Figure 7.4). However,

another group using a comparable study design recently reported that

19-year-old subjects born SGA showed differential defect of insulin

secretion with respect to insulin action.19 When measured under

hyperglycemic clamp, young adults born SGA did not demonstrate

impairment of insulin secretion, either during the first or the second
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phase.20 Thus, impaired beta-cell function observed in type 2 diabetes

associated with reduced fetal growth appears as a consequence of

insulin resistance rather than a primary defect. Insulin resistance may

contribute to beta-cell dysfunction in the common form of type 2 

diabetes by gluco- or lipotoxicity.21,22 Moreover, it has recently been

shown that the tissue-specific knock-out of the insulin receptor in the

beta cells leads to a beta-cell defect, suggesting that the insulin-

secretion defect could reflect insulin resistance of the beta cells.23

However, we cannot exclude some undetectable and minor beta-cell

dysfunction, however, which in turn would be amplified by insulin

resistance. In animal models, perinatal undernutrition is associated

with an abnormal pancreas development and beta-cell function in

adulthood.24,25

Are glucose homeostasis abnormalities already
present in childhood?

Insulin resistance in childhood
Several epidemiological studies performed in children and adolescents

suggest that minor glucose homeostasis abnormalities can be detected

in childhood. Indian children with a birth weight less than 2.4 kg tend

to have higher plasma glucose and serum insulin concentrations than

children born heavier, as early as 4 years of age.26 Studies performed in

children from different ethnic groups (Pima Indians, Caucasians,

Indians) showed that reduced fetal growth is associated with hyperinsu-

linemia at fast or during OGTT and with decreased insulin sensitivity

when measured with the minimal model.27–29

As in adults, the decreased insulin sensitivity associated with reduced

fetal growth is not associated with evidence for a beta-cell defect in pre-

pubertal children.28 This observation strengthens the hypothesis that

insulin resistance is the earliest critical component of the metabolic

abnormalities associated with reduced fetal growth.
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Respective contribution of birth size and 
current body sizes
Although reduced fetal growth has been shown to be an independent

risk factor for the later development of metabolic complications,

insulin resistance is sharply potentiated by obesity in children as in

adults (Figure 7.5).30 A study performed in 10–11-year-old children

demonstrated that the proportional change in insulin level at fast and

after glucose load for one SD increase in childhood ponderal index

was much greater than that for birth weight (27.8% vs �8.8%, respec-

tively, at fasting).31 In a cohort of African American adolescents,

peripheral glucose uptake did not significantly correlate with birth

weight when current body weight was taken into account.32 These

data point to the crucial role of current body size in the risk for the
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development of the metabolic abnormalities associated with reduced

fetal growth. They also raise the question of the contribution of 

adiposity in this clinical association.

What role could adipose tissue play in this 
situation?

If insulin resistance is the primary defect responsible for metabolic

abnormalities following reduced fetal growth, the mechanism should be

sought among those factors directly responsible for the development of

insulin resistance. An important contribution of adipose tissue seems to

be a reasonable hypothesis.

Adipose tissue plays a key role in the development and the worsening of

insulin resistance and its complications. The strong interaction between

these two components is well demonstrated by the close relationship

existing between obesity and the development of syndrome X.

Reduced fetal growth and adipose tissue development
Reduced fetal growth severely alters the perinatal development of

adipose tissue. SGA newborns have a dramatically reduced body fat

mass at birth.33,34 This reduction mostly reflects a decreased fat accu-

mulation in the adipocytes, as suggested by the low triglyceride

content.35 Most of these newborns, however, will show a catch-up

growth during infancy.36 This catch-up growth also involves the

adipose tissue, as demonstrated by the sharp increase in body mass

index (BMI) during the first year of life.37 There is now accumulating

evidence that the increased growth velocity of the adipose tissue could

persist beyond catch-up. Ravelli et al.38 first reported, over 25 years ago,

that in-utero undernutrition could favor obesity in adulthood. More

recently, it has been shown that children born SGA who had catch-up

growth during infancy showed an increased body fat mass with a more

central fat distribution in comparison to children born AGA.39

Interestingly, another study has shown that despite being smaller than
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children born AGA, young children born SGA have a relatively

increased percentage of body fat mass than children with normal birth

size40 (Figure 7.6). This would suggest that reduced fetal growth and the

subsequent catch-up would alter body composition. The persistent

catch-up of adiposity until adulthood is suggested by the relative

increase of BMI throughout childhood observed in subjects born SGA

and their significantly increased percentage of body fat mass at age 25

years in comparison to controls37,41,42 (Figure 7.6).

Reduced fetal growth and adipose tissue hormonal
functions
The abnormal development of adiposity in children born SGA is associated

with hormonal and metabolic abnormalities. Insulin resistance observed in

young adults born SGA also involves the adipose tissue.13 In these subjects
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Figure 7.6 Relative change in BMI (body mass index) from birth to early
adulthood in subjects born SGA (small for gestational age) in comparison to
age-matched subjects born AGA (appropriate growth for gestational
age).37,41,42 This figure illustrates the catch-up growth of adiposity from birth
to adulthood in subjects born SGA in comparison to the physiological increase
of BMI observed in subjects born AGA. For each period, change in BMI in the
SGA group is expressed relatively to what is observed in the AGA group (with
an assigned value at 100%).
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the peripheral glucose uptake under the euglycemic hyperinsulinemic

clamp closely correlates with the antilipolytic action of insulin assessed by

changes in free fatty acid production during the clamp13 (Figure 7.7).

Serum leptin concentrations are significantly reduced in SGA new-

borns and this reduction closely correlates with the reduced body fat
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Figure 7.7 Relationship between peripheral glucose uptake and suppression
rate of FFA (free fatty acids) under euglycemic hyperinsulinemic clamps in
subjects born SGA (small for gestational age).13 The close relationship
existing in subjects born SGA between peripheral glucose uptake and FFA
suppression rate under euglycemic hyperinsulinemic clamp illustrates the
decreased antilipolytic action of insulin associated with insulin resistance. No
such correlation was observed in age-matched controls. This observation
argues in favor of the involvement of adipose tissue in the insulin resistance
associated with reduced fetal growth. (f.f.m = fat-free mass)
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mass.34 However, leptin production and regulation appear to be altered

by the catch-up growth of adipose tissue, with significantly higher

serum leptin concentrations with respect to BMI in young children born

SGA.37 In contrast, adults born SGA showed lower serum leptin concen-

trations in comparison to controls with adjustment for gender, body fat

mass, and serum insulin concentrations.42 Although the mechanism of

this dysregulation remains to be clarified, these observations are of inter-

est because leptin, a regulator of body fat mass, is involved in the

control of insulin sensitivity.

Taken together, these data argue in favor of an active contribution of

adipose tissue in the insulin resistance associated with reduced fetal

growth:

1. because the abnormal development of adipose tissue is, in this situ-

ation, leading to an increased body fat mass in adulthood, and could

favor the development of such a syndrome, and

2. because this adipose tissue has dysregulated metabolic functions that

could alter insulin sensitivity.

What is the origin of the development of 
insulin resistance associated with reduced fetal
growth (Figure 7.8)?

Although the involvement of adipose tissue in the insulin resistance

associated with reduced fetal growth is strongly suggested by the above

observations, the origin of this association remains unclear. Two major

hypotheses emerged from the initial epidemiological studies, both

arising from the original theory of the ‘thrifty genotype’ proposed by

Neel in 1962.43 To explain the high prevalence of type 2 diabetes in

Western populations, Neel hypothesized that genes that would favor

survival during periods of famine would become detrimental when food

supply became abundant and continuous. This theory encompasses the

two major components of the association: undernutrition and the later

development of metabolic complications.
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‘Thrifty phenotype hypothesis’
Hales et al.2 proposed an alternative to the ‘thrifty genotype’ hypothesis

– the ‘thrifty phenotype’ hypothesis – in which environmental factors

play a critical role. According to the ‘programming’ process,44 they pro-

posed that ‘alteration in fetal nutrition and endocrine status resulted in

developmental adaptations that permanently change structure, physiol-

ogy and metabolism, thereby predisposing individuals to cardiovascular,

metabolic and endocrine diseases in adult life’.
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Figure 7.8 Hypotheses proposed to explain the origin of the development of
insulin resistance associated with reduced fetal growth. SGA = small for
gestational age.
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‘Thrifty genotype hypothesis’
From data collected in Pima Indians, McCance et al.3 proposed another

alternative to the ‘thrifty genotype’ and the ‘thrifty phenotype’: ‘the

surviving small baby genotype’. They hypothesized that given the high

mortality associated with reduced fetal growth, selective survival of

children genetically predisposed to insulin resistance and type 2 dia-

betes provides an explanation for this association. This hypothesis

favors the genetic contribution. More recently, the same group reported

data to support this hypothesis: in Pima Indians, a strong relationship

was observed between a low birth weight in children and an increased

prevalence of type 2 diabetes in their fathers, suggesting a paternal

inheritance of genes controlling either fetal growth or glucose home-

ostasis.45 In keeping with the idea of a genetic contribution, Hattersley

and Tooke46 proposed the ‘fetal insulin hypothesis’, suggesting that

a genetically determined insulin resistance could result in a low insulin-

mediated fetal growth as well as insulin resistance in childhood and

adulthood. Indeed, it has been shown that several genetic polymor-

phisms, such as insulin gene VNTR and insulin-like growth factor-1

(IGF-1)-promoter polymorphism, could be associated with either type 2

diabetes or decreased birth weight.47,48

‘Genotype–phenotype interaction’
However, these metabolic complications are known to result from both

genetic and environmental factors in humans. Since neither the thrifty

genotype hypothesis nor the thrifty phenotype hypothesis has been con-

firmed, it is tempting to speculate that both genetic and environmental

factors together influence the development of the metabolic syndrome

associated with reduced fetal growth. Thus, this association could be the

consequence of interactions between detrimental environmental factors

during fetal life and a genetic susceptibility, as initially proposed by the

San Antonio group.9 Epidemiological studies performed on mono- and

dizygotic twins have demonstrated the effect of environmental and

genetic factors on the development of the metabolic complications 

associated with reduced fetal growth.49,50
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Is insulin resistance the only hormonal dysfunction
responsible for the metabolic complications 
associated with reduced fetal growth?

Hypothalamo–pituitary–adrenal axis
Cortisol has been shown to decrease insulin sensitivity.51 Additionally,

insulin resistance and obesity are associated with a pituitary–adrenal axis

hyperactivity.52,53 On the other hand, steroid metabolism, involving the

mother, the placenta, and the fetus, plays a critical role in fetal growth

and development. It has been speculated that the hypothalamo–

pituitary– adrenal axis might be involved in the glucose metabolism

abnormalities associated with reduced fetal growth. Indeed, Phillips 

et al.54 have shown that low birth weight is associated with elevated

fasting cortisol in three different cohorts of Caucasian subjects aged

20–70 years. In these subjects fasting cortisol concentration was highly

correlated with blood pressure although this correlation was more

evident in obese subjects. It has been proposed that the glucose home-

ostasis abnormalities associated with reduced fetal growth might result

from the impairment of the pituitary–adrenal axis.54,55 However, this

hypothesis has not been validated.  Additionally, results appear less con-

vincing in pediatric ages. Clark et al.56 have shown a weak U-shaped rela-

tionship between birth weight and steroid urinary metabolites in

prepubertal children. Using a case/control approach Dahlgren et al.57 did

not report significant differences in fasting cortisol concentration, corti-

sol area under the curve, circadian rhythm, and response to adrenocorti-

cotropic hormone (ACTH) between prepubertal short SGA (n = 53), short

AGA (n = 75), and normal-sized AGA (n = 56) children. Further investiga-

tion is needed of the interplay between serum cortisol concentration,

adiposity, and insulin resistance.

Precocious pubarche, hyperandrogenism, and insulin
resistance associated with reduced fetal growth
Precocious pubarche has been shown by Ibañez et al.58,59 to be associ-

ated with an increased frequency of postpubertal functional ovarian
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hyperandrogenism and hyperinsulinemia. They also reported that post-

pubertal girls who exhibited the complete triad (precocious puberty,

hyperandrogenism, and hyperinsulinemia) had birth weights signifi-

cantly lower than postpubertal controls.60 Consequently, it was hypo-

thesized that this triad may result from a common early origin in

reduced fetal growth.60 In a study performed on 130 young women

born with intrauterine growth retardation (IUGR) and 150 controls,

women born with IUGR did not show any clinical or biological evi-

dence of hyperandrogenism despite the presence of hyperinsulinemia.61

The different selection criteria used in the two studies might explain

the discrepancies. It cannot be excluded that the triad reported by

Ibañez et al. might be associated in these girls with a decrease in birth

weight due to a mechanism that remains to be clarified. However, from

a broader point of view, being born with IUGR does not appear to favor

hyperandrogenism in adulthood. This conclusion is consistent with the

lack of relationship between a low birth weight and the later develop-

ment of polycystic ovarian syndrome observed in a cohort of 42-year-

old women.62

Conclusion

Investigations performed during the past 15 years have identified the

independent association between reduced fetal growth and the later

development of metabolic and cardiovascular complications. Using

a prospective research program based on case control studies, our group

has shown that the early development of insulin resistance in adulthood

seems to be the key component underlying this unexpected association.

Although the mechanism responsible for the development of insulin

resistance in this situation remains unclear, we collected some evidence

in favor of an active contribution by adipose tissue. From a broader

point of view, the hypothesis suggesting that this association could be

the consequence of interactions between a detrimental fetal environ-

ment and a genetic susceptibility remains most attractive but needs to

be confirmed.
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Clinical manifestations 
of the metabolic syndrome
and type 2 diabetes in
childhood and adolescence
Jill Hamilton and Denis Daneman

Introduction

The complex association of impaired glucose metabolism (including

insulin resistance, glucose intolerance, or type 2 diabetes), obesity (par-

ticularly visceral adiposity), hyperlipidemia, and hypertension has been

well documented in adults. Initially termed ‘syndrome X’ by Reaven,

this clustering of factors has subsequently been known as the metabolic

syndrome, dysmetabolic syndrome, or insulin resistance syndrome.1,2

Recently, the World Health Organization proposed a unifying definition

for the metabolic syndrome in adults (Table 8.1). Irrespective of the term

applied to this disorder, the health and economic burden to society is

enormous, and will continue to escalate as the prevalence of type 2 dia-

betes and the metabolic syndrome rises worldwide.

There is no doubt that the metabolic syndrome has its roots in early

life.3 Adaptations to glucose metabolism and ‘programming’ for later

development of insulin resistance may even begin in utero (see Chapter 7).

The global increase in type 2 diabetes includes older children and adoles-

cents and, as in adults, this closely parallels the rising trend of obesity.4–6

Despite predictions of an epidemic of type 2 diabetes in young individuals,



there is, in fact, scant literature in this population. This is likely due in

part to the relatively recent increased frequency of this condition in

young people. The first few reports of the appearance of type 2 diabetes in

Native American and Canadian children appeared about 20 years ago and

only in the past 5–10 years have other groups reported their experiences

in Japanese, North American white, African-American, and Hispanic chil-

dren.7 In this chapter, we review the metabolic syndrome and type 2 dia-

betes in childhood and adolescence, emphasizing recognizable risk factors

and the variable clinical manifestations of this spectrum of disorders.

Risk factors and clinical features

Obesity
There is a strong association of type 2 diabetes and obesity: the globally

rising prevalence of obesity indicates that there will inevitably be more

youth diagnosed with this type of diabetes.8 Sedentary lifestyle and

increased availability of large-quantity, densely caloric foods are thought

to be responsible for the staggering increase in childhood obesity,

although the relative contributions of the two remain uncertain.9 A report

from the National Health and Nutrition Examination Survey (NHANES)

determined that the prevalence of overweight children had doubled over
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Table 8.1 Definition of the metabolic syndrome in adults1

Insulin resistance, impaired glucose tolerance or type 2 diabetes plus two of:

Obesity WHR, females>0.85, males >0.9

and/or BMI >30 kg/m2

Hypertension BP ≥ 160/90 mmHg

Dyslipidemia Triglycerides ≥ 1.7 mmol/l and/or HDL cholesterol

females < 1.0, males < 0.9 mmol/l

Microalbuminuria Albumin excretion rate ≥ 20 �g/min

or albumin:creatinine ratio ≥ 20 mg/g

WHR = waist : hip ratio, BP = blood pressure, HDL = high-density lipoprotein.



a 15-year period between 1980 and 1994.10 Based on normative data

collected from 1963–70, NHANES in 1994 revealed that 22% of children

were ‘at risk of overweight’ – defined as body mass index (BMI) 85–95th

centile – and 10.9% were ‘overweight’ (BMI > 95th centile).4 The highest

overweight prevalence rates occurred in African-American girls and

Mexican-American boys. In addition, the Bogalusa Heart Study, a 20-year

longitudinal study which tracked over 11,500 children aged 5–17 years at

recruitment, has shown a clear upward trend in weight, equivalent to a

0.2 kg increase in body weight/year at any given age.11

The Bogalusa Heart Study has also shown that high childhood BMI is a

significant predictor of the metabolic syndrome during adulthood.12

Investigators followed subjects from childhood for 11.6 ± 3.4 years to

assess the appearance of various aspects of the metabolic syndrome and

atherosclerotic heart disease. They demonstrated that 77% of the 186 over-

weight children remained obese as adults, whereas only 7% of 1317

normal-weight children became obese adults.13 They did not, however,

detect an independent relationship of childhood obesity with adult devel-

opment of the metabolic syndrome after adjustment for adult obesity. The

entire cohort of adults was analyzed by separation of individual risk factors

(BMI, fasting insulin, systolic or mean blood pressure, and total cholesterol :

HDL cholesterol ratio or triglyceride : HDL ratio) into quartiles. The propor-

tion of adults with clustering of all four risk factors increased across child-

hood BMI. The study concluded that childhood obesity is an important

predictor of adult obesity and the metabolic syndrome. Due to strong

tracking of obesity into adulthood, it is difficult to tease out the signifi-

cance of the age of obesity onset in relation to subsequent severity of

obesity, risk factor levels, or other co-morbidities such as type 2 diabetes

and atherosclerotic heart disease in adulthood.

Early onset of obesity has been shown to be a risk factor for develop-

ment of type 2 diabetes in childhood.14 There are extensive data that

obesity, and in particular, visceral adiposity, is strongly linked to insulin

resistance in both prepubertal and pubertal children.15–18 Obesity is a very

common finding in youth with type 2 diabetes. Although the definition

of obesity varies between reports, the range of mean BMI in children with

type 2 diabetes has been reported to be between 29 and 38 kg/m2, with
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the vast majority above the 85th percentile for age and sex norms6,14,19,20

(Table 8.2). Furthermore, in selected screening of very obese children and

teens, impaired glucose tolerance has been detected in 4–25%.21,22

Ethnicity
Certain ethnic groups are over-represented in the reported clinic expe-

riences of type 2 diabetes in youth. Specifically, African-American,

Hispanic, Asian, and Native American children are much more likely to

develop type 2 diabetes during childhood than are their white

American peers.6 In Japan, the incidence of type 2 diabetes in children

has also increased dramatically and is seven times more common than

type 1 diabetes in the adolescent age range (13.9 vs 2.0 per

100,000).23,24 We recently surveyed our diabetes population at the

Hospital for Sick Children (HSC) in Toronto, Canada. Of 1020 children

with diabetes attending our diabetes clinic, 40 (4%) were identified as

having type 2 diabetes. Although Toronto is heralded as one of the

most multicultural cities in the world, with visible minorities compris-

ing over 30% of the population, we found over-representation of

certain minority ethnic groups relative to the regional population

among our youth with type 2 diabetes. Specifically, 26% were of

African/Carribean descent, 47% South or East Asian, 19% Caucasian,

5% Hispanic, and 3% other.

Sinha et al.21 examined the prevalence of impaired glucose tolerance

and type 2 diabetes in a selected population of obese children and

reported a surprisingly high rate of glucose intolerance in all ethnic

groups. They screened 167 (97 non-Hispanic white, 38 non-Hispanic

black, 32 Hispanic) asymptomatic obese children (BMI > 95th centile

for age and gender) using an oral glucose tolerance test and found

impaired glucose tolerance in 25%. Of these, 51% were white, 30%

black, and 19% Hispanic. All four of the individuals with diagnosed

type 2 diabetes were, however, of non-Hispanic black or Hispanic origin.

This may suggest that certain prediabetic metabolic abnormalities (e.g.

impaired glucose tolerance) are present equally across all ethnic groups

but that type 2 diabetes develops earlier in high-risk ethnic groups. This

may be related to a higher frequency of obesity in the African-American
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and Native American populations during childhood.4,25–27 There may

also be inherent differences in metabolism. Physiologic data from

Arslanian and others demonstrate a lower insulin sensitivity and higher

fasting insulin level in prepubertal and pubertal African-American

children compared to age, sex, puberty, and BMI matched Caucasian

children.28 In all probability, a combination of both environmental

(physical activity level, nutrient intake) and genetic factors combine to

account for these variations in the rate of type 2 diabetes in different

ethnic populations.

Of note is that the vast majority of studies, which include referral bias

with data collected from diabetes clinic populations, are not population-

based. Detailed prevalence studies have been performed in Native-North

American children26,29,30 and a population prevalence study was carried

out in Bangladesh.85 Until larger prevalence studies are completed in

more diverse populations, it will remain impossible to define relative risk

rates for different ethnic groups. An additional challenge is that a

rapidly rising incidence of obesity will modify the rate of appearance of

type 2 diabetes, rendering accurate ascertainment difficult.

Family history
In most youth with type 2 diabetes, there are likely to be several family

members previously diagnosed with this condition. Studies of African-

American, Caucasian, Hispanic, and American Indian or First Nation

youth document a first- or second-degree relative with type 2 diabetes in

50–100% of families (Table 8.2).6,19 Furthermore, in a study of 11

children with type 2 diabetes, their first-degree relatives were also quite

likely to be obese, sedentary, and eat high-fat, low-fibre food.31 A study

that retrospectively assessed 854 children’s weights to adulthood exam-

ined the relationship between parent and child obesity and how this

tracks over time.32 Parental obesity more than doubled the risk of adult

obesity among children under 10 years of age. These data imply that the

occurrence of early-onset type 2 diabetes is influenced by two groups of

factors – similarities in lifestyle within the family unit, creating an en-

vironmental trigger in the genetically at risk.
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Age of diagnosis
The majority of youth with type 2 diabetes are diagnosed following the

onset of puberty (Table 8.2). The mean age in most reports varies

between 12 and 14 years of age.6 In the Pima Indian and Ojibway-Cree

populations there have been exceptional reports of type 2 diabetes in

prepubertal children, the youngest being 4 years of age at diagnosis.26,29

In the 40 children with type 2 diabetes attending our clinic, the mean

age of diagnosis was 13.9 years (range 9–18 years).

There have been numerous physiologic studies that demonstrate

decreased insulin sensitivity during puberty in children33–35 (see 

Chapter 10). Insulin resistance increases in early puberty (Tanner 2), peaks

in mid-puberty (Tanner 3), with improvement in late puberty (Tanner

4–5). Puberty-related insulin resistance is believed to be secondary to the

effects of increased growth hormone secretion.35 Normally, decreased

pubertal insulin sensitivity is compensated for by increased insulin secre-

tion.34 However, in the individual with multiple risk factors for type 2

diabetes who is already hyperinsulinemic, puberty may be the final trigger

that leads to metabolic decompensation and impaired glucose tolerance.

Female gender and polycystic ovary syndrome (PCOS)
With the exception of one report of equal sex distribution, there is a

female preponderance among youth with type 2 diabetes, with female-

to-male ratios of 1.3–1.8 reported (Table 8.2).6,19 In our clinic, 63% of

patients are female (female-to-male ratio 1.7). The reason for the female

preponderance is unclear, although some investigators have demon-

strated a greater degree of insulin resistance in girls than in boys at all

stages of puberty.35,36

PCOS is defined as hyperandrogenism with chronic anovulation and is

associated with oligo- or amenorrhea, hirsutism, and hyperinsulinism.37

In adult women with PCOS, impaired glucose tolerance and type 2 dia-

betes are common and substantially more so than in age- and weight-

matched populations of women without PCOS.38,39 Recently, studies in

postpubertal adolescents confirmed that insulin resistance is more severe

in girls with PCOS compared with their obese but nonhyperandrogenic
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peers.40,41 There are no large prevalence studies of impaired glucose toler-

ance in adolescents with PCOS, although in one report of 27 adolescents

referred for PCOS, impaired glucose tolerance was detected in 30% and

unrecognized diabetes in one individual.42 Importantly, the abnormali-

ties in glucose metabolism were detected by oral glucose tolerance testing

and not by fasting blood glucose. Data about frequency of PCOS in youth

with type 2 diabetes are limited. We have found PCOS in 16% (4/25) of

our female patients with type 2 diabetes.

Acanthosis nigricans
Acanthosis nigricans (AN) refers to velvety, thickened, hyperpigmented

lesions that appear in skinfold areas such as the nape of the neck,

axillae, antecubital fossae, and groin (Figure 8.1). Histologically, papillo-

matosis and hyperkeratosis are present and are believed to be secondary
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Figure 8.1 Fifteen-year-old female with type 2 diabetes and polycystic
ovarian syndrome. Note significant acanthosis nigricans in the neck region
and severe hirsutism.



to local stimulation of unidentified cutaneous growth factors by

insulin.43 AN is common in African-American, Native American, and

First Nation individuals but has also been reported in Hispanic, South

and East Asian, and Caucasian children.43,44 It is seen frequently in obese

children with glucose intolerance, is easy to note on routine clinical

examination, and is an excellent clinical marker of insulin resistance.

A retrospective chart review of 33 children with AN (19% African-

American, 67% Hispanic, and 7% Caucasian) found that 94% had a BMI

above the 95th centile, 82% had a first- or second-degree relative with

type 2 diabetes, 22% PCOS, 24% impaired glucose tolerance, and 3%

type 2 diabetes.45 A recent population-based screening study of middle

school students demonstrated AN in 19% of students.46 The presence of

AN was associated with obesity and hyperinsulinism.

AN has been found in 40–90% of youth with type 2 diabetes.6,19

Although AN is clearly associated with type 2 diabetes and impaired

glucose tolerance, it may actually be a marker more specific for obesity

than insulin resistance. A study in 114 children compared insulin resis-

tance as measured by hyperglycemic clamp with adiposity measured by

dual-energy X-ray absorptiometry.47 Although children with AN were

more insulin resistant than those without AN, this was no longer signifi-

cant following adjustment for differences in body fat. BMI alone was

found to be a better predictor of insulin resistance than AN.

Dyslipidemia and other risk factors for atherogenesis
Cardiovascular disease is responsible for 80% of deaths in adults with type

2 diabetes with age-adjusted relative risk three times higher than in the

general population.48 Factors related to cardiovascular disease described by

the metabolic syndrome include insulin resistance, hypertension, dyslipi-

demia, hypercoagulability, impaired fibrinolysis, and proinflammatory

state interactions.49 The typical ‘atherogenic’ dyslipidemia consists of

elevated triglycerides with small low-density lipoprotein (LDL) particles

and low HDL cholesterol.50

In the non-diabetic pediatric population, obesity has been associ-

ated with the clustering of other features of the metabolic syndrome, 
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including systolic hypertension, dyslipidemia, and insulin resistance.51–54

Investigators have also demonstrated markers of insulin resistance such as

elevated C-reactive protein and plasminogen activator inhibitor-1 (PAI-1)

in obese children.55–57 Thus, similar associations of factors related to the

metabolic syndrome that are well documented in adults also appear to be

present in children, although the extent of these associations will vary

depending on factors such as age and pubertal status.

It is difficult to relate risk factors for the metabolic syndrome in child-

hood to adult cardiovascular disease outcome due to the long follow-up

periods and large patient populations required. Few studies have been

able to quantitate asymptomatic atherosclerosis in relation to the meta-

bolic syndrome during youth. The Pathobiological Determinants of

Atherosclerosis in Youth (PDAY) Research Group has performed autopsies

on over 3000 individuals aged 15–34 years who died of accidental/

traumatic causes.58 They obtained pathologic information in a standard-

ized fashion, and found a close link between atherosclerotic changes and

increased BMI, adiposity, elevated total cholesterol and lowered HDL cho-

lesterol levels, tobacco smoke exposure, hypertension, and chronic hyper-

glycemia. Similarly, autopsies were performed on 93 young people (age

2–39 years) from the Bogalusa Heart Study who had died primarily from

trauma. The data confirmed that the presence of risk factors associated

with the metabolic syndrome in childhood is predictive of later morbidity.

There is information available on the prevalence of hypertension and

hyperlipidemia in children with type 2 diabetes. In a cohort of Pima

Indian children aged 5–19 years, 4092 (86.4%) had normal glucose toler-

ance, 546 (11.5%) impaired glucose tolerance, and 100 (2.1%) type 2

diabetes. The prevalence of hypertension (defined as blood pressure 

> 140/90 mmHg) was 5, 10, and 18%, respectively, and hypercholes-

terolemia (cholesterol > 200 mg/dl) 6, 6, and 7%.27 In a group of 54 chil-

dren with type 2 diabetes from Cincinnati, 17% had hypertension at

diagnosis and 4% hypertriglyceridemia.59 In African-American youth

with type 2 diabetes presenting in ketoacidosis, 42% had previously

diagnosed hypertension.60 Among 40 African-American children with

type 2 diabetes (mean age 15.3 years, BMI 34.4 kg/m2, HbA1c 9.8%) from

New York City, 44% had elevated triglycerides, 15% low HDL, and 

150 Type 2 diabetes in childhood and adolescence



high LDL, defined as >90th centile for age and sex for triglyceride and

LDL and less than 10th centile for HDL.61

Nonalcoholic steatohepatitis (NASH)
NASH has been recognized for 20 years but has only recently been

linked to type 2 diabetes and, in particular, the metabolic syndrome.62 It

is characterized by chronic elevation of hepatic transaminases and histo-

logic changes consistent with alcoholic hepatitis in the absence of

alcohol intake and after secondary causes of hepatitis have been

excluded.63 Adult patients with NASH have many characteristics of the

metabolic syndrome with hyperlipidemia, visceral obesity, insulin resis-

tance, type 2 diabetes, and hypertension.64–66

Originally believed to be a benign condition, NASH is now recognized

as a cause of progressive liver disease which may lead to fibrotic cirrhosis

and hepatic failure.62 In the Verona Diabetes Study, a population-based

study in Italy, the standardized mortality ratio for hepatic cirrhosis was

2.52 (CI 1.96–3.20) in a group of adults with type 2 diabetes compared

with the general population.67 The inflammatory state and subsequent

oxidative stress associated with hyperinsulinism and the metabolic syn-

drome may be the underlying cause of hepatocellular damage in NASH.68

In children, elevated hepatic transaminases have been reported in

approximately 25% of Japanese and Italian obese children exam-

ined during screening.69,70 In a prospective series of 36 children aged

4–16 years with NASH from the Hospital for Sick Children in Toronto,

30 (83%) were obese, 18 (50%) had hyperlipidemia, 13 (36%) had acan-

thosis nigricans, and 4 (11%) were diagnosed with or developed type 2

diabetes during childhood.71 One 10-year-old patient without type 2 dia-

betes in this group had established cirrhosis at diagnosis.

The frequency of NASH in youth with type 2 diabetes has not been

studied. Although the long-term prognosis in children is unclear, the

associated morbidity in adults makes it important to document this

disease carefully in the young. Weight loss and/or treatment with

antioxidants such as vitamin E have been shown in uncontrolled trials

to lower transaminase levels and may also be beneficial therapy in

young people with NASH.72
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Presentation of type 2 diabetes in childhood

Type 2 diabetes may present in typical or atypical fashion. The ‘typical’

patient is an obese female adolescent, belonging to a high-risk ethnic

group, with a positive family history for type 2 diabetes and who may

have a history of menstrual irregularities suggestive of PCOS. She has a

history of slow-onset (months) of increasing thirst, polyuria, and noc-

turia, with a variable degree of weight loss. Fasting and postprandial

glucose levels are in the diabetic range, ketones are absent, tests for islet

cell antibodies and anti-GAD antibodies are negative, and C-peptide

levels are measurable and often high (at least after the hyperglycemia

has been controlled).

Although this description applies to the ‘typical’ patient, there is

great heterogeneity in the appearance of type 2 diabetes, which can

make the diagnosis quite challenging. Information was available on

47 children with type 2 diabetes from Cincinnati.59 Only 19% presented

with the classic symptoms of polyuria, polydipsia, and weight loss,

whereas 32% were identified by urinalysis during a routine examination.

Twenty four percent of girls had vaginal monilial infection as the

primary complaint and the remainder were found to have type 2 dia-

betes during investigation for a variety of complaints, including obesity,

infection, dysuria, enuresis, and abdominal pain.

Type 2 diabetes in youth, as in adults, may have an indolent presenta-

tion and be asymptomatic. Large prevalence studies have not been per-

formed; however, in two series studying very high-risk individuals

(obese with multiethnic background and First Nation), asymptomatic

diabetes was found in 3.6% of adolescents.21,26 The American Diabetes

Association has recommended testing children from age 10 years or at

onset of puberty (if less than 10 years) every 2 years with fasting plasma

glucose if they are overweight and have any two of the following risk

factors: family history type 2 diabetes, high risk ethnicity, signs of

insulin resistance (acanthosis nigricans, hypertension, dyslipidemia,

PCOS) (see Chapter 1). Interestingly, the study by Sinha et al.21 pub-

lished following these recommendations, determined that the 2-h

glucose level following the oral glucose tolerance test (OGTT) was much
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more sensitive in diagnosing both impaired glucose tolerance (IGT) and

diabetes than fasting glucose levels. Of the 37 children with IGT, none

would have been detected by fasting glucose alone and all of the 4 sub-

jects diagnosed with type 2 diabetes by OGTT would have been misclassi-

fied as IFG by fasting glucose measurement. This finding was duplicated

in a study examining adolescent girls with PCOS and IGT – only the

OGTT identified those with glucose intolerance.42 This requires further

study and may indicate that different screening methods are required in

the pediatric population.

Some youth with type 2 diabetes have a more acute onset with severe

symptoms, including: weight loss and dehydration, with significantly ele-

vated blood glucose concentration, and ketonuria or frank ketoacidosis.

Many are African-American children and this presentation has some-

times been referred to as ‘flatbush diabetes’ or ‘atypical diabetes in

African-Americans (ADM)’.49,60,73,74 In the Cincinnati series of islet cell

antibody negative individuals, 42% of the 28 African-American patients

presented with ketonuria, and 25% with ketoacidosis, whereas none of

the 12 white adolescents with type 2 diabetes had ketonuria either at

diagnosis or during follow-up.60 Another group in Charleston, South

Carolina, reported on 29 African-American type 2 patients, defined as

having negative ICA and GAD antibodies and elevated fasting C-peptide

levels.73 Within this group, 16 (55%) had experienced ketosis and 11

(38%) had been hospitalized for ketoacidosis. In both studies, there was

no difference between the age, BMI, or sex distribution of patients with

and without ketones at presentation.

Arslanian and others have documented metabolic differences in glucose

homeostasis in non-diabetic African-American children compared with

their peers (see Chapter 6). This includes increased insulin resistance at all

ages, increased baseline insulin, and increased insulin secretion in

response to acute glucose elevation compared to age, weight, and pubertal

stage matched Caucasian children.28 In addition, African-American youth

with type 2 diabetes, similar to adults with type 2 diabetes, have docu-

mented beta-cell decompensation with inappropriately low insulin secre-

tion in response to a glucose challenge.75 This beta-cell dysfunction may

be related in part to acute glucose toxicity, as reports of weaning or
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discontinuing insulin with maintenance of good glycemic control exist.75

Although ketonuria has been reported most frequently in African-

American youth, there is documentation of ketoacidosis across all ethnic

groups.49,73,76–81 Clearly, the presence of ketones can make the distinction

between type 1 and type 2 diabetes more difficult (see Chapter 1).

Maturity onset diabetes of youth (MODY) represents another group of

conditions with diabetes presenting in childhood and distinct from class-

ical type 2 diabetes. MODY may be discovered either incidentally or with

mild symptoms of polyuria/polydipsia. MODY is a group of disorders

characterized by an autosomal dominant inheritance of diabetes mellitus

in childhood or early adulthood (see also Chapter 11).82 MODY can be

divided into 6 subgroups based on the genetic mutations, with the most

common being the glucokinase (MODY2) and HNF-1� (MODY3) genes.83

In general, individuals with MODY1 or 3 are nonobese Caucasian indi-

viduals who present with nonketotic, mild, or asymptomatic hyper-

glycemia.74,84

In summary, the diagnosis of type 2 diabetes is often not clear-cut

when the presenting symptoms (or lack thereof) overlap with type 1 dia-

betes, autosomal dominant MODY, or atypical diabetes mellitus with

ketones. Certain tests (islet cell and antiGAD antibodies, C-peptide level,

genetic testing for MODY) may be helpful, but often the diagnosis only

becomes apparent over time with the observed response to therapy.

Conclusion

The rapid rise in obesity is associated with both an increasing prevalence

of type 2 diabetes throughout the world and a decreasing age of onset of

the condition. The vast majority of reports of type 2 diabetes in youth

have been clinic-based. Research efforts at the population level are

required not only to determine the frequency of type 2 diabetes but also

to assess the importance of identifiable risk factors and chart the early

course of the disorder.

There is clearly a clustering of risk factors for the metabolic syndrome

in childhood as in adults. What is not known is the extent of some of
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these abnormalities, such as hypertension and dyslipidemia, in youth

with type 2 diabetes. Furthermore, the relationship between type 2 dia-

betes in youth with other disorders such as PCOS and NASH remains to

be elucidated. There is no doubt that this will continue to be an impor-

tant and productive area for research in the years to come. However, it is

the prevention and treatment of obesity and type 2 diabetes in youth

that provide the most daunting challenges to our health care systems.
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Treatment of type 2
diabetes
Susan A Phillips and Kenneth L Jones

Introduction

Type 2 diabetes mellitus has moved from the status of a disease which

rarely occurs in children, to one that is reaching epidemic proportions.1,2

This change is requiring physicians who treat children to learn about the

diagnosis, treatment, and prevention of this ‘new disease’. It is now

important to recognize not only the microvascular complications of

insulin-deficient type 1 diabetes but also to address and prevent the

macrovascular complications such as arteriosclerotic, cardiovascular, and

peripheral vascular occlusive disorders associated with the insulin resis-

tant syndrome (IRS) and type 2 diabetes. One must also consider the

therapy of the other disorders frequently associated with these condi-

tions, including hypertension, obesity, dyslipidemia, ovarian hyperan-

drogenemia, and nonalcoholic steatohepatititis (NASH). This discussion

will deal only with the management of the hyperglycemia; therapy of

co-morbid conditions will be mentioned only briefly, as it is beyond the

scope of this chapter.

This chapter begins with the general therapeutic goals in children with

type 2 diabetes, moving then to the specifics of glycemic management.

When relevant, these approaches to glycemic management in type 2 dia-

betes will be compared and contrasted to those usually employed in treat-

ing type 1 diabetes. The methods to achieve glycemic control discussed

here are presented in the light of the underlying pathophysiology of type

2 diabetes and include methods of and success of lifestyle changes.



We then move to a more extensive review of the use of oral antidiabetic

drugs, their categorization, mechanisms of action, efficacy, and side

effects. Monotherapy and combination therapy with the various agents

are reviewed. Insulin therapy is discussed, with particular emphasis on the

differences in insulin regimens from those traditionally employed in

intensive therapy of type 1 diabetes.

A range of other topics are reviewed, including a number of clinical

situations more frequently encountered in pediatric type 2 diabetes sub-

jects: the treatment of the child who is acutely ill at diagnosis; treatment

of patients in whom a certain diagnosis of type 1 or type 2 cannot be

made; and the transition from insulin to oral agents in patients newly

diagnosed with type 2 diabetes.

Because of the recent emergence of type 2 diabetes as a significant

problem in children, there is a relative lack of data about its therapy in

the young. As a result, we draw heavily on the extensive published expe-

rience with this disorder in adults. This experience, however, is often

obtained in elderly adults, and may not always be directly applicable to

children or, in view of the age differential, relevant to their therapy.

Differences from the type 1 model

Most pediatricians are familiar with the acute and chronic treatment of

type 1 diabetes. They have, almost certainly, treated ketoacidosis and

hypoglycemic reactions during their residencies and in their practices.

Most also have experience with education of the child with new-onset

type 1 diabetes and his or her family. The generally accepted goals of

therapy are the prevention of diabetic ketoacidosis (DKA), avoidance of

significant or frequent hypoglycemia, and the prevention of microvascular

complications such as retinopathy, nephropathy, and neuropathy.

The Diabetes Control and Complications Trial (DCCT) established the

importance of intensive therapy to accomplish tight glycemic control.3

This study also confirmed that the success of this therapy could be fol-

lowed and judged by measuring HbA1C levels.4 It has recently been

reported that early, intensive control has a prolonged beneficial effect
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on delaying the development of microvascular complications.5 With type

1 diabetes, an insulinopenic state, glycemic management is accomplished

primarily with insulin replacement. Though they may vary in some

details, most centers prescribe multiple daily insulin injections or

continuous subcutaneous insulin infusion pumps. The treatment

regimen also requires intensive and continuous education, frequent self-

monitoring of blood glucose (SMBG), and carbohydrate counting. Insulin

dose adjustments can then be made based on blood sugar, carbohydrate

intake, and individual variation in insulin sensitivity.6 The importance of

frequent contact between the treatment center and patient and/or parent

is well established.

Tight glycemic control is no less important in the therapy of type 2

diabetes,7 though the methodology used differs in some respects. The

primary metabolic defect of type 2 diabetes is insulin resistance in associ-

ation with a relative and progressive deficiency in insulin secretion. This

insulin resistance, present in many tissues, makes its primary contribu-

tion to hyperglycemia by reducing peripheral glucose uptake in muscle

and failing to suppress hepatic glucose output. Additionally, resistance

in adipose tissue to insulin-mediated suppression of lipolysis results in

an elevation of free fatty acids (FFAs) and a further aggravation of hyper-

glycemia. The degree of insulin resistance observed in diabetic subjects

may vary according to a subject’s ethnic background, body mass index

(BMI), and physical activity.8,9 Pharmacologic intervention with either

metformin, a biguanide, or a thiazolidinedione (TZD) has been successful

in reducing insulin resistance in subjects with type 2 diabetes.10

Although information concerning the onset and progression of

macrovascular disease is not yet available from individuals diagnosed in

childhood with type 2 diabetes, the results of the DCCT have shown the

considerable importance of microvascular disease progression in this

population. Extrapolation of data from adults with type 2 diabetes 

suggests that the development of early macrovascular complications in

childhood-onset type 2 diabetes is of concern. One recent follow-up

study of type 2 diabetes in a young Canadian aboriginal population 

suggested that diabetic complications were devastating and occurred as

early as the third decade of life (see also Chapter 4).11 Though treatment
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of co-morbid conditions associated with type 2 diabetes is not discussed

in this chapter, attention to the management of hypertension and 

dyslipidemia and their interaction with glycemic management are

important topics for future investigation.

General goals of therapy

In the management of most forms of diabetes, there is a need to be

concerned about the acute complications of hypoglycemia and keto-

acidosis and/or development of acute hyperosmolar crises. Hypoglycemia,

a major treatment concern in type 1 diabetes, is much less frequent with

type 2 diabetes and is discussed later in association with specific thera-

pies. Although DKA and hyperosmolar crises have been reported in chil-

dren with type 2 diabetes,12,13 they are uncommon, in our experience

after initial presentation, but such crises have been reported.14 About

10–15% of children and adolescents with type 2 diabetes present at diag-

nosis with DKA, hyperosmolar crisis, or a combination of these states.2

The long-term goals in the management of type 2 diabetes are

twofold: first, the prevention of microvascular complications, including

retinopathy, nephropathy, and neuropathy; secondly, the prevention of

macrovascular complications such as atherosclerosis of the coronary,

cerebral, and large arteries of the lower extremities. These lead to

myocardial infarction, stroke, and amputation,15 and are the major

causes of morbidity and mortality in adult subjects with type 2 diabetes.

The development of these complications is multifactorial, but is influ-

enced by associated hypertension, dyslipidemia, and hyperinsulinemia

in addition to the effects of hyperglycemia.

Generalized approaches to therapy

The aim of therapy in type 2 diabetes is to specifically target the underly-

ing metabolic defects of this disorder, which are obesity, abnormal

insulin secretory function, and the insulin resistance present in the three
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primary insulin responsive tissues – skeletal muscle, fat, and liver. The

sites of the metabolic lesions and the actions of the drugs used to correct

them are shown in Figures 9.1a–c. The first approach is to reduce obesity

through lifestyle interventions in diet and exercise. In addition, the

introduction of an �-glucosidase inhibitor may be considered to delay

carbohydrate digestion and absorption, reducing peak postprandial

hyperglycemia. A second therapeutic approach is to address insulin secre-

tory dysfunction with insulin secretagogues such as sulfonylureas or

meglitinides. Alternatively, or if these secretagogues are ineffective,

exogenous insulin can be initiated. A third approach is to address tissue-

specific insulin resistance. Metformin can decrease hepatic glucose

output and improve peripheral insulin sensitivity. Thiazolidinediones

have been successful in improving peripheral insulin resistance in type 2

diabetes in adults; however, experience with these therapeutic agents is

limited in children. These approaches are now discussed in more detail.

Specific approaches to the treatment of 
type 2 diabetes in children

Lifestyle changes
Lifestyle change has been the traditional first step in the therapy of type 2

diabetes in adults and has been extensively reviewed.16 For this interven-

tion to be successful, subjects must adhere to an intense program involving

nutritional education, increased exercise, and a modified high fiber, low

calorie, low saturated fat diet.17,18 Although this approach may initially be

successful in controlling hyperglycemia in adults, compliance is poor,

weight loss is transient, and additional therapy is nearly always required.

This ‘need for additional therapy’ implies that, for any form of therapy to

be maximally effective, all patients with type 2 diabetes must incorporate

at least some of the lifestyle changes outlined. One of the most encourag-

ing pieces of information regarding the benefit of lifestyle change in type 2

diabetes comes from the recently completed Diabetes Prevention Trial.19

This large study of a high-risk population of subjects with elevated fasting
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Figure 9.1b Pathophysiology of type 2 diabetes. Insulin resistance decreases
peripheral glucose utilization by muscle and fails to inhibit hepatic glucose
output. Glucose utilization is further compromised by decreased insulin
secretion by the pancreas. The result is increased blood glucose.
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Figure 9.1a Normal carbohydrate metabolism with glucose regulation
accomplished by carbohydrate absorption in the gut; glucose utilization
accomplished by normal insulin secretion and counterregulated by hepatic
glucose utilization.



and post-load glucose concentrations found that those randomized to

lifestyle intervention had a 58% reduction in the incidence of diabetes

compared with 31% for those receiving metformin.19

There is little information about the success or failure of change in

lifestyle intervention in children,20 and most of it is anecdotal. In

general, the information suggests that, in primarily adolescent popula-

tions, lifestyle change has not established glycemic control. In a thera-

peutic trial of metformin versus placebo in children, described later,

all patients were instructed in the principles of nutritional and exer-

cise therapy, but only 7.5% of the placebo group maintained a level of

glycemic control enabling them to complete the 16-week treatment

arm without intervention. The remaining 92.5% required rescue with

additional therapy to maintain the required degree of glycemic

control.21 Primary therapy with diet and exercise can work well under

certain circumstances, such as in an institutional or structured home-

care setting, and for developmentally delayed or impaired children. In

these situations, caregivers can carefully control diet and activity

programs.
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Nutrition

Consultation with a dietitian familiar with children and with type 2 dia-

betes is important for all patients. The dietitian should assess the nutri-

tional status and practices of the child and family and then counsel them

to provide a meal plan which, at least initially, does not deviate in a

major way from their usual eating practices. Changes made gradually,

through subsequent appointments and interviews, frequently achieve

compliance more successfully than does radical and rapid change.

Individuals providing counselling must be clear about the differences

in the management of patients with type 1 and type 2 diabetes. Because

obesity is a typical finding in type 2 diabetes and caloric restriction

results in improved glycemic control and insulin sensitivity, modest

caloric restriction and weight loss or maintenance are important goals: so

is correction of the dyslipidemia, which frequently accompanies the

metabolic syndrome or IRS. In general, calories from dietary fat should

not exceed 30% of energy intake, and calories from saturated fat should

not exceed 10%.22 An effort is also made to limit cholesterol in the diet to

<300 mg/day, and <200 mg/day if hypercholesterolemia is present.22

Monounsaturated fats can be increased to up to 15–20% of total calories

and may have beneficial effects on triglycerides and high-density lipopro-

tein (HDL). Protein should account for 15–20% of total calories, but may

need to be adjusted for growth requirements. The remainder of calories is

made up of carbohydrate.

Exercise

The beneficial effects of exercise on weight management, insulin sensitiv-

ity, blood pressure, serum lipids, and glycemic control, with or without

the addition of pharmacologic agents, has been well documented.17–19,23

As in adults, the key to success is finding an activity that each child likes

and is willing to do. In this age group, there is also the potential to incor-

porate a school- or youth-based activity program. Cooperation and com-

munication between schools and health care providers can encourage

patients to participate more actively in scheduled physical education pro-

grams and can result in primary prevention.24–26 Unfortunately, espe-

cially at this time of increasing obesity rates in young people, physical
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education programs in US public school systems are being reduced or

made optional in many districts.

It is also helpful to encourage patients to increase activity at home

through family walks and increased recreational activity. Often, however,

the patients who are most likely to develop obesity and type 2 diabetes are

from economically depressed populations with limited resources. These

are also often single-parent households in which the lone parent does not

have time to walk or exercise with the children. These children com-

monly live in neighborhoods unsafe for outdoor play and exercise. In

many families, long hours viewing television or at the computer sub-

stitute for physical activities, further aggravating weight management.27

Oral antidiabetic drugs
As mentioned above and outlined in Figure 9.1, oral antidiabetic agents

can function to improve insulin action in a number of ways: to increase

insulin secretion, to suppress hepatic glucose output, to reduce periph-

eral insulin resistance, and to delay digestion and absorption of ingested

carbohydrates. They will be discussed by category.

Insulin secretagogues (see Table 9.1)

Sulfonylureas

Comprehensive reviews of sulfonylurea (SU) treatment of adults discuss

the pharmacology and mechanism of action of these drugs.28,29 The cell

surface receptor for SU has been cloned and shown to be linked to an

ATP-sensitive K+ channel in cell membranes which, when activated,

triggers membrane depolarization, Ca2+ influx, and insulin secretion.29

In adults with type 2 diabetes, sulfonylurea therapy initially increases

fasting and postprandial plasma insulin concentrations. The sulfony-

lureas, now in common usage, include first- and second-generation

products, which act similarly but differ in potency and duration of

action. All are bound to protein in the circulation, metabolized by the

liver, and excreted in the bile or urine.

Candidates for therapy with SU must have residual beta-cell function.

Approximately 20–25% of adults treated with SU show primary failure to

respond. Of those who initially attain satisfactory glycemic control,
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5–10% develop secondary failure with each subsequent year of treat-

ment.30 This failure may be patient-related, disease-related, or therapy-

related. Patient-related failures include poor diet and/or medication

compliance, and inadequate exercise. As type 2 diabetes progresses, beta-

cell function declines, and disease-related drug failure ensues. Therapy-

related failures result from inadequate dosage, desensitization, poor

absorption, and/or antagonistic effects of other drugs.

Although hypoglycemia occurs less frequently in type 2 than type 

1 diabetes, it is the major complication of sulfonylurea therapy.31

Chlorpropamide and glyburide are more frequently associated with signifi-

cant hypoglycemia than are shorter-acting preparations. Of the drugs that

interact with sulfonylureas, most are not commonly used in children. One

exception is trimethoprim, which may increase the risk for hypoglycemia

by displacement of sulfonylureas from albumin-binding sites.32

The major toxicities of sulfonylureas involve the gastrointestinal

system or skin. Up to 3% of users note nausea, abdominal discomfort, or

vomiting and 0.5–1.5% develop rashes. Chlorpropamide is reported to

be specifically associated with water retention and hyponatremia,33 an

effect that led to the use of chlorpropamide for treatment of central

diabetes insipidus before the advent of synthetic vasopressin.

Meglitinides

Meglitinides, a new class of insulin secretagogues, were designed to

lessen the risk of hypoglycemia by producing peak insulin responses

that coincide with postprandial glucose excursions. Currently available

meglitinides include repaglinide and the more recently approved

nateglinide.34 These drugs act by binding to the sulfonylurea receptor,

inhibiting the ATP-dependent K+ channel and causing a depolarization

of the beta-cell, with subsequent secretion of insulin in the prandial

phase. They have a shorter half-life, resulting in a quicker return to base-

line insulin levels than is seen with sulfonylureas. With repaglinide,

insulin concentrations return to baseline within 4–6 h35 and, following

nateglinide, within 2 h.36 With this shorter half-life, there is a lower inci-

dence of late postprandial hypoglycemia37 than is seen with the more

prolonged effect produced by SU.



Replaginide is taken shortly before meals in doses ranging from 0.5

to 4 mg. It is approved for monotherapy and for use in combination

with metformin. Nateglinide is usually given in doses of 120 mg,

30 min before meals, as frequently as three times daily. For individuals

who are close to, but not achieving their HbA1C goal, a supplemental

60 mg dose of nateglinide may be given in combination with

metformin.

As a class, meglitinides decrease the fasting glucose level by about

60 mg/dl (3.3 mmol/l) and the HbA1c by 1.7–1.9%.38,39 In individuals who

are showing a poor response to meglitinide monotherapy, combination

therapy with metformin has been proven safe and effective. In combina-

tion with metformin, repaglinide has induced an additional decrease of

1.4% in HbA1C. Nateglinide plus metformin produces a decrease of 0.4%

in individuals who have good control of their diabetes (HbA1C <8%) and

of 1.4% in those with a higher baseline HbA1C (>9.5%).40

One disadvantage of the meglitinides is their frequent dosing require-

ment and resultant difficulty with compliance. Experience would suggest

that this problem is greater in adolescents than in adults. Hypoglycemia

resulting from hyperinsulinemia may occur, especially in individuals

with low HbA1C levels, but occurs less frequently than with SU.

�-Glucosidase inhibitors

One of the more difficult challenges in type 2 therapy is the reduction of

post-meal hyperglycemia.41 �-Glucosidase inhibitors act by competitively

binding and inhibiting enzymes in the brush border of enterocytes that

cleave oligosaccharides to monosaccharides, delaying the digestion of

complex carbohydrates, and depressing the post-meal glucose peak.42

Their role in diabetes management has been reviewed.43 Because acarbose

and voglibose are not absorbed, they have no significant systemic adverse

effects, but do produce occasional abdominal pain, flatulence, and diar-

rhea, resulting from bacterial metabolism of oligosaccharides arriving

undigested in the colon.44 Miglitol is absorbed, but re-concentrated in

the small intestine, so its effects are similar.

Studies in adults indicate that acarbose, as monotherapy, combined

with diet can reduce HbA1C by as much as 1.3%.45 These drugs are not
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frequently used as primary or single drug regimens, but are employed 

as adjunctive therapy, usually in patients incompletely controlled by

diet.46

Biguanides

Although discussed as a category, metformin is the only biguanide

currently approved. Phenformin and butformin were removed from use

because of their frequent association with lactic acidosis. Originally

withdrawn from use in the United States with the other members of its

class, metformin has been available in most of the developed world for

nearly a half a century and was approved for use in this country again in

1995. Its primary action is to reduce hepatic glucose output, although it

has a minor effect in reduction of peripheral insulin resistance.47,48 Its

safety and efficacy in type 2 diabetes in adults has been extensively

reviewed,49 and, in addition to its direct effect on reducing hyper-

glycemia, it has also been noted to produce minor improvement in the

diabetic dyslipidemic state and to enhance weight loss.50,51

Even before it had been subjected to a formal trial in children, met-

formin was the drug recommended for initial therapy of type 2 diabetes

in this age group by an American Diabetes Association Expert

Committee.52 This recommendation was based on a general and positive

experience of physicians who were using the drug ‘off-label’ in the 1990s.

A formal trial to ascertain metformin’s safety and efficacy in children

was initiated as a multicenter, randomized, double-blind, placebo-

controlled program. In order to randomize the required 82 patients, it

was necessary to involve 44 sites and to screen 481 subjects.21 Nine of

the sites were in Eastern Europe. Although it is difficult to know with

certainty why recruiting was so problematic, strict exclusion criteria and

the existing, prevalent, off-label use of metformin in diabetic children

probably contributed. In support of the first point, 76% of the referred

subjects were excluded because they fell outside the fasting plasma

glucose limits of <126 or >240 mg/dl. Of the patients screened, 72% had

HbA1C values <7.0%. Only 11% of those referred were excluded because

they were positive for one or more of the immune markers assessed

(anti-GAD, ICA–512, insulin autoantibodies).
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The demographic data from the enrolled group were very similar to

those of patients described in earlier reports summarized by Fagot-

Campagna et al.2 In the study, approximately 70% of the metformin

study patients were female, the mean age of the group was 13–14 years,

fewer than 50% of all enrolled were white, and the mean BMI was high

(approximately 34 kg/m2). The racial distribution was probably skewed

from the usual US demographics of type 2 diabetes in children because

20 of the 82 enrolled patients were from European centers.

The study was designed to compare two groups of patients random-

ized into placebo and metformin groups. All patients received informa-

tion about implementing lifestyle changes, which included advice about

dietary modifications and increased, moderate exercise. Details of the

study design and results are published.21

At the end of the double-blind treatment period, the mean fasting

plasma glucose (FPG), adjusted for baseline, decreased by 42.9 mg/dl in

the metformin group while increasing by 21.4 mg/dl in the placebo-

treated patients. This improvement was confirmed by differences in the

HbA1C at the end of the double-blind period. The mean values, adjusted

for the baseline mean difference, were 8.6% in the placebo patients and

7.5% in those receiving metformin.

Patients receiving metformin experienced a mean 9.7 mg/dl decrease

in serum cholesterol as contrasted with a 0.7 mg/dl increase in the

patients receiving placebo. There was also slightly more weight loss and

decrease in BMI in the metformin group, but none of these differences

reached significance.

The study also established the safety of metformin in children. The

number of patients experiencing at least one adverse event was higher in

those receiving metformin than in controls (70% vs 60%), but the

length of exposure to metformin was longer than that to placebo. As

might have been predicted from experience in adults, the primary

adverse events were in the gastrointestinal (GI) system. Nearly twice as

many patients receiving metformin reported abdominal pain and nausea

and/or vomiting as did those taking placebo.

The study confirmed that metformin was safe and effective for use in

glycemic management of children with type 2 diabetes, and it has been

approved by the FDA (Food and Drug Administration) for use in children.
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Thiazolidinediones

This class of drugs acts to reduce peripheral insulin resistance, a key

pathophysiologic feature of type 2 diabetes. The pharmacology and

metabolic effects of these drugs have been extensively reviewed53 and are

not discussed here. Their actions and side effects are listed in Table 9.2.

Troglitazone was the first of these drugs to be employed in large clinical

trials in adults with type 2 diabetes. The results were promising when it

was used as monotherapy54 or in combination with sulfonylurea55 or

insulin.56 Fasting plasma glucose and HbA1C were reduced, as was insulin

requirement. There were also potentially beneficial effects on lipid pro-

files, with increases in HDL cholesterol and decreases in triglycerides and

free fatty acids.57

Unfortunately, the drug was found to have adverse effects on the

liver, noted by increases in alanine transaminase, reversible jaundice,
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Table 9.2 Thiazolidinediones: actions and side effects

Actions:

↑ Cellular responsiveness to insulin

↑ Insulin-dependent glucose disposal

↑ Hepatic sensitivity to insulin

↑ HDL cholesterol

Improves dysfunctional glucose homeostasis

↓ Blood glucose concentrations

↓ Plasma insulin levels

↓ HbA1C values

↓ Triglycerides

↓ Postprandial glucose and insulin levels

Side effects:

↑ Weight gain

↑ Cost

↑ Creatine phosphokinase levels

↑ Fluid retention

↑ LDL cholesterol

↑ Serum transaminase levels

↑ Fertility in women of childbearing age



and infrequent liver failure. Following additional evidence of associated

liver failure, it was removed from use in March 2000.58

Other TZDs have now been approved by the FDA and are in general

use. Trial results in adults with pioglitazone and rosiglitazone are pub-

lished.59,60 Clinical trials in children with both of these drugs are now in

progress or being planned. In addition to their effects on blood glucose,

rosiglitazone and pioglitazone have beneficial effects on dyslipidemia,

blood pressure, and fibrinolysis.61

Rosiglitazone has a relatively short half-life of 4 h and is excreted 

primarily in the urine. As monotherapy, rosiglitazone has been very

effective compared with placebo, reducing the FPG by 58 mg/dl at the

lower dose of 4 mg/day and by an average of 76 mg/dl at 8 mg/day over

a 26-week trial. At the higher dose, a reduction in HbA1C of 1.5% was

achieved over that in patients receiving placebo.62 Rosiglitazone has

been very effective when used in combination with SU and with met-

formin, reducing FPG and HbA1C in patients who were stable, but not

ideally controlled with maximal doses of either drug.63,64 It can also be

effectively employed in conjunction with insulin therapy, lowering both

the FPG and insulin requirement.65

Pioglitazone, although different in some of its actions and in its

metabolic processing by the body, has a similar therapeutic profile to

rosiglitazone. While both of these drugs have been reported to have

hepatotoxic effects, they do not occur with the frequency or severity

seen with troglitazone.66,67 Edema and reduction in hemoglobin have

also been reported, as has weight gain. It is not known whether these

effects are age-related, and whether they will be present, worse, or less

significant in children. A detailed comparison of these agents is beyond

the scope of this chapter, but the key features of their actions and side

effects are listed in Table 9.2.

Insulin therapy

Insulin is an important and, ultimately, necessary agent in the therapy

of type 2 diabetes. In adults, the natural course of type 2 diabetes begins

with insulin resistance and evolves with the development of pancreatic

beta-cell failure to an insulin-deficient state that requires the initiation

of insulin therapy.68,69 Although this ‘late stage’ may not occur during
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childhood, insulin therapy is still indicated in certain situations in this

population. Insulin therapy is initiated at the time of presentation for

acute metabolic decompensation and in cases of an unclear diagnosis of

type 2 versus type 1 diabetes. Later insulin therapy is initiated for oral

antidiabetic drug failure, poor compliance, and potentially for insulin

deficiency developing with disease progression. It is also important 

to note that, as is the case with diet, insulin therapy in type 2 

diabetes frequently differs from the regimens usually employed in type 1

diabetes. The types of insulin available for use and their approximate

availability after injection are listed in Table 9.3.
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Table 9.3 Types of insulin and their action

Type Name Onset Peak Duration

Very fast Humalog 5–15 min 45–90 min 3–4 h

acting Novalog

Fast acting Humulin R 30–60 min 2–5 h 5–8 h

Novolin R

Velosulin Human

Iletin II Regular 30–120 min 3–4 h 4–6 h

(pork based)

Intermediate Humulin L 1–3 h 6–12 h 16–24 h

acting Humulin N

Novolin L

Novolin N

Iletin II Lente 4–6 h 8–14 h 16–20 h

Iletin II NPH

Long acting Humulin U 4–6 h 18–28 h 28 h

Ultra-long Lantus 1.1 h No peak Constant

acting over 24 h

Mixtures Humulin 50/50 Varies Varies Varies

(% NPH/ Humulin 70/30

% regular) Novolin 70/30

Humalog Mix 75/25



Situations requiring initial insulin therapy

Approximately 10–15% of children with type 2 diabetes are acutely ill at

the time of diagnosis with DKA or with severe hyperosmolar states.13,70

These patients must receive appropriate insulin and fluid resuscitation.

Guidelines for therapy of DKA and hyperosmolar states are available and

are not described here.71 For children who are acutely ill with significant

hyperglycemia, insulin should be started to quickly correct underlying

metabolic derangements. ‘Significant’ may range from greater than

250 mg/dl to >400 mg/dl, depending on physician comfort. A transition

period with continued insulin therapy is then recommended. This

transition is important for stabilizing patients and, occasionally, for those

physicians unfamiliar with this disorder, for providing the time to

confirm the diagnosis of type 2 diabetes through documenting the

absence of immune markers and the presence of ample C-peptide secre-

tion. This transition period can be helpful in diagnosis, as the rapid

decrease in insulin dose requirement characteristic of newly diagnosed

type 2 patients is different from that seen in subjects with type 1 diabetes

during the honeymoon period. Following establishment of a specific diag-

nosis, most patients can be transitioned to oral agents or a program of

lifestyle change.

As has been suggested, often one sees patients in whom the differential

diagnosis between type 1 diabetes and type 2 diabetes is not clear. It is

also important to prescribe insulin for these individuals until a definitive

diagnosis is made. With no specific test to confirm type 2 diabetes, there

is a lack of universal agreement on how to establish the diagnosis or the

criteria upon which the diagnosis is based. For clinical trials of drugs to

treat type 2 diabetes in children, absence of immune markers and evi-

dence of continued normal or increased insulin secretion are usually

required as inclusion criteria.21 In published reports describing the disease

in children, however, patients are sometimes included as having type 2

diabetes although they are antibody positive.72 In adult studies, patients

originally classified with type 2 diabetes who were later found to be anti-

body positive are now frequently subdivided as having latent auto-

immune diabetes of adults (LADA).73,74 In the metformin study described

above, among the children and adolescents with clinical diagnoses of
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type 2 diabetes referred for participation in a clinical trial, 10.8% were

found to be positive for immune markers. In an expanded review of

children referred for several studies of type 2 therapy, antibody-positive

patients were slightly leaner and more likely to be Caucasian, but clini-

cally resembled those enrolled in the studies who were antibody

negative.75 (See Chapter 2 for further discussion of these diagnostic

issues.)

Insulin regimens for type 2 diabetes when lifestyle changes and/or 

oral agents fail

Although the goals of insulin therapy are the same in type 1 diabetes

and type 2 diabetes, the methods used may vary greatly. In the young

patient with type 2 diabetes, endogenous insulin secretion is still

present, so that supplementation may be all that is needed. Insulin may

be used alone, or in combination with oral agents. Patients with type 2

diabetes are also less likely to experience hypoglycemia with insulin

therapy. This subject has been extensively reviewed and is described

only briefly here.76

Insulin supplementation Most children diagnosed with type 2 diabetes

have residual endogenous insulin secretion, but may benefit from basal

insulin supplementation. These patients are usually mildly hyper-

glycemic and relatively easy to control. Before the availability of longer-

acting insulin preparations, control was achieved by two or more

injections per day of NPH. Now, longer-acting preparations, including

human recombinant ultralente insulin and insulin glargine, are avail-

able and can provide single-dose basal coverage. In practice, however,

most patients are treated with an oral antidiabetic agent rather than

with basal insulin therapy.

Insulin in combination with oral agents More commonly, insulin is

added when glycemic control is not achieved on oral agents alone.

Establishing a pattern of hyperglycemia can facilitate selection of an

appropriate insulin regimen; this is frequently accomplished by having

the patient SMBG. For example, with fasting hyperglycemia, a bedtime
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injection of NPH may be indicated. If the issue is primarily postprandial

hyperglycemia, a short-acting insulin can be given as a pre-meal dose.

Success can be monitored by SMBG.

Oral agent failure A dependable indication for insulin therapy in adults

with type 2 diabetes, once non-compliance has been excluded, is the

loss of glycemic control, indicating beta-cell failure. In such patients, it

is important to move to a more rigorous insulin routine of multiple

daily injections or to the use of a continuous subcutaneous insulin infu-

sion pump. These regimens, essentially responding to complete insulin

deficiency, are similar to those used in individuals with type 1 diabetes,

and they require similar attention to SMBG.

Insulin dependency occurs in adults with longstanding diabetes and,

though well documented, is without an agreed upon etiology.68,69 There

is no reported, documented development of this condition in children,

though certainly, with long duration of disease, it will occur in individu-

als with onset in childhood.

The frequent occurrence of oral agent failure often reflects failure to

comply with the prescribed regimen. It is not unusual to resort to

insulin therapy in adolescent patients with established type 2 diabetes,

because glycemic control cannot be accomplished otherwise. Parents can

participate in injection regimens, guaranteeing that the medication is

taken, and achieving successful glycemic management. It is frequently

more difficult to enforce an oral medication routine with the same

success. It is also not uncommon that, with institution or reinstitution

of injection therapy, a patient request is made for another trial of oral

agents which then proves successful. Surprisingly, some adolescents

prefer injections to oral medications.

With complete beta-cell failure, the insulin regimens usually employed

are twice daily intermediate + short-acting insulin, given with breakfast

and the evening meal. More intensive regimens use longer-acting

insulins such as glargine77 or ultralente78 daily and short-acting insulins

with meals. Ultralente can be mixed with short-acting insulins, but

glargine must be given as a separate injection. These regimens are usually

initiated with a 50/50 split of the two preparations and then adjusted

based on blood glucose records.
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Conclusions

In summary, childhood type 2 diabetes is reportedly reaching epidemic

proportions as inactivity and obesity become more prevalent in children

and adolescents. Physicians treating them must be aware of the diagnosis

and the strategies necessary to prevent micro- and macrovascular compli-

cations. Although lifestyle interventions have been successful in adult type

2 diabetes and are recommended as first-line therapy in childhood type 2

diabetes, their efficacy remains to be proven in the latter population. An

effective management plan usually includes lifestyle and pharmacologic

interventions. The underlying pathophysiologic disturbances of type 2 dia-

betes – insulin resistance and relative insulin deficiency – provide the ratio-

nale for its treatment. Metformin, the drug currently most frequently

employed in initial oral agent intervention, has been shown to be safe and

effective for use in childhood type 2 diabetes. Other agents, including SU,

�-glucosidase inhibitors, and insulin, have roles. The more recently intro-

duced class of insulin sensitizers, TZDs, have been successful in adult type

2 diabetes, but their association with hepatic toxicity will require conserva-

tive use until trials proving safety and efficacy in children are completed.

The emergence of type 2 diabetes in the pediatric population, espe-

cially among minority populations, represents a daunting challenge to

health care providers. If not prevented or adequately managed, the devel-

opment of micro- and macrovascular disease in these children poses a

significant public health concern for the future.
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Long-term outcome of 
type 2 diabetes in
adolescence
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Introduction

Type 2 diabetes mellitus has been reported in children in Japan, the

United States, Pacific Islands, Hong Kong, Australia, and the United

Kingdom.1–6 Kitagawa et al.2 reported that type 2 diabetes was more

common than type 1 diabetes in Japan, accounting for 80% of child-

hood diabetes. The incidence almost doubled between 1976–80 and

1991–95.2 The proportion of patients with early onset type 2 diabetes

registered with the Diabetes Center, Tokyo Women’s Medical University

(TWMU) increased by 50% between 1960–1975 and 1986–1995 (TWMU

database for 1960–1995).7

Thus, there is evidence that the incidence of type 2 diabetes mellitus

is higher in young Japanese than in young Caucasians.1,8 Since we first

reported the young age of onset of many Japanese with type 2 diabetes

attending our Diabetes Center in 1990,1 it has become obvious that

many develop severe diabetic vascular complications in their thirties9

and show a higher incidence of diabetic nephropathy than that in Pima

Indians with type 2 diabetes or Caucasian type 1 diabetes patients of

comparable age.10 Our findings on long-term diabetic complications of

type 2 diabetes are felt to be representative of Japanese patients. Data on

complications in other Asian and non-Asian populations with adoles-

cent-onset type 2 diabetes are not available. In this chapter we describe



the long-term outcome of type 2 diabetes in adolescence (early-onset

type 2 diabetes) from our previous and later clinic-based observational

longitudinal studies.

TWMU database

The TWMU database included all patients who had visited the Diabetes

Center since 1960 and the Department of Pediatrics of the Tokyo

Women’s Medical University (TWMU) from 1960 to 1987. TWMU is

located in the center of Tokyo. The TWMU differs from other hospitals

and clinics in Japan in that it specializes in the consistent management of

diabetic patients, with type 1 and type 2 diabetes mellitus,11,12 from babies

to old age, and takes care of diabetic patients daily in a multidisciplinary

program of total care. The diabetes service includes the following divisions:

care for children and adolescents; care in pregnancy; foot care; neuropathy

care; nephropathy care with a dialysis unit; and an eye division for

retinopathy. Before the mid-1970s, the greater part of the care was for 

children with type 1 diabetes. It was carried out by a pediatrician well

versed in the management of type 1 diabetes in the Department of

Pediatrics of the Tokyo Women’s Medical University. From the mid-1970s,

the TWMU started to take patients of all ages with diabetes. Approximately

500 patients visit the outpatient rooms of the Diabetes Center every day

and 2700 new patients per year are usually registered at the Diabetes

Center. One pediatrician and 20 internists have been authorized as dia-

betes specialists by the Japan Diabetes Society and 7 ophthalmologists take

care of the outpatients at the TWMU. About 25,000 patients with type 2

diabetes and 1200 patients with type 1 diabetes were registered at the

Diabetes Center between 1963 and the end of 1998. These numbers cor-

respond to 0.4% of all Japanese type 2 patients and about 8% of all

Japanese patients with type 1 diabetes.13 Patients attending our center,

which is a referral hospital, may be considered as representative of

Japanese patients attending a diabetes specialized clinic.

In view of the large number of patients with type 1 and type 2 dia-

betes that developed at a young age, patients from TWMU represented
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a large proportion of the Japanese DERI (Diabetes Epidemiology

Research International group) cohort.14

Diagnosis and classification of diabetes

The diagnosis of diabetes and the classification of diabetes type (type 1

and type 2) were made according to World Health Organization (WHO)

criteria.15 Briefly, type 1 diabetes was defined as the patient being prone

to ketosis and requiring insulin therapy within 1 year after the diagnosis;

type 2 diabetes was considered if the patient was found not to be ketosis

prone, did not require insulin therapy for more than 1 year after the

diagnosis, and/or exhibited preserved insulin secretion even when

treated with insulin.

Among patients who first visited the Diabetes Center from 1970 to

1990 (n = 16,842), 1065 (6.3%) were identified as having early-onset

type 2 diabetes who were diagnosed before the age of 30; this group

served as a study population for the development of retinopathy

(TWMU database 1970–90). Among patients who first visited the

Diabetes Center from 1965 to 1990 (n = 17,236), 1638 (9.4%) patients

with type 2 diabetes diagnosed before the age of 30 served as the study

population for the development of nephropathy (TWMU database

1965–90). Type 2 diabetes was diagnosed because of symptoms (27%),

other complaints (28%), or screening tests (45%). To confirm the diag-

nosis of the type of diabetes, serum C-peptide levels were measured in

patients treated with insulin. As anti-GAD antibody, ICA, or IA-2 anti-

body measurements were not available in those days, they were not

taken into consideration in the following studies.

Development of background and proliferative
retinopathy

To study the development of background and proliferative retinopathy in

Japanese patients with early-onset type 2 diabetes, 1065 Japanese patients
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with type 2 diabetes diagnosed before 30 years of age were recruited from

the TWMU database 1970–90. Among a total of 527 patients who did not

exhibit proteinuria or proliferative retinopathy at the first visit (baseline),

394 patients were recruited for the study, while 133 were excluded because

they had not received continuous treatment.16

Table 10.1 shows the clinical and biochemical characteristics of the

394 patients at baseline. Age at diagnosis, gender, the duration of

diabetes, therapy for diabetes, hemoglobin A1c (HbA1c), and proportion

of smokers were similar for patients who participated and those who did

not participate in the study.16

In this study, we used Fukuda’s classification system, which is now

the most commonly used classification system for diabetic retinopathy.

Background retinopathy was defined as the presence of microaneurysms

or dot hemorrhages (Fukuda A1, A2, and B1). Proliferative retinopathy

was defined when patients had new vessels, vitreous hemorrhage, vitreo-

retinal traction, or retinal detachment believed to be attributable to neo-

vascularization (Fukuda A3, A4, A5, B2, B3, B4, and B5).

Predictors of background retinopathy
Of the 394 patients, 322 were free of retinopathy, and 72 had back-

ground retinopathy at baseline. The end point of the study was the

development of background retinopathy16 or the classification reached

at the last examination. Of 322 who were free of retinopathy at base-

line, 88 developed background retinopathy during a mean follow-up of

5.7 years.

Table 10.2 shows the predictive effect of independent variables on

the development of background retinopathy. The known duration of

diabetes, the baseline level and the mean levels of HbA1c during the

follow-up, and the serum concentrations of total cholesterol and

triglyceride had significant predictive effects by univariate analysis

(model A). The mean HbA1c level had the strongest predictive effect

for development of background retinopathy. Multivariate analysis

(model B) revealed that only mean HbA1c and duration of diabetes

were significant independent predictors of developing background

retinopathy.
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Table 10.1 Baseline clinical and biochemical characteristics of the

patients with early-onset type 2 diabetes who participated and 

those who did not participate in the study

Parameter Subjects who Subjects who did

participated not participate

n 394 133

Percentage of men (95% CI) 54 (49–59) 57 (49–65)

Age at diagnosis of diabetes (years) 22.6 ± 5.6 23.6 ± 5.1

Age at baseline (years) 26.9 ± 8.2 27.7 ± 8.4

Known diabetes duration at

baseline (years) 4.4 ± 6.0 4.1 ± 6.1

Percentage of patients with the

following therapy for diabetes

at baseline (95% CI):

Diet alone 67 (62–71) 72 (64–80)

Tablets 16 (12–20) 14 (8–20)

Insulin 18 (14–21) 14 (8–20)

Hemoglobin A1c (HbA1c) at baseline (%) 8.5 ± 2.2 8.5 ± 2.6

Percentage of patients with 18 (15–22) 9 (4–14)***

background retinopathy (BDR) (95% CI)

Percentage of current smokers 30 (26–35) 38 (30–46)

(95% CI)

Body mass index (BMI) (kg/m2) 23.0 ± 5.1 25.5 ± 5.6**

Percentage of patients with a

family history of diabetes (95% CI) 61 (57–66) 54 (46–63)

Percentage of patients with a

family history of vascular

disease (95% CI) 12 (9–16) 16 (10–22)

Systolic blood pressure at

baseline (mmHg) 116.4 ± 15.3 121.2 ± 15.6**

Diastolic blood pressure at

baseline (mmHg) 73.1 ± 11.0 76.6 ± 12.3***

Total cholesterol at baseline (mg/dl) 195 ± 44 204 ± 43***

High-density lipoprotein (HDL) 

cholesterol at baseline (mg/dl) 51 ± 17 46 ± 12**

Triglyceride at baseline (mg/dl)a 107 (69–182) 122 (75–189)***

Data are means ± SD, unless otherwise stated.
a Data are median (interquartile range).

** P < 0.01 vs subjects who participated.

*** P < 0.05 vs subjects who participated.

Source: reference 16.



The impact of mean HbA1c on the incidence of background retinopathy

is shown in Figure 10.1 (P < 0.001). The incidence increased remarkably

when the mean HbA1c exceeded 8.5%. Comparison of the rate of retinopa-

thy in our study with the Diabetes Control and Complications Research

Group (DCCT) study was as follows: the incidence rate of background

retinopathy at mean HbA1c level around 7% was 29.4 in our study 

(Figure 10.1) and 11.0 in the DCCT intensive-therapy group17 and those

around 9% were 71.3 (Figure 10.1) in our study and 40.1 in the DCCT

conventional-therapy group.17 The findings may suggest that Japanese

early-onset type 2 diabetes patients are at high risk for diabetic retinopathy.

192 Type 2 diabetes in childhood and adolescence

Table 10.2 Predictive effect of independent variables on

development of background retinopathy (BDR) (cohort A)

Independent variable P value Hazard ratioa

Model A (univariate analysis)

Age at diagnosis of diabetes 0.13 1.03 (0.99–1.07)

Age at baseline 0.0127 1.03 (1.01–1.06)

Duration of diabetes at baseline 0.0333 1.04 (1.00–1.08)

Body mass index (BMI) 0.82 1.01 (0.96–1.05)

Family history of diabetes 0.27 1.28 (0.83–1.98)

Family history of vascular diseases 0.74 1.11 (0.61–2.00)

Smoking 0.59 1.14 (0.72–1.80)

Mean HbA1c 0.0001 1.25 (1.12–1.39)

Hemoglobin A1c (HbA1c) at baseline 0.0464 1.12 (1.00–1.25)

Diastolic blood pressure 0.54 0.99 (0.97–1.01)

Systolic blood pressure 0.51 1.00 (0.98–1.01)

Total cholesterol 0.0397 1.00 (1.00–1.01)

Triglyceride 0.0214 1.00 (1.00–1.00)

Model B (multivariate analysis)

Duration of diabetes at baseline 0.0027 1.06 (1.02–1.10)

Mean HbA1c 0.00001 1.29 (1.15–1.44)

a Hazard ratio (95% CI) indicates alteration of risk per unit increase in independent

variables shown in Table 10.1.

Source: reference 16.



Predictors of progression from background 
retinopathy to proliferative retinopathy
A total of 72 patients had background retinopathy at the baseline and

88 developed background retinopathy during a follow-up. Of the

160 patients with background retinopathy, 50 developed proliferative

retinopathy. Table 10.3 shows the predictive effect of independent vari-

ables on progression. Only the mean HbA1c levels and the diastolic blood

pressure level were significant independent predictors of progression from

background retinopathy to proliferative retinopathy in multivariate analy-

sis (model B).

The effect of mean HbA1c on the progression of retinopathy is shown

in Figure 10.2 (P < 0.001). The progression rate increased remarkably

when the mean HbA1c exceeded 8.5%. When compared with the

Diabetes Control and Complications Trial (DCCT),17 the progression rates

around HbA1c 7% were 27.8% in our study and 11.0% in the DCCT
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Figure 10.1 Incidence rate for developing background retinopathy 
(BDR) in cohort A according to the stratification of the mean HbA1c level
during the follow-up period. Incidence rate (per 1000 person-years) was
calculated by dividing the number of patients who developed BDR by the
observed person-years. Source: reference 16.



intensive-therapy group, and those around 9% were 69.5% in our study

and 24.0% in the DCCT conventional-therapy group.17

The influence of diastolic pressure levels on the progression is shown

in Figure 10.3. The highest tertile showed a two-fold higher rate of pro-

gression than the lowest tertile.

We found a slight elevation of blood pressure to have significant

effect on the prediction of the progression from background retinopathy

to proliferative retinopathy. Our finding may be comparable to the

finding of the UK Prospective Diabetes Study (UKPDS) that tight blood
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Table 10.3 Predictive effect of independent variables on progression

from background retinopathy (BDR) to proliferative retinopathy

(PDR) (cohort B)

Independent variable P value Hazard ratioa

Model A (univariate analysis)

Age at diagnosis of diabetes 0.35 0.98 (0.93–1.03)

Age at baseline 0.97 1.00 (0.97–1.03)

Duration of diabetes at baseline 0.53 1.01 (0.98–1.04)

Body mass index (BMI) 0.42 1.01 (0.97–1.09)

Family history of diabetes 0.46 1.25 (0.69–2.28)

Family history of vascular diseases 0.08 1.79 (0.93–3.44)

Smoking 0.49 1.22 (0.69–2.18)

Mean hemoglobin A1c (HbA1c) 0.00001 1.42 (1.23–1.66)

HbA1c at baseline 0.0237 1.21 (1.03–1.42)

Diastolic blood pressure 0.0169 1.03 (1.01–1.05)

Systolic blood pressure 0.089 1.01 (1.00–1.03)

Total cholesterol 0.50 1.00 (1.00–1.01)

Triglyceride 0.90 1.00 (1.00–1.00)

Model B (multivariate analysis)

Diastolic blood pressure 0.0185 1.03 (1.00–1.05)

Mean HbA1c 0.00001 1.43 (1.23–1.67)

a Hazard ratio (95% CI) indicates alteration of risk per unit increase in independent

variables shown in Table 10.1.

Source: reference 16.



pressure control in older-onset type 2 diabetes patients achieves a reduc-

tion in the risk of progression of diabetic retinopathy.18

Comparison of the rate of retinopathy in our study 
with that of type 2 diabetes in other populations
No large-scale studies investigating the incidence of retinopathy in youth-

onset type 2 diabetes have been reported. Of the small group of patients

(n = 50) who developed type 2 diabetes between 1974 and 1997 before the

age of 15 and were followed up at the Department of Pediatrics, Nihon

University School of Medicine, 3 patients had proliferative retinopathy

(duration: 27, 20, and 18 years) and 4 patients had macroalbuminuria or

were on dialysis (duration: 27,20, 13, and 7 years).19 When compared

with old-onset type 2 diabetes, the progression rate from background

retinopathy to proliferative retinopathy in this study was higher than for

patients in the Wisconsin Epidemiologic Study of Diabetic Retinopathy,20

Oklahoma Indian type 2 diabetes patients,21 and Korean type 2 diabetes

patients.22
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Figure 10.2 Incidence rate for progression from background retinopathy
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Development of nephropathy

The TWMU database 1960–90 was used to investigate the incidence of

nephropathy in early-onset type 2 diabetes in Japanese patients10 and

the TWMU database 1965–90 was used to investigate the incidence of

nephropathy in early-onset type 2 diabetes in Japanese patients and

compared with those in early-onset type 1 diabetes.23 Diabetic

nephropathy here was diagnosed clinically when the following criteria

were fulfilled: persistent proteinuria (protein in urine at the visit

≥300 mg/l); presence of retinopathy; and absence of clinical or labora-

tory evidence of disease other than diabetic nephropathy in the kidneys

or renal tract. The end point of the study was the development of dia-

betic nephropathy or the status at the last examination.

Risk analysis for diabetic nephropathy
Table 10.4 shows the predictive effect of independent variables on the

development of diabetic nephropathy.23 The baseline level of HbA1c and

the systolic and diastolic blood pressures were significant predictive

factors. The baseline HbA1c level had the strongest predictive effect for

development of diabetic nephropathy. The incidence of nephropathy

increased with increasing HbA1c levels and systolic and diastolic blood

pressure levels (Figure 10.3).

The mean HbA1c during the follow-up also had a strong predictive

effect for development of diabetic nephropathy (Table 10.5) and the inci-

dence increased with increasing mean HbA1c level in a dose-dependent

manner (p< 0.0001) (Figure 10.4).

Comparison of the incidence of diabetic nephropathy 
in type 2 diabetes with those in type 1 diabetes
Figure 10.3 also shows a comparison of the incidence of diabetic

nephropathy in patients with either type of diabetes.23 The incidence

was higher in type 2 diabetes patients than in type 1 diabetes patients at

every stratum of HbA1c at the first visit. Only type 1 diabetes patients

who had the highest blood pressure levels showed a significantly higher
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incidence of nephropathy than early-onset type 2 diabetes patients with

the same blood pressure (p ≤ 0.05).

Figure 10.5 shows the cumulative incidence of diabetic nephropathy

in 620 type 1 diabetes and 958 type 2 diabetes patients after post-

pubertal duration of diabetes, according to the year of diagnosis.23

The cumulative incidence was significantly lower in type 1 diabetes
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Table 10.5 Predictive effect of independent variables on the

development of diabetic nephropathy in early-onset 

type 2 diabetes patients

Independent variable P value Hazard ratioa

Model A (univariate analysis)

Gender (men vs women) 0.34 1.38 (0.71–2.66)

Age at diagnosis of diabetes 0.85 1.00 (0.95–1.06)

Age at baseline 0.15 1.03 (0.99–1.06)

Duration of diabetes at baseline 0.01 1.04 (1.01–1.07)

Insulin treatment at baseline 0.79 1.11 (0.51–2.40)

Body mass index (BMI) 0.003 1.08 (1.03–1.13)

Family history of diabetes 0.34 1.37 (0.71–2.66)

Smoking 0.67 1.15 (0.60–2.22)

Mean hemoglobin A1c (HbA1c) 0.00001 1.56 (1.34–1.81)

Diastolic blood pressure 0.006 1.04 (1.01–1.06)

Systolic blood pressure 0.02 1.02 (1.00–1.04)

Hypertension 0.06 2.03 (0.97–4.27)

Total cholesterol 0.03 1.01 (1.00–1.01)

High-density lipoprotein (HDL) 

cholesterol 0.21 0.99 (0.97–1.01)

Log triglyceride 0.03 2.62 (1.09–6.31)

Model B (multivariate analysis)

Mean HbA1c 0.00001 1.63 (1.39–1.92)

Diastolic blood pressure 0.007 1.04 (1.01–1.07)

Duration of diabetes at baseline 0.04 1.04 (1.00–1.08)

a Hazard ratio (95% CI) indicates alteration of risk per unit increase in independent

variables shown in Table 10.1.



patients diagnosed in 1975–79 and in 1980–84, than in those 

with type 1 diabetes diagnosed in 1965–69, whereas it remained

unchanged among type 2 diabetes patients when the various cohorts

were compared. True duration of diabetes may be longer than the

known duration in type 2 diabetes, but the difference between the

true duration and the known duration is presumed to be less than a

few years because type 2 diabetes rarely occurred before the age of 15

at that time. The rate of development of nephropathy for type 2 

diabetes patients diagnosed in 1980–84 relative to type 1 diabetes
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the stratification of mean HbA1c, levels during the follow-up period. Incidence
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patients diagnosed in the same period was 2.74 fold greater (95%CI,

1.17–6.41).

When the cumulative incidence of diabetic nephropathy was calcu-

lated after the first visit to the center, it was significantly higher

(p< 0.0001) for type 2 diabetes than type 1 diabetes. This suggests that

type 2 diabetes is the major cause of nephropathy in young-onset 

diabetes in Japan.

Existence of young-onset type 2 patients with
severe diabetic complications

For several years, we have recognized that some young type 2 diabetes

patients develop severe vascular complications rapidly. In most cases,

we have found that these patients did not regularly visit a medical clinic

until they suffered from visual disturbances or leg edema, at which point

we identified the clinical characteristics of such type 2 diabetes patients.9

The TWMU database 1970–90 was used for the analysis. A total of 1065

type 2 diabetes patients were divided into two subgroups: those who

developed proliferative retinopathy before the age of 35 (n = 135) and

those who did not (n=930). At the first visit, the 135 patients were not

obese but had high HbA1c level and 75% of them had already been

treated with insulin. Of these 135 patients, 53 (40%) were known to

have type 2 diabetes before the age of 18.

Table 10.6 shows macrovascular and microvascular complications

between the two subgroups.12 The group who developed proliferative

retinopathy before the age of 30 had subsequent progressive other com-

plications: 60% developed diabetic nephropathy at a mean age of 31

years; 31% developed renal insufficiency at a mean age of 34 years; 23%

underwent renal dialysis at a mean age of 35 years; and 24% became

blind at a mean age of 32 years. Among the 31 patients who developed

end-stage renal failure, 61% became blind and 29% developed athero-

sclerotic vascular disease at a mean age of 35 years.

It can be concluded that the subgroup with severe complications in

their 30s was characterized by inadequate glycemic control.

202 Type 2 diabetes in childhood and adolescence
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Influence of urine glucose screening for
schoolchildren and treatment interruption 
after diagnosis

As described above, it is obvious that inadequate glycemic control is the

strongest risk factor for developing severe diabetic complications, which is

caused by irregular visits to a medical clinic or interruption of treatment

after the diagnosis.

A total of 283 patients were recruited; they were diagnosed with type 2

diabetes before the age of 18 and were registered in the Diabetes Center

at TWMU from 1980 to 1998.24 Among the 283 patients, 183 (64.7%)

were diagnosed as type 2 diabetes by urine glucose screening for school-

children (school urine group). There were no differences of HbA1c level at

the first visit, duration of diabetes at the first visit, the presence of treat-

ment interruption, the history of initial hospitalization, and the presence

of complications and the severity of them at the first visit between the

school urine group and the non-school urine group (Table 10.7).

The patients were divided into two groups – the intermittent treatment

group who had a history of treatment interruption (duration of inter-

rupted treatment ≥1 year) and the continuous treatment group who did

not have the history of treatment interruption. The former group had

a significant higher increase of diabetic complications than the latter

group (NcNemar method, p< 0.0001).24 The school urine screening had

no effect on protecting against diabetic complications and the treatment

interruption was found to render the diabetic complications severe.

These results show that treatment continuation is more important than

screening or health checks to prevent diabetic complications.

Comparison of diabetic complications in patients
with type 1 and type 2 diabetes

At the end of the 1980s we investigated the prevalence of diabetic

retinopathy and nephropathy between two well-matched groups of
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patients (average age at onset, 12 years; average duration before the first

visit, 7.5 years) of type 1 diabetes (n = 42) and type 2 diabetes (n = 97),

who developed diabetes before the age of 15 and visited us during

1980–1988.25 The prevalence of simple and proliferative retinopathy was

higher in type 1 diabetes than in type 2 diabetes. The prevalence of

simple retinopathy in the type 1 diabetes group was higher than that in

the type 2 diabetes group ( p < 0.05), while the prevalence of proliferative

retinopathy in type 2 diabetes was higher than that in type 1 diabetes

( p < 0.05). The same investigation was performed using a cohort from the

Department of Pediatrics, Nihon University School of Medicine.26 This

group also showed a higher prevalence of retinopathy in type 1 diabetes.

We are currently comparing the prevalence of the complications of

those patients who developed diabetes before the age of 15 years and

visited us between 1980 and 1998, with the late-1980s results described

above, to examine the progress in the medical treatment of diabetes in

the past two decades. The prevalence of simple retinopathy in type 1

diabetes was significantly lower between 1988 and 1998 ( p < 0.005), but

there was no significant change in other complications (Figure 10.6).27

Prognosis of patients with young-onset 
type 2 diabetes

We are currently investigating the survival of young-onset type 2 dia-

betes patients. Okudaira et al. reported preliminary data on the survival

status of 642 early-onset type 2 diabetes patients (by January 1, 2001)

who were registered in TWMU from 1980 to 1990 and had visited for

more than 1 year. The completeness of the follow-up for the survival

status in the subjects was 74.0% (475/642) at the end of March, 2002.28

Of 475 patients, 47 had died, as of January 1, 2001.28 Main causes of

death were cerebral vascular or cardiovascular diseases. Among Pima

children aged 5–19 years who had normal or impaired glucose tolerance

and type 2 diabetes, diabetic children also showed a high prevalence of

cardiovascular risk factors,29 which is expected to increase the number of

cardiovascular diseases in young adults from high-risk populations.

206 Type 2 diabetes in childhood and adolescence



T
yp

e 
2

02040608010
0

21
.4

%

23
.8

%

54
.8

%

33
.3

%

9.
5%

57
.2

%

T
yp

e 
1

02040608010
0

16
.4

%

34
.6

%

49
.0

%

22
.0

%

15
.4

%

62
.6

%

19
88

19
98

19
88

19
98

p 
<

0.
00

5

n 
=

 4
2

n 
=

 4
2

n 
=

 1
04

n 
=

 9
1

%
%

pr
ol

ife
ra

tiv
e

re
tin

op
at

hy
si

m
pl

e
re

tin
op

at
hy

no
 r

et
in

op
at

hy

F
ig

u
re

 1
0

.6
T

im
e 

tr
en

d 
of

 in
ci

de
nc

e 
of

 r
et

in
op

at
hy

.



208 Type 2 diabetes in childhood and adolescence

Conclusions

School urine screening was established under a rule of government in

1992 in Japan, although in some schools in Tokyo there had been

a system to check urine glucose in addition to urine protein before

1992. The percentage of patients who were diagnosed as type 2 dia-

betes by school urine screening was increased from 1992; however, the

frequency of the history of treatment interruption in the intermittent

treatment group was similar to that in the continuous treatment

group,24 i.e., it is difficult to continue treatment of diabetes even in

the patients who were diagnosed as type 2 diabetes at the initial stage

of urine glucose detection only. It is clear that the patients in the inter-

mittent treatment group have developed early onset severe diabetic

complications.

It is suggested that it is impossible for all type 2 diabetes patients to

continue treatment of diabetes. We have to think about other actions 

that patients should take so as not to develop type 2 diabetes and to

protect/inhibit the development of diabetic complications. The simplest

and easiest would be the promotion of lifestyle changes which encourage

sports and exercise, thereby assisting adequate glycemic control. Japanese

type 2 diabetes patients in adolescence are not as obese as their Caucasian

counterparts; hence sports or outdoor leisure activities may be acceptable

means of keeping adequate glycemic control. 
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The genetics of type 2
diabetes, MODY, and 
other syndromes
William E Winter

Introduction

The forms of non-insulin-dependent-non-autoimmune diabetes affecting

children include:

1. type 2 diabetes

2. maturity-onset diabetes of the young (MODY)

3. mitochondrial diabetes and

4. other specific types of diabetes such as diabetes secondary to cystic

fibrosis. 

The genetics of each condition is discussed below.

Type 2 diabetes: genetic overview

There is convincing evidence that genetics plays a major role in the etiology

of type 2 diabetes in adults.1 Among people with type 2 diabetes, there is

often a very strong family history of similarly affected individuals: familial

aggregations of type 2 diabetes are common. Because lifestyle patterns that

lead to obesity are so ingrained into everyday life and family habits, it is

often difficult to separate nature versus nurture.



Concordance for type 2 diabetes between identical adult twins usually

exceeds 90%.2 This is much higher than concordance for type 1 diabetes

between identical twins, which is 30–50%.3 Dizygotic adult twins are

concordant for type 2 diabetes in 3–37% of cases, illustrating a strong

environmental contribution to the pathogenesis of type 2 diabetes.

Individuals with a sibling affected with type 2 diabetes display a relative

risk for type 2 diabetes of 3–4. While this is not as high as the 10-fold relative

risk for type 1 diabetes among siblings of type 1 diabetes probands, type 2

diabetes is much more prevalent in the general background population

(approx 3 per 100) than type 1 diabetes (approx 1 per 300).

At a minimum, 25% of adults with type 2 diabetes have some form of

family history of type 2 diabetes. As summarized by Rotter et al.2, adult

offspring of a parent with type 2 diabetes have a 4.0–9.7% risk for type 2

diabetes although this is likely to represent a very low estimate. Up to 76%

will display an abnormal intravenous glucose tolerance test (IVGTT).

Adults with a type 2 diabetes-affected sibling have a 2.4–11.7% risk for

developing type 2 diabetes. Oral glucose tolerance tests in siblings of type 2

diabetes probands can be abnormal in up to 40% of cases. Children with

type 2 diabetes commonly have affected parents.

As with other common diseases, the etiology of type 2 diabetes is multi-

factorial, involving both genetic and environmental factors.4 Genetically,

type 2 diabetes is also polygenic in that multiple genes, each with appar-

ently only small to modest influences, combine to provide susceptibility

to type 2 diabetes. Thus, type 2 diabetes is genetically heterogeneous.

Conceptually, if the sum contribution of various hypothetical susceptibil-

ity gene alleles exceeds a certain threshold, type 2 diabetes can develop if

the ‘proper’ environmental triggers are present, e.g., exogenous obesity

and/or inactivity. The threshold for the development of type 2 diabetes is

also dependent on the magnitude of the environmental trigger: more

severe obesity probably lowers the threshold for type 2 diabetes and thus

less genetic susceptibility would be required for the development of persis-

tent hyperglycemia. The balance between genetics and environment in the

genesis of type 2 diabetes also depends upon the number of susceptibility

gene alleles carried in any individual as well as the magnitude of the

environmental trigger(s).
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Ethnicity has a major impact on susceptibility to type 2 diabetes. In

the United States, type 2 diabetes is more common in ethnic minorities

than in Caucasians. This is true in both children and adults: especially

affected with type 2 diabetes are African-Americans, Hispanic-Americans,

and Native Americans.5–8 Fifty percent of adult Pima Indians in the south-

western United States have type 2 diabetes, which is the highest diabetes

frequency in the world.

Theoretically, type 2 diabetes might occur in children who have the

strongest family histories of the disease and who are, therefore, genetically

‘loaded’ (e.g., predisposed) for type 2 diabetes who are also exceedingly

obese and inactive, providing a high level of exposure to key environmen-

tal triggers. Type 2 diabetes occurring in the absence of obesity is more

strongly familial than type 2 diabetes occurring coexistent with obesity.9

Over the decades since World War II, children have become progressively

heavier. This follows the national trend of rising obesity rates in adults.10

One in four adults in the USA meets national criteria for the definition of

the metabolic syndrome.11

Unfortunately no genetic studies directly address type 2 diabetes in

children. However, because the pathophysiology is similar, the genetic

etiologies may also be similar between children and adults who develop

type 2 diabetes. Type 2 diabetes is believed to be expressed in children

who may have stronger family histories of type 2 diabetes who also cer-

tainly achieve earlier and more profound levels of exogenous obesity

and inactivity. Exogenous obesity is a consequence of the ‘environment’

(e.g., decreased exercise and increased caloric intake) and one’s genetic

susceptibility (e.g., the predominance, or lack thereof, of hypothetical

futile cycles or the body’s economy in maintaining the basal metabolic

rate with a minimum of calories burned).

Type 2 diabetes: study designs

There are a variety of ways that the genetics of type 2 diabetes can be

studied. Strategies for identifying type 2 diabetes-susceptibility genes are

similar to those employed in other fields of genetics: population

association studies, family linkage studies and affected sib-pair (ASP)
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analyses.12 Population association studies determine if a particular gene

allele (or alleles) occurs more or less frequently in a disease population

than in an appropriately-matched control population. If the allele

occurs more often in the disease population, the allele can be considered

to be a susceptibility allele. If the allele occurs less often in the disease

population, the allele can be considered to be a protective allele.

Association studies are able to detect genes and their alleles that have

major influences on the occurrence of a disease. Genes that have minor

influences may not be detected with this approach.

Family linkage studies determine if a disease phenotype and a marker

genotype or allele are co-inherited in a family. Large extended pedigrees

of families with many affected individuals are required for such linkage

studies. This approach assumes that a Mendelian dominant mode of

inheritance is present. Other limitations include unavailability of family

members for study (e.g., deceased relatives) and children who may not

yet be affected but carry the disease allele.

ASP analysis establishes whether affected siblings within the same

family share alleles at a particular locus more often than predicted by

chance. It does not assume any specific manner of inheritance; however,

large numbers of sib pairs are required for study and they must be clini-

cally homogenous. Populations with higher rates of diabetes (and thus

higher rates of affected sib pairs) may bias the genetic analysis because

the genetics of random cases of type 2 diabetes will not be explored.

The genes examined for their potential relevance to type 2 diabetes (or

other conditions) can include candidate genes or random gene markers

in the form of a genome scan. The phenotypic expression of type 2 dia-

betes itself can be examined or the etiologies of type 2 diabetes can be

studied, including: those factors that contribute to insulin resistance and

those factors that contribute to insulinopenia.13,14 Because the major

force producing insulin resistance is obesity, the genetic study of type 2

diabetes, in part, can become the study of genetics of obesity. Indeed,

genome scans for loci associated with obesity or body mass index (BMI)

have been published.14–22 Once the researcher entertains the manifest

and central role of obesity in type 2 diabetes, the importance of the

metabolic syndrome and its consequences begs our ‘genetic’ attention:
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hyperinsulinism, hypertension, elevated plasminogen activator inhibitor-

1 levels, dyslipidemia [hypertriglyceridemia, hypoalphalipoproteinemia,

and dense low-density lipoprotein (LDL)], nonalcoholic steatohepatitis,

acanthosis nigricans, hyperandrogenism, polycystic ovary syndrome, etc.

Although mutations in leptin, the leptin receptor, prohormone con-

vertase, pro-opiomelanocortin, and the melanocortin-4 receptor have

caused monogenic forms of diabetes, these disorders are very rare causes

of obesity in the general population.23 Many fascinating candidate genes

are under study in search of linkages to obesity or adiposity, including

resistin,24 peroxisome proliferator-activated receptor-gamma,25 cocaine-

and amphetamine-regulated transcript (CART),26 beta3-adrenergic 

receptor,27 adiponectin,28 hsp70-2,29 uncoupling protein,30 and islet 1

locus.31

Considering the complex metabolic functions of skeletal muscle,

adipose tissue, hepatocytes, and beta cells, the minimal number of possible

candidate genes is in the hundreds. Indeed, numerous studies have

addressed the importance of various candidate genes in terms of type 2

diabetes, obesity, insulin sensitivity, and insulin secretion. Nevertheless,

the candidate gene approach is limited by the investigators’ preconception

of which genes may actually be appropriate candidates. In fact, many sus-

ceptibility genes are unknown at the time of study [e.g., CAPN10 in adult

type 2 diabetes (see below) or transcription factor mutations in MODY].

A limited number of candidate gene studies in the field of diabetes have

been successful (e.g., glucokinase and MODY2). Consequently, a more

powerful way to address the genetics of any of the key variables [e.g.,

hyperglycemia (type 2 diabetes), obesity, insulin sensitivity, and insulin

secretion] is necessary and is satisfied by the use of genome scans.32

Candidate gene studies in type 2 diabetes
Investigators have examined multiple candidate genes in population

studies and in ASP analyses for their association or linkage with type 2

diabetes. There are several genes or loci where a positive association

has been described with susceptibility to type 2 diabetes and there are

no specific studies opposing that association. These genes/loci include

the apolipoprotein A1, C3, A4 locus,33 apolipoprotein B,34 the beta2
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adrenergic receptor,35 adiponectin,36 chromosome 1 p36.3-p36.23,37

chromosome 11 at D11S935,38 hormone-sensitive lipase,39 KIR6.2,40 lipid

phosphatase SHIP2,41 phosphoenolpyruvate carboxykinase,42,43 PPARG44

and prohormone convertase 2 (PC2).45 There are more than 20 genes or

loci that have been associated with type 2 diabetes in some studies but

not in others. Many times these associations are population-specific: the

association is identified in population ‘A’ but no association is detected

when population ‘B’ is examined. Such ‘controversial’ type 2 diabetes-

gene/loci associations are listed in Table 11.1.46–81 In general, the

strength of any of these associations is modest at best.
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Table 11.1 Controversial genes or loci associated with susceptibility

to type 2 diabetes

�3-adrenergic receptor

Cholecystokinin type B receptor

Chromosome 1(D1S191)

Chromosome 12q [D12S321 and MODY3-linked non-MODY3 (NIDDM2)]

Chromosome 20q (D20S197, non-MODY1)

Glucagon receptor

Glucokinase

Glucose transporter-2

Glycogen synthase

Hepatocyte nuclear factor-1�

Hepatocyte nuclear factor-3�

Hepatocyte nuclear factor-4�

Insulin

Insulin receptor

Insulin promoter factor 1

Insulin receptor substrate-1

Islet associated polypeptide (amylin)

LIM/homeodomain (islet-1) ISL-1

NEUROD1

Ras associated with diabetes (RAD)

Skeletal muscle-specific glycogen-targeting subunit of protein phosphatase 1

Sulfonylurea receptor



Genome-scan studies in type 2 diabetes
Genome scans study the entire genome by examining markers placed at

approximate 10 centimorgan (cM) intervals throughout the genome. To

cover the human genome of ~3 × 109 bp (106 = ~1 cM; genome =

3000 cM), a minimum of 300 markers is required. The most useful

markers are microsatellites. Such polymorphisms within populations are

detected most readily by use of the polymerase chain reaction (PCR) with

site-specific PCR primers flanking the microsatellite region. Automation of

amplification and agarose gel separation of the PCR products has greatly

aided this field in allowing rapid analyses of large populations studied at

multiple loci.

NIDDM1: Calpain-10

The first pivotal genome scan to provide a novel and informative locus

association with type 2 diabetes was performed in a Mexican-American

type 2 diabetes population in Starr County, Texas.82 In this county

where 97% of the population is Mexican-American, the highest disease-

specific diabetes mortality in the state of Texas was observed. Thirty-one

percent of the gene pool was estimated to be Native American in origin.

One hundred and seventy affected sibships including 330 diabetic sib-

lings and 78 nondiabetic siblings were evaluated. The study employed

474 autosomal markers and 16 X-linked markers.

Evidence for linkage of type 2 diabetes with the microsatellite marker

D2S125 was discovered. D2S125 was the most distal marker examined on

the long arm of chromosome 2 (e.g., 2q). The maximum LOD score (MLS;

LOD = likelihood of the odds) was 3.20, providing a P value of approx. 10–4.

This chromosome 2 locus was named ‘NIDDM1.’ Proportionately

approx. 30% of the familial clustering of type 2 diabetes was attributed to

this linkage. This is similar in importance to the influence of the HLA locus

on chromosome 6 (e.g., 40–50% magnitude of effect) in affording propen-

sity to type 1 diabetes.

In examining non-Mexican-American populations, D2S125 was not

linked to type 2 diabetes in non-Hispanic whites or Japanese. In French

subjects an ensuing investigation did not demonstrate linkage of D2S125

(NIDDM1) with type 2 diabetes.83 However, minimal evidence of linkage
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of D2S140 with type 2 diabetes was reported [MLS: 1.196 (P = 0.016)].

Studies of Sardinians84 and Finns85 also failed to confirm linkage of type 2

diabetes to D2S125. Cox et al.86 reported an interaction between NIDDM1

and CYP19 on chromosome 15 with a weighted LOD score of 4.00 

(P = 2.1 × 10–3) that provided susceptibility to type 2 diabetes.

In 2000, the gene responsible for NIDDM1 was discovered.87 The

investigators performed positional cloning of chromosome 2q and

D2S125 by creating YAC, BAC, and P1-derived artificial chromosome

(PAC) contigs. These centered on D2S140 and spanned 1.7 megabases,

which correlated with a 5.1-cM interval. In 10–20 unrelated type 2

diabetes-affected Mexican-Americans, ESTs (expressed sequence tags)

and STSs (sequence tag site: detected polymorphisms) were recognized

by DNA sequencing. Next, polymorphisms were tested for association

with type 2 diabetes and for evidence of linkage.

Within the genomic interval containing NIDDM1 there were seven

known genes (GPC1, glypican 1; ATSV, axonal transporter of synaptic

vesicles; AGXT, alanine-glyoxylate aminotransferase, liver-specific peroxi-

somal; HDLBP, high-density lipoprotein-binding protein; NEDD5, neural

precursor cell expressed, developmentally downregulated 5; PPP1R7, regu-

latory subunit of protein phosphatase 1; and S/T kinase-like) and 15 ESTs.

Multiple polymorphisms of calpain-10 (gene name CAPN10) were discov-

ered to be linked to type 2 diabetes in the Starr County population

studied. At a common G→A nucleotide polymorphism (UCSNP43,

University of Chicago single nucleotide polymorphism number 43)

located in intron 3 of CAPN10, the G/G genotype was associated with

type 2 diabetes. This study was a huge undertaking.88

Ubiquitously expressed in the fetus and adult, the family of calpain

proteins functions as calcium-activated neutral proteases.89 Calpain-like

cysteine proteases operate as nonlysosomal cysteine proteases involved

in processing, signaling, cellular proliferation, cellular differentiation,

and insulin-induced down regulation of the insulin-receptor substrate-1

(IRS-1). Intracellular phosphorylation of IRS-1 plays a major role in the

insulin-signaling pathway.

As mentioned above, calpain-10 is encoded by CAPN10, which spans

15 exons and 31 kilobases (kb). Two mRNAs are produced: 2.7 kb (the
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major mRNA product) and 4.0 kb (the minor RNA product). The composite

cDNA sequence encodes 2620 nucleotides and 672 amino acids. Alternative

splicing of the mRNA and translation leads to expression of proteins of

various sizes: 672 amino acids, 544 amino acids, 517 amino acids,

513 amino acids, 444 amino acids, 274 amino acids, 139 amino acids, and

138 amino acids. The 672 amino acid protein is most abundant.

In addition to SNP-43, single nucleotide polymorphisms (SNPs) UCSNP

19 and 63 also affected proclivity to type 2 diabetes. Regarding the

43/19/63 SNPs, the greatest risk haplotype combination (112/121) deliv-

ered an odds ratio as high as 4.97 in Germans with lower positive odds

ratios in Finns (2.55), and Mexican-Americans (2.8 in one group and 3.58

in another group). In Mexican-Americans and in Europeans the 112/121

genotype-attributable risks for type 2 diabetes were, respectively, 14%

and 4%.

Concerning the epidemiology of type 2 diabetes, studies of calpain-10

were extended to many populations. A later study in Finns found no rela-

tionship between any CAPN10 SNP (43, 56, 63) and type 2 diabetes.90 In

individuals and families of British/Irish ancestry,91 SNP-43 was not associ-

ated with type 2 diabetes nor were the SNP-19 or SNP-63 polymorphisms.

However, independently and when combined with the Mexican-

American data, the C allele of SNP-44 was associated with type 2

diabetes. Samoans did not display an association between CAPN10 SNPs

43, 19, or 63 and type 2 diabetes92 nor did Oji-Cree First Nation’s People

of Northern Ontario93 or Caucasians.94

In South Indians,95 haplotypes based upon SNPs 44, 43, 19, and 63

revealed relative risks for type 2 diabetes as high as approx 6 fold; however,

this 1112/1121 genotype is rare in that general population (only 0.9% of

South Indians). Therefore in South Indians, CAPN10 is unlikely to act as a

major susceptibility gene for type 2 diabetes. To demonstrate a further lack

of consensus in the literature, in the ARIC study reporting on middle-aged

African-Americans, the CAPN10 SNP-43 G/G genotype supported the

Mexican-American data and was associated with type 2 diabetes,96 whereas

a study in Poles found that homozygosity for the SNP-43, SNP-19, SNP-63

haplotype 121 (121/121) was associated with type 2 diabetes.97 In studies

of another phenotype, CAPN10 SNP-43 was not associated with extreme
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early-onset obesity.98 There is preliminary data that natural selection at the

CAPN10 locus has occurred evolutionarily in Europeans and Asians but not

in Africans.99 These studies point out the challenges in attempting to map

type 2 diabetes susceptibility loci.100

To examine the hypothesis that UCSNP-43 affected CAPN10 mRNA

expression, Baier et al. studied Pima Indians.101 While there was no

increased relative frequency of diabetes in Pimas homozygous for 

SNP-43 G (e.g., G/G), the nondiabetic genotypic G/G Pimas did display

decreased rates of post-absorptive and insulin-stimulated glucose turnover

that appeared to result from decreased rates of glucose oxidation.

Furthermore, this correlated with decreased CAPN10 mRNA expression in

muscle in genotypic G/G Pimas. Thus, a pathophysiologic linkage was

suggested between altered gene expression, altered mRNA expression, and

decreased glucose removal from the body via decreased oxidation that

could hypothetically produce hyperglycemia. A potential role for calpains

in insulin secretion was demonstrated by Sreenan et al.102 Mouse pancre-

atic islets treated with calpain inhibitors displayed increased glucose-

stimulated insulin secretion.

In clinical studies of nondiabetic German adults typed as G/G vs G/A

or A/A at SNP-43,103 increased first-phase insulin response to intravenous

glucose administration was recorded in G/G individuals as well as lower

proinsulin to insulin ratios. This could suggest that the G allele is actu-

ally associated with better than normal insulin secretion. Alternatively,

the G allele may be associated with insulin resistance and the higher

first-phase insulin secretion is actually a compensatory beta-cell response

to peripheral insulin resistance. In contrast with these findings,

Hoffstedt et al. reported two-fold higher basal- and insulin-stimulated

rates of glucose metabolism in adipocytes from nondiabetic SNP-43 G/G

adults that predict increased insulin sensitivity in G/G individuals.104

CAPN10 SNP-43 appeared to modify adipose tissue �3-adrenoreceptor

function in obese individuals.105 Elbein et al.106 in studies of 63

Caucasian families with type 2 diabetes determined that SNP-19 and

SNP-63 influenced fasting and post-glucose challenge insulin levels

consistent with reduced tissue insulin responsiveness. British data also

demonstrate an effect of SNP-43 on blood glucose levels and insulin
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secretory response.107 There appears to be no doubt that one way or

another calpain-10 does influence energy metabolism.

Calpain-10 may have metabolic and physiologic effects in addition to

its proposed diabetogenic influences. An effect of CAPN10 alleles on

microvascular function was reported recently by Shore et al.108 CAPN10

may also influence cholesterol levels109 and the development of polycystic

ovary syndrome,110 although this is controversial.111

In addition to calpain-10, various members of the calpain family

appear to contribute to many diseases: in stroke and traumatic brain

injury calpain 1 and 2 are overactivated; mutations in CAPN-3 produce

limb–girdle muscular dystrophy type 2A; and calpain 9 appears to func-

tion as a gastric cancer suppressor.112 Lower levels of calpain 3 expres-

sion were reported to be associated with reduced carbohydrate oxidation

and increased plasma glucose and insulin levels.113

NIDDM2

In a subsequent genome scan in western Finns,114 a type-2-diabetes-linked

region (termed ‘NIDDM2’) was identified on the long arm of chromosome

12 (12q). Because this region of the genome includes the MODY3- gene

hepatocyte nuclear factor-1α, Shaw et al.115 were careful to determine if

NIDDM2 was MODY3 by examining the inheritance of type 2 diabetes in

an Australian extended pedigree. Whereas the 12q region was linked to

the inheritance of type 2 diabetes in the family studied, there were no

mutations in the HNF-1� promoter region nor the 10 exons that were

sequenced. Therefore NIDDM2 can be described as a ‘MODY3-linked, non-

MODY3’ type 2 diabetes susceptibility locus. In a study of early-onset

autosomal dominant type 2 diabetes,116 NIDDM2 did not play an impor-

tant role as a susceptibility locus. However, a locus 50 cM centromeric of

NIDDM2 was linked to type 2 diabetes. By studying 11 families with LOD

scores of >1, this non-NIDDM2 12q susceptibility locus was narrowed to

an interval between markers D12S1693 and D12S326.117 However, there

were no mutations of two genes within this interval, protein tyrosine

phosphatase receptor type R and carboxypeptidase M. A subsequent study

in the UK failed to genetically link chromosomes 12 or 20 with proclivity

to type 2 diabetes.50
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non-NIDDM1-NIDDM2 genome scans

In addition to the studies described above, genome scans for type 2

diabetes susceptibility genes have been carried out in US Caucasians,

Mexican-Americans, Pima Indians, Europeans, Ashkenazi Jews, and

mixed populations.

A genome scan in US Caucasian Utahans was carried out by Elbein 

et al.106 A LOD score of 4.3 was detected for a chromosome 1q21–23

locus near APOA2 (the gene for apolipoprotein A2). In Mexican-

Americans from the San Antonio Family Diabetes Study, a MLS of 2.88

was reported for a chromosome 10q microsatellite (D10S587).118 This

explained 64% of the variation in proclivity to type 2 diabetes. The MLS

rose to 3.75 when adjusted for age-at-onset.

Etiologically associated with type 2 diabetes, fasting insulin levels

in Mexican-Americans were influenced by a region of chromosome 3

(3p14.2–p14.1, LOD score = 3.07).119 In Pima Indians, a chromosome

11q region was shown to influence the development of type 2 diabetes

(LOD score 1.7) and BMI (LOD score = 3.6).120 In nondiabetic Pima

Indians, several loci were linked to glucose levels, insulin levels, and

insulin action (Table 11.2).121

Genome scans in European populations have focused on Finns and

the French. In FUSION I (the Finland–US investigation of non-insulin-

dependent diabetes mellitus genetics study), chromosomes 20 (69.5 cM
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Table 11.2 Mapping genetic loci that modulate metabolic parameters

associated with type 2 diabetes in non-diabetic Pima Indians

Phenotype Location Microsatellite LOD score

Fasting glucose 22q12–13 D22S270 1.75

Fasting insulin 3q21–24 D3S1764 1.48

Fasting insulin 4p15–q12 D4S2382 2.75

2-hour insulina 9q21 D9S910 1.63

Insulin action 3q21–24 D3S1764 2.20

a During oral glucose tolerance test (OGTT).



from pter) and 11 loci displayed, respectively, MLS values of 2.15 and

1.75 for linkage to type 2 diabetes.122 A chromosome 22 microsatellite

(D22S423) was also significantly linked to type 2 diabetes (P = 0.00007).

The chromosome 20 data were consistent with an earlier report from

Ghosh et al.123 FUSION II involved genetic analyses of a variety of meta-

bolic parameters.124 Body mass index was linked to chromosome 3 (MLS

= 3.43), whereas insulin resistance was linked to chromosome 17 (MLS =

3.61). In the French study, diabetes or glucose intolerance demonstrated

linkage to D3S1580 on chromosome 3 with an MLS of 4.67.125 In this

study type 2 diabetes in lean French subjects was linked to chromosome

1q21–q24 (MLS = 3.04).

The results of the genome scan performed by the GENNID (Genetics

of NIDDM) study group were published in 2000.126 Four population

groups were examined: whites, Mexican-Americans, blacks, and Japanese

Americans. Linkages to diabetes or impaired glucose tolerance were

reported for chromosomes 3, 5, 10, 12, and X (Table 11.3).

Genome-scan analysis of Israeli Ashkenazi Jewish pedigrees demon-

strated nominal evidence for linkage of type 2 diabetes to five loci on four

chromosomes (4q, 8q, 14q, and 20q).127 This paper supports the proposal

that a locus on chromosome 20q does influence diabetogenesis.

A genome scan of the Framingham Offspring Study using analysis of

quantitative trait loci found two regions that influence glucose levels: one

locus on chromosome 1p and one locus on chromosome 10q.128 A
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Table 11.3 Mapping genetic loci linked with type 2 diabetes or

glucose intolerance in the GENNID study

Population Chromosome Microsatellite MLS score

Whites 5 D5S140 2.80

12 D12S853 2.81

X GATA172D05 2.99

Mexican-Americans 3 D3S2432 3.91

Blacks 10 D10S1412 2.39



genome scan in Japanese ASPs suggested novel type 2 diabetes susceptibil-

ity loci at chromosomes 7p22–p21 and 11p13–p12.129

In summary, there is no shortage of genomic intervals that may influ-

ence susceptibility to type 2 diabetes. Regions on chromosomes 1, 2, 3, 4,

5, 7, 8, 11, 12, 14, 20, 22, and X (Table 11.4) have been implicated in

various populations.130 This emphasizes the polygenic nature of suscepti-

bility to type 2 diabetes where multiple genes, each with small to modest

effects, influence the development of type 2 diabetes. It is likely that in

each studied population, to different degrees different genes influence the

development of type 2 diabetes. No single gene appears to exhibit a strong

influence on the development of type 2 diabetes across populations.
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Table 11.4 Overview of genome scans for linkage of type 2 diabetes

Year of the Population studied Linked chromosome/ Comments

report locus

1996 Mexican-Americans Chr. 2: NIDDM1,

calpain-10

(CAPN10)

1996 Western Finns Chr.12 NIDDM2

1998 Pimas Chr. 11q

1999 Utahans Chr. 1q21–23

1999 Mexican-Americans Chr.10q (D10S587)

2000 Finns Chr. 11, 20, and 22 FUSION I

2000 Whites D5S140 GENNID

D12S853

X chromosome

Mexican-Americans D3S2432

African-Americans D10S142

2000 French D3S1589

(lean diabetes) 1q21–q24

2001 Ashkenazi Jewish 4q, 8q, 14q, and 20q

2002 North American 1p, 10p Framingham, 

Europeans USA



Maturity-onset diabetes of youth (MODY)

Genetically, MODY is defined as an autosomal dominant form of 

non-insulin requiring-nonketotic diabetes with onset before age 25.131,132

Some definitions of MODY include the presence of measurable C-peptide

or a duration of up to 5 years for non-insulin treatment following diagno-

sis. Using the 1997 ADA classification scheme, because MODY is an

insulinopenic form of diabetes where specific molecular mutations have

been identified, MODY is classified as a form of ‘other specific types of dia-

betes: genetic defects of beta-cell function’. As opposed to type 2 diabetes,

which results from insulin resistance and relative insulinopenia, MODY

patients exhibit insulinopenia, although the degree of insulinopenia is not

as severe as that observed in type 1 diabetes where, with established

disease, C-peptide is not usually measurable.

MODY is predominantly a disorder of Caucasians and accounts for

1–2% of cases of diabetes in the United Kingdom. In the German district of

Hesse, MODY cases represented 2.1% of cases of non-insulin-dependent

diabetes mellitus (NIDDM). MODY may be most common in France,

where 10% of white families with NIDDM express the MODY phenotype.

MODY should be included in the differential diagnosis of ‘mild’ or

incidental hyperglycemia.

A clinical MODY-variant termed ‘atypical diabetes mellitus’ (ADM)

occurs in African-Americans.133 Like classic MODY patients, ADM

patients exhibit youth-onset diabetes (≤40 years old) that is inherited in

an autosomal dominant pattern. However, ADM differs from Caucasian

MODY because ADM presents acutely and requires insulin treatment for

management of hyperglycemia and ketosis or even frank diabetic

ketoacidosis. After months to years, ADM does remit to a non-insulin

dependent form of diabetes. Unless the family history is patently

obvious, it may be a challenge for the clinician to differentiate ADM

from type 1 diabetes at disease onset.

Six genes have been linked to MODY in various families (Table 11.5).

Five of the six genes are transcription factors: hepatocyte nuclear factor-4�

(HNF-4�, MODY1); hepatocyte nuclear factor-1� (HNF-1�, MODY3);

insulin promoter factor-1 (IPF-1, MODY4); hepatocyte nuclear factor-1�
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(HNF-1�, MODY5); and neurod1/beta2 (NeuroD1, MODY6).134,135

Hypothetically because transcription factors regulate gene expression, loss-

of-function mutations in transcription factors impair insulin production,

leading to insulinopenia of various degrees. Transcription factors also regu-

late pancreatic, islet, and beta-cell development.136 Certainly, none of the

MODY syndromes demonstrate the degree of severe insulinopenia that is

observed in long-term type 1 diabetes.

The clinical penetrance of MODY in individuals with the tran-

scription factor mutations is approx. 80% by age 40. Because many

transcription factors are expressed in the liver, liver dysfunction might

contribute to diabetes in MODY subjects. Transcription factors often

operate in hierarchies where one transcription factor controls the

expression of another transcription factor.137 This appears to be the case

concerning transcription factors that cause MODY. MODY2 results from

loss-of-function mutations in glucokinase which is the major liver and

beta-cell hexokinase.

MODY 2 and MODY 3 represent approx. 80% of MODY cases. MODY1

is uncommon and MODY4, MODY5, and MODY6 are rare causes of

MODY. In terms of severity, MODY2 is the least severe form.138,139 MODY4
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Table 11.5 Classification of the MODY syndromes

Classification Defect Abbreviation Severity Frequencya

MODY1 Hepatocyte 

nuclear factor-4� HNF-4� +++ Uncommon

MODY2 Glucokinase GCK + Common

MODY3 Hepatocyte 

nuclear factor-1� HNF-1� +++ Common

MODY4 Insulin promoter 

factor-1 IPF-1 ++ Rare

MODY5 Hepatocyte nuclear 

factor-1� HNF-1� +++ Rare

MODY6 NeuroD1/Beta2 NeuroD1 +++ Rare

a As a cause of MODY.



is intermediate in severity and MODY1, MODY3, MODY5, and MODY6

are the most severe forms of MODY.140 When diabetes in a family displays

all of the clinical features of MODY but none of the described loci are

linked to MODY in the family, ‘MODY-X’ is said to be present.

MODY1: hepatocyte nuclear factor-4�
MODY1 (HNF-4�, chromosome 20q12–q13.1) was initially described in

the large RW pedigree.141 MODY1 was the first transcription factor muta-

tion discovered to cause MODY.142 HNF-4� is normally expressed in the

liver, kidney, intestine, and islets and serves as a key regulator of hepatic

gene expression.

MODY1 displays insulinopenia143 that is progressive with increasing age.

MODY1 patients may eventually require insulin replacement although

many of them are managed adequately for decades using oral sulfonyl-

ureas. In MODY1 subjects, insulin secretion is not enhanced by glucose

priming.144 The fasting plasma glucose can be in the normal range;

however, after glucose challenge, hyperglycemia definitely occurs. Insulin

and glucagon responses to arginine are deficient.145 Both microvascular and

macrovascular complications occur in MODY1 patients. Approximately 10

HNF-4� mutations have been described.146–148 HNF-4� mutations are rare

causes of type 2 diabetes.64,149 One estimate asserted that <0.0001% of adult

type 2 diabetes cases resulted from HNF-4� mutations.150

MODY2: glucokinase
MODY2, resulting from glucokinase mutations (chromosome 7p15–p13),

is the most common form of MODY in France (approx. 50% of MODY

cases).151 MODY2 is also a common etiology of MODY in Italy, being

responsible for 58% of Italian MODY pedigrees. Glucokinase was the first

molecular cause of MODY discovered.152,153 Glucokinase functions as the

glucose sensor of the beta cell and plays a role in hepatocyte glucose

clearance.154 MODY2 subjects exhibit a nonprogressive insulinopenia of

prenatal onset with a reduction in birth weight of approx. 500 g com-

pared to their unaffected siblings.155 There is an approx. 60% reduction

in insulin secretion and rightward shift in the insulin–glucose response
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curve.156 Insulin response to arginine infusion is usually normal or near

normal. There is an improved insulin response after glucose priming.

MODY2 diabetes is relatively mild but does exhibit mild fasting hyper-

glycemia. Because of the mild nature of MODY2 diabetes, there is an

apparent low rate of complications. There is an approx. 50% rate of pene-

trance of MODY2 by age 40. More cases are found when oral glucose tol-

erance tests (OGTTs) are carried out on family members.

More than 130 glucokinase mutations have been described.157

Homozygous glucokinase mutations are very serious and cause neonatal

diabetes.158 This has been reported in one Norwegian and one Italian

family. It is controversial to what degree MODY2 causes gestational dia-

betes mellitus.159–161 Some studies have found that 3–6% of women with

gestational diabetes mellitus harbor a glucokinase mutation, whereas at

least one study found no glucokinase mutations in gestational diabetes

mellitus patients. Pregnant women with MODY2 may require insulin

therapy. Glucokinase is not believed to be a major genetic contributor to

the development of type 2 diabetes.55,162 Of interest, gain-of-function

mutations in glucokinase can produce hyperinsulinemic neonatal hypo-

glycemia.163,164

MODY3: hepatocyte nuclear factor-1�
MODY3 (HNF-1�, chromosome 12q24.2) is the most common cause of

MODY in the United Kingdom.165 HNF-1� is expressed in liver and beta

cells. HNF-4� regulates HNF-1� expression, providing a pathophysio-

logic link between MODY1 and MODY3.166 HNF-4� regulates the expres-

sion of insulin (via HNF-1�), GLUT2 (glucose transporter-2), and other

genes. Post-challenge elevations in plasma glucose levels are greater than

elevations in fasting plasma glucose, which can even be found within

the normal range in non-diabetic MODY3 carriers. Like MODY1, there is

progressive insulinopenia with increasing age.167 In the research studies,

glucose priming increases insulin secretion.168

The clinical presentation of MODY3 is usually in adolescence or young

adulthood. There is a favorable response to sulfonylurea therapy.169

However approximately 1 in 3 MODY3 patients will eventually require
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insulin treatment. There can be a low renal threshold for glycosuria.

Normal function of the HNF-1� gene is required in utero: infants born

with an HNF-1� mutation are approx. 120 g lighter than their siblings.

Complications in MODY3 patients can be observed (e.g., retinopathy).

More than 65 HNF-1� mutations have been reported.170 One estimate

asserts that 1–2% of adult-onset cases of type 2 diabetes result from 

HNF-1� mutations.150 Age at onset of disease and the family history

appear to influence the frequency with which HNF-1� mutations are

associated with type 2 diabetes.60,61

MODY4: insulin promoter factor-1
MODY4 was discovered in an infant with pancreatic agenesis who was

small-for-gestational age, and displayed neonatal diabetes and exocrine

pancreatic insufficiency.171 The infant displayed homozygous insulin

promoter factor-1 (IPF-1; chromosome 13q12.1) mutations. Upon study

of the parents, both were shown to be carriers of the same mutation

(e.g., heterozygotes). The father had type 2 diabetes and the mother had

previously been diagnosed with gestational diabetes mellitus. Thorough

review of the family histories revealed no evidence of consanguinity but

a high frequency of diabetes on both sides of the family.

IPF-1 is also known as PDX-1 (pancreatic duodenal homeobox-1

protein), IDX-1 (islet duodenum homeobox-1), and STF-1 (Stefin

A factor). IPF-1 regulates the expression of insulin, GLUT2, glucokinase,

and other genes. Murine knockouts of IPF-1 and PTP-p48 produce pan-

creatic agenesis. The IPF-1 mutation that caused the initial report of

MODY4 was a deletion of a cytosine (C) nucleotide at codon 63 that

produced a subsequent frame shift mutation (Pro63fsdelC). A P33T

mutation was later reported in Italian twins with early-onset type 2 dia-

betes.172 Using a five-step hyperglycemic, clamp impaired insulin secre-

tion and increased insulin sensitivity was identified in MODY4.173

Several studies have critically examined the possibility that MODY4

might be a significant cause of type 2 diabetes. In the United Kingdom,

three IPF-1 mutations were found in MODY-X patients or patients with

type 2 diabetes: C18R, D76N, and R197H.172 Two of 12 MODY-X families

(17%) had an IPF-1 mutation. Of 36 type 2 diabetes patients with disease
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onset before age 40, two had IPF-1 mutations (6%). Of 158 type 2 diabetes

patients between the ages of 30 and 70 who had a diabetic sibling or

parent, two had IPF-1 mutations (2.5%). In three of 192 French subjects

with late-onset diabetes (6%), an InsCCG243 IPF-1 mutation was recog-

nized.174 Studies in Swedes with type 2 diabetes revealed three IPF-1 muta-

tions: G212R, P239Q, and D76N. Of the early-onset Swedes, four of 115

(3.5%) had an IPF-1 mutation.175 Of the late-onset Swedes, five of 183

(2.7%) had an IPF-1 mutation. However several other studies failed to

detect IPF-1 mutations in the type 2 diabetes populations surveyed. No

IPF-1 mutations were found in 40 Danes with MODY, 200 Danes with late-

onset type 2 diabetes,176 and only 1 IPF-1 mutation (C18R) was identified

in 272 French subjects with late-onset type 2 diabetes (0.4%).177

MODY5: hepatocyte nuclear factor-1�
On screening Japanese MODY families lacking HNF-4� (MODY1), HNF-

1� (MODY3), and IPF-1 (MODY4) mutations, researchers discovered

MODY linkage to hepatocyte nuclear factor-1� (HNF-1�; chromosome

17).178 Later, two European pedigrees were recognized with HNF-1�

mutations.179 Besides MODY, individuals with HNF-1� mutations can

exhibit renal cysts, proteinuria, renal failure and, in females, vaginal

aplasia, or rudimentary or bicornuate uterus.180

Presently, at least four HNF-1� mutations have been described: R177X,

A263fsinsGG, P328L329fsdelCCTCT, and R137-K161del.181 Acting as

a transcription factor, HNF-1� can homodimerize or form heterodimers

with HNF-1�. Because HNF-1� (MODY5) regulates HNF-4� (MODY1),

there is an etiologic link between MODY5 and MODY1. MODY5 is a rare

cause of MODY and none of 11 United Kingdom MODY-X families dis-

played HNF-1� mutations.182 Rare HNF-1� mutations have been observed

in type 2 diabetes subjects.183

MODY6: NeuroD1/Beta2
MODY6 was recently discovered in an Icelandic MODY family184 when

a missense E110K NeuroD1 mutation was found to be co-inherited with

diabetes. An earlier report described one Europoid MODY family that

exhibited a P206fsinsC NeuroD1 mutation.185 However, NeuroD1 was not
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linked to diabetes in Japanese MODY pedigrees.186 Another NeuroD1 muta-

tion (R111L) was detected in one type 2 diabetes family characterized by

obesity and hyperinsulinism.74 Furthermore, NeuroD1 was not associated

by linkage or mutational analysis with type 2 diabetes in France.76

NeuroD1, also known as Beta2, is a transcription factor that modulates

insulin gene transcription.187 NeuroD1 is detected in pancreatic endocrine

cells, intestine, and brain. Secretin and cholecystokinin expression are

dependent, in part, on NeuroD1. NeuroD1 can also induce neurons to dif-

ferentiate. Concerning beta cells, the Beta2/NeuroD murine knockout

reduces beta-cell number.187

MODY-X
‘MODY-X’ is a term applied to families that display clinical features of

MODY but do not demonstrate a mutation in any of the genes so far rec-

ognized as causes of MODY. The key clinical feature in such families is

autosomal dominant inheritance of youth-onset diabetes.188 A 1999 paper

from Doria et al.189 reported 220 diabetic individuals from 29 families neg-

ative for MODY1 and MODY3 mutations. Surprisingly, there was evidence

for insulin resistance in these pedigrees with insulin levels higher than in

MODY3 subjects, therapeutic insulin doses higher than in MODY3, an

approx. 50% prevalence of obesity, increased frequencies of elevated

triglyceride and cholesterol levels, hypertension, and nephropathy. In

contrast, four French MODY-X families190 were not hyperinsulinemic. 

In Brazil, 58% of MODY pedigrees fall into the MODY-X category. The

causes of ADM are largely unknown: Winter et al. reported a novel gluco-

kinase mutation in one of 10 ADM families studied.132 There is a growing

list of transcription factors that have been examined that are not

presently linked to MODY-X phenotypes (Table 11.6).186,191–200

Mitochondrial diabetes syndromes

Mitochondria are usually solely inherited from the mother.201 Therefore,

mitochondrial diseases are passed from affected mothers to their

offspring.202,203 The severity of the disorder depends upon the nature of

the specific mitochondrial mutation, the proportion of mitochondria so
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affected (heteroplasmy), and the distribution of the abnormal mitochon-

dria among tissues. Normally there are 6–10 copies of the 16,569 base

pair mitochondrial genome per mitochondrion and cells can have 100s

to 1000s of mitochondria.204

Mutations in the mitochondrial genome can interfere with cellular

energy generation.205 This is consistent with the role of the mitochon-

drion as the ‘powerhouse’ of the cell where beta oxidation of fatty acids,

the Krebs cycle, and oxidative phosphorylation take place.206 The organs

most susceptible to dysfunction when energy production is deficient are

organs that exhibit high metabolic rates: the nervous system, the heart,

and skeletal muscle.207 In addition, mitochondrial diseases can affect the

beta cell, causing insulinopenia. Most cases of ‘mitochondrial’ diabetes

present clinically as non-insulin dependent diabetes208 but rare patients

with mitochondrial mutations have had a type-1-diabetes-like pheno-

type209 with islet autoantibodies.210 Mitochondrial diabetes has been

reported in children as young as age 10.211 Mitochondrial diabetes may

cause 1–3% of cases of phenotypic type 2 diabetes in Japanese adults.

Like MODY, mitochondrial diabetes is classified as a genetic defect of the

beta-cell function under the heading of ‘other specific types of diabetes’

because of insulinopenia.212

Mitochondrial diabetes may appear as the only manifestation of a

mitochondrial mutation or may exist as part of a multisystem disease

complex associated with deafness, hypertrophic cardiomyopathy, Leber’s
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Table 11.6 Transcription factors not associated with MODY

Gene Protein Genomic MODY population

location studied

HNF3A HNF-3� 14q12–q13 Japanese

HNF3B HNF-3� 20p11 Japanese, French

HNF4G HNF-4� 8q Japanese, US, and Canada

HNF6 HNF-6 15q21.1–q21.2 Japanese

NEUROD4 NeuroD4 12q13 Japanese

NEUROG3 Neurogenin 3 10q21.2–q21.3 Japanese, Danes

NKX2B Nkx2.2 20p11 Japanese



hereditary optic neuropathy (LHON), MERRF (mitochondrial encephalo-

myopathy, myoclonus epilepsy, ragged-red fibers, and sensorineural

hearing loss), or MELAS (myopathy, encephalopathy, lactic acidosis, and

stroke-like syndrome).213 The most common mitochondrial mutation

associated with diabetes is A3243G affecting tRNALeu(UUR). The A3243G

mutation can occur in isolation or associated with other mitochondrial

mutations.

The A3243G mutation can cause diabetes alone or diabetes plus deafness

or diabetes as part of MELAS. Hypertrophic cardiomyopathy and diabetes

in association with the A3243G mutation occur with the following coinci-

dent mutations: C946A in 12SrRNA, A1041G in 12SrRNA, T3394C in

NADH dehydrogenase subunit 1 (ND1), G4491A in NADH dehydrogenase

subunit 2 (ND2), and G11963A in NADH dehydrogenase subunit 4 (ND4).

The following mutations can produce mitochondrial diabetes and are not

associated with a coexistent A3243G mutation: A3252G (tRNALeu(UUR)),

C3256T (tRNALeu(UUR)), A3260G (tRNALeu(UUR)), T3271C (tRNALeu(UUR)),

G3316A (ND1), A8344G (tRNALys), and T14709C (tRNAGlu). These later

mutations are usually associated with skeletal myopathy and, less com-

monly, cardiomyopathy, LHON, or MERRF.

Other specific types of diabetes

Except for the lipodystrophies, these ‘other specific types of diabetes’

will be classified and discussed according to their mode of inheritance.

Some genetic causes of diabetes occur sporadically such as McCune–

Albright syndrome (G protein mutations) or Sotos’s syndrome (NSD1

mutations). There are many, many forms of diabetes previously referred

to as ‘secondary’ diabetes.

Autosomal dominant disorders associated with 
non-MODY diabetes
Diabetes can occur secondary to pheochromocytoma that is part of multi-

ple endocrine neoplasia type 2 (MEN2). MEN2 is inherited as an autosomal

dominant. Mutations in the RET proto-oncogene (chromosome 10q11.2)
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produce MEN2.214 MEN1 can produce diabetes via the development of

Cushing disease, acromegaly, glucagonoma, or somatostatinoma.215

MEN1 results from loss-of-heterozygosity for a tumor suppressor gene

(MEN1) on chromosome 11q13. Rarely, pheochromocytoma can be

inherited as an autosomal dominant independent of MEN2.216

Other autosomal dominant disorders where diabetes or abnormal

glucose tolerance has been described include achondroplasia,

Bannayan–Riley–Ruvalcaba syndrome (PTEN gene, chromosome 10q23),

Steinert myotonic dystrophy syndrome (a triple-repeat expansion

disease, chromosome 19q13.3), acute intermittent porphyria (chromo-

some 11q23.3), and insulinopathies and hyperproinsulinemias (insulin

gene, chromosome 11p15.5). Although a genetic disease, Huntington’s

disease (chromosome 4p16.3) does not manifest until adulthood.

Codominant or recessive forms of diabetes
Deletions or loss-of-function genetic defects in the insulin receptor can

cause severe insulin-resistant diabetes.217 Acanthosis nigricans and hyper-

androgenism (in females) are usually observed in individuals who suffer

from insulin receptor mutations. When these features and insulin-resistant

diabetes are the expression of the insulin receptor mutation, the patient is

diagnosed with ‘type A insulin resistance.’ In contrast, antagonistic insulin

receptor autoantibodies produce ‘type B insulin resistance.’

Generally, subjects bearing two mutant insulin receptor gene alleles

are more insulin-resistant than subjects with a single mutant allele. For

example, heterozygosity for an insulin receptor mutation can present

clinically as type 2 diabetes, whereas homozygosity or compound

heterozygosity can produce a very severe phenotype such as leprechau-

nism (Donohue syndrome) or Rabson–Mendenhall syndrome where the

metabolic derangement is of intermediate severity.218,219 Infants with

leprechaunism exhibit severe growth failure of prenatal onset, prenatal

adipose tissue deficiency, full lips, islet cell hyperplasia (in response to

severe insulin resistance), hirsutism, enlargement of the breasts and

labia, and usually die within the first year of life. Children with

Rabson–Mendenhall syndrome display short stature, abnormal teeth and

nails, and hyperplasia of the pineal gland.
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Autosomal recessive forms of diabetes
Cystic fibrosis

Diabetes is a component of many inherited conditions. For example,

with increasing duration of disease, an insulinopenic form of diabetes

becomes more prevalent in individuals with cystic fibrosis.220 Located on

chromosome 7q31.2, mutations in the cystic fibrosis transmembrane

conductance regulator (CFTR) gene cause cystic fibrosis. Approximately

70% of CFTR allele mutations involve a deletion of the phenylalanine

codon at residue 508.

Wolfram syndrome

Wolfram syndrome is a rare autosomal recessive disorder that is character-

ized by diabetes insipidus, diabetes mellitus, optic atrophy, and deafness

(‘DIDMOAD’ syndrome). Other neurologic symptoms include ataxia,

myoclonus, peripheral neuropathy, and psychiatric illness.221 Wolfram

syndrome is caused by mutations in the WFS1 gene located on chromo-

some 4p16.222 The WFS1 gene is 33.4 kilobases in length, has 8 exons, and

predicts a transmembrane protein of 890 amino acids with an apparent

molecular mass of 100 kDa. Hydrophilic amino and carboxy termini are

separated by a hydrophobic region comprising nine predicted transmem-

brane segments. Biochemical analysis demonstrated that the WFS1 protein

is an integral, endoglycosidase H-sensitive membrane glycoprotein with

expression primarily in the endoplasmic reticulum.223 Of interest, non-

inactivating mutations in WFS1 are responsible for autosomal-dominant

inherited, non-syndromic low-frequency hearing impairment.224 There is

preliminary evidence that WFS1 may serve as a type 2 diabetes susceptibil-

ity gene in the general population.225

Werner syndrome

Werner syndrome is characterized by a premature-aging-like phenotype

of cataracts, thin skin with thick fibrous subcutaneous tissue, and gray

sparse hair. Inherited as an autosomal recessive, the Werner syndrome

gene (WRN) has been mapped to chromosome 8p12 and encodes a DNA

helicase. One report describes insulin resistance in subjects with Werner
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syndrome.226 Non-insulin dependent diabetes can also occur in Bloom

syndrome (short stature, malar hypoplasia, telangiectasia, and facial 

erythema). Bloom syndrome results from a mutation in the BLM gene

(chromosome 15q26.1) that also acts as a helicase. There is an increased

risk for cancer in both Werner’s syndrome and Bloom syndrome.227

Bardet–Biedl syndrome

Bardet–Biedl syndrome is inherited as an autosomal recessive and is char-

acterized by retinitis pigmentosa, polydactyly, obesity, hypogonadism,

mental deficiency, and renal impairment.228 Bardet–Biedl syndrome (also

known as Lawrence–Moon–Biedl syndrome) is genetically heterogeneous,

involving at least six loci.229

Autoimmune polyglandular syndrome I (APS I)

APS I is an autosomal recessive disorder mapped to the AIRE (auto-

immune regulator) gene on chromosome 21q22.3.230 Approximately

10% of patients with APS I will develop type 1 diabetes. Although

autoimmune in etiology, APS I is mentioned because this disorder has a

clear Mendelian mode of inheritance.

Hereditary hemochromatosis

Hereditary hemochromatosis results from mutations in the HFE gene

located within the human leukocyte antigen complex (HLA) on the short

arm of chromosome 6 at 6p21.3.231 Whereas children may display car-

diomyopathy and gonadal insufficiency, adults are more likely to develop

liver disease and diabetes mellitus (e.g., bronze diabetes).232 Diabetes in this

autosomal recessive condition results from iron-induced beta-cell dysfunc-

tion, producing reduced insulin secretion as well as insulin resistance from

hepatic disease. Some patients may show elevated insulin levels secondary

to depressed hepatic clearance of insulin. In contrast to type 1 diabetes

where the islets are depleted of beta cells and type 2 diabetes where 50% of

autopsy cases display amyloid deposition, in hemochromatosis the islets

are of normal shape and size. Because thalassemia can also cause iron over-

load and beta-cell damage, thalassemia major is another potential cause of

autosomal recessive diabetes.
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Other autosomal recessive disorders

Other autosomal recessive disorders where diabetes or abnormal glucose

tolerance has been described include ataxia telangectasia syndrome

(Louis–Bar syndrome, gene: ATM serine–threonine kinase, chromosome

11q22.3), Johanson–Blizzard syndrome (unmapped at present), alpha-1-

antitrypsin deficiency (chromosome 14q32.1), glycogen storage disease

type I (chromosome 17q21), Friedreich ataxia (chromosome 9q13-

q21.1), and Cockayne syndrome (chromosome 5). Diabetes does not

necessarily appear in childhood in these conditions.

Gene imprinting defects associated with diabetes
Diabetes can be observed in children affected with Prader–Willi syndrome.

Surprisingly, despite their extreme morbid obesity, most Prader–Willi

children do not demonstrate insulin resistance and their diabetes is

insulinopenic in nature.233,234 Prader–Willi syndrome results from defec-

tive imprinting of paternal genes located on chromosome 15q11–13.

Some cases of Prader–Willi syndrome alternatively result from uni-

parental maternal disomy.

Chromosomal disorders associated with diabetes
Diabetes is increased in frequency in individuals with Down syndrome,

Klinefelter syndrome, or Turner syndrome. Usually the diabetes is

autoimmune in etiology (type 1a diabetes). Although such cases do not

fall into the category of non-autoimmune childhood diabetes, these

associations are mentioned because the individuals are affected with an

underlying genetic (chromosomal) disorder. Partial or complete uni-

parental disomy of chromosome 6 can cause neonatal diabetes.235

Lipodystrophies
Because of their shared phenotype of generalized or localized absence or

loss of adipose tissue, severe insulin resistance, and type 2 diabetes, the

lipodystrophies will be reviewed as a group as opposed to classification

by their mode of inheritance. Whereas lipodystrophy can be acquired

(e.g., generalized, partial, localized, or secondary to protease inhibitors

used in the treatment of human immunodeficiency virus infection),
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there are several forms of inherited lipodystrophy: congenital generalized,

familial partial-Dunnigan type, familial partial-mandibuloacral dysplasia

type, and familial partial-Kobberling type.236 Congenital generalized

lipodystrophy (CGL; Berardinelli–Seip syndrome) is inherited as an auto-

somal recessive trait that can be caused by defects in two different genes.

Mutations in the AGPAT2 gene on chromosome 9q34 encoding 1-acyl-

glycerol-3-phosphate O-acyltransferase can cause CGL.237 Alternatively,

mutations in the BSCL2 gene (Berardinelli–Seip congenital lipodystrophy

2) can also cause CGL.238

Familial partial lipodystrophy – Dunnigan variety (FPLD) is inherited

as an autosomal dominant. Mutations in the lamin A/C (LMNA) gene on

the chromosome 1q21–22 cause FPLD.239 In FPLD, fat may be absent

from some subcutaneous areas only to be increased in other areas.

Autosomal recessive familial partial lipodystrophy – mandibuloacral dys-

plasia (FPL–MAD) involves a maldeveloped jaw, producing dental crowd-

ing, underdeveloped clavicles, and resorption of terminal phalanges in

association with short stature. The molecular defect is unknown at

present. The mode of transmission of familial partial lipodystrophy –

Kobberling variety – is unclear. In this condition there is loss of fat in the

extremities. The peroxisome proliferator-activated receptor gamma (PPARG)

gene on chromosome 3p25 is a candidate gene in this disorder.240

Clinical application of genetics in the practice 
of pediatric diabetology

Understanding the genetic basis of a disease can foster the development

of novel and more effective therapies. When a disorder is inherited,

family members can be screened metabolically or even genetically for

the presence of diabetes or predilection to diabetes. This affords an

opportunity for prevention. The daily management of diabetes is also

greatly influenced by the type of diabetes affecting an individual. To this

end, by taking a thorough family history and appreciating the clinical

characteristics of the diabetic state affecting the proband, assessment of
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the mode of inheritance of diabetes can greatly assist in the classification

of the patient’s disease. With special reference to the genetics of non-

autoimmune diabetes, the following clinical approach is suggested.

Other authors have provided similar approaches.241

Diagnosis of diabetes
Nonketotic obese diabetic children with a family history of maternally

transmitted diabetes are identified as having mitochondrial diabetes.

Further supportive evidence of mitochondrial diabetes includes the coex-

istence of deafness or impaired hearing, skeletal muscle myopathy, and

cardiomyopathy or neurologic disorders (e.g., seizures, encephalopathy).

If the nonketotic obese child has a parent with non-insulin-dependent

diabetes onset before age 25, MODY is likely.242 In the case of African-

American children with suspected ADM, the age of onset of diabetes in

the parents can be extended up to 40 years old. The nonketotic lean

child with a history of maternally inherited diabetes is affected with

mitochondrial diabetes. Finally, nonketotic lean diabetic children with

a parent with non-insulin-dependent diabetes onset before age 25 are

diagnosed with MODY.

Routine laboratory testing for mitochondrial mutations and MODY

mutations is not readily available. There are specialty laboratories in 

the United States that focus on mitochondrial diagnosis. In addition, 

at least one laboratory in the United Kingdom (Molecular Genetics

Laboratory at the Royal Devon & Exeter NHS Healthcare Trust;

http://www.ex.ac.uk/diabetesgenes/mody/diagnostic/) offers testing for

glucokinase, HNF-1�, and HNF-4� mutations. Various research laborato-

ries have invested heavily in the study of MODY or mitochondrial

diabetes syndromes: however, the clinician generally remains dependent

on history taking and investigative skills to solve diagnostic dilemmas. In

summary, the basic and essential process of taking a thorough family

history can provide substantial diagnostic information when the etiology

of diabetes in a child or adolescent is not straightforward. Understanding

the genetics of non-autoimmune diabetes will certainly influence the

future care of children and the prediction of disease.
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