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Abstract
Type 2 diabetes mellitus is emerging as a new clinical problem within pediatric practice. Recent reports indicate an increasing prevalence of type 2 diabetes mellitus in children and adolescents around the world in all ethnicities, even if the prevalence of obesity is not increasing any more. The majority of young people diagnosed with type 2 diabetes mellitus was found in specific ethnic subgroups such as African-American, Hispanic, Asian/Pacific Islanders and American Indians. Clinicians should be aware of the frequent mild or asymptomatic manifestation of type 2 diabetes mellitus in childhood. Therefore, a screening seems meaningful especially in high risk groups such as children and adolescents with obesity, relatives with type 2 diabetes mellitus, and clinical features of insulin resistance (hypertension, dyslipidemia, polycystic ovarian syndrome, or acanthosis nigricans). Treatment of choice is lifestyle intervention followed by pharmacological treatment (e.g., metformin). New drugs such as dipeptidyl peptidase inhibitors or glucagon like peptide 1 mimetics are in the pipeline for treatment of youth with type 2 diabetes mellitus. However, recent reports indicate a high dropout of the medical care system of adolescents with type 2 diabetes mellitus suggesting that management of children and adolescents with type 2 diabetes mellitus requires some remodeling of current healthcare practices.
© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.
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INTRODUCTION
Thirty years ago, type 2 diabetes mellitus has been thought to be a rare occurrence in children and adolescents. However, in the mid-1990s, investigators began to observe an increasing incidence of type 2 diabetes mellitus worldwide[1]. This is particularly the case in the United States[1,2] but has also been reported in other countries like Canada, Japan, Austria, United Kingdom and Germany[3-10]. In some regions in the United States, type 2 diabetes mellitus is as frequent as type 1 diabetes mellitus in adolescents [11].
This observation followed a striking increase both the prevalence and the degree of obesity in children and adolescents in many populations[12,13]. Overweight is at present the most common health problem facing children in both develop and developing countries[13]. While obesity is not increasing any more in the United States and some countries in Europe[14,15], the prevalence of type 2 diabetes mellitus has been increased threefold[15]. This has been attributed to the fact, that the prevalence of obesity is not increasing but the degree of obesity in affected children and adolescents [15].
Type 2 diabetes mellitus is a serious and costly disease. The chronic complications of diabetes mellitus include accelerated development of cardiovascular diseases, end-stage renal disease, loss of visual acuity, and limb amputations. All of these complications contribute to the excess morbidity and mortality in individuals with diabetes mellitus. 

Since the incidence and prevalence of type 2 diabetes mellitus in children are increasing and if this increase cannot be reversed, our society will face major challenges. That is, the burden of diabetes mellitus and its complications will affect many more individuals than currently anticipated, and the cost of diabetes mellitus to our society will cause us to consume enormous resources. 

PATHOPHYSIOLOGY OF TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
Type 2 diabetes mellitus is a complex metabolic disorder of heterogeneous etiology with social, behavioral, and environmental risk factors unmasking the effects of genetic susceptibility[16]. There is a strong hereditary (likely multigenic) component to the disease, with the role of genetic determinants illustrated when differences in the prevalence of type 2 diabetes mellitus in various racial groups are considered[17]. Although substantial progress in our knowledge of the genetic basis of type 2 diabetes mellitus is taking place, these new discoveries represent but a small proportion of the genetic variation underlying the susceptibility to this disorder[17]. Furthermore, the recent increases observed in diabetes mellitus prevalence are too quickly to be the result of increased gene frequency and altered gene pool, emphasizing the importance of environmental factors. 
Glucose homeostasis depends on the balance between insulin secretion by the pancreatic β-cells and insulin action. It is well recognized that insulin resistance to insulin-stimulated glucose uptake is a characteristic finding in patients with type 2 diabetes mellitus and impaired glucose metabolism. The evolution from normal to impaired glucose tolerance (IGT) is associated with a worsening of insulin resistance. Impaired glucose tolerance is an intermediate stage in the natural history of type 2 diabetes mellitus and is a predictor of the risk of developing diabetes mellitus and cardiovascular disease[7,10,11,18]. However, there is a high spontaneous conversion rate from IGT to normal glucose tolerance in the next 3 to 5 years in children and adolescents with impaired glucose tolerance[19,20]. This normalization has been attributed to changes of insulin resistance at end of puberty.
Puberty appears to play a major role in the development of type 2 diabetes mellitus in children[11]. During puberty, there is increased resistance to the action of insulin, resulting in hyperinsulinemia. After puberty, basal and stimulated insulin responses decline. Hyper-insulinemic- euglycemic clamp studies demonstrated that insulin- mediated glucose disposal is on average 30% lower in adolescents between Tanner stage II and IV compared with prepubertal children and with young adults. Increased growth hormone secretion in puberty is discussed to be responsible for the insulin resistance during puberty[21]. Given this information, it is not surprising that the peak age at presentation of type 2 diabetes mellitus in children coincides with the usual age of mid-puberty[3,11].
For diabetes mellitus to develop insulin resistance alone is not sufficient and inadequate β-cell insulin secretion is necessary[7,10,11,18]. In patients with type 2 diabetes mellitus, impaired insulin action and insulin secretory failure are both present. It has been proposed that hyperglycemia may worsen both insulin resistance and insulin secretory abnormalities, thus enhancing the transition from impaired glucose tolerance to diabetes mellitus[11].

The adverse effect of obesity on glucose metabolism is evident early in childhood. Obese children are hyperinsulinemic and have approximately 40% lower insulin-stimulated glucose metabolism compared with non-obese children[22]. Furthermore, the inverse relationship between insulin sensitivity and abdominal fat is stronger for visceral than for subcutaneous fat [22,23]. 
It is interesting to note that adipose tissue expanding in the obese state synthesizes and secretes metabolites and signaling proteins like leptin, adiponectin, and tumor necrosis factor-alpha. These factors are known to alter insulin secretion and sensitivity and even cause insulin resistance under experimental and clinical conditions[24].
Racial differences in insulin sensitivity are also evident in childhood. African-American 7- to 11-year-old children have significantly higher insulin levels than age-matched white children[25]. These data suggest that particular ethnic groups may have a genetic predisposition to insulin resistance, which may increase their risk for type 2 diabetes mellitus. In concordance, obese Swedish children have higher fasting glucose levels than obese German children [26].
EPIDEMIOLOGY OF TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
The prevalence of type 2 diabetes mellitus in children and adolescents in the United States is approximately 12:100000[15,27,28], while it is still rare in Europe (approximately 2.5: 100000)[8,29]. The majority of young people diagnosed with type 2 diabetes mellitus was found in specific ethnic subgroups such as African-American, Hispanic, Asian/Pacific Islanders and American Indians being highest in Pima Indians (22.3/1000 in 10 – 14-year-old children)[30]. Furthermore, the great majority of the children were obese. Screening studies in obese adolescents have reported a prevalence of 0.4% up to 1% of type 2 diabetes mellitus in obese children ≥ 12 years[3,31,32]. Within the whole pediatric cohort surveyed, the overall incidence of type 2 diabetes mellitus remained low when compared with type 1 diabetes mellitus. This had led some researchers to question the claims of an “epidemic” of pediatric type 2 diabetes mellitus[33], although there is general agreement that type 2 diabetes mellitus in youth appears to be emerging as a serious clinical issue[9,34].
CLINICAL PRESENTATION OF TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
Obesity is the hallmark of type 2 diabetes mellitus[10]. Most children with type 2 diabetes mellitus are obese or extremely obese at diagnosis and present with glucosuria without ketonuria, absent or mild polyuria and polydipsia, and little or no weight loss[3,10]. Currently, children with type 2 diabetes mellitus are usually diagnosed over the age of 10 years and are in middle to late puberty[3,10,11]. 
In the type 2 diabetes mellitus mildest form, the diagnosis is made in an asymptomatic child during a routine medical check-up by detection of hyperglycaemia or glycosuria[10]. One third of patients are diagnosed by urinanalysis during routine physical examination[10,11]. In its severest form, the child presents with polyuria, polydipsia, and weight loss. Up to 33% in particular ethnic groups have ketonuria at diagnosis and 5%-25% ketoacidosis at presentation[10,11] (Table 1). Vary rare, type 2 diabetes mellitus manifest with a hyperglycaemic hyperosmolare coma. With these clinical pictures, often the distinction from type 1 diabetes mellitus is not possible until months later, when insulin requirements decline and a non-insulin-dependent course develops without dependence on insulin for survival.

Children with type 2 diabetes mellitus frequently have a family history of type 2 diabetes mellitus and those of non-European ancestry (Americans of African, Hispanic, Asian, and American Indian descent) are disproportionately represented. Of the patients, 74%-100% have a first- or second-degree relative with type 2 diabetes mellitus[10]. Of note, diabetes mellitus in parents or other relatives may not be recognized until the child is diagnosed.

Acanthosis nigricans and polycystic ovarian syndrome (PCOS), disorders associated with insulin resistance and obesity, are common in youth with type 2 diabetes mellitus[10]. Acanthosis is a cutaneous finding characterised by velvety hyperpigmented patches most prominent in intertrigenous area. It is present in up to 50 up to 90% of children with type 2 diabetes mellitus. It is recognised more frequently in darker-skinned obese individuals. PCOS is characterised by hyperandrogenism and chronic anovulation. Lipid disorders and hypertension also occur more frequently in children with type 2 diabetes mellitus.
Most of the Caucasian children and adolescents with type 2 diabetes mellitus were asymptomatically at diagnosis in contrast to other ethnicities (Table 1). The minority populations demonstrated at manifestation of diabetes mellitus frequently more symptoms and higher insulin and C- peptide levels[11]. 
Some syndromes such as Klinefelter syndrome, Bardet Biedl Syndrome, Prader Willi Syndrome and Alström Syndrom are associated with type 2 diabetes mellitus. They all are associated with mental retardation and frequently to extreme obesity. 
DIFFERENTIAL DIAGNOSIS OF TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
Individuals with type 2 diabetes mellitus may have clinical presentations indistinguishable from those of patients with other types of diabetes mellitus[10]. This is relevant because as the number of children with type 2 diabetes mellitus increases, it becomes increasingly important to classify their diabetes mellitus correctly so that appropriate therapy may be instituted. 

Typically, children with type 1 diabetes mellitus are not overweight and have recent weight loss, polydipsia, and polyuria (Table 2)[10]. They have a short duration of symptoms and frequently have ketoacidosis at presentation[7,10,35]. After metabolic stabilization, they may have an initial period of diminished insulin requirement, after which they require insulin for survival.
It should be highlighted, that none of symptoms and factors in table 2 relate to a definite diagnosis. For example, the increased prevalence of type 2 diabetes mellitus within the whole population means that many individuals with type 1 diabetes mellitus are now more likely to have a family history of type 2 diabetes mellitus. Likewise, type 1 diabetes mellitus also presents in overweight/obese individuals and indeed the prevalence of weight-related problems in type 1 diabetes mellitus appears to be significant[36].
Even if type 2 diabetes mellitus is defined by the absence of β-cell autoantibodies[7,18], some studies reported of nearly 30% β-cell autoantibodies in European children and adolescents clinically appearing as type 2 diabetes mellitus[4,11,37]. These children have a non-insulin dependent children over a period > 1 year. The possibility that positive β-cell antibodies in these non insulin-requiring diabetic children and adolescents represent a form of early-onset latent autoimmune diabetes mellitus similar to that described in adults (LADA: latent autoimmune diabetes mellitus of the adult) needs to be considered. Worldwide studies have identified 10%–20% of diabetic patients with β-cell autoantibodies in non–insulin-requiring adult diabetics[38-40]. Patients with LADA share insulin resistance with type 2 diabetes mellitus patients but display a more severe defect in β-cell capacity[41]. Following the terminology “latent autoimmune diabetes mellitus in adulthood”, the non-insulin dependent diabetic children and adolescents with β-cell autoantibodies could be named “latent autoimmune diabetes mellitus in youth” (LADY). Double diabetes mellitus or type 1.5 diabetes mellitus are other proposed names for this entity. 

The accelerator hypothesis postulates a shared basis for both type 1 and type 2 diabetes mellitus: Besides individual predisposition and autoimmunity, insulin resistance is discussed to lead to β-cell insufficiency[42,43]. In the prediabetic period of an immune-mediated destruction of β-cells, increasing insulin resistance can result in clinical diabetes mellitus[38]. Obesity and puberty are important factors for developing insulin resistance in childhood and adolescence[22]. Apart from β-cell autoantibodies in children clinically classified as type 2 diabetes mellitus, negative autoantibodies in children with type 1 diabetes mellitus with acute-onset of diabetes mellitus, severe metabolic impairment and insulin requirement only in the early stage of disease are reported[7,9]. In conclusion, type 1 and type 2 diabetes mellitus do not seem to be completely distinctive and can overlap considerably. Therefore, serology cannot completely distinguish these two types of diabetes mellitus. 

Maturity-onset of diabetes mellitus of the young (MODY) is another rare form of diabetes mellitus in children that includes several disorders caused by monogenic defects in β-cell function[44]. MODY 2 (defect in glucokinase) and MODY 3 (defect in HNF1α) are the most frequent types of MODY. Patients with MODY have a dominant genetic trait, usually are non-obese and have low fasting insulin levels. Recent studies suggest that the clinical presentation of MODY is broad, ranging from asymptomatic hyperglycemia to a severe acute presentation. MODY has been reported in all races/ethnicities. These gene abnormalities are thought to be rare, and molecular diagnostic testing. 

DIAGNOSTIC CRITERIA OF TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
The criteria for diagnosis of diabetes mellitus in children and adolescents are symptoms of diabetes mellitus such as polydipsia, polyuria, and unexplained weight loss plus casual glucose concentration ≥ 200 mg/dL (11.1 mmol/L) in venous plasma, fasting glucose ≥ 126 mg/dL (7.0 mmol/L) in venous or capillary plasma, or two-hours glucose during oGTT ≥ 200mg/dL (11.1 mmol/L) in venous plasma or capillary whole blood sample. Recently revised American Diabetes mellitus Association (ADA) criteria allow utilization of hemoglobin A1c (HbA1c) ≥ 6.5 % for diagnosis of diabetes mellitus[18,45]. In case of asymptomatic manifestation, fasting glucose, HbA1c, or oGTT test has to be repeated on another day for diagnosis[7,10,18]. 
In most patients with diabetes mellitus, classification can be made reliably on the basis of clinical presentation and course[7,10,18]. In the unusual circumstance that requires a specific classification to be made, other test may be necessary, such as fasting insulin or C-peptide determination and occasionally, β-cell autoantibodies measurements (Figure 1). To achieve a high degree of sensitivity, a combination of test is required, which greatly increases the cost of classification.
C-peptide levels are elevated in individuals with type 2 diabetes mellitus in contrast to patients with type 1 diabetes mellitus or MODY diabetes. Specific autoantibodies to insulin, to GAD-II, or to tyrosine phosphatases insulin antibodies (IA)-2 and IA-2b are found at presentation in 85%-98% of individuals with immune-mediated type 1 diabetes mellitus[7,35]. Type 1 diabetes mellitus also has a strong HLA association; however, HLA typing is not a useful diagnostic tool.
SCREENING FOR TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
Most of the European Caucasian children and adolescents with type 2 diabetes mellitus and one third of the American children were asymptomatically at diagnosis. According to this, the prevalence in screening studies in Europe of obese children was much higher than the prevalence rate reported in the standardised documentation system of diabetes mellitus for example in Germany[32,46]. Therefore it is likely that, as with adults, undiagnosed type 2 diabetes mellitus is a common condition in childhood[47]. In conclusion, a screening of type 2 diabetes mellitus seems necessary since unrecognised hyperglycaemia would undoubtedly contribute to both microvascular and macrovascular risk in later life[11].

However, at the present time, a general screening for type 2 diabetes mellitus in youth is unlikely to be cost-effective. Therefore a targeted screening seems to be necessary. Consistent with the recommendations for screening in adults, only children at substantial risk for the presence or the development of type 2 diabetes mellitus should be tested. Screening in high- risk population demonstrated type 2 diabetes mellitus in approximately 1% of obese Caucasian children in Germany[32,46] and in 4% of screened obese adolescents in particular ethnic groups in the United States[31]. The ADA recommends a screening in overweight children and adolescents at onset of puberty in high risk patients (Table 3)[7]. Testing should be performed every 2 years starting at the age of 10 years or at onset of puberty if it occurs in a younger age by fasting glucose or oGTT[7].
However, these screening recommendations have some pitfalls. Requirements for testing an asymptomatic group include the availability of a test that is sensitive (few false negatives) and accurate with acceptable specificity (minimal number of false positive). Since fasting blood glucose failed to diagnose diabetes mellitus in one fourth of children with type 2 diabetes mellitus in the European cohort [3], oGTT seems to be a better screening tool even if fasting glucose is preferred because of its lower costs and greater convenience. However, the low reproducibility of an oGTT has to be kept in mind[48]. Using the criteria (1) type 2 diabetes mellitus in the first or second degree relatives, (2) onset of puberty, and (3) extreme obesity allows to identify the great majority of overweight European children, which should be screened by oGTT, when two of this three criteria are fulfilled[49]. Studies using HbA1c as screening tool were disappointing, since one third of the asymptomatic children with type 2 diabetes mellitus demonstrated normal values[3]. The standardisation process of the HbA1c may have improved its screening value, since HbA1c has been included in the ADA recommendation for the diagnosis of diabetes mellitus[18,45]. However, studies testing the usefulness of HbA1c after the standardisation process as screening tool are missing yet.
COMPLICATIONS OF TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
The chronic complications of diabetes mellitus in adults include macrovascular disease like accelerated development of cardiovascular disease leading to stroke and myocardial infarction, and microvascular diseases like retinopathy, nephropathy and neuropathy leading to end-stage renal disease, loss of visual acuity, and limb amputations. All of these complications contribute to the excess morbidity and mortality in individuals with diabetes mellitus. One notable outcome of the UK Prospective Diabetes mellitus Study (UKPDS) analysis was the observation that the accrual of endpoints was a time dependent process[50]. Therefore, children and adolescents with type 2 diabetes mellitus have a higher risk for complication as compared to adults with diabetes mellitus. Accordingly, developing type 2 diabetes mellitus at a younger age is also associated with a much higher risk of long-term cardiovascular disease than those who develop type 2 diabetes mellitus in middle age[51]. Young people with type 2 diabetes mellitus appear to be at a much higher risk of developing early diabetes mellitus associated complications than those with type 1 diabetes mellitus. This higher level of risk does not appear to be related to overall levels of glycemic control or duration of disease but to occurrence of hypertension and dyslipidemia[52]. These cardiovascular risk factors are more frequent in adolescents suffering from type 2 diabetes mellitus compared to type 1 diabetes mellitus [35]. In the TODAY study, 14% of adolescents with type 2 diabetes mellitus suffered from hypertension, 80% demonstrated low HDL concentrations, and 10% had hypertriglyceridemia[35]. In the SEARCH study, 92% of the adolescents with type 2 diabetes mellitus fulfilled the definition of metabolic syndrome[2]. These prevalences are similar to cardiovascular risk factors in European adolescents with type 2 diabetes mellitus [4,53].
We know little about the onset and progress of macrovascular disease in children and adolescents with type 2 diabetes mellitus. Arteriosclerosis is a time dependent phenomenon, and thus the absolute time from diagnosis to developing pathological cardiovascular lesions may be many years – in that sense these children may be protected by age since they do not have pre-existing age related cardiovascular disease. However, already adolescents with type 2 diabetes mellitus demonstrated an increased intima-media thickness[54], which is predictive for heart attack and stroke[55].

Microvascular disease is the hallmark of hyperglycaemia diagnosed at a young age. Data from Japanese, Pima Indian children show the presence of microvascular diabetic complications already at diagnosis and follow-up[1]. In Japanese children, incipient retinopathy was detected in 36% of the cases at the time of diagnosis, and in 39% of the cases at 2 years follow-up, while microalbuminuria was observed in 39% at 2 years follow-up[56]. Among Pima Indian children, 22% had microalbuminuria, and at follow-up between 20 and 29 years of age 60% had microalbuminuria and 17% had already macroalbuminuria[57]. In the SEARCH study, 4% of the adolescents with type 2 diabetes mellitus demonstrated retinopathia and 28% microalbuminuria[2]. In contrast, in European adolescents with type 2 diabetes mellitus no retinopathia and only 5% microalbuminuria was reported[4,53] suggesting genetic differences.
TREATMENT OF TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
The American Academy of Pediatrics has, very recently, published management guidelines how to treat children and adolescents with type 2 diabetes mellitus[9]. The ideal goal of treatment is normalization of blood glucose values and HbA1c[10]. Successful control of the associated comorbidities, such as hypertension and dyslipidemia, is also important[10]. The ultimate goal of treatment is to decrease the risk of acute and chronic complications associated with diabetes mellitus.
Most of the recommended guidelines for treatment in children with type 2 diabetes mellitus are extrapolated from experience gained in adults[7,9,10]. Despite of severe manifestation, initial management of obese children and adolescents with type 2 diabetes mellitus should consist of behaviour modification strategies for lifestyle change such as decreasing high-caloric high-fat food choice and sedentary behaviour, while increasing physical activity[58]. Weight control is essential for reaching treatment goals and are effective to treat type 2 diabetes mellitus in adolescents [59]. However, lifestyle changes cannot be imposed and self-motivation is necessary[60,61]. Referral to a dietician with knowledge and experience in nutritional management of children with diabetes mellitus is necessary[60]. Dietary recommendations should be culturally appropriate, sensitive to the family resources, and provided to all caregivers. Encouraging healthy eating habits by the entire family is important [58,60]. 

All children with type 2 diabetes mellitus should receive comprehensive self-management education[1,60]: Self-management education should include teaching self-monitoring of blood glucose (SMBG). SMBG should be performed as needed and during periods of acute illness or when symptoms of hyper- or hypoglycaemia occur. Patients on insulin should also monitor periodically for asymptomatic hypoglycaemia. Routine blood glucose monitoring should be tailored to individual needs but should probably include a combination of fasting and postprandial glucose measurements. HbA1c should be assayed to monitor glycemic control.
Since only a few of youths with type 2 diabetes mellitus can be treated with diet and exercise alone[61], pharmacological intervention is frequently required to achieve normoglycemic state.

PHARMACOLOGICAL TREATMENT OF TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
If treatment goal (HBA1c < 7%) with nutrition education and exercise is not met, pharmacological therapy is indicated[9,10]. Many drugs are available for individuals with type 2 diabetes (Table 4), although only metformin and insulin are currently licensed for use for under 18-year-old[10]. Most paediatric diabetologists use oral agents for children with type 2 diabetes mellitus. Advantages of oral agents include potentially greater compliance and convenience for the patient. Clinical features suggesting initial treatment with insulin include dehydratation, presence of ketosis, and acidosis.
Metformin, a biguanide, is undoubtedly the most appropriate starting point for pharmacological treatment in children with type 2 diabetes mellitus. The effectiveness has been proven for adolescents in a randomized controlled trial[62]. Metformin decreases hepatic glucose output and enhances primarily hepatic and also muscle insulin sensitivity without a direct effect on β-cell function. Metformin has the advantage of weight reduction, decrease in lipids without the risk of hypoglycaemia. Because of concerns about lactat acidosis metformin is contraindicated in patients with impaired renal function and should be discontinued with the administration of radiocontrast material or hypocaloric diet. Metformin should not be used in patients with known hypoxemic conditions, severe infection, hepatic disease, or alcohol abuse. The most common side effects of metformin are gastrointestinal disturbances. The dose of metformin should be increased up to 2 g in split doses, unless there are gastrointestinal side effects. Metformin has a good safety record, but should not be given if there is any doubt at all about the nature of diagnosis.
If monotherapy with metformin is not successful over a reasonable period of time (3-6 mo), several alternatives can be considered. Other drugs, which are not approved for children and adolescents, have been less frequently used in children. No oral agent should be used during pregnancy. The use of rosiglitazone has been studied in a randomized trial in adolescents compared to lifestyle intervention and metformin in the TODAY study[63]: Monotherapy with metformin was associated with durable glycemic control in approximately half of children and adolescents with type 2 diabetes mellitus. The addition of rosiglitazone, but not an intensive lifestyle intervention, was superior to metformin alone. However, rosiglitazone has been withdrawn from the market due to its side effects and is not available any more.
Insulin treatment will often be the only feasible way of controlling hyperglycaemia. There is no specific contraindication in children. Insulin regimes should be adopted that are carefully tailored to lifestyle (bedtime insulin alone, twice-a-day insulin or multidose insulin regimes). 

In those extremely obese adolescents where lifestyle change and pharmacotherapy have been unsuccessful, then bariatric surgery may need to be considered[64]. 
MONITORING AND TREATMENT OF COMPLICATIONS OF TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
Since microvascular complications of type 2 diabetes mellitus like retinopathy and nephropathy already occur in children, dilated eye examinations should be performed[1,60]. Screening for microalbuminuria should also be performed yearly[1,7]. Angiotensin converting enzyme (ACE) inhibitors are the agents of choice in children with microalbuminuria[1,7]. It is unclear whether foot examinations are important in children[1,7]. Control of hypertension in children with type 2 diabetes mellitus is mandatory[1,7]. If normotension is not achieved by ACE inhibitors, combination therapy with a-blockers, calcium antagonists or low-dose diuretics may be needed. Testing for and treating lipid abnormalities are necessary to avoid macrovascular diseases[1,7].

CHILDREN AND ADOLESCENTS WITH DIABETES MELLITUS TYPE 2: AN UNDERSERVED POPULATION
So far, our medical care system seems to be inadequate to care for children and adolescent with type 2 diabetes mellitus for several reasons[53]: (1) The majority of children and adolescents with type 2 diabetes mellitus remain undiagnosed: Screening studies in obese Caucasian children have reported a prevalence of 0.5% up to 1% of type 2 diabetes mellitus in obese children >12 years [3]. Based on the prevalence of obesity of 6.5% in Central Europ[12,65], approximately 6000 children in Germany, Austria, and Switzerland suffer from type 2 diabetes mellitus. However, in standardized prospective documentation systems of children and adolescents in Central Europe by specialized pediatric diabetes mellitus and obesity treatment centers, only nearly every sixth (n = 1071) child with type 2 diabetes mellitus has been registered[53]. This high prevalence of undiagnosed type 2 diabetes mellitus has also been reported in other countries[47]; (2) Children and adolescents with diagnosis of type 2 diabetes mellitus frequently get lost to follow-up early after diagnosis: In an European registry, 173 (80%) of 217 children and adolescents with type 2 diabetes mellitus) were lost to follow-up after 4 mo, and only 18 children (8%) were transferred to specialized diabetes centers[53]. Remarkably, lost to follow-up was 20% more frequent in the children treated with lifestyle interventions than in children with drug treatment[61]. Similar disappointing findings concerning weight loss were observed in most pediatric obesity treatment centers [68].. In another Central European database (the diabetes mellitus documentation system dpv), 620 (63%) of 991 children with type 2 diabetes mellitus were lost to follow-up after 4 mo[53]. These high frequencies of drop-out greater than 50% have also been reported in other ethnicities with type 2 diabetes mellitus in childhood [66,67]; and (3) The recommended therapy of lifestyle intervention to achieve weight loss in type 2 diabetes mellitus is not suitable for most patients: Lifestyle intervention led to a documented reduction of overweight in only 17% of the children treated in pediatric diabetes centers[61]
The high drop-out rate of medical care system may be caused by the characteristics of children, and adolescents with type 2 diabetes mellitus as well as their families (e.g., lack of psychosocial support and parenting skills, lack of motivation for lifestyle changes, and inadvertent constraints to therapy adherence), but also by lacking efficacy and/or quality of medical care. Evaluation studies are urgently needed to analyze the reasons why children with type 2 diabetes mellitus are frequently lost-to follow-up.

OPTIMIZING COMPLIANCE IN CHILDREN AND ADOLESCENTS WITH TYPE 2 DIABETES MELLITUS 
Compliance is a major problem in those with lifestyle-related diseases such as type 2 diabetes mellitus[60]. To maximize compliance and treatment adherence services for children with type 2 diabetes mellitus will need to be multidisciplinary in nature, and incorporate specific skills in pediatrics, diabetes mellitus, nutrition, psychology, social work, and diabetes mellitus education[60]. It is questionable that the traditional techniques used to optimize glycemic control in patients with type 1 diabetes mellitus are also useful in children with type 2 diabetes mellitus[60]. Furthermore, it is debatable whether the most appropriate context for therapy of type 2 diabetes mellitus in adolescents is a tertiary pediatric hospital and yet traditionally, this is where most are referred[60]. Given the very strong family context, this is one area where an all-of-family approach led by a family doctor may increase compliance since the whole family can be involved in treatment[60]. 
PSYCHOSOCIAL ASPECTS IN CHILDREN AND ADOLESCENTS WITH TYPE 2 DIABETES MELLITUS 
Adolescents with type 2 diabetes mellitus rate lower “Quality of Life” scores than their peers with type 1 diabetes mellitus[69] and the burden of neuropsychiatric disorders in young people with type 2 diabetes mellitus is high, with as many as one in five experiencing either psychiatric illness or neurodevelopmental/ behavioral problems[70]. Coupled with this, young people with type 2 diabetes mellitus are often from lower socio-economic backgrounds where social networks are less well developed to cater for the psychosocial needs of the individual[60]. This is important as psychosocial factors represent a significant barrier to optimum self-management in adolescents with type 2 diabetes mellitus[71], often leading to a vicious circle of spiraling poor self- management and increasing psychosocial problems[60]. 
Intriguing evidence from adult studies also suggests that daily negative mood has an adverse effect on fasting glucose concentrations on the following day[72] suggesting that poor psychosocial health may also be physiologically related to poorer glycemic control[60]. Therefore psychologists should be core component of care of children and adolescents with type 2 diabetes mellitus[60].

PREVENTION OF TYPE 2 DIABETES MELLITUS IN CHILDREN AND ADOLESCENTS
The financial and societal consequences of the emerging epidemic of type 2 diabetes mellitus are substantial and demand an urgent public health response. Emphasis must be placed upon preventive behaviors and early detection. Prevention of type 2 diabetes mellitus means prevention of obesity in childhood. The effect of weight loss on comorbid conditions and, most importantly, on the development of type 2 diabetes mellitus has been unequivocally proven[58,73]. As prevention should start very early in life, perhaps even before birth, a population and community approach for prevention of obesity in childhood and hence type 2 diabetes mellitus in childhood and adolescence seems to be the most promising and reasonable treatment strategy available at present.
However, primary prevention has proven to be difficult or impossible in most societies[74]. A multidisciplinary team approach is needed to develop and secure preventive strategies. Good nutrition and modest exercise for pregnant women as well as monitoring of intrauterine growth of the foetus are mandatory. After birth, rapid weight gain should be avoided and the principles of good nutrition and physical activity be taught at all ages. Breast-feeding should be strongly recommended. Children’s food choice can be influenced by early intervention and guidance. In fact, teacher training, modification of school meals and physical education are effective in reducing risk factors for obesity [16]. 
The cost-effectiveness of group and mixed family-based treatments for childhood obesity has been tested and proven for motivated families [58]. Therefore, family-based, behavioural treatment for obesity is also effective in preventing type 2 diabetes mellitus and is also extremely cost-effective. However, in unmotivated families, treatment remains difficult and frustrating for the patients and his family, as well as for the multidisciplinary team caring for the obese child. 
To prevent the development of type 2 diabetes mellitus and its life-shortening sequelae early detection of impaired glucose regulation may represent an appropriate strategy to prevent type 2 diabetes mellitus, as subjects with impaired glucose tolerance are at increased risk of developing this disease[75]. Recent intervention studies have convincingly demonstrated that adoption of a healthy lifestyle characterized by healthy eating, regular physical activity and subsequent modest weight loss can prevent the progression of impaired glucose tolerance to clinical diabetes mellitus[76]. However, the use metformin was not effective to prevent type 2 diabetes mellitus in obese adolescents with impaired glucose tolerance[77]. This might be attributed to the fact, that impaired glucose tolerance normalized physiologically at the end of puberty even without intervention[20].
CONCLUSION
Type 2 diabetes mellitus is still rare in childhood and adolescence, but recent reports indicate an increasing prevalence around the world possibly due to increasing prevalence of obesity in children and adolescents. This is particularly the case in the U.S. but has also been reported in other countries in Asian and Europe. It is becoming increasingly clear that obese children and adolescents with clinical signs of insulin resistance (acanthosis nigricans, dyslipidemia, hypertension, PCOS) or relatives with type 2 diabetes mellitus or of particular ethnic populations (Asian, American Indian, Africa-Americans, Hispanics) above the age of 10 years should be screened for type 2 diabetes mellitus. Prevention and treatment of type 2 diabetes mellitus should become one of the prime targets of public health intervention programs. Much more attention should be given to the prevention and development of preventive strategies early in life.  Finally, and most importantly, public awareness of the increasing health burden and economic dimension of the childhood obesity epidemic is of importance. Physicians should make the public aware of both the childhood obesity epidemic and its serious consequences, not least type 2 diabetes mellitus.
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Figure 1 Flow sheet for classification of diabetes mellitus in children and adolescents. Adapted from Reference [7], cave autoantibodies also appear in type 2 diabetes mellitus.

Table 1 Comparison between Caucasian and non-Caucasian children and adolescents with type 2 diabetes mellitus 
	
	Caucasian
	Non-Caucasian

	Mean age at onset in years
	14
	12-14

	Gender
	Female > male
	female > male

	Clinical manifestation
	50% asymptomatic

4% ketoacidosis
	33% asymptomatic

5%-25% ketoacidosis

	Obese
	90%
	90%

	Acanthosis nigricans
	50%
	90%

	1st - and 2nd -degree relatives with type 2 diabetes mellitus mellitus
	83%
	74%-100%


Table adapted from Reference [3].
Table 2 Clinical characteristics of type 1, type 2 and MODY diabetes mellitus 
	Clinical characteristic
	Type 1 diabetes mellitus
	Type 2 diabetes mellitus
	MODY diabetes mellitus

	Age when diagnosis is established
	preschool-adolescents
	> 10 years
	MODY 2: youth

MODY 3: adolescents

	Obesity
	Uncommon1
	common
	uncommon

	Gender
	male = female
	female > male
	male = female

	Relatives
	5% Type 1 D.m.
	75%-100% Type 2 D.m.
	100% MODY

	Population
	predominantly Caucasian
	predominantly Americans of African, Hispanic, Asian, and American Indian
	

	b-cell autoantibodies
	85%-98%
	Uncommon2
	uncommon

	Insulin, C-peptide
	low
	high
	low

	Ketoacidosis
	frequently
	< 33%
	uncommon

	Associated disorders
	autoimmune disorders (thyroid, adrenal, vitiligo), celiac disease
	Acanthosis nigricans

PCOS

Metabolic Syndrome
	MODY 5: urogenital malformation 
MODY 8: exocrine pancreas insufficency


1But prevalence of overweight children with type 1 diabetes mellitus is increasing parallel to the obesity epidemic; 2Children with type 2 diabetes mellitus and b-cell autoantibodies have been reported. MODY: Maturity onset of diabetes mellitus in youth.
Table 3 Criteria for testing of type 2 diabetes mellitus in children and adolescents 
	Overweight (BMI >90 percentile) plus one of the following risk factors:

	Family history of type 2 diabetes mellitus in first- or second-degree relative

Race/ethnicity (Asian, American Indian, Africa-Americans, Hispanics)

Signs of insulin resistance or conditions associated with insulin resistance (acanthosis nigricans, hypertension, dyslipidemia, polycystic ovarian syndrome)

Extreme obesity (BMI > 99.5 percentile)


Table adapted from Reference [7]. BMI: Body mass index.

Table 4 Treatment option of type 2 diabetes mellitus in children and adolescents [Federal Drug Administration (United States), European Medicine Evaluation Agency (European)]
	Modality
	Glycaemia reduction
	Enhance insulin secretion
	Insulin resistance lowering
	FDA/EMEA approved for children
	Notes

	Diet and exercise
	Yes
	No
	Yes
	Yes
	First-line approach

Efficacy depends on successful life-style change

	Insulin
	Yes
	No
	No
	Yes
	Weight gain discussed 
risk of hypoglycemia

	Metformin
	Yes
	No
	Yes
	Yes
	Good safety record

minimal weight loss

	Sulphonylureas
	Yes
	Yes
	No
	No
	Good safety record in adults

risk of hypoglycemia

	Meglitinide analogues
	Yes
	Yes
	No
	No
	Sparse data on their use

	Thiazolidinediones
	Yes
	?
	Yes
	No
	Weight gain
lack of long-term data

	Dipeptidyl peptidase inhibitors (DPP4)/ glucagon like peptide (GLP) 1 mimetics
	Yes
	No
	No
	No
	Moderate weight loss 
Carcinoma of the pancreas discussed

Lack of long-term data

	Sodium-Glucose Cotransporter 2 Inhibitors

	Yes
	No
	No
	No
	Minimal weight loss
Urinary and genital tract infections 

Risk of hypoglycaemia

Sparse data on their use 
Lack of long-term data

	Arcarbose
	?
	No
	No
	No
	Side effects may be unacceptable

	Orlistat
	?
	No
	No
	No
	Side effects may be unacceptable

	Surgical treatment of obesity
	Yes
	No
	Yes
	No
	Some anecdotal evidence


?:Unknown; FDA: Federal Drug Administration; EMEA: European Medicine Evaluation Agency.
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