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Abstract 
The global rate of type 2 diabetes mellitus (T2DM) in youth has increased 
dramatically in the last 30 years. This increase mirrors the global epidemic of 
childhood obesity. Studies show that, compared to adults who develop T2DM, 
youth with T2DM ultimately suffer from more harmful symptoms. The pre-
valence of T2DM and obesity in youth signals a significant public health issue 
that financially burdens governments, families, and individuals. Since evi-
dence suggests that T2DM in youth is different from both type 1 and type 2 
diabetes in adults, researchers and clinicians face many difficulties in devel-
oping new treatments. Most treatment efforts have relied on drugs; however, 
recent studies suggest that non-drug therapy also effectively reduces obesity 
and diabetic symptoms. Healthier eating, increased physical exercise, and pos-
itive mental health, are often underappreciated factors towards managing ob-
esity. Yet these lifestyle changes empower both young and older patients to 
independently fight diseases and attain better health. To manage the global 
health risk of obesity, further research addressing the prevention and non- 
drug early intervention of T2DM and obesity in youth is urgently needed. The 
present review focuses on the latest updates in the field. 
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1. Introduction 

Over the past three decades, the world-wide rate of diabetes has increased from 
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108 million (4.7% of adults), in 1980, to a startling 422 million (8.5%), in 2014 
[1]. Differing from other forms, type 2 diabetes mellitus (T2DM), also known as 
non-insulin dependent diabetes, occurs due to insulin resistance and deficiency, 
without auto-immune β-cell loss [2]. Environmental and behavioral factors help 
activate individual genetic predispositions towards developing T2DM. This 
combination of lifestyle and genetic factors leads to hepatic and muscle insulin 
resistance, subsequently leading to β-cell failure [3]. Many patients with T2DM 
are often unaware for a long time as they advance through pre-diabetic elevated 
glucose levels [2]. 

Three decades ago, T2DM was viewed as a chronic medical condition only for 
adults. However, since the 1990s, researchers have begun to notice a world-wide 
rise of childhood T2DM [4]. Currently, the Center for Disease Control and Pre-
vention estimates that in the coming 40 years the rate of T2DM in children and 
adolescents will likely rise to be four times the present percentage [5]. T2DM 
disproportionately impacts youth of disadvantaged backgrounds as well as those 
from ethnic and racial minorities. Due to varying psychosocial and cultural en-
vironments, patients face many difficulties adhering to medical recommenda-
tions for lifestyle changes [6] [7]. As a result, the occurrence of both obesity and 
T2DM in youth continues to increase around the world [8] [9]. 

The presenting symptoms of T2DM and T1DM are similar and both include 
polyuria, polydipsia, and polyphagia. While weight loss may be present in both 
types of DM, obesity is the hallmark of T2DM. Upon diagnosis with T2DM, 
more than 85% of children were considered overweight or obese. Another easily 
identifiable clinical indicator of insulin resistance and T2DM is Acanthosis ni-
gricans, a darkened, thick, velvety formation of the skin found usually in folds or 
creases, which is present in 90% of T2DM patients [10]. The chronic complica-
tions of T2DM include heightened risk of cardiovascular diseases, renal diseases, 
losses of visual acuity, and amputations, resulting in increased mortality of indi-
viduals with T2DM. In comparison to peers, adolescents diagnosed with T2DM 
lose, on average, fifteen years of life [11]. The earlier diagnosis of T2DM in 
youth both threatens their health, and, as these youth grow into adults, also po-
tentially poses a huge socio-economic burden on the society at large. T2DM in 
youth is thus a significant public health issue that warrants effective prevention 
and early intervention. 

2. Epidemiology of T2DM in Youth 

The global rate of T2DM was once low compared to T1DM. Recent data suggests 
an increase in the prevalence of T2DM in several parts of the world, with re-
gional differences. A report published by the World Health Organization 
(WHO) stated that the three countries with the most T2DM patients are India 
(with 31.7 million in 2000 and 79.4 million in 2030), China (20.8 million in 2000 
and 42.3 million in 2030) and the USA (17.7 million in 2000 and 30.3 million in 
2030) [12]. Specifically, the rates of T2DM in youth in the USA are nearly 
12:100,000 [8] [13]. In China, the incidence of childhood T2DM rose from 
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4.1/100,000 to 10.0/100,000 in the past 5 years [14]. 
Childhood T2DM is still relatively rare in Europe (approximately 2.5:100,000), 

Australia (approximately 2.0:100,000), and Japan (approximately 3.0:100,000) 
[15] [16] [17] [18]. Rates of T2DM are higher for racial and ethnic minorities. 
American indigenous youth have the greatest percentage. Claims range from 0.5 
cases per 1000 youth among First Nations in Manitoba to over 53 cases per 1000 
youth among Pima Indians in Arizona [19] [20]. In the USA, a 2009 report 
found that the prevalence of T2DM for minority youth, ages 10 - 19, was 1.20 
per 1000 cases for American Indian youth, 1.06 per 1000 cases for black youth, 
0.79 per 1000 cases for Hispanic youth, and 0.17 per 1000 cases for white youth 
[21]. In Canada, the incidence of T2DM was higher in South Asian youth, ages 5 
- 19, (22.88 per 100,000 patients) than in white youth (17.48) or Chinese youth 
(11.47) [22]. 

The occurrences of T2DM onset rise with patient age. The SEARCH for Di-
abetes in Youth study found that while the rate of T2DM for children ages 0 to 9 
years was 1 per 100,000 youth, for children ages 10 to 19, it rose to 42 per 
100,000 youth [23]. The peak age of T2DM onset in children coincides with pu-
bertal timing since the mean age at diagnosis is 12 to 16 years [10]. T2DM rates 
were also higher among females than among males, likely because girls are more 
insulin-resistant and have more subcutaneous fat than boys [21] [24]. 

Family history of T2DM positively correlates to chances of developing the 
condition, since 75% - 100% of youth patients have a first- or second-degree rel-
ative with T2DM [24] [25]. Epidemiologic studies report that children of moth-
ers who have diabetes face greater probabilities of developing T2DM, though 
breastfeeding appears to have protective effects against T2DM development [26]. 
For both obesity and T2DM rates of youth, there are patterns of economic and 
ethnic disparities. Ethnic minority or low-income children are more likely to be 
obese than white or middle-class youth [27]. An economic study in China found 
that well-developed regions had a higher prevalence of T2DM compared to 
less-developed regions (15.16 vs. 1.64 per 100,000 persons) [14]. 

3. Genetic Etiology 

Both genetic and surrounding factors increase risks for T2DM, resulting in a he-
terogenous etiology [28]. Since genetic risk factors are irreversible and present 
from birth, they cannot be modified or avoided [29]. Whereas T2DM may be 
genetically linked, evident by the high concordance rate of T2DM among mo-
nozygotic twins [30] and the finding that patients frequently have family mem-
bers with T2DM, T1DM shows less evidence of genetic transmission, for only 
5% of patients with T1DM have a family member with T1DM [10] [31]. Recent 
reports have located multiple genetic loci that signal high risks of T2DM. Poly-
morphisms of the TCF7L2 gene interferes with insulin secretion and processing, 
leading to a 1.4 fold risk of developing T2DM [30]. Previous findings suggest 
that TCF7L2 and MTNR1B genes may also be involved with the development of 
T2DM [32]. As genetic markers of T2DM, three established loci (HMGA2, 
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KCNQ1, and TCF7L2) and two novel loci (INS-IGF2, HLA-B) were identified at 
genome-wide significance [33]. As genetic testing advances, more genetic mark-
ers are being discovered. Yet since environmental factors, such as diet and exer-
cise, are more modifiable than genetic factors, lifestyle treatments may help pre-
vent the onset, as well as the development, of T2DM [29]. Thus, although there 
is a strong genetic basis for the condition, suggested through instances of specific 
genes positively correlating to the development of diabetes, environmental fac-
tors remain important to consider.  

4. Lifestyle and Genetic Factors Affecting T2DM  
Pathophysiology 

In both the fasting and fed conditions, glucose concentrations modulate within 
defined physiological values. Several processes help regulate glucose metabolism, 
including the sensing of glucose concentrations, the synthesis/secretion of insu-
lin, the suppression of hepatic glucose output, and the insulin-stimulated intake 
of glucose in liver, intestinal, and skeletal muscle. Insulin secretion and insulin 
sensitivity regulate the balance of physiological glucose levels [34]. Derange-
ments in any of these processes, including defects during insulin receptor func-
tion, during the insulin receptor-signal transduction pathway, during glucose 
transport and phosphorylation, during glycogen synthesis, or during glucose 
oxidation, can all contribute to muscle insulin resistance and lead to hypergly-
cemia [35]. T2DM is hard to clinically discern from type 1 diabetes mellitus 
(T1DM) in the youth population. Typically, T1DM results from immune-me- 
diated destruction of β-cells, leading to insulinopenia. In contrast, T2DM, pre-
viously known as non-insulin dependent diabetes, results from obesity-mediated 
insulin resistance and deficiency without auto-immune β-cell loss [2]. 

Lifestyle and circumstantial conditions may augment genetic susceptibility to 
T2DM [36]. The disease’s core metabolic defect is insulin resistance, of varying 
degrees, which leads to subsequently progressive insulinopenia. Obesity is re-
lated to T2DM, since expanding adipose tissue, which develops in obese patients, 
synthesizes and secretes signaling proteins, such as leptin and tumor necrosis 
factor-alpha (TNFα). These metabolites alter insulin secretion and receptor sen-
sitivity. In both experimental and clinical conditions, they have even been found 
to cause insulin resistance [37]. This cycle of obesity and T2DM worsens hyper-
glycemia and further deranges physiological metabolism. Sedentary lifestyles, 
combined with high calorie diets, have resulted in the increase of obesity and 
T2DM around the world. Juices and sugar-sweetened beverages are a major 
source of these additional calories in the diet of youth. During the past three 
decades Americans have, on average, increased their daily caloric consumption 
by 300 kcal [38] [39]. Other significant lifestyle factors include lower rates of 
physical exercise among youth. Reasons for less physical activities may include 
increased screen time watching television or playing video games. These in-
stances mark a shift in interest from exercise to sedimentary pass times.  

Physiological changes during puberty may aid T2DM development in youth 
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[40]. Throughout puberty, insulin sensitivity temporarily decreases by ~50% in 
healthy children. To compensate for the drop in sensitivity, insulin secretion 
rises; in some instances, hyperglycemia may thus develop [7] [41]. This insulin 
resistance is thought to be caused by an increase in growth hormone and sex 
steroid secretions [42]. Typically, after puberty, sex steroid levels stay elevated 
while insulin sensitivity improves. Unsurprisingly, the peak age of T2DM pres-
entation in children coincides with the usual age of mid-puberty, during the 
brief period of raised insulin resistance [35] [40]. Studies have also found racial 
differences in childhood insulin sensitivity. 

African-American children (ages 7 - 11) have significantly higher insulin le-
vels than white children of similar ages [43], Some authors have suggested in 
utero effects since South Asian newborns have, on average, elevated cord leptin 
and insulin levels, factors which may lead to the development of diabetes [22]. 

5. Clinical Symptoms of T2DM in Youth 

Obesity is a clinical signal for the onset of T2DM, as more than 85% of children 
with T2DM are overweight [10] [25]. Studies have found that excess weight leads 
to resistance towards insulin. Even patients who are not obese or overweight by 
standard weight evaluations may have an increased distribution of body fat in 
the abdominal area [44]. Typical symptoms for children with T2DM include 
glucosuria, lack of ketonuria, mildpolyuria, and minimal loss of weight [25] [45]. 
T2DM generally has a more insidious onset than T1DM. Often, children are di-
agnosed during a regular check-up through evidence of hyperglycaemia or gly-
cosuria. Through clinical visit urinanalysis, 33% of T2DM patients are detected 
[25] [31]. In more severe stages of T2DM, the child has polyuria, polydipsia, 
blurring of vision, and weight loss. In particular, up to 33% of racial minority 
groups have ketonuria and up to 25% have ketoacidosis [24] [25]. In rare occur-
rences, ketoacidosis or a hyperglycemic state may develop and lead to stupor, 
coma, or (in the absence of effective treatment) death [25]. With their clinical 
similarities, differentiating between T2DM and T1DM has become more diffi-
cult. 

Classification is vital in deciding appropriate therapy for individuals, but some 
cannot be distinctly classified as having T1DM or T2DM until insulin require-
ments decline and a non-insulin-dependent survival course develops 44. Symp-
toms of insulin resistance include acanthosis nigricans and polycystic ovarian 
syndrome (PCOS) [25]. Acanthosis nigricans, which is a darkened, thick, velvety 
condition of the skin, often found in folds, is existent in 90% of patients with 
T2DM and is an easily identifiable clinical signal of insulin resistance [10]. PCOS 
is also being increasingly valued as a signal of insulin resistance in youth. Ado-
lescents with PCOS have a 40% reduction in insulin-stimulated glucose disposal, 
when compared to non-hyperandrogenic control subjects [25]. Lipid disorders 
and hypertension, which accounts for 35% - 75% of diabetic complications, are 
also more common in youth with T2DM. Hypertriglyceridemia and lower rates 
of high-density lipoprotein cholesterol indicate T2DM dyslipidemia [25] [44]. 
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There are also noticeable insulin sensitivity differences amongst youth of differ-
ent racial backgrounds. African-American children, ages 7 to 11, have much 
higher insulin levels compared to white children of the same age [43]. More 
white youth (~50%) with T2DM were asymptomatic in contrast to minorities 
(~33%) [45]. Some syndromes, which lead to drastic increases in weight, such as 
Klinefelter Syndrome, Prader Willi Syndrome, or Alström Syndrome, are asso-
ciated with T2DM and mental retardation. 

6. Complications of T2DM in Youth 

Injuries to blood vessels are the major long-term complications of T2DM. The 
condition increases the chance of cardiovascular illnesses by two folds [46]. 
“Macrovascular” diseases include coronary artery disease, which accounts for 
75% of deaths in diabetic patients, [47], stroke, and peripheral vascular disease. 
Small blood vessels are damaged particularly in the eyes, kidneys, and nerves 
[48]. Damage to the blood vessels of the eye’s retina, known as diabetic retino-
pathy, leads to gradual vision loss and blindness [48]. In the kidneys, the damage 
is known as diabetic nephropathy, which can lead to tissue scarring, protein loss, 
and long-lasting kidney malfunctions. As a result, patients may need kidney 
transplants or dialysis [48]. Nerve damage, known as diabetic neuropathy, is the 
most common complication of diabetes [48]. The symptoms include numbness, 
tingling, altered pain sensation, and foot ulcers. Ultimately, nerve injuries could 
damage skin or require amputation. Proximal diabetic neuropathy also causes 
painful muscle damage and muscle weakness. 

Youth with T2DM have a higher risk for complications in comparison to 
adults with T2DM or T1DM. This increased risk is not related to glycemic levels 
or length of the disease but instead associated with hypertension and dyslipide-
mia [49] [50]. For instance, in the TODAY study, 14% of patients had drastically 
elevated blood pressure levels, 13% had moderate increases in urine albumin, 
and 80% had depressed HDL cholesterol rates [51]. In another study, SEARCH, 
92% of youth with T2DM had metabolic syndrome [52]. Similarly, among Ca-
nadian First Nations youth with T2DM, 13% of youth, on average, had drasti-
cally elevated systolic blood pressures [53]. In the SEARCH study, 4% of youth 
with T2DM developed Retinopathia and 28% developed microalbuminuria [52]. 

7. Diagnosis of T2DM 

Diabetes is diagnosed based on the following stress-free hyperglycaemia levels 
[54] [55]: 
• fasting plasma glucose (FPG) of ≥7.0 mmol/L (126 mg/dL); 
• plasma glucose of ≥11.1 mmol/L (200 mg/dL) post-oral glucose tolerance test 

(OGTT), with 1.75 g/kg (max 75g) of anhydrous glucose; 
• polyuria, polydipsia, nocturia, unexplained weight loss, or a random plasma 

glucose of ≥11.1 mmol/L (200 mg/dL); 
• glycated haemaglobin (HbA1c) of >6.5%. 

The tests should follow the guidelines of the National Glycohemoglobin Stan-
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dardization Program (NGSP); results should be standardized to the Diabetes 
Control and Complications Trial (DCCT) assay. A HbA1c rate of 6.5% or less 
does not exclude diabetes diagnosed using glucose tests [55] [56]. Past epidemi-
ological studies, which recommended usingHbA1c to diagnose diabetes, were 
only conducted on adult populations; thus, the independent use of HbA1c in 
diagnosing diabetes in children has not been validated. Future studies are 
needed to verify if adult HbA1c-level standards may be used to diagnose diabetes 
in youth [44] [57]. 

8. Screening for T2DM in Youth 

As with adults, T2DM is commonly undiagnosed in children. An effective 
screening of T2DM is necessary, since unrecognised hyperglycaemia will even-
tually cause life-threatening microvascular and macrovascular damage [40] [58]. 
According to the International Society of Pediatric and Adolescent Diabetes 
(ISPAD) 2014 guidelines, in most populations the screening of T2DM outside of 
research environments is not cost-effective [59]. A targeted screening remains 
the better option. The American Academy of Pediatrics, as well as the American 
Diabetes Association (ADA), suggest that diabetes screening begin once youth 
with high BMI ratings (>85 percentile) reach ten years (or the onset of puberty, 
whichever is earlier), particularly those who are in high-risk groups: those who 
have a immediate family members with diabetes, are a member of high-risk ra-
cial/ethnic minorities, or display symptoms of insulin resistance such as polycys-
tic ovarian syndrome (PCOS) and acanthosis nigricans [10]. For these children, 
testing should occur every two years, from the age of ten, by FPG or OGTT [10]. 
FPG is a more convenient and cost-effective diagnostic test, though OGTT tests 
and random postprandial blood glucose levels can confirm diabetes [35]. Results 
from studies using HbA1c to screen patients were inconsistent since one third of 
children with T2DM had normal HbA1c values [45]. 

9. Clinical Treatment of T2DM in Youth with Drug-Therapy 

The American Diabetes Association (ADA) suggests that a diabetes response 
team should check-up on children with DM every 3 months [31]. This team 
should include nutritional, psychological, educational, and medical professionals 
who have experience with DM care. Treatment should aim to normalize blood 
glucose and HbA1c values. Successful control of the associated co-morbidities, 
such as hypertension and dyslipidemia, is also important [25]. The HbA1c levels 
should be assessed every three months during visits, with the final aim of reach-
ing levels less than 7%. Assessments of lipid levels, liver function, microalbumi-
nuria levels, and sleep apnea symptoms should occur during annual visits [25] 
[31] [60]. 

Since studies on non-drug therapy are limited, traditionally, if the physiologi-
cal goal of HbA1c < 7% is not met with basic nutritional education and exercise, 
pharmacological therapy is employed [25] [61]. Many drugs are available for 
T2DM adult patients, although only metformin, a biguanide, is approved by the 
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US Food and Drug Administration (FDA) as an oral medication for T2DM 
treatment in children [25]. The drug reduces hepatic gluconeogenesis and in-
creases insulin-stimulated glucose uptake in fat and muscle, though it does not 
usually cause hypoglycaemia [46]. Metformin monotherapy is the optimal 
treatment for patients who are metabolically stable (HbA1c < 9%). The starting 
dosage is 500 mg daily and, over four weeks, may increase to 1000 mg twice daily 
[59]. Studies, with randomized controlled trials, suggest that Metformin is the 
most appropriate initial pharmacological treatment for youth with T2DM [62]. 

Insulin is prescribed for patients who are acutely ill or have significant hyper-
glycemia, ketonemia, ketonuria, polyuria, polydipsia, or weight loss. Insulin 
therapy is often reserved for patients who are unable to attain glycemic control 
with other drugs. Alternatively, insulin is used when other oral anti-diabetic 
drugs are harmful to patients (renal failure, hepatic failure, or heart failure) [10] 
[35]. The American Academy of Pediatrics Clinical Practice Guidelines suggests 
that insulin therapy be used for T2DM patients with a random blood glucose 
level greater than 250 mg/dL (13.9 mmol/L) or a HbA1c level greater than 9% 
[60]. Many insulin regimens, such as basal insulin (0.25 - 0.5 units/kg starting 
dose) or prandial insulin, effectively help patients attain standard metabolic le-
vels [59]. 

Other therapies, although not FDA-approved for patients younger than 18 
years, are still under investigation. The diabetes care team may use these drugs 
to improve glycemic control. Sulfonylureas (such as glyburide, glipizide, or gli-
mepiride) elevate insulin secretion; thus, they require basal β-cell activity. Glu-
cosidase inhibitors (such as acarbose and miglitol) inhibit intestinal uptake of 
carbohydrates. Incretins (such as exenatide) elevate postprandial insulin secre-
tion. Thiazolidinediones (such as rosiglitazone and pioglitazone) raise insulin 
receptor sensitivity in muscle, adipose, and hepatic tissue [59] [63]. 

In extremely obese adolescents with T2DM, when lifestyle changes and phar-
macotherapy have been unsuccessful, bariatric surgery may be required. Clini-
cians should aim to preserve β-cell secretory function [64]. The long-term out-
comes of bariatric surgery in youth still need to be determined. Well-controlled 
studies of adolescent bariatric surgery are required to ascertain its full capability 
in obesity treatment. 

10. Prognosis of T2DM in Youth 

When treatment is ineffective, a longer duration of diabetes leads to a greater 
risk of complications, primarily causing injuries to blood vessels. Microvascular 
complications of T2DM include hypertension and hyperlipidemia states, which 
may lead to nephropathy, retinopathy, and neuropathy. Macrovascular risks in-
clude cardiovascular disease. Prompt diagnosis and therapy are required for 
preventing the disease’s development. Studies suggest that complication risks 
occur earlier for youth diagnosed with T2DM than for patients who develop 
T2DM as adults [65]. Similarly, complication risks for youth with T2DM are 
higher than for similar-age youth with T1DM. The survival rate of youth-onset 
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T2DM (YT2DM) is thus significantly worse than for T1DM. One study found 
that the renal survival rate for the T1DM group was 100% over 30 years, while 
the T2DM group survival rate was 100% at 10 years, 91.5% at 15 years, and only 
77.5% at 20 years [66]. Using Markov modeling to predict the life-course of a 
hypothetical group with YT2DM (ages 15 - 24 years), researchers estimated a 15- 
year loss of life-expectancy, as well as an average onset of chronic complications 
by the age of 40 [67]. Constantino et al. from Australia also reported that the 
survival rate was lower in the T2DM group than the T1DM group (hazard ratio 
2.0 [95% CI 1.2 - 3.2]; p = 0.003) with a cumulative mortality rate of 11% vs. 
6.6%. In particular, the rate of death because of cardiovascular malfunctions was 
higher for the T2DM group than the T1DM group (50% vs. 30%, p < 0.035; ha-
zard ratio 3.5 [1.4 - 8.5]; p = 0.004) [68]. In another study, Dart et al. claimed the 
survival percentage of T1DM vs. YT2DM after 10 years was 99.5% and 91.4%, 
respectively, which dropped to 97.6% and 77.5% after 20 years [66]. This study 
further suggests that youth with T2DM suffer from greater complications than 
patients with other forms of diabetes mellitus. Another Canadian study of First 
Nation youth (likely to be T2DM) claimed a mortality rate after 25 years of 
14.6%, compared with a rate of 7.2% for non-First Nation youth-onset diabetes 
[69]. Studies of the mortality rates of T1DM patients compared with YT2DM 
patients are currently rare. The available data provides important comparative 
long-term mortality outcomes for YT2DM. They suggest a significantly higher 
mortality rate for youth with T2DM. 

11. Prevention of T2DM in Youth 

The financial and health consequences of the emerging T2DM epidemic call for 
an urgent public response. As drug therapies are costly, more emphasis should 
be placed upon preventive behaviours and early detection. Studies in China, 
Finland, and the USA have shown that T2DM rates are lowered by encouraging 
patients to shed between 7% - 10% of body mass and to pursue moderate daily 
exercise [70]. Obesity, a warning signal of T2DM development, is the most pre-
valent clinical symptom in children with T2DM. Obesity results from genetic but 
also behavior-related factors, which include low amounts of physical exercise 
and heavy intakes of low-nutrient, high-sugar foods. Preventing childhood obes-
ity aids efforts to lower T2DM rates. Small lifestyle changes, resulting in even a 
small amount of weight loss, may allow children and adolescents to avoid di-
abetes or delay its onset for many years [71]. By identifying children who are at 
higher risks for T2DM, clinicians may better offer services to prevent the devel-
opment T2DM. Public health policies to lower obesity rates, which target large 
populations, are the most proactive treatment plan to date [10]. 

Prevention of T2DM in children and adolescents should start very early in life, 
perhaps even before birth, since the fetal and neonatal periods are crucial for 
organ development. Organs functionally develop from the fetal stage until 
childhood. Disturbance of the body’s homeostasis during these crucial periods 
might increase the risk of insulin resistance, and even T2DM, in later life [72]. 



L. Zhao et al. 
 

130 

Many maternal factors during pregnancy augment the risk of children later de-
veloping diabetes, including diet and nutrition (malnutrition and overnutrition), 
health (T2DM and obesity), surrounding factors (biophenol A and hypoxia), 
hormone levels (testosterone and glucocorticoids), and even psychological stress 
[72]. The prevention of gestational DM may reduce the risk of T2DM subse-
quently developing in children [73]. Other factors that may raise the risk of 
offsprings developing T2DM include: late growth, early weaning, stress, and 
monosodium glutamate intake [72]. Indigenous people worldwide are dispro-
portionately targets of diabetes. A study found that, in Manitoba, First Nations’s 
women had a 3.5 fold risk, and their offspring had a 5 fold risk of developing 
diabetes compared to non–First Nations peers [74]. Low socioeconomic status 
and malnutrition may also increase risks of developing T2DM [72]. 

Developing preventive strategies on T2DM requires a multidisciplinary team. 
This team should help pregnant mothers maintain optimal blood glucose levels 
and receive nutritional diets. Studies suggest that positive results may be attained 
by combining good nutrition and moderate physical exercise for the mother, 
while closely observing the fetus’s development in pregnant women [75]. Moth-
ers should also avoid rapid increases in offspring weight [76]. Youth’s dietary 
choices are easily affected by early instruction. A recent study in Manitoba sug-
gests that since breastfeeding is correlated with a lower rate of diabetes among 
women and their children, it potentially decreases the risk of developing di-
abetes. Breastfeeding should thus be promoted in high-risk groups to help miti-
gate rates of both maternal and offspring diabetes [74]. 

The rise of childhood obesity is a key factor in the recent rise of T2DM in 
youth. Weight loss is thus a promising, though difficult, path of T2DM treat-
ment. Health-care workers should help plan and initiate more school and com-
munity programs that persuade and educate families on undertaking more 
proactive attitudes towards healthy diets and daily physical exercise. Programs 
that encourage youth and their families to develop this positive will be effective 
in combating the ever-growing issue of obesity [10]. Results are greater when the 
entire family participates in healthy lifestyles. Family-based behavioral interven-
tion plans are cost-effective in preventing T2DM, with results claiming signifi-
cant weight loss sustained until ten years after treatment [77]. Examples of such 
family-based interventions for limiting obesity include nutritional education, 
increased opportunities for physical activity, reduced sedentary time, self- 
monitoring of goals, stimulus control, and decreased caloric intake Successful 
healthier eating habits include drinking more water, reducing intake of sugar- 
sweetened beverages (such as sodas, juices, and energy drinks), eating more 
fruits and vegetables, making healthy snack foods more visible in the kitchen, 
and limiting fast foods (such as high-fat, fried, large portioned meals) [77] [78] 
[79]. 

Besides healthy eating initiatives children lose excess weight when reducing 
sedimentary time to two hours daily (including TV, computer, and video 
games). To adopt fit lifestyles, youth should pursue 60 minutes of daily exercise, 
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which could include walking or biking to school and work, dancing, taking 
strolls after meals, joining organized sports team, or even choosing stairs over 
elevators [59] [77] [78] [79]. There have been successful preventive programs in 
various countries. A study conducted with USA school-children found that a 
decrease in sedimentary time (from 12 to eight hours weekly) correlated with a 
decreased rate of body mass index (BMI) increase. In another lifestyle study in 
the UK, a decrease in student’s consumption of sugared beverages led to signifi-
cant losses of weight in overweight children [70]. 

Intervention is more effective at an early stage when blood glucose levels are 
still normal or elevated but not yet reflective of diabetes (impaired glucose to-
lerance (IGT) or impaired fasting glucose (IFG)). Recent observational studies 
have advocated that healthy lifestyles, which include healthy eating, higher levels 
of exercise, and moderate weight loss, help prevent the advancement of impaired 
glucose tolerance into diabetes mellitus. These lifestyles may help youth with 
T2DM better control glycemic levels [10] [80]. Effective plans of obesity preven-
tion are particularly useful for ethnic minority youth, who have a disproportio-
nate risk of developing obesity and T2DM. Studies show that ethnic minority 
families more frequently resign from obesity intervention programs [81]. 
Though T2DM patients often rely on drugs, studies have shown that Metformin 
use is not always effective at avoiding T2DM in obese youth [82]. Lifestyle inter-
vention treatments, which have long-term benefits, are thus essential. These in-
terventions, which promote weight management, nutritional education, and 
physical activity, should be available for all children at a high risk for the devel-
opment of T2DM. 

12. Early Intervention and Non-Drug Therapy 
12.1. Lifestyle Intervention 

Lifestyle interventions are an important preliminary treatment plan for adults 
with T2DM. Since many youth with T2DM are overweight, organized weight- 
loss initiatives, such as healthier diets, moderate exercise, and reduced sedentary 
tendencies, help a wide range of patients. These activities all target to help youth 
reduce weight in the long term. Youth with T2DM are more likely to commit to 
lifestyle changes with the participation of their entire family. Most pediatric life-
style intervention studies have focused on youth affected by obesity or pre-di- 
abetes, instead of specifically on youth with T2DM. Yet since the conditions 
share many similarities, results may be applicable to both obesity and T2DM. In 
one comprehensive lifestyle intervention study, the Bright Bodies Weight Man-
agement Program for Children, which was a year-long lifestyle adjustment in-
tervention for non-diabetic obese youth, results showed a decrease in BMI, cho-
lesterol levels, and insulin resistance that lasted a year after intervention had fi-
nished [83]. Similarly, when pre-diabetic youth undergone the, Bright Bodies re-
gimen for six months, participants had drastically lowered glucose and BMI z 
scores in comparison to control patients [84]. In another study, researchers 
tested the effects of lifestyle interventions with drug-therapy. They compared 
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pre-diabetic groups (ages 10 - 17) given drugs (Metformin) and a high-carbo- 
hydrate diet or only a moderate-carbohydrate diet. After 6 months both groups, 
with no significant differences, had increased insulin sensitivity and lower BMI 
scores in comparison to control groups [85]. These findings support the intuitive 
theory that healthy lifestyles may supplement or replace drug-therapy and 
achieve physiologically measurable results. In another lifestyle study, researchers 
analyzed the link between rate of regular physical activity (RPA) on metabolic 
control and cardiovascular risk factors. Data was viewed from the Pediatric 
Quality Initiative (DPV), which synthesizes the records of 578 youth with T2DM 
(ages 10 - 20 years; mean 15.7 ± 2.1 years; 61.9% girls) from Germany and Aus-
tria.. Their results suggested that more frequent exercise correlated with de-
creased HbA1c levels, lower BMI ratings, and augmented HDL-cholesterol levels 
[80]. Other results supporting lifestyle interventions as effective treatments in-
clude a SEARCH for Diabetes in Youth study that placed 474 youth with T2DM 
into treatment groups of only lifestyle changes, Metformin, other oral hypogly-
cemic agents (OHA), insulin, and insulin with OHA(s). Participants treated with 
only lifestyle changes or Metformin had more favorable glucose levels than par-
ticipants on other treatments [86]. These studies strongly suggest that, for obese 
patients, lifestyle interventions, optionally supplemented with medication, pro-
vide effective treatment. 

For youth diagnosed with T2DM, evidence supporting lifestyle interventions 
is limited. Interventions are harder to succeed and often do not result in more 
favorable glucose levels [7]. One assessment of the overall treatments of 275 
youth with T2DM (from 1995-2010) found that, after 12 months of lifestyle in-
tervention, only 54% of 80 youth who initially had HbA1c levels of < 9.0% at-
tained the target glycemic level of HbA1c < 7.0% [87]. In another study, the 
TODAY trial, which analyzed the intervention of 699 youth with T2DM (ages 10 
- 17 years) assigned to treatments of either Metformin, Metformin with rosigli-
tazone, or Metformin with a family lifestyle intervention aimed at weight-loss. 
After an average of 3.9 years, results showed that 50% of the patients attained 
glycemic control with Metformin alone and Metformin with rosiglitazone. In 
contrast, after two years of lifestyle adjustments (200 - 300 minutes of weekly 
moderate exercise and 1200 - 1500 daily calorie consumption) with Metformin 
failed to attain optimal glycemic levels [88]. Contrasts in youth and adults with 
T2DM explain the insignificant effects that intensive lifestyle therapy had in 
youth with T2DM for attaining significant decreases in glycemic levels. Notably, 
the disease’s pathophysiological progression t is different for youths and adults. 
While in adults the onset and progress of hyperglycaemia takes years to form, 
both traits occur faster in youth [89]. The lack of progress may also be related to 
high rates of follow-up failures, factors relating to socioeconomic status, and 
high associated rates of depression. Interventions must balance the decrease in 
β-cell activity with an increase in insulin receptor sensitivity. While lifestyle in-
tervention results in decreased BMI, this treatment had no effect on glycemic 
level regulations. More studies are needed to determine the level of weight loss 



L. Zhao et al. 
 

133 

required for improving glycemic control in youth. Involvement of an expe-
rienced dietitian is necessary in the integrated behavioral and medical team 
managing T2DM. This approach appears to offer the most effective treatment 
for optimal management [51] [88]. 

12.2. Psychological Intervention 

While the unique physiological factors affecting youth with T2DM are important 
in treatment, psychosocial factors are equally important obstructions to lifestyle 
adjustments [90]. Studies on adults with T2DM indicate that poor moods elevate 
fasting glucose concentrations, suggesting a direct linkage between psychological 
health and physiological glucose levels. Therefore, psychologists may provide 
valuable care for youth with T2DM [24]. The WHO defines the social aspects of 
health as “the conditions in which people are born, grow, work, live, and age”, 
which are “the fundamental drivers” of many health conditions. Socioeconomic 
status (SES), defined by income, schooling, and job, is a primary factor on the 
health of youth with T2DM [91]. Youth with T2DM are often from lower SES 
statuses and possess fewer social networks to help deal with the stressors in eve-
ryday life [24]. On a global scale, many high-risk populations for youth-onset 
T2DM have high rates of poverty and low education rates [92]. In the TODAY 
(n = 699) group, 52.1% of patients lived in a single-parent household, 41.5% 
lived in households with an annual incomes fewer than $25,000, and 26.3% had a 
parent with less than high-school schooling [51]. 

Recent reports indicate that obese youth, in comparison to healthy peers, suf-
fer from elevated rates of depression [93]. The burden of neuropsychiatric dis-
orders in young people with T2DM is high. In a study analyzing the effect of 
psychological barriers in youth with T2DM, Levitt Katz LE et al. shown that 20% 
of participants had an existent psychological condition, such as depression, 
mood disorders, and schizophrenia [94]. Similarly, a SEARCH study claimed 
that youth with T2DM, especially boys, in comparison to those with T1DM, had 
a 3.48 fold risk of admitting depressed emotions. Overall, 20% of girls and 18% 
of boys with T2DM admitted moderate to severe depression. These poor moods 
correlate with poor glycemic level regulation and increased emergency hospital 
trips. Youth with mildly depressed moods and males with moderately/severely 
depressed moods also had increased average HbA1c levels than males and fe-
males with normal moods [95]. Another study from TODAY claimed that 14.8% 
of youth with T2DM expressed depressed moods, which was related to poorer 
qualities of life. Girls were also found to have higher occurrences of depression 
than boys. [96]. Another TODAY study stated that 678 youth-onset T2DM pa-
tients with clinical (6%) and subclinical (20%) rates of binge eating had drasti-
cally raised levels and rates of extreme obesity, depressive symptoms, and poorer 
quality of life [97]. Poor mental health and limited qualities of life help illumi-
nate the difficulties patients face in adhering to lifestyle adjustments. 

With mental health support, patients can better follow lifestyle adjustment re-
gimens and achieve optimal glucose levels to avoid future complications. Suc-
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cessful interventions for youth with T2DM incorporates family members, con-
siders cultural and family issues related to health behaviors, and accounts for 
competing priorities for resources. The most frequently employed theories are 
social cognitive theory (SCT), family systems theory (FST), and social ecological 
models (SEMs) [98]. Six types of psychological interventions were prioritized for 
inclusion into treatment: family therapy (including behavioral family systems 
therapy [BFST]), cognitive behavioral therapy (CBT), motivational interviewing, 
counseling, mentoring, and peer support (and peer-led interventions) [78]. 

Components of effective intervention for diabetic youth involve: 1) Coping 
skills training, which include group role-plays, diabetes management in social 
settings, and problem-solving skills training; 2) Internet self-care software, 
which include training in coping and participating in online social support 
groups; 3) Family teamwork, which include learning about developmentally ap-
propriate self-management, developing plans for sharing responsibility, and 
training in communication skills; 4) Behavioral family systems therapy for di-
abetes, which include cognitive restructuring and conflict resolution; 5) Multi- 
systemic therapy, which include exploring novel interventions of children’s 
healthcare in multiple settings (e.g., home, community, school) that are tailored 
to individual and family needs (and which incorporate case management as 
needed); 6) Quality of life monitoring and feedback, which include using indi-
vidually tailored motivational interviews and behaviorally informed communi-
cations as a part of routine care [98]. 

The growing body of behavioral intervention literature for youth with T1DM 
strongly supports a few, well-developed behavioral strategies that effectively 
promote well-being, adherence, and optimal glycemic controls [98]. Many stu-
dies demonstrate the effectiveness of these psychological interventions in im-
proving outcomes for children and young people with T1DM [78]. Because of 
the lack of psychological research focused on youth with T2DM, few studies 
present data on mental health support in patients. 

13. Summary 

Type 1 diabetes mellitus (T1DM) remains the most common form of diabetes 
mellitus (DM) in childhood and adolescents. The prevalence of type 2 diabetes 
mellitus (T2DM) in the pediatric population around the world is rising rapidly 
because of the increasing prevalence of obesity, and minority groups are dispro-
portionately affected. T2DM in children and adolescents is a serious medical 
problem that is more insidious than the adult-onset form and is more difficult to 
screen, diagnose, treat, and prevent. This diabetic condition in youth is also 
closely associated with high rates of complications. Treatment and prevention of 
T2DM should become important targets of public health programs. Currently, 
T2DM therapies rely heavily on drugs such as, Metformin and insulin (which 
are licensed for use in children under 18-year-olds), as the first-line treatment. 
Yet T2DM and obesity represent a significant public health issue that will, in the 
near future, pose a potentially great financial burden on governments, families 
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and individuals; therefore, much more attention should be given to prevention 
and early intervention. These lifestyle interventions need to comprehensively 
address physical activity behaviors, family-based diets, diabetes education, and 
nutrition. A larger focus should be emphasized on the mental health and quality 
of life among children and adolescents with T2DM. There is little systematic da-
ta on psychosocial and behavioral interventions in children and adolescents with 
T2DM compared to T2DM in adults and T1DM in children and adolescents. 
This research is urgently needed. 
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