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Abstract 
The ISPAD guidelines represent a rich repository that serves as the only comprehensive set of clinical 
recommendations for children, adolescents, and young adults living with diabetes worldwide. Youth-onset type 2 
diabetes (T2D) results from genetic, environmental, and metabolic causes that differ among individuals and 
populations. This chapter builds on the 2022 ISPAD guidelines, and summarizes recent advances in the 
management of T2D in children and adolescents. Updates include diagnostic algorithm for youth with new onset 
T2D, algorithms and tables for treatment, management, and assessment of co-morbidities and complications and 
recommendations on recently approved pharmacologic therapies for the treatment of youth-onset T2D and 
management strategies. 
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1. SUMMARY OF WHAT IS NEW/DIFFERENT 
Updates since the 2022 ISPAD guidelines on this topic include:  

• Diagnostic algorithm for youth with new onset type 2 diabetes (T2D). 

• Algorithms and tables for treatment, management, and assessment of co-morbidities and complications.  

• Recommendations on recently approved pharmacologic therapies for the treatment of youth-onset T2D and 
management strategies.  

 
2. PATHOPHYSIOLOGY AND RISK FACTORS 
Youth-onset T2D results from genetic, environmental, and metabolic causes that differ among individuals and 
populations. The pathophysiology of youth-onset T2D, although not fully elucidated, is like that of adult-onset 
T2D, with insulin resistance and impaired insulin secretion contributing to hyperglycemia development. Specific 
abnormalities include increased hepatic, adipose, and skeletal muscle insulin resistance; relative insulin deficiency 
due to impaired pancreatic beta (β)-cell function; and also, hyperglucagonemia due to alpha (α)-cell 
dysfunction.[1] The following observations support a conclusion that youth-onset T2D is a more severe and 
progressive condition than adult-onset T2D. See Table 1.  
 
The risk factors [9-17] (see Table 2) and the clinical correlates of youth-onset T2D underlie recommended risk-
based screening approaches. Whilst obesity is a major risk factor by increasing insulin resistance, it is important to 
note it is not a universal phenotype in youth-onset T2D. The prevalence of obesity as defined by BMI, is lower in 
Asian children with T2D than in other ethnicities [12] and notably, in Japanese children with a healthy weight, 
nonautoimmune T2D phenotype, insulin resistance is mild but coupled with a significantly reduced insulin 
secretory capacity.[18, 19] Modifiable risk remain important T2D prevention targets. 
 
 
 
 
 
3. SCREENING AND DIAGNOSIS OF TYPE 2 DIABETES AND PRE-DIABETES 
Targeted screening to identify youth with T2D should be considered: 1) after onset of puberty or after 10 years of 
age, 2) in youth who have a BMI ≥85th percentile for age and sex, and 3) if ONE OR MORE of the following risk 
factors are present:  

• Family history of T2D in a first- or second-degree relative [A]  

• Mother had pre-gestational T2D or gestational diabetes during pregnancy [A] 

• Parents (s) are from higher risk race/ethnicity groups (examples being Native American, Canadian First 
Nation, Indigenous Australian, Black, Hispanic, Latin American, East and South Asian, Middle Eastern and 
Pacific Islander populations) [A] 

• Clinical signs of insulin resistance or conditions associated with increased insulin resistance (acanthosis 
nigricans, fatty liver disease, hypertension, dyslipidemia, polycystic ovary syndrome) [B] 

• Born small for gestational age or large for gestational age. [20] [B] 

• Use of atypical antipsychotic agents with rapid weight gain (examples include aripiprazole, risperidone, 
olanzapine) [21-25] [B] 

In some indigenous populations or high risk-groups, consider screening before age 10 or before puberty onset if 
BMI ≥85th percentile for age and sex and multiple risk factors are present [26, 27] [E]  
Screening tests include: HbA1c, fasting glucose, random plasma glucose, or plasma glucose after a 2-hour oral 
glucose tolerance test (OGTT)[B].  
If initial (T2D screening) tests are within range, repeat screening should occur at a minimum every 2-3 years. [E]  
Annual re-screening may be necessary if BMI is increasing, the cardiometabolic risk profile is worsening, polycystic 
ovary syndrome (PCOS) or metabolic dysfunction-associated steatotic liver disease (MASLD) is present, there is a 
strong family history of T2D, or evidence of prediabetes. [C]  
 
 

3.1. Screening for Type 2 Diabetes 
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Microvascular complications may occur early in the course of T2D in youth or be present at diagnosis.[28, 29]. As 
such, early detection and intervention of T2D is likely associated with better outcomes. Universal screening of 
unhealthy weight youth, in the absence of additional risk factors for T2D, is unlikely to be cost-effective [30] and is 
not recommended.[31] 

3.2. Diagnosis of Prediabetes 
 
Prediabetes indicates that dysglycemia is present, but criteria are not met for diabetes. IGT and Impaired Fasting 
Glucose (IFG) are intermediate stages in the T2D natural history transition from normal glucose homeostasis to 
overt hyperglycemia. [32] Prediabetes has been used to recognize the high risk for progression to T2D.[33] 
However, none of the diagnostic criteria for prediabetes have been specifically validated in youth, rather all are 
extrapolated from adult definitions.[34] (Table 3). Recent data suggest a 1-hour plasma glucose of >155mg/dl 
(8.6mmol/L) may also indicate an increased risk to progress to T2D. [35] 
Individuals with IGT may manifest hyperglycemia only when challenged with a substantive glucose load and be 
predominantly euglycemic with normal or near-normal hemoglobin A1c (HbA1c) levels. At the population level, a 
small percentage of optimal weight youth have elevated HbA1c and/or fasting glucose concentrations suggesting 
these adult criteria for prediabetes should be applied with caution especially around puberty.[36] There are 
notable racial differences for meeting prediabetes criteria using HbA1c cut-points alone with Black youth having 
the highest risk for overdiagnosis of prediabetes based on HbA1c. [37, 38]  
Limited longitudinal data are available on the natural history and rate of progression of prediabetes to T2D. A 
Cochrane Database systematic review showed a wide pooled cumulative incidence of T2D in youth, usually 
associated with IGT at baseline and with follow-up of 1 to 10 years, of 1% to 56%. [39] Pubertal insulin resistance 
may be associated with dysglycemia with a high rate of return to normoglycemia when insulin sensitivity 
improves. [40] In 547 youth with overweight and obesity aged 14.5 ± 2.2 years (70% Hispanic) with baseline 
HbA1cs in the prediabetes range, 76% had a follow-up HbA1c (12–22 months later). [40] Progression to T2D as 
indicated by HbA1c was 4% in those with baseline HbA1c 5.7%-5.9% and 8% in youth with a baseline HbA1c 6.0-
6.4%. [41] Overall, youth with HbA1c in the prediabetes range have low short-term rates of progression to 
T2D.[42, 43] 
Lifestyle change, with decreased caloric intake and increased physical activity, may be effective for improving 
insulin sensitivity and glucose lowering in youth with prediabetes. [44-46] However, there are currently 
insufficient data to support the metformin, Glucagon-Like Peptide-1 Receptor Agonist (GLP-1 RA) and/or insulin 
use to prevent the progression of prediabetes in youth.[47] 
 

3.3. Diagnosis of Type 2 Diabetes 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

 
The presentation of youth-onset T2D ranges from asymptomatic (detected during routine screening), to 
symptomatic hyperglycemia, to metabolic decompensation (diabetes ketoacidosis (DKA) or hyperglycemic 
hyperosmolar state [HHS]). [48] HHS is significantly more common in youth with T2D than type 1 diabetes (T1D) 
and is associated with greater morbidity and mortality than DKA.[49] Thus, it is critical to measure serum 
osmolality in those with metabolic decompensation and suspected T2D.  
Diagnostic testing encompasses fasting glucose, 2-hour/random plasma glucose, and HbA1c, all of which assess 
glycemia. The OGTT often has poor reproducibility when repeated in the same individual [50] and the HbA1c is 
often more practical to obtain and correlates well with both fasting and 2-hour glucose. [51] These have led the 
ADA to move the HbA1c to the top of the diagnostic testing hierarchy.[52] HbA1c is unreliable in patients with 
hemoglobinopathies, within 3 months of transfusion or with increased red cell turnover. 
  
Pancreatic autoantibodies are recommended in the evaluation of youth-onset T2D. Testing should include 
glutamic acid decarboxylase-65 (GAD-65), islet antigen-2 (IA-2), zinc transporter 8 (ZnT8) and insulin antibody 
(IAA), the latter in those who have not yet been treated with insulin. If all four antibodies are unavailable, GAD 
should be the primary antibody measured and if negative should be followed by IA-2 and/or ZnT8. Immunoassay 
and the gold-standard radio-binding assays should be used to measure pancreatic autoantibodies. Though 
immunofluorescence assays may still be available, they are not recommended due to low sensitivity and 
specificity. [53]  
 
Up to 12% of youth with clinical diagnosis of T2D can have pancreatic autoimmunity [54]. Youth with a clinical 
phenotype of T2D and single antibody positivity (sometimes referred to as “double-diabetes” or “double-
diabetes) have been shown to have early insulin requirement, [54-56] although data regarding the clinical course 
and most ideal treatment in patients with diagnosed diabetes and single antibody positivity are limited. When 
pancreatic autoantibodies are not available, family history, response to treatment, clinical progression and 
associated metabolic co-morbidities can help to confirm a T2D diagnosis.  
 Differential Diagnoses 

3.3.1. Type 1 Diabetes 
 

Recommended criteria for the diagnosis of T2D: Symptoms of hyperglycemia and ONE of the 

following laboratory values. [B] 

• Hemoglobin A1c (HbA1c) ≥ 6.5% (48 mmol/mol)  

• FPG ≥ 126 mg/dL (7.0 mmoL/L) 

• Random plasma glucose ≥ 200 mg/dL (11.1 mmol/L)  

• 2-hour plasma glucose on an OGTT ≥ 200 mg/dL (11.1 mmoL/L). OGTT: 1.75 g/kg (max 75 

g) anhydrous glucose dissolved in water. 

•  

• When measuring HbA1c utilize a laboratory based, Diabetes Control and Complications Trial (DCCT) 

aligned, National Glycohemoglobin Standardization Program (NGSP) certified method. [B] 

•  

• In the absence of unequivocal hyperglycemia symptoms (including polyuria, polydipsia, nocturia, 

unexplained weight loss and general fatigue), utilize TWO of the criteria above or confirmatory testing 

on a different day.  

The following support the diagnosis of T2D [B] 

• BMI ≥85th percentile 

• Signs of insulin resistance 

• Associated metabolic co-morbidities (dyslipidemia, MASLD, hypertension, PCOS) 

• Family history of T2D  

• Negative (absent) pancreatic autoantibodies  
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Although the incidence of T2D is increasing worldwide, T1D remains most common type of diabetes in youth.[57] 
Moreover, obesity is common in most of the westernized world and equally affects those with T1D.[58] Thus, 
careful consideration of risk factors, including that T2D rarely presents prior to pubertal onset, and further testing 
for pancreatic autoantibodies helps differentiate between T1D and T2D. Figure 1 can be used to assist in 
determination of initial diagnosis of diabetes type.  
 

3.3.2.  Monogenic Diabetes 

 
Monogenic diabetes, diagnosed by genetic testing, is much less common than T1D or T2D.[59] However, it is likely 
underdiagnosed and, because it often is associated with milder hyperglycemia and is familial in nature, may be 
misdiagnosed as T2D, particularly in youth who otherwise fit the clinical picture of T2D. The ProDiGY 
collaboration, which includes over 3,000 youth with presumed T2D (including TODAY and SEARCH participants), 
found a 2.8% frequency of MODY-positive genetic testing.[60] Monogenic diabetes is important to differentiate 
from other types of diabetes due to differences in treatment and expected clinical course. The diagnosis should 
be made more easily now that genetic testing is more readily available and the price has decreased. Tools, such as 
the MODY calculator, [61] can be useful in assessing risk, but require validation across populations and age 
groups. 
 
4. MANAGEMENT 
 
Diabetes education should be started at the time of diagnosis and as part of ongoing management and should be 
focused on lifestyle changes (Table 4), medications, and self-monitoring of blood glucose (SMBG) if applicable.[62, 
63] Education materials should be age and culturally appropriate, focused on educating both the youth and their 
families, and including extended family members if possible.  

4.1. Lifestyle Management 
 

4.1.1. Promotion of a Healthy Diet 
To promote healthy parenting practices related to diet and activity, it is essential to involve a nutritionist/dietitian 
with experience in nutritional management of youth with T2D. Families and the person living with diabetes should 
be taught to interpret nutrition fact labels and make dietary changes consistent with healthy eating 
recommendations, including personalized counselling for weight reduction. Additional dietary recommendations 
are provided in Table 4 and the International Society for Pediatric and Adolescent Diabetes (ISPAD) 2022 
Consensus Guidelines Chapter 10 for Nutritional Management in Children and Adolescents with Diabetes. [64] 

The diagnosis of T1D should be considered in youth with diabetes with the following clinical 

features: [B]  

 

• BMI <85th percentile 

• Age of diabetes onset of <10 years of age 

• Pre-pubertal at diabetes onset  

• Absence of risk factors and clinical features of T2D 

• DKA or cerebral edema at presentation 

 

 

The diagnosis of Maturity Onset Diabetes of the Young (MODY) should be considered in youth with 

the following clinical features: [B] 

• BMI < 85th percentile  

• Family history of diabetes in one parent and first-degree relatives of that affected parent  

• Absence of other risk factors and clinical features of T2D 

• Absence of pancreatic autoantibodies 

• Features such as genitourinary tract abnormalities, renal cysts, pancreatic atrophy, hyperuricemia 

or gout (HNF1B MODY) 

• Stable isolated fasting hyperglycemia in the range of 100-150mg/dL (5.5-8.5 mmol/L) (GCK 

MODY)  

• History of neonatal diabetes 

 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

4.1.2. Increasing Physical Activity and Limiting Sedentary Time  
Exercise is an important part of the diabetes management plan. Regular exercise improves blood glucose levels, 
reduces cardiovascular risk factors, contributes to weight loss, and improved sense of well-being. [65, 66] Any 
behaviour change recommendations must establish realistic goals and consider the families’ health beliefs and 
behaviours. [67] Recommendations are provided in Table 4 and the ISPAD Guidelines for Exercise in Children with 
Diabetes.[68] Reducing sedentary time is also an important goal in the management of T2D in youth. [69] 

4.1.3.  Optimizing Sleep Routines 
Inadequate sleep is associated with insulin resistance in children and adolescents and contributes to the T2D 
development.[70, 71] Sleep timing, duration and quality should be discussed with youth and their families, 
promoting sleep hygiene. [69, 70, 72] (see Table 4)  

4.1.4. Recognition and Mitigation of Risky Behaviours 
Youth with T2D should be screened for the use of tobacco, electronic cigarettes, vaping, recreational drugs and 
alcohol consumption at each visit and counselled against their use by providing resources for support. Sexual 
history should be obtained and pre-conception counseling should be included for all females of child- bearing 
potential. It is important to assess exposure to cigarette smoke in the home because of the adverse effects of 
second hand smoke and to discourage youth from smoking.[73] Deleterious effects of alcohol misuse in the 
setting of diabetes and risk for fatty liver disease, as well as hypoglycemia should be discussed.[74]  
 

4.2. Glucose Monitoring and Hypoglycemia  

 
Glucose monitoring should be individualized based on an individual’s and family’s circumstances, desires, and 
needs. Glucose monitoring should include a combination of fasting and postprandial glucose measurements with 
a frequency based on the medication(s) used, the HbA1c value, cost, preferences, and available resources.  
Rates of hypoglycemia in youth with T2D on insulin therapy are lower than in youth with T1D with an incidence 
rate of 9 events per 5.3 patient-years, [75]. Slightly higher rates of hypoglycemia (but no severe hypoglycemia) 
were reported in youth when sodium-glucose co-transporter 2 (SGLT-2) inhibitors in combination with insulin 
compared to placebo. [76]. If insulin is used, monitoring and treatment for hypoglycemia should be taught. 
Glucagon should not be routinely prescribed unless patient is on short-acting insulin and experiencing recurrent 
hypoglycemia. Treatment of hypoglycemic episodes in youth with T2D is the same as that for children T1D. See 
ISPAD Clinical Practice Consensus Guidelines 2022: Assessment and management of hypoglycemia in children and 
adolescents with diabetes. [77]  
Growing evidence in adults with T2D supports use of continuous glucose monitoring, irrespective of treatment 
modality [78]. Standardized, single-page glucose reports from CGM devices, such as the ambulatory glucose 
profile, should be considered as a standard summary. Time in range (TIR), glycemic variability (%), glucose 
management indicator (previously called estimated HbA1c) and estimated glucose average can be used for 
assessments of glycemic status. Additionally, time below range (TBR), time above range (TAR), and time in tight 
range of glucose values between 70-140mg/dL are useful parameters for the evaluation of medication response. 
No specific CGM targets have been defined for T2D. 
A recent study reported that 10-day CGM use did not impact short-term or long-term glycemic levels in youth 
with T2D, however, most participants reported behavioral changes such as reviewing blood glucoses and 
increased insulin administration, and overall improved diabetes management and wanted to continue using CGM. 
[79] A small pilot study using CGM in 15–19-year-old youth with T2D, showed a modest improvement of HbA1c 

Glucose monitoring by SMBG or continuous glucose monitoring (CGM) is recommended for youth 

with T2D who 

- require insulin [A] 

- when there are symptoms of hyper- or hypoglycemia [A] 
- during acute illness [E] 

- when there is suboptimal diabetes management [E] 
- when there are changes in treatment regimen [E]  

 

The choice of blood glucose monitoring device should be made based on an individual’s and family’s 

circumstances, desires, and needs. [E] 
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for participants that wore the CGM >85% of the time and who expressed high satisfaction with the CGM device. 
[80] 

4.3. Glycemic Targets  

 
Glycemic goals should be individualized. Glycemic status, via a HbA1c concentration, should be measured every 3 
months, if possible. 
A lower HbA1C goal in youth with T2D when compared with those recommended in T1D is justified by a lower risk 
of hypoglycemia and higher risk of complications in youth-onset T2D.[67, 81]. An A1C target for youth with T2D 
is<6.5% [48 mmol/mol]) is recommended if this can be achieved without significant hypoglycemia. [82] A higher 
target may be considered at initiation of therapy or in in instances where the standard target is assessed as being 
detrimental to the overall well-being of the person with diabetes or their caregivers.[83]  
 PHARMACOLOGIC MANAGEMENT 

4.4. Initial Therapy  

 
For youth with stable glycemia, defined as an HbA1c <8.5% (69 mmol/mol) without ketosis or acidosis, metformin 
is the first-line therapy of choice together with lifestyle recommendations as outlined in Table 3 [84, 85]. Half of 
adolescents with T2D can maintain effective glycemia management through metformin monotherapy and as such 
is justified for initial therapy.[86] In youth HbA1c ≥8.5% (69 mmol/mol), insulin will be required initially. 
Metformin should be started concurrently, and the dose titrated to maximum tolerated up to 2000 mg daily. If 
ketosis, acidosis and/or HHS are present, IV insulin should be started.  
Various indicators can predict loss of glycemic levels on metformin monotherapy, such as reduced insulin 
secretion, impaired insulin processing (elevated proinsulin/insulin ratio), an increasing proinsulin level overtime. 
From a clinically useful standpoint, the TODAY study demonstrated that an HbA1c of ≥ 6.3% [82] or a rise in 
HbA1c of 0.5% predicts loss of optimal glycemic management within a relatively short period of time [87]. Long-
term glycemic management is more likely to be achieved when therapy is intensified as needed to maintain the 
HbA1c target (treat-to-target) rather than waiting for the HbA1c to rise before intensifying therapy (treat-to-
failure). [88] 
Short acting insulin should be weaned if started as soon as blood glucose values stabilize. The primary adverse 
effect of short acting insulin is weight gain and hypoglycemia. Data from the TODAY study indicated that 90% of 
youth with T2D can be successfully weaned off insulin and managed with metformin alone with attainment of 
glycemic targets.[84, 85]  
 

4.5. Subsequent Therapy (2-3+ months after diagnosis) 
 

• HbA1c should be measured every 3 months. [E] 

• A recommended optimal target for most youth with T2D is HbA1c of <6.5% (48 mmol/L). [E] 

• A higher HbA1c target may be considered <7% (53 mmol/mol) in youth at the initiation of therapy 

or in instances where the standard target is assessed as being detrimental to the overall well-being 

of the person with diabetes or their caregivers (i.e. significant hypoglycemia). [E] 

• FPG targets are 70–110 mg/dl (4–6 mmol/L). [E]  

• Postprandial blood glucose targets are 70–140mg/dl (4– 8 mmol/L). [E]  

• If using CGM, align with established CGM targets used for type 1 diabetes as no targets for T2D 

have been established (>70% between 3.9 and 10 mmol/L (70–180 mg/dl) <4%: <3.9 mmol/L (70 

mg/dl)). [E] 

 

Initial Therapy in Youth with T2D (Figure 2).  

• If initial HbA1c <8.5% (69 mmol/mol) – metformin is the treatment of choice together with 

healthy lifestyle changes. [A]  

• In youth with initial HbA1c ≥8.5% (69mmol/mol) and without ketosis/acidosis, initial 

management includes basal insulin (starting dose 0.25–0.5 units/kg) along with metformin 

therapy. [B]  

• If DKA/acidosis or HHS is present, both long acting and short acting insulin should be started 

initially. [A]  
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If after treatment is initiated a HbA1c target of <6.5% (48 mmol/mol) is not attained, addition of a GLP-1 RA or 
SGLT-2 inhibitor should be considered. See Figure 2 and Table 5. Before adding additional medications, patient 
engagement and barriers should be assessed. The choice of therapeutic approach should consider individual 
preferences, degree of glucose lowering required, mechanism of action, cost and payer coverage, regulatory 
approval, route of administration, dosing regimen, potential side effects and the impact on comorbidities and 
cardiovascular risk.  
Recent multicenter randomized controlled studies evaluating newer medications from 20 to 26 weeks, with some 
studies extending to 52-54 weeks in youth with T2D have been published.[76, 89-94] The studies involved 
adolescents from diverse ethnic backgrounds enabling the generalization of each drug’s effectiveness (Table 5). 
Currently, the following drugs have received approval for the management of adolescents: GLP-1 RA (liraglutide, 
exenatide, dulaglutide, semaglutide) and SGLT-2 inhibitors, (empagliflozin, and dapagliflozin).  
Clinical considerations for additional therapy  

• Elevated A1c. Consider adding GLP-1 RA and/or SGLT-2 inhibitor. Basal insulin may be necessary if HbA1c 
is >8.5%.  

• Weight management. Consider GLP-1 RA and/or SGLT-2 inhibitors. Though it should be noted, studies in 
youth with T2D have not shown significant BMI lowering compared to placebo. [76, 89-94] 

• Severe insulin resistance. Consider adding pioglitazone, which has been shown to improve insulin 
sensitivity in adults.  

• Reservations about needle-based treatments. Consider SGLT-2 inhibitor therapy.  

• Difficulty swallowing pills. Consider combination medications (i.e. metformin/empagliflozin combination) 

• Concomitant cardiovascular complications. Consider GLP-1 RA options if cardiovascular complications [95]  

• Concomitant cardiovascular and/or renal complications. Consider SGLT-2 inhibitor based on adult studies. 
[96]  

• MASLD. Consider adding pioglitazone, which has been shown to improve MASLD in adults. [97, 98] GLP-1 
RA may also be helpful in MASLD. [99, 100] 

If the glycemic target is not attained on a combination therapy add basal insulin at a dose of up to 1.5 
units/kg/day. Initiation of prandial insulin (short- or rapid-acting insulin) once to three times a day should be 
considered, with titration to reach HbA1c targets while monitoring for hypoglycemia. Patients who have 
completely lost endogenous insulin secretion eventually progress to intensive insulin treatment, such as multiple 
daily injections of insulin or insulin pump therapy, similar to that used in patients with T1D. Once glycemia has 
stabilized, consider weaning short acting insulin. 

4.6. Bariatric Surgery 

 
Metabolic bariatric surgery can be considered in youth with T2D and BMI ≥ 35 kg/m2 .[118]A large US consortium 
of pediatric bariatric surgery centres compared their HbA1c and co-morbidity outcomes to matched individuals 
managed with metformin alone, metformin and lifestyle or metformin and rosiglitazone in the TODAY study and 
showed greater and more sustained lowering of HbA1c with surgery and improvement/normalization of other 
comorbidities (dyslipidemia, hypertension, kidney disease) in nearly all youth.[119, 120] There is still a lack of 

• Maintenance therapy should be guided by an active approach to maintain the HbA1c targets 

(treat-to-target). [E] 

• If a HbA1c of <6.5% (53 mmol/mol) is not attained, GLP-1 RA and/or SGLT2 inhibitor 

medications should be considered [A] and customized to the individual T2D youth needs, 

preferences and access to these agents. [E] 

• Significant and sustained increases in HbA1c despite combination therapy will require insulin 

therapy. Basal insulin should be maximized & short acting add if glycemic targets still not 

achieved). [E] 

 

• Bariatric surgery should be considered in youth 12 years and older with a BMI ≥35 kg/m2 

or 120% of the 95th percentile (whichever is lower). [A] 

• Metabolic surgery should be undertaken only in centers of excellence with an established 

and experienced surgical, nutritional, behavioural, and a medical support team and outcome 

data collection program and ensure appropriate capacity and consent. [A]  
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long-term post bariatric surgery data (>10-15 years) in relation to re-operations, complications, bone health, 
nutritional deficiencies and diabetes recurrence. Additionally, outcome data comparing vertical sleeve 
gastrectomy, the most widely performed bariatric surgery to medications, especially newer GLP-1 RA and SGLT-2 
inhibitors, is lacking.  
 

4.7. Setting of Care 
Until recently, diabetes education and diabetes care were largely provided in person, and telehealth (defined as 
telecommunication techniques for providing health care) was used less due to lack of equipment, infrastructure, 
and payer reimbursement.[121, 122] The COVID-19 pandemic brought telehealth to the forefront of diabetes 
education for youth with T1D to safely seek care.[123]. To date, there are no published studies evaluating 
outcomes of telehealth or tele-monitoring in youth with T2D. One study found capillary blood collection kits, 
suitable for home use, provided similar HbA1c results to those obtained from venous specimens, [124] providing 
an alternative to in clinic testing. Providers need to take into consideration the reported benefits (inconvenience 
of travel and parking, minimize time away from work and/or school). and barriers (lack of point of care testing, 
lack of internet or poor mobile phone connectivity) related to telehealth in youth with T2D.[81]  
5. SCREENING AND MANAGEMENT OF DIABETES CO-MORBITIES AND COMPLICATIONS 
Table 6 goes here 
 

5.1. Hypertension 

 
 
BP should be measured at every diabetes visit. In youth <13 years, BP values should be compared to the reference 
ranges for age, sex, and height of optimal weight youth. [125] In youth ≥13 years, a simplified BP classification 
regardless of sex and height can be used. (Figure 3) If there is concern about transient, stress-related high blood 
pressure (white coat hypertension) ambulatory blood pressure monitoring should be considered. Ambulatory 
blood pressure monitoring can also be used to assess response to treatment. If BP is elevated, initial management 
should include dietary changes consistent with the Dietary Approaches to Stop Hypertension (DASH) diet [126], 
weight management if appropriate, and physical activity (Table 4). Initial pharmacological treatment should be 
monotherapy with an angiotensin converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB) at the 
lowest possible dose to achieve a BP <120/80. [127-129] The teratogenic effects of ACE inhibitors or ARBs in 
sexually active females must be explicitly discussed. Evaluation of hypertension not responsive to initial medical 
therapy should include evaluation of secondary causes of hypertension. [127]  
 

5.2. Dyslipidemia 

 
 
Lipid screening in youth with T2D should occur once the HbA1c target has been achieved or after three months of 
initiation of medication regardless of HbA1c. Annual screening should occur thereafter unless initial screening 
results are abnormal.[127] Initial screening can be done non-fasting and non-HDL-C calculated. [130] (Figure 4). If 
cholesterol levels are above goal, HbA1c should be optimized, nutrition counselling provided (Table 7), and 
physical activity encouraged. [127] After 3-6 months if youth with T2D do not meet LDL targets, regardless of 
HbA1c, a statin, at the lowest available dose, should be initiated. [127] Atorvastatin can be considered as first-line 
therapy given it lowers LDL-C by about 40%, has a favourable safety profile in youth [131], and is available as a 
generic formulation. A repeat lipid panel should be obtained 4-12 weeks after initiation or following a dose 
change of a statin. If LDL cholesterol target levels of <100mg/dL (2.6 mmol/L) are still not achieved with at least 3 

• BP should be measured at every diabetes with an appropriately sized cuff and BP values should 

be compared to the reference ranges for age, sex, and height of optimal weight youth. [B] 

• Management and treatment approach should be based upon age and BP thresholds (see Figure 3) 

[C] 

 

• Lipids should be measured yearly starting at diabetes onset (after optimal glycemic levels are 

achieved or within 3 months of diagnosis). [B] 

• Management and treatment approach should be based upon LDL-C and triglyceride thresholds 

(see Figure 4). [B] 
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months of consistent use, then the dose may be further increased by one increment (usually 10 mg). 
Alternatively, a second agent such as ezetimibe, a cholesterol absorption inhibitor, can be added. Side effects of 
statins include hepatic enzyme elevation and muscle toxicity and should be checked before and 4-12 weeks after 
initiating a statin. An LDL-C >190 mg/dL (4.9 mmol/L) should prompt suspicion of familial hypercholesterolemia.  
 
Initial management of elevated TG should optimize blood glucose levels and weight, limit dietary simple sugars, 
Table 7, and encourage physical activity [127]. Fasting TG >400 mg/dL (4.6 mmol/L) or non-fasting TG >1000 
mg/dL (11.3 mmol/L) should prompt evaluation of secondary causes of hypertriglyceridemia and treatment with a 
fibrate should be considered with a goal of <400mg/dL (4.6 mmol/L) due to significantly increased risk for 
pancreatitis. Concentrated fish oil can be considered but LDL-C should be carefully monitored as high-dose 
docosahexaenoic acid (DHA) can increase LDL-C.[127] Statin plus fibrate combination therapy is generally not 
recommended in children.  
 
The teratogenic effects of statins and fibrates in sexually active adolescent females must be explicitly discussed. 
Low HDL-C levels in youth are not managed directly with medication, but physical activity, avoidance of smoking 
and a healthy diet should be encouraged.  
 

5.3. Nephropathy 

 
 
Albuminuria, either moderately increased albuminuria or severely increased albuminuria may be found at 
diagnosis of T2D and the prevalence increases with duration of diabetes.[132] Higher HbA1c is associated with a 
higher risk of developing albuminuria.[133-136] The presence of albuminuria in youth is highly predictive of the 
future risk of renal failure.[137] 
 
For nephropathy screening, urinary albumin-to-creatinine ratio should occur at diagnosis and annually thereafter. 
Elevated urinary albumin-to-creatinine ratio is documented when two of three first morning urine collections are 
>30 mg/g (3 mg/mmol). For those with nephropathy, annually urinary albumin/creatinine ratio, eGFR, and serum 
potassium should be monitored. [138, 139]  
 
There are emerging validated formulas to assess eGFR in youth with T2D who are likely to have hyperfiltration 
(elevated eGFR> 135 ml/min/m2) at early stages of diabetic nephropathy or lower eGFR (values <90 ml/min/m2). 
[74, 134, 140, 141] however they require further validation. Pending additional information on the applicability of 
different eGFR equations in this patient population, clinicians should consider use of the modified The Schwartz 
equation [142] except when serum creatinine is rapidly changing.  
 
If urine albumin/creatinine ratio is confirmed to be > 30 mg/g (3 mg/mmol) and BP is elevated or if urine 
albumin/creatinine ratio is > 300 mg/g (30 mg/mmol) irrespective of BP, ACE inhibitor or ARB should be started 
and BP normalized. [74, 143] In cases of confirmed albuminuria where BP is normal, consider management with 
an SGLT-2 inhibitor given the studies in adults demonstrating renal benefit. [106, 107, 144] Combination therapy 
with either an ACE inhibitor or ARB and SGLT-2 inhibitor may be needed if there is a need to optimize BP, 
glycemia and albuminuria. Causes of renal disease unrelated to diabetes should be considered and consultation 
with a nephrologist obtained if severely increased albuminuria (albuminuria- albumin/creatinine ratio > 300 mg/g 

• Urine albumin to creatinine ratio should be assessed yearly starting at diagnosis. [B] 

• Estimated GFR should be assessed at diagnosis and monitored in youth with worsening kidney 

function. [E] 

• Once albuminuria is confirmed, treatment should include an ACE inhibitor, ARB, and 

consideration of a SGLT-2 inhibitor. [B] 

• A repeat urine albumin/creatinine ratio may be helpful 6 months after the start of ACE inhibitor 

or ARB blocker to ensure albuminuria is normalized. [E] 

• Causes of renal disease unrelated to diabetes should be considered and consultation with a 

nephrologist obtained if severely increased albuminuria (albumin/creatinine ratio > 300 mg/g 

or 30 mg/mmol), HTN is present or estimated GFR is worsening. [E] 
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or 30 mg/mmol) and HTN is present. A repeat urine albumin/creatinine ratio may be helpful six months after the 
start of treatment to ensure albuminuria is normalized. [72, 145]  
 

5.4. Metabolic dysfunction-associated steatotic liver disease (MASLD).  

 
MASLD is characterized by accumulation of fat (in at least 5% of hepatocytes) in the absence of other causes of 
liver disease. Liver biopsy is the gold standard test for diagnosis of all stages of MASLD.[146] Proton magnetic 
resonance spectroscopy[147, 148] as a non-invasive imaging test, is equivalent in diagnosing MASLD and 
evaluating liver fat content quantitatively.[149] The evaluation of liver fibrosis in children with MASLD such as 
transient elastography by FibroScan®, ultrasound shear wave elastography or enhanced liver fibrosis test, is 
promising but accuracy and normative data in youth is needed.[150] Magnetic resonance elastography for 
stiffness is mostly used in research settings.[151] 
 
Liver enzymes (ALT, AST] should be evaluated at diagnosis and evaluated annually thereafter unless abnormal. If 
liver enzymes remain >3 times the upper limit of normal over 6 months, referral should occur to a pediatric 
gastroenterologist to exclude other causes of liver enzyme elevation, imaging and/or liver biopsy. 
 
Optimizing blood glucose levels and healthy lifestyle interventions are likely to improve MASLD.[152] [153] The 
presence of MASLD does not preclude the use of metformin. Although most T2D medications improve liver 
enzymes only glitazones and GLP-1RA improved histologic features of MASLD in adult studies.[154] 
 

5.5. Sleep and obstructive sleep apnea (OSA) 

 
 
The prevalence of OSA in youth-onset T2D has not been well documented. [155, 156] Youth with T2D should be 
screened for symptoms of OSA at diagnosis and annually thereafter. OSA can be initially evaluated by symptoms 
including frequent snoring, labored breathing during sleep, apnea, sleep enuresis, headaches on awakening, 
daytime sleepiness, nocturia, attention-deficit/hyperactivity disorder and learning problems. [157] If symptoms 
are suggestive of OSA, the diagnosis of OSA is confirmed either through a polysomnogram (PSG) or by referring 
the individual to a sleep specialist for a more comprehensive evaluation. When PSG is unavailable, initial 
monitoring can be performed using a clinically validated portable sleep monitor such as a pulse oximeter. There 
are no screening questionnaires to accurately predict a diagnosis of OSA in children.[158] 
 
Continuous positive airway pressure (CPAP) is the most effective treatment and widely regarded as the gold 
standard for addressing moderate to severe OSA in patients. However, merely 5% of adults with T2D diagnosed 
with OSA receive CPAP therapy within one year following their diagnosis.[159] Although the effects of CPAP 
therapy on overall glycemic management remain inconsistent, CPAP has potential advantages on lowering blood 
pressure, decreasing inflammatory markers, reducing daytime sleepiness, enhancing quality of life, and 
minimizing healthcare resource utilization.[160] Besides CPAP, weight loss achieved through lifestyle changes, 
medication, or bariatric procedures have shown effectiveness in decreasing OSA severity and improving glycemic 
status among individuals with unhealthy weight and T2D. [161] 
 
 

• Liver enzymes (ALT, AST) should be measured at diagnosis and annually there- after, and 

sooner if abnormal. [B] 

• If liver enzymes remain >3 times the upper limit of normal after 6 months refer to a pediatric 

gastroenterologist for consultation to exclude other causes of elevated liver enzymes, imaging 

and/or liver biopsy. [B] 

 

• Symptoms of OSA should be assessed at diagnosis and annually thereafter, unless there is 

excessive weight gain which requires earlier review of OSA symptoms. [B]  

• OSA can be initially evaluated using questions about snoring, sleep quality, apnea, morning 

headaches, daytime sleepiness, nocturia, and enuresis. [E]  

• If symptoms are suggestive of OSA, the diagnosis of OSA is made by referral to a sleep 

specialist and performing a sleep study. [E]  
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5.6. Polycystic ovarian syndrome 

 
 
The prevalence of PCOS in adolescents with T2D is ~ 20% which is 2-5 times higher than in adolescents without 
T2D. [162, 163] . A menstrual history should be taken in every girl with T2D at diagnosis and every diabetes follow 
up encounter. [81] PCOS screening should occur if there are menstrual irregularities. Screening includes 
evaluation of the two diagnostic criteria (menstrual irregularities according to time post-menarche [including 
primary amenorrhoea] and hyperandrogenism [hirsutism, severe acne and/or total/free testosterone]). PCOS 
diagnosis during adolescence is based on the presence of both menstrual irregularities and hyperandrogenism 
after exclusion of other conditions that mimic PCOS. [164] Pelvic ultrasound or anti-mullerian hormone are not 
recommended for diagnosis of PCOS in adolescents within 8 years post menarche. [164, 165] Adolescents with 
only one of these features (menstrual irregularities or hyperandrogenism) can be considered “at risk” for PCOS 
and require management of the symptoms and ongoing follow-up. [164]  
The management of adolescents “at risk” of PCOS or with PCOS include reinforcement of healthy lifestyle, 
combined oral contraceptive pills for menstrual irregularity and/or hyperandrogenism and metformin (if not on 
metformin for diabetes) for management of metabolic features and cycle regulation. [164, 165] Hirsutism can be 
managed with cosmetic therapies including laser and light therapies. [165] Anti-androgens should be considered 
when response to treatment with combined oral contraceptive pills and cosmetic therapy is suboptimal after six 
months. [164, 165] 
 

5.7. Retinopathy 
 

 
Diabetic retinopathy (DR) is the leading cause of blindness in adults with T2D and DR is reported at high 
prevalence in pediatric and youth onset T2D studies, including the SEARCH multicenter, population-based 
prospective cohort study (56% DR prevalence after 12.5-year diabetes duration) and TODAY study (49% 
prevalence after 12 years diabetes duration). [166, 167] A recent meta-analysis found the prevalence of DR 
differed according to diabetes duration with 1% (less than 2.5 years), 9% (2.5- 5 years) and 28% (more than 5 
years); and no differences in prevalence according to sex, race, or obesity. Fundoscopy in this meta-analysis was 
less sensitive than 7-standard field stereoscopic photos for detecting DR (0.5% vs 13.5%). [168] 
Screening for DR with fundus photography or mydriatic ophthalmoscopy performed by optometrist or 
ophthalmologist is required at the time of diagnosis, yearly and more frequently if retinopathy is present or 
progressing. [81, 141] Seven standard-field stereoscopic photos are a more sensitive screening method, if 
available. [168] Strategies like eye examination by optometrist/ophthalmologist at the same time of the diabetes 
follow up[169] and the use of artificial intelligence to assess DR with an in-clinic retinal camera seem promising in 
improving outcomes. [170, 171] The presence of any DR requires a referral to an ophthalmologist for 
management as well as optimization of glucose management and treatment of comorbidities including 
dyslipidemia and hypertension if present. [81] 
 

5.8. Neuropathy (peripheral and cardiac autonomic neuropathy) 
 

• PCOS screening should occur at diagnosis in pubertal girls and yearly thereafter with evaluation of 

menstrual history (primary amenorrhoea or menstrual irregularities according to time post menarche) 

and evidence of hyperandrogenism (hirsutism and/or moderate to severe acne and/or elevated free 

testosterone level). [B] 

• PCOS is diagnosed based on the presence of menstrual irregularities with clinical or biochemical 

evidence of hyperandrogenism after exclusion of other possible causes. [B] 

• Pelvic ultrasound or anti-mullerian hormone evaluation is not recommended for diagnosis of PCOS 

within 8 years post menarche. [B] 

 

• Screen youth with T2D for retinopathy at the time of diagnosis and annually by an ophthalmologist 

or optometrist by comprehensive eye examination with dilated pupils or retinal photography. [C]) 

• More frequent examinations by an ophthalmologist may be required if retinopathy is present or 

progressing. [C] 
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Diabetic neuropathy includes peripheral neuropathy or abnormalities in the peripheral somatic nerves (large and 
small fibers) and autonomic neuropathy or abnormalities in the autonomic nervous system including cardiac 
autonomic neuropathy (CAN), gastrointestinal neuropathy, urogenital neuropathy, and hypoglycemic autonomic 
failure (hypoglycemic unawareness). Table 8 includes details of the evaluation of peripheral neuropathy and CAN. 
[81, 141, 172]  
There is increasing evidence of the higher prevalence of CAN (defined as ≥2 abnormal heart rate variability 
measures) in youth with T2D compared with youth with T1D (47% vs 27%) [81, 173] CAN was associated with 
aortic stiffness in participants from the SEARCH study at 23 years of age. [174] Additionally, CAN is associated 
with higher risk of cardiovascular events and all-cause mortality according to a meta-analysis including individuals 
with T1D and T2D. [175] There are limited data on evaluation and management of CAN in youth with T2D, 
therefore management is guided by data in adults. [173, 176] 
 
The overall prevalence of peripheral neuropathy in T2D is 31.5% among youth and adults and therefore 
significant. [179] Higher prevalence in this study was observed with longer diabetes duration and the use of 
Michigan Neuropathy Screening Instrument (MNSI) compared to neurological symptom score and neuropathy 
disability score. [179] Data from the TODAY study including 674 participants showed an increase in peripheral 
neuropathy (evaluated by MNSI) from 1 to 32.4% over 15 years follow up.[180] The prevalence of peripheral 
neuropathy assessed by MNSI in youth with T2D increased from 19% to 36% according to diabetes duration (5-10 
years vs >10 years duration, respectively) and it is much higher than the prevalence in youth with T1D which is 
2.6-11%.[181-183]  
 
Other risk factors for developing peripheral neuropathy according to the TODAY and SEARCH studies included 
poor diabetes management, older age, higher BMI, smoking, dyslipidemia, higher plasminogen activator inhibitor-
1, higher high sensitive C-reactive protein, higher SBP and hypertension. [180, 181]  
 

5.9. Mental health 
 

 
 
Youth onset T2D disproportionately affects youth facing structural disadvantages, including youth living in 
poverty, [182, 184-187] and in food insecure households.[188, 189] In this context, children with T2D have been 
shown to have higher mental health comorbidities compared to children with T1D and children without diabetes. 
[190] In addition, poor mental health has been reported as the leading cause of hospital admission for youth 
diagnosed with T2D. [191] The prevalence of depressive symptoms in youth with T2D is reported to be ~20% 
[192-194] with one study reporting 18.9% of youth endorsing self-harm. [195] High levels of diabetes distress 
[196], associated with depression and anxiety have also been reported in youth living with T2D often with a 
female predominance.  
 
Although depression and anxiety have not been shown to be directly associated with glycemic management 
[197], their association with health-related behaviors such as readiness for behavioral change, [198] disordered 
eating [199-201] and worse sleep hygiene [202-204] are expected to indirectly impact diabetes outcomes. 

• Foot examination (including sensation, vibration sense, light touch and ankle reflexes) at 

diagnosis and annually is recommended to detect neuropathy. [C] 

• Youth with diabetes should be taught proper foot care. [C] 

• Referral to a neurologist should be considered if there are abnormal neurological signs. [E] 

• Cardiac autonomic neuropathy (CAN) management should include optimization of diabetes 

management, lifestyle, and management of other cardiovascular risk factors. There are limited 

data on pharmacological treatments for CAN in T2D youth. [E] 

 

• Screen for symptoms of depression, anxiety and diabetes distress using validated 

screening questionnaires. [B] 

• In cases where mental health concerns are identified, refer to a mental health provider for 

evaluation and management. [E] 

•  
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Diabetes distress has been shown to correlate with glycemic management although the mechanism remains 
unclear. [196, 205] However, in a young adult study lower medication engagement and healthcare follow up has 
been linked to unmet social needs and lack of support revealing the complex relationships between stress, 
depression, anxiety and the role of social circumstances. [206] In addition, youth with T2D report feelings of 
significant shame and blame for having developed T2D, and distress related to the deep experiential 
understanding of long-term diabetes complications due to the intergenerational burden of T2D within their 
families. [207, 208]  
 
Early intervention studies of female youth at risk for T2D based on mindfulness [209-211] and cognitive 
behavioral therapy [211, 212] have shown some promise in improving mental health and health behaviors. Lower 
levels of stress and distress are associated with higher levels of resiliency and more readiness to adopt self-help 
behaviors. [198] In a large population of youth and adults in Norway, a sense of mastery, defined as a sense of 
having control over the forces that affect one’s life, protected against depression and anxiety including in people 
with diabetes.[213] Future therapeutic approaches for youth with T2D need to account for the cultural, 
socioeconomic, and psychological variables which impact health-related behaviors.[74]  
 
Youth with T2D should be screened for psychological co-morbidities including depression, anxiety, and diabetes 
distress, at diagnosis and regular follow-up intervals. Several screening tools used primarily in research settings 
may be incorporated into clinical care with appropriate psychological supports. These include the Diabetes 
Distress Scale, the PHQ-9, the shorter PHQ-2 [214], the Kessler distress score (K6), Unger resiliency scales, and the 
Psychological Stress Score (PSS14). In addition to mental health screening, programs caring for youth with T2D 
should have access to either program or community based mental health supports to provide to youth who are 
endorsing mental health struggles.  
 

5.10. Life expectancy and mortality 
 
Limited studies examining mortality rates suggest youth with T2D experience significantly higher mortality than 
youth without T2D, youth diagnosed with T1D, and adults diagnosed with T2D. Global estimates of age 
standardized mortality rates for youth onset T2D (age 15-39 years) in 204 countries suggest a modest increase 
over time from 1990-2019 from 0.74 (95% CI 0.72-0.75) to 0.77 (95% CI 0.76-0.78) , disproportionately affecting 
women < 30 years and populations living in countries with low and middle sociodemographic indices. [215] A 
recent systematic review revealed crude mortality rates in youth onset T2D of 1.0-6.6/1000 person years with the 
highest rates reported in the Pima Indian population (18.6/1000 person years). [216] 
Follow up of the SEARCH for diabetes in youth cohort (mean duration of diabetes 6.6 years, median follow up 8.5 
years) reported 1.5 times higher standardized mortality ratios (SMR) for youth onset T2D (SMR 2.3, 95% CI 1.7-
3.0) compared to T1D (SMR 1.5, 95% CI 1.2-1.8). [217] Excess mortality was highest among racial and ethnic 
minorities and those younger than 25 years at time of death. Of note only 9.1% of deaths in youth with T2D had 
diabetes related factors as the underlying cause, with external factors (injury, assault, motor vehicular accident) 
being the most common cause of death. 
Higher rates of mortality have been associated with younger age at diagnosis, with one Australian study reporting 
a 10 year decrease in age at diagnosis is associated with a 20-30% increased risk of all-cause mortality and a 60% 
increased risk of cardiovascular disease. [218] Similarly, a meta-analysis of ~ 1.3 million youth diagnosed with T2D 
from 26 observational studies reported for each 1 year increase in age at diagnosis there is a 4% decreased risk of 
all-cause mortality after controlling for current age [219]. Taken together, these concerning statistics highlight the 
need to prevent or delay the diagnosis of T2D and reinforce management of co-morbidities and complications in 
youth with T2D. 
 
 
6. SUMMARY AND CONCLUSIONS 
 
Youth-onset T2D is a growing public health concern worldwide that presents with unique characteristics, 
demographics and progression compared to adult-onset T2D. There is a critical need to better understand the 
unique pathophysiology of T2D in youth and the interplay of genetics, puberty, and the environment. Health care 
professionals must appreciate the cultural, social, geographic, and economic barriers to implementing behavioral 
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change and lifestyle modification in the life context of the youth and family. Large gaps persist with respect to 
high-quality evidence for effective interventions to address identification and addressing social determinants of 
health on youth-onset T2D incidence and outcomes. Evidence now supports the need for a comprehensive 
research agenda aimed at the individual, organizational, and policy level, focused on the understanding and 
amelioration of the effects of the SDOH on youth-onset T2D.  
 
For pediatric heath care professionals engaged in the care of T2D youth, that evidence is rapidly evolving 
regarding the optimal diagnosis, management and monitoring of these youth. Ongoing data and experience from 
clinical trials and care-approaches will not only aid in optimizing glycemic management, but slow condition 
progression and reduce long term co-morbidities and complications. It is anticipated that these insights will 
inform personalized, precision medicine-based approaches to implement in an emerging population experiencing 
unacceptable rates of morbidity and mortality. 
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NGSP: National Glycohemoglobin Standardization Program 
OGTT: Oral Glucose Tolerance Test 
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TG: Triglycerides 
TZD: Thiazolidinedione 
VLDL: Very Little Density Lipoprotein 
Znt8: Zinc Transporter 8 
 
 
 
 
 
 
 
 
 
 
 
 
 References 
1. Hannon, T.S. and S.A. Arslanian, The changing face of diabetes in youth: lessons learned from studies of 
type 2 diabetes. Ann N Y Acad Sci, 2015. 1353: p. 113-37. 
2. Kahn, S.E., et al., Effects of rosiglitazone, glyburide, and metformin on β-cell function and insulin 
sensitivity in ADOPT. Diabetes, 2011. 60(5): p. 1552-60. 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

3. Group, T.S., Effects of metformin, metformin plus rosiglitazone, and metformin plus lifestyle on insulin 
sensitivity and β-cell function in TODAY. Diabetes Care, 2013. 36(6): p. 1749-57. 
4. Consortium, R., Effects of Treatment of Impaired Glucose Tolerance or Recently Diagnosed Type 2 
Diabetes With Metformin Alone or in Combination With Insulin Glargine on β-Cell Function: Comparison of 
Responses In Youth And Adults. Diabetes, 2019. 68(8): p. 1670-1680. 
5. Consortium, R., Metabolic Contrasts Between Youth and Adults With Impaired Glucose Tolerance or 
Recently Diagnosed Type 2 Diabetes: I. Observations Using the Hyperglycemic Clamp. Diabetes Care, 2018. 41(8): 
p. 1696-1706. 
6. Utzschneider, K.M., et al., β-cells in youth with impaired glucose tolerance or early type 2 diabetes secrete 
more insulin and are more responsive than in adults. Pediatr Diabetes, 2020. 21(8): p. 1421-1429. 
7. Sam, S., et al., Baseline Predictors of Glycemic Worsening in Youth and Adults With Impaired Glucose 
Tolerance or Recently Diagnosed Type 2 Diabetes in the Restoring Insulin Secretion (RISE) Study. Diabetes Care, 
2021. 44(9): p. 1938-1947. 
8. Group, T.S., Long-Term Complications in Youth-Onset Type 2 Diabetes. New England Journal of Medicine, 
2021. 385(5): p. 416-426. 
9. Federation., I.D., IDF Diabetes Atlas, 10th edn. 2021, International Diabetes Federation: Brussels, Belgium. 
10. Perng, W., E. Oken, and D. Dabelea, Developmental overnutrition and obesity and type 2 diabetes in 
offspring. Diabetologia, 2019. 62(10): p. 1779-1788. 
11. Srinivasan, S., et al., The First Genome-Wide Association Study for Type 2 Diabetes in Youth: The Progress 
in Diabetes Genetics in Youth (ProDiGY) Consortium. Diabetes, 2021. 70(4): p. 996-1005. 
12. Cioana, M., et al., The Prevalence of Obesity Among Children With Type 2 Diabetes: A Systematic Review 
and Meta-analysis. JAMA Netw Open, 2022. 5(12): p. e2247186. 
13. Butler, A.M., Social Determinants of Health and Racial/Ethnic Disparities in Type 2 Diabetes in Youth. 
Current Diabetes Reports, 2017. 17(8): p. 60. 
14. Hill-Briggs, F. and S.L. Fitzpatrick, Overview of Social Determinants of Health in the Development of 
Diabetes. Diabetes Care, 2023. 46(9): p. 1590-1598. 
15. Kriska, A., et al., Sedentary behavior and physical activity in youth with recent onset of type 2 diabetes. 
Pediatrics, 2013. 131(3): p. e850-6. 
16. Misra, S., et al., Characteristics and care of young people with type 2 diabetes included in the national 
diabetes audit datasets for England. Diabet Med, 2023. 40(1): p. e14940. 
17. Okunogbe, A., et al., Economic impacts of overweight and obesity: current and future estimates for 161 
countries. BMJ Glob Health, 2022. 7(9). 
18. Urakami, T., et al., Insulin resistance at diagnosis in Japanese children with type 2 diabetes mellitus. 
Pediatr Int, 2012. 54(4): p. 516-9. 
19. Urakami, T., et al., Clinical characteristics of non-obese children with type 2 diabetes mellitus without 
involvement of β-cell autoimmunity. Diabetes Res Clin Pract, 2013. 99(2): p. 105-11. 
20. Shah, R.D., et al., Maternal Diabetes in Youth-Onset Type 2 Diabetes Is Associated With Progressive 
Dysglycemia and Risk of Complications. J Clin Endocrinol Metab, 2023. 108(5): p. 1120-1131. 
21. Lee, H., et al., Assessing the risk of type 2 diabetes mellitus among children and adolescents with 
psychiatric disorders treated with atypical antipsychotics: a population-based nested case-control study. Eur Child 
Adolesc Psychiatry, 2018. 27(10): p. 1321-1334. 
22. Burcu, M., et al., Association of Antidepressant Medications With Incident Type 2 Diabetes Among 
Medicaid-Insured Youths. JAMA Pediatr, 2017. 171(12): p. 1200-1207. 
23. Bobo, W.V., et al., Antipsychotics and the risk of type 2 diabetes mellitus in children and youth. JAMA 
Psychiatry, 2013. 70(10): p. 1067-75. 
24. Galling, B., et al., Type 2 Diabetes Mellitus in Youth Exposed to Antipsychotics: A Systematic Review and 
Meta-analysis. JAMA Psychiatry, 2016. 73(3): p. 247-59. 
25. Wang, Y., et al., Antidepressants use and the risk of type 2 diabetes mellitus: A systematic review and 
meta-analysis. J Affect Disord, 2021. 287: p. 41-53. 
26. Sawatsky, L., J. Halipchuk, and B. Wicklow, Type 2 diabetes in a four-year-old child. Cmaj, 2017. 189(26): 
p. E888-e890. 
27. Hutchins, J., et al., Type 2 diabetes in a 5-year-old and single center experience of type 2 diabetes in youth 
under 10. Pediatr Diabetes, 2017. 18(7): p. 674-677. 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

28. Tommerdahl, K.L., et al., Early microvascular complications in type 1 and type 2 diabetes: recent 
developments and updates. Pediatr Nephrol, 2022. 37(1): p. 79-93. 
29. Dart, A.B., et al., Earlier onset of complications in youth with type 2 diabetes. Diabetes Care, 2014. 37(2): 
p. 436-43. 
30. Wu, E.L., N.G. Kazzi, and J.M. Lee, Cost-effectiveness of screening strategies for identifying pediatric 
diabetes mellitus and dysglycemia. JAMA Pediatr, 2013. 167(1): p. 32-9. 
31. Mangione, C.M., et al., Screening for Prediabetes and Type 2 Diabetes in Children and Adolescents: US 
Preventive Services Task Force Recommendation Statement. Jama, 2022. 328(10): p. 963-967. 
32. Diagnosis and Classification of Diabetes: Standards of Care in Diabetes-2024. Diabetes Care, 2024. 
47(Suppl 1): p. S20-s42. 
33. Prevention or Delay of Diabetes and Associated Comorbidities: Standards of Care in Diabetes-2024. 
Diabetes Care, 2024. 47(Suppl 1): p. S43-s51. 
34. Kapadia, C. and P. Zeitler, Hemoglobin A1c measurement for the diagnosis of Type 2 diabetes in children. 
Int J Pediatr Endocrinol, 2012. 2012(1): p. 31. 
35. Ravà, L., et al., High 1-h glucose in youths with obesity as marker of prediabetes and cardiovascular risk. J 
Endocrinol Invest, 2023. 46(12): p. 2555-2562. 
36. Kelsey, M.M., et al., Normal Hemoglobin A1c Variability in Early Adolescence: Adult Criteria for 
Prediabetes Should Be Applied with Caution. J Pediatr, 2020. 216: p. 232-235. 
37. Khosla, L., et al., HbA(1c) Performance in African Descent Populations in the United States With Normal 
Glucose Tolerance, Prediabetes, or Diabetes: A Scoping Review. Prev Chronic Dis, 2021. 18: p. E22. 
38. Vajravelu, M.E. and J.M. Lee, Identifying Prediabetes and Type 2 Diabetes in Asymptomatic Youth: Should 
HbA1c Be Used as a Diagnostic Approach? Curr Diab Rep, 2018. 18(7): p. 43. 
39. Richter, B., et al., Development of type 2 diabetes mellitus in people with intermediate hyperglycaemia. 
Cochrane Database Syst Rev, 2018. 10(10): p. Cd012661. 
40. Reinehr, T., et al., Strong effect of pubertal status on metabolic health in obese children: a longitudinal 
study. J Clin Endocrinol Metab, 2015. 100(1): p. 301-8. 
41. Love-Osborne, K.A., et al., Longitudinal follow up of dysglycemia in overweight and obese pediatric 
patients. Pediatr Diabetes, 2018. 19(2): p. 199-204. 
42. Vajravelu, M.E., et al., Prospective Test Performance of Nonfasting Biomarkers to Identify Dysglycemia in 
Children and Adolescents. Horm Res Paediatr, 2023. 96(3): p. 316-324. 
43. El Mikati, H.K., et al., Short-Term Change in Measures of Glycemia in Obese Youth Meeting Criteria for 
Prediabetes: A Retrospective Chart Review. Horm Res Paediatr, 2020. 93(1): p. 1-6. 
44. Savoye, M., et al., Reversal of early abnormalities in glucose metabolism in obese youth: results of an 
intensive lifestyle randomized controlled trial. Diabetes Care, 2014. 37(2): p. 317-24. 
45. König, D., et al., A 12-Month Lifestyle Intervention Program Improves Body Composition and Reduces the 
Prevalence of Prediabetes in Obese Patients. Obes Facts, 2018. 11(5): p. 393-399. 
46. Peña, A., et al., Effects of a Diabetes Prevention Program on Type 2 Diabetes Risk Factors and Quality of 
Life Among Latino Youths With Prediabetes: A Randomized Clinical Trial. JAMA Netw Open, 2022. 5(9): p. 
e2231196. 
47. Impact of Insulin and Metformin Versus Metformin Alone on β-Cell Function in Youth With Impaired 
Glucose Tolerance or Recently Diagnosed Type 2 Diabetes. Diabetes Care, 2018. 41(8): p. 1717-1725. 
48. Rosenbloom, A.L., Obesity, Insulin Resistance, beta-Cell Autoimmunity, and the Changing Clinical 
Epidemiology of Childhood Diabetes. Diabetes Care, 2003. 26(10): p. 2954-6. 
49. Zeitler, P., et al., Hyperglycemic hyperosmolar syndrome in children: pathophysiological considerations 
and suggested guidelines for treatment. J Pediatr, 2011. 158(1): p. 9-14, 14 e1-2. 
50. Libman, I.M., et al., Reproducibility of the oral glucose tolerance test in overweight children. J Clin 
Endocrinol Metab, 2008. 93(11): p. 4231-7. 
51. Chan, C.L., et al., Continuous glucose monitoring and its relationship to hemoglobin A1c and oral glucose 
tolerance testing in obese and prediabetic youth. J Clin Endocrinol Metab, 2015. 100(3): p. 902-10. 
52. Committee, A.D.A.P.P., 2. Diagnosis and Classification of Diabetes: Standards of Care in Diabetes—2024. 
Diabetes Care, 2023. 47(Supplement_1): p. S20-S42. 
53. Schlosser, M., et al., Diabetes Antibody Standardization Program: evaluation of assays for insulin 
autoantibodies. Diabetologia, 2010. 53(12): p. 2611-20. 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

54. Klingensmith, G.J., et al., The presence of GAD and IA-2 antibodies in youth with a type 2 diabetes 
phenotype: results from the TODAY study. Diabetes Care, 2010. 33(9): p. 1970-5. 
55. Bottazzo, G.F., et al., IA-2 antibody prevalence and risk assessment of early insulin requirement in subjects 
presenting with type 2 diabetes (UKPDS 71). Diabetologia, 2005. 48(4): p. 703-8. 
56. Umpaichitra, V., M.A. Banerji, and S. Castells, Autoantibodies in children with type 2 diabetes mellitus. J 
Pediatr Endocrinol Metab, 2002. 15 Suppl 1: p. 525-30. 
57. Bloomgarden, Z. and R. Rapaport, Diabetes trends in youth. J Diabetes, 2023. 15(4): p. 286-288. 
58. Foundation, W.O. World Obesity Atlas. 2023; Available from: 
https://data.worldobesity.org/publications/?cat=19. 
59. Greeley, S.A.W., et al., ISPAD Clinical Practice Consensus Guidelines 2022: The diagnosis and management 
of monogenic diabetes in children and adolescents. Pediatr Diabetes, 2022. 23(8): p. 1188-1211. 
60. Todd, J.N., et al., Monogenic Diabetes in Youth With Presumed Type 2 Diabetes: Results From the 
Progress in Diabetes Genetics in Youth (ProDiGY) Collaboration. Diabetes Care, 2021. 44(10): p. 2312-9. 
61. MODY Risk Calculator. Exeter Diabetes APP  [cited 2023; Available from: 
https://www.diabetesgenes.org/exeter-diabetes-app/ModyCalculator. 
62. Smart, C.E., et al., ISPAD Clinical Practice Consensus Guidelines 2014. Nutritional management in children 
and adolescents with diabetes. Pediatr Diabetes, 2014. 15 Suppl 20: p. 135-53. 
63. Grey, M., B. Schreiner, and L. Pyle, Development of a diabetes education program for youth with type 2 
diabetes. Diabetes Educ, 2009. 35(1): p. 108-16. 
64. Annan, S.F., et al., ISPAD Clinical Practice Consensus Guidelines 2022: Nutritional management in children 
and adolescents with diabetes. Pediatr Diabetes, 2022. 23(8): p. 1297-1321. 
65. Dhuper, S., S. Buddhe, and S. Patel, Managing cardiovascular risk in overweight children and adolescents. 
Paediatr Drugs, 2013. 15(3): p. 181-90. 
66. Jensen, M.D., et al., 2013 AHA/ACC/TOS guideline for the management of overweight and obesity in 
adults: a report of the American College of Cardiology/American Heart Association Task Force on Practice 
Guidelines and The Obesity Society. Circulation, 2014. 129(25 Suppl 2): p. S102-38. 
67. Copeland, K.C., et al., Management of newly diagnosed type 2 Diabetes Mellitus (T2DM) in children and 
adolescents. Pediatrics, 2013. 131(2): p. 364-82. 
68. Adolfsson, P., et al., ISPAD Clinical Practice Consensus Guidelines 2022: Exercise in children and 
adolescents with diabetes. Pediatr Diabetes, 2022. 23(8): p. 1341-1372. 
69. Robinson, T.N., Reducing children's television viewing to prevent obesity: a randomized controlled trial. 
Jama, 1999. 282(16): p. 1561-7. 
70. Ash, T. and E.M. Taveras, Associations of short sleep duration with childhood obesity and weight gain: 
summary of a presentation to the National Academy of Science's Roundtable on Obesity Solutions. Sleep Health, 
2017. 3(5): p. 389-392. 
71. Dutil, C. and J.P. Chaput, Inadequate sleep as a contributor to type 2 diabetes in children and adolescents. 
Nutr Diabetes, 2017. 7(5): p. e266. 
72. Peña, A.S., et al., Screening, assessment and management of type 2 diabetes mellitus in children and 
adolescents: Australasian Paediatric Endocrine Group guidelines. Med J Aust, 2020. 213(1): p. 30-43. 
73. Children and Adolescents: Standards of Care in Diabetes-2024. Diabetes Care, 2024. 47(Suppl 1): p. S258-
s281. 
74. Arslanian, S., et al., Evaluation and Management of Youth-Onset Type 2 Diabetes: A Position Statement by 
the American Diabetes Association. Diabetes Care, 2018. 41(12): p. 2648-2668. 
75. Shahid, M., et al., Risk of hypoglycemia in youth with type 2 diabetes on insulin. J Pediatr Endocrinol 
Metab, 2018. 31(6): p. 625-630. 
76. Laffel, L.M., et al., Efficacy and safety of the SGLT2 inhibitor empagliflozin versus placebo and the DPP-4 
inhibitor linagliptin versus placebo in young people with type 2 diabetes (DINAMO): a multicentre, randomised, 
double-blind, parallel group, phase 3 trial. Lancet Diabetes Endocrinol, 2023. 11(3): p. 169-181. 
77. Abraham, M.B., et al., ISPAD Clinical Practice Consensus Guidelines 2022: Assessment and management of 
hypoglycemia in children and adolescents with diabetes. Pediatr Diabetes, 2022. 23(8): p. 1322-1340. 
78. Janapala, R.N., et al., Continuous Glucose Monitoring Versus Self-monitoring of Blood Glucose in Type 2 
Diabetes Mellitus: A Systematic Review with Meta-analysis. Cureus, 2019. 11(9): p. e5634. 
79. Manfredo, J., et al., Short-term use of CGM in youth onset type 2 diabetes is associated with behavioral 
modifications. Front Endocrinol (Lausanne), 2023. 14: p. 1182260. 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

80. Chang, N., et al., Continuous Glucose Monitoring versus Standard of Care in Adolescents With Type 2 
Diabetes: A Pilot Randomized Cross-Over Trial. J Diabetes Sci Technol, 2023. 17(5): p. 1419-1420. 
81. Shah, A.S., et al., ISPAD Clinical Practice Consensus Guidelines 2022: Type 2 diabetes in children and 
adolescents. Pediatr Diabetes, 2022. 23(7): p. 872-902. 
82. Zeitler, P., et al., HbA1c After a Short Period of Monotherapy With Metformin Identifies Durable Glycemic 
Control Among Adolescents With Type 2 Diabetes. Diabetes Care, 2015. 38(12): p. 2285-92. 
83. American Diabetes, A., Children and Adolescents: Standards of Medical Care in Diabetes-2018. Diabetes 
Care, 2018. 41(Suppl 1): p. S126-S136. 
84. Laffel, L., et al., Metformin monotherapy in youth with recent onset type 2 diabetes: experience from the 
prerandomization run-in phase of the TODAY study. Pediatr Diabetes, 2012. 13(5): p. 369-75. 
85. Kelsey, M.M., et al., Presentation and effectiveness of early treatment of type 2 diabetes in youth: lessons 
from the TODAY study. Pediatr Diabetes, 2016. 17(3): p. 212-21. 
86. Group, T.S., et al., A clinical trial to maintain glycemic control in youth with type 2 diabetes. N Engl J Med, 
2012. 366(24): p. 2247-56. 
87. Zeitler, P., et al., Deterioration of Glycemic Control in Youth-Onset Type 2 Diabetes: What Are the Early 
and Late Predictors? J Clin Endocrinol Metab, 2022. 107(8): p. e3384-e3394. 
88. American Diabetes, A., Pharmacologic Approaches to Glycemic Treatment: Standards of Medical Care in 
Diabetes-2018. Diabetes Care, 2018. 41(Suppl 1): p. S73-S85. 
89. Tamborlane, W.V., et al., Once-Weekly Exenatide in Youth With Type 2 Diabetes. Diabetes Care, 2022. 
45(8): p. 1833-1840. 
90. Arslanian, S.A., et al., Once-Weekly Dulaglutide for the Treatment of Youths with Type 2 Diabetes. N Engl J 
Med, 2022. 387(5): p. 433-443. 
91. Tamborlane, W.V., et al., Efficacy and safety of dapagliflozin in children and young adults with type 2 
diabetes: a prospective, multicentre, randomised, parallel group, phase 3 study. Lancet Diabetes Endocrinol, 
2022. 10(5): p. 341-350. 
92. Shankar, R.R., et al., A randomized clinical trial of the efficacy and safety of sitagliptin as initial oral 
therapy in youth with type 2 diabetes. Pediatr Diabetes, 2022. 23(2): p. 173-182. 
93. Tamborlane, W.V., et al., Randomized, double-blind, placebo-controlled dose-finding study of the 
dipeptidyl peptidase-4 inhibitor linagliptin in pediatric patients with type 2 diabetes. Pediatr Diabetes, 2018. 
19(4): p. 640-648. 
94. Tamborlane, W.V., et al., Liraglutide in Children and Adolescents with Type 2 Diabetes. N Engl J Med, 
2019. 381(7): p. 637-646. 
95. Kosiborod, M.N., et al., Semaglutide in Patients with Obesity-Related Heart Failure and Type 2 Diabetes. N 
Engl J Med, 2024. 390(15): p. 1394-1407. 
96. Heerspink, H.J.L., et al., Renoprotective effects of sodium-glucose cotransporter-2 inhibitors. Kidney Int, 
2018. 94(1): p. 26-39. 
97. Cusi, K., et al., Long-Term Pioglitazone Treatment for Patients With Nonalcoholic Steatohepatitis and 
Prediabetes or Type 2 Diabetes Mellitus: A Randomized Trial. Ann Intern Med, 2016. 165(5): p. 305-15. 
98. Musso, G., et al., Thiazolidinediones and Advanced Liver Fibrosis in Nonalcoholic Steatohepatitis: A Meta-
analysis. JAMA Intern Med, 2017. 177(5): p. 633-640. 
99. Armstrong, M.J., et al., Liraglutide safety and efficacy in patients with non-alcoholic steatohepatitis 
(LEAN): a multicentre, double-blind, randomised, placebo-controlled phase 2 study. Lancet, 2016. 387(10019): p. 
679-690. 
100. Mantovani, A., et al., Glucagon-Like Peptide-1 Receptor Agonists for Treatment of Nonalcoholic Fatty Liver 
Disease and Nonalcoholic Steatohepatitis: An Updated Meta-Analysis of Randomized Controlled Trials. 
Metabolites, 2021. 11(2). 
101. Jones, K.L., et al., Effect of Metformin in Pediatric Patients With Type 2 Diabetes: A randomized controlled 
trial. Diabetes Care, 2002. 25(1): p. 89-94. 
102. Matsuura, N., et al., Metformin monotherapy in children and adolescents with type 2 diabetes mellitus in 
Japan. Diabetol Int, 2019. 10(1): p. 51-57. 
103. Mann, J.F.E., et al., Liraglutide and Renal Outcomes in Type 2 Diabetes. N Engl J Med, 2017. 377(9): p. 839-
848. 
104. Marso, S.P., et al., Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med, 2016. 
375(4): p. 311-22. 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

105. Kristensen, S.L., et al., Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in 
patients with type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials. Lancet 
Diabetes Endocrinol, 2019. 7(10): p. 776-785. 
106. Heerspink, H.J., et al., Sodium glucose cotransporter 2 inhibitors in the treatment of diabetes mellitus: 
cardiovascular and kidney effects, potential mechanisms, and clinical applications. Circulation, 2016. 134(10): p. 
752-772. 
107. Liu, B., et al., Mechanisms of protective effects of SGLT2 inhibitors in cardiovascular disease and renal 
dysfunction. Current Topics in Medicinal Chemistry, 2019. 19(20): p. 1818-1849. 
108. Shehadeh, N., et al., Dapagliflozin or Saxagliptin in Pediatric Type 2 Diabetes. NEJM Evid, 2023. 2(12): p. 
EVIDoa2300210. 
109. Lincoff, A.M., et al., Pioglitazone and risk of cardiovascular events in patients with type 2 diabetes 
mellitus: a meta-analysis of randomized trials. JAMA, 2007. 298(10): p. 1180-8. 
110. Singh, S., Y.K. Loke, and C.D. Furberg, Long-term risk of cardiovascular events with rosiglitazone: a meta-
analysis. JAMA, 2007. 298(10): p. 1189-95. 
111. Tuccori, M., et al., Pioglitazone use and risk of bladder cancer: population based cohort study. BMJ, 2016. 
352: p. i1541. 
112. Lian, J. and J. Fu, Pioglitazone for NAFLD Patients With Prediabetes or Type 2 Diabetes Mellitus: A Meta-
Analysis. Front Endocrinol (Lausanne), 2021. 12(428): p. 615409. 
113. Yang, W., et al., Acarbose compared with metformin as initial therapy in patients with newly diagnosed 
type 2 diabetes: an open-label, non-inferiority randomised trial. Lancet Diabetes Endocrinol, 2014. 2(1): p. 46-55. 
114. Urakami, T., New insights into the pharmacological treatment of pediatric patients with type 2 diabetes. 
Clinical Pediatric Endocrinology, 2018. 27(1): p. 1-8. 
115. Kahn, S.E., et al., Glycemic durability of rosiglitazone, metformin, or glyburide monotherapy. N Engl J Med, 
2006. 355(23): p. 2427-43. 
116. Campbell, R.K., Glimepiride: role of a new sulfonylurea in the treatment of type 2 diabetes mellitus. 
Annals of pharmacotherapy, 1998. 32(10): p. 1044-1052. 
117. Gottschalk, M., et al., Glimepiride versus metformin as monotherapy in pediatric patients with type 2 
diabetes: a randomized, single-blind comparative study. Diabetes Care, 2007. 30(4): p. 790-4. 
118. Eisenberg, D., et al., 2022 American Society of Metabolic and Bariatric Surgery (ASMBS) and International 
Federation for the Surgery of Obesity and Metabolic Disorders (IFSO) Indications for Metabolic and Bariatric 
Surgery. Obes Surg, 2023. 33(1): p. 3-14. 
119. Inge, T.H., et al., Long-term outcomes of bariatric surgery in adolescents with severe obesity (FABS-5+): a 
prospective follow-up analysis. Lancet Diabetes Endocrinol, 2017. 5(3): p. 165-173. 
120. Stefater, M.A. and T.H. Inge, Bariatric Surgery for Adolescents with Type 2 Diabetes: an Emerging 
Therapeutic Strategy. Curr Diab Rep, 2017. 17(8): p. 62. 
121. Regelmann, M.O., et al., Pediatric Endocrinology in the Time of COVID-19: Considerations for the Rapid 
Implementation of Telemedicine and Management of Pediatric Endocrine Conditions. Horm Res Paediatr, 2020. 
93(6): p. 343-350. 
122. Pierce, J.S., et al., Feasibility of Implementing a Pediatric Diabetes Clinic via Telehealth. Diabetes Spectr, 
2021. 34(2): p. 190-197. 
123. Garg, S.K., et al., Managing New-Onset Type 1 Diabetes During the COVID-19 Pandemic: Challenges and 
Opportunities. Diabetes Technol Ther, 2020. 22(6): p. 431-439. 
124. Beck, R.W., et al., An Evaluation of Two Capillary Sample Collection Kits for Laboratory Measurement of 
HbA1c. Diabetes Technol Ther, 2021. 23(8): p. 537-545. 
125. Flynn, J.T., et al., Clinical Practice Guideline for Screening and Management of High Blood Pressure in 
Children and Adolescents. Pediatrics, 2017. 140(3). 
126. Filippou, C.D., et al., Dietary Approaches to Stop Hypertension (DASH) Diet and Blood Pressure Reduction 
in Adults with and without Hypertension: A Systematic Review and Meta-Analysis of Randomized Controlled 
Trials. Adv Nutr, 2020. 11(5): p. 1150-1160. 
127. Expert Panel on Integrated Guidelines for Cardiovascular, H., et al., Expert panel on integrated guidelines 
for cardiovascular health and risk reduction in children and adolescents: summary report. Pediatrics, 2011. 128 
Suppl 5: p. S213-56. 
128. Copeland, K.C., et al., Management of newly diagnosed type 2 Diabetes Mellitus (T2DM) in children and 
adolescents. Pediatrics, 2013. 131(2): p. 364-82. 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

129. Blowey, D.L., Update on the pharmacologic treatment of hypertension in pediatrics. J Clin Hypertens 
(Greenwich), 2012. 14(6): p. 383-7. 
130. Blaha, M.J., et al., The importance of non-HDL cholesterol reporting in lipid management. J Clin Lipidol, 
2008. 2(4): p. 267-73. 
131. Langslet, G., A. Breazna, and E. Drogari, A 3-year study of atorvastatin in children and adolescents with 
heterozygous familial hypercholesterolemia. J Clin Lipidol, 2016. 10(5): p. 1153-1162.e3. 
132. Cioana, M., et al., Prevalence of Hypertension and Albuminuria in Pediatric Type 2 Diabetes: A Systematic 
Review and Meta-analysis. JAMA Netw Open, 2021. 4(4): p. e216069. 
133. Rapid rise in hypertension and nephropathy in youth with type 2 diabetes: the TODAY clinical trial. 
Diabetes Care, 2013. 36(6): p. 1735-41. 
134. Bjornstad, P., et al., Elevated Serum Uric Acid Is Associated With Greater Risk for Hypertension and 
Diabetic Kidney Diseases in Obese Adolescents With Type 2 Diabetes: An Observational Analysis From the 
Treatment Options for Type 2 Diabetes in Adolescents and Youth (TODAY) Study. Diabetes Care, 2019. 42(6): p. 
1120-1128. 
135. Kahkoska, A.R., et al., The early natural history of albuminuria in young adults with youth-onset type 1 and 
type 2 diabetes. J Diabetes Complications, 2018. 32(12): p. 1160-1168. 
136. Bjornstad, P., et al., Long-Term Complications in Youth-Onset Type 2 Diabetes. N Engl J Med, 2021. 385(5): 
p. 416-426. 
137. Dart, A.B., et al., High burden of kidney disease in youth-onset type 2 diabetes. Diabetes Care, 2012. 
35(6): p. 1265-71. 
138. ElSayed, N.A., et al., 14. Children and Adolescents: Standards of Care in Diabetes-2023. Diabetes Care, 
2023. 46(Suppl 1): p. S230-s253. 
139. El Ghormli, L., et al., Trajectories of eGFR and risk of albuminuria in youth with type 2 diabetes: results 
from the TODAY cohort study. Pediatr Nephrol, 2023. 38(12): p. 4137-4144. 
140. Dart, A.B., et al., Estimating glomerular filtration rate in youth with obesity and type 2 diabetes: the iCARE 
study equation. Pediatr Nephrol, 2019. 34(9): p. 1565-1574. 
141. Bjornstad, P., et al., ISPAD Clinical Practice Consensus Guidelines 2022: Microvascular and macrovascular 
complications in children and adolescents with diabetes. Pediatr Diabetes, 2022. 23(8): p. 1432-1450. 
142. Schwartz, G.J., et al., New equations to estimate GFR in children with CKD. J Am Soc Nephrol, 2009. 20(3): 
p. 629-37. 
143. de Boer, I.H., et al., Executive summary of the 2020 KDIGO Diabetes Management in CKD Guideline: 
evidence-based advances in monitoring and treatment. Kidney Int, 2020. 98(4): p. 839-848. 
144. de Boer, I.H., et al., Diabetes Management in Chronic Kidney Disease: A Consensus Report by the 
American Diabetes Association (ADA) and Kidney Disease: Improving Global Outcomes (KDIGO). Diabetes Care, 
2022. 45(12): p. 3075-3090. 
145. Qiao, Y., et al., Association of Albuminuria Levels With the Prescription of Renin-Angiotensin System 
Blockade. Hypertension, 2020. 76(6): p. 1762-1768. 
146. Younossi, Z.M., et al., Role of Noninvasive Tests in Clinical Gastroenterology Practices to Identify Patients 
With Nonalcoholic Steatohepatitis at High Risk of Adverse Outcomes: Expert Panel Recommendations. Am J 
Gastroenterol, 2021. 116(2): p. 254-262. 
147. Zhang, H., et al., Quantitative relationship between liver fat content and metabolic syndrome in obese 
children and adolescents. Clin Endocrinol (Oxf), 2015. 83(1): p. 43-9. 
148. Zhang, H.X., et al., Predicting hepatic steatosis and liver fat content in obese children based on 
biochemical parameters and anthropometry. Pediatr Obes, 2015. 10(2): p. 112-7. 
149. Qin, Z.W., et al., Development and validation of a novel non-invasive test for diagnosing nonalcoholic fatty 
liver disease in Chinese children. World J Pediatr, 2023. 
150. Draijer, L.G., et al., Diagnostic accuracy of fibrosis tests in children with non-alcoholic fatty liver disease: A 
systematic review. Liver Int, 2021. 41(9): p. 2087-2100. 
151. Bresnahan, R., et al., Diagnostic accuracy and clinical impact of MRI-based technologies for patients with 
non-alcoholic fatty liver disease: systematic review and economic evaluation. Health Technol Assess, 2023. 
27(10): p. 1-115. 
152. Katsagoni, C.N., et al., Effects of Dietary and Lifestyle Interventions on Liver, Clinical and Metabolic 
Parameters in Children and Adolescents with Non-Alcoholic Fatty Liver Disease: A Systematic Review. Nutrients, 
2020. 12(9). 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

153. Sridharan, K., et al., Pharmacological interventions for non-alcoholic fatty liver disease: a systematic 
review and network meta-analysis. Postgrad Med J, 2018. 94(1116): p. 556-565. 
154. Mantovani, A., et al., Efficacy and safety of anti-hyperglycaemic drugs in patients with non-alcoholic fatty 
liver disease with or without diabetes: An updated systematic review of randomized controlled trials. Diabetes 
Metab, 2020. 46(6): p. 427-441. 
155. Kelly, A., et al., Catecholamines, adiponectin, and insulin resistance as measured by HOMA in children 
with obstructive sleep apnea. Sleep, 2010. 33(9): p. 1185-91. 
156. Redline, S., et al., Association between metabolic syndrome and sleep-disordered breathing in 
adolescents. Am J Respir Crit Care Med, 2007. 176(4): p. 401-8. 
157. Chinese guideline for the diagnosis and treatment of childhood obstructive sleep apnea (2020). Pediatr 
Investig, 2021. 5(3): p. 167-187. 
158. De Luca Canto, G., et al., Diagnostic capability of questionnaires and clinical examinations to assess sleep-
disordered breathing in children: a systematic review and meta-analysis. J Am Dent Assoc, 2014. 145(2): p. 165-
78. 
159. Foster, G.D., et al., Obstructive sleep apnea among obese patients with type 2 diabetes. Diabetes Care, 
2009. 32(6): p. 1017-9. 
160. Reutrakul, S. and B. Mokhlesi, Obstructive Sleep Apnea and Diabetes: A State of the Art Review. Chest, 
2017. 152(5): p. 1070-1086. 
161. Jehan, S., et al., Obesity, obstructive sleep apnea and type 2 diabetes mellitus: Epidemiology and 
pathophysiologic insights. Sleep Med Disord, 2018. 2(3): p. 52-58. 
162. Cioana, M., et al., Prevalence of Polycystic Ovary Syndrome in Patients With Pediatric Type 2 Diabetes: A 
Systematic Review and Meta-analysis. JAMA network open, 2022. 5(2): p. e2147454. 
163. Naz, M.S.G., et al., The prevalence of polycystic ovary syndrome in adolescents: A systematic review and 
meta-analysis. Int J Reprod Biomed (Yazd), 2019. 17(8): p. 533-542. 
164. Peña, A.S., et al., Adolescent polycystic ovary syndrome according to the international evidence-based 
guideline. BMC Med, 2020. 18(1): p. 72. 
165. Teede, H.J., et al., Recommendations from the 2023 International Evidence-based Guideline for the 
Assessment and Management of Polycystic Ovary Syndrome. Fertil Steril, 2023. 120(4): p. 767-793. 
166. Jensen, E.T., et al., Prevalence, Progression, and Modifiable Risk Factors for Diabetic Retinopathy in Youth 
and Young Adults With YouthOnset Type 1 and Type 2 Diabetes: The SEARCH for Diabetes in Youth Study. 
Diabetes Care, 2023. 46(6): p. 1252-1260. 
167. Ghormli, L.E., Long-term Outcomes Among Young Adults With Type 2 Diabetes Based on Durability of 
Glycemic Control: Results From the TODAY Cohort Study. Diabetes Care, 2022. 45(11): p. 2689-2697. 
168. Cioana, M., et al., Global Prevalence of Diabetic Retinopathy in Pediatric Type 2 Diabetes: A Systematic 
Review and Meta-analysis. JAMA network open, 2023. 6(3): p. e231887. 
169. Wolverson, M., P. O'Hare, and V. Patel, An eye opener: improving attendance rates of retinopathy 
screening within the paediatric diabetes clinic. Practical Diabetes, 2023. 40(1): p. 11-14a. 
170. Wolf, R.M., et al., The SEE Study: Safety, Efficacy, and Equity of Implementing Autonomous Artificial 
Intelligence for Diagnosing Diabetic Retinopathy in Youth. Diabetes Care, 2021. 44(3): p. 781-787. 
171. Curran, K., et al., CHILDSTAR: CHIldren Living With Diabetes See and Thrive with AI Review. Clinical 
medicine insights. Endocrinology and diabetes, 2023. 16: p. 11795514231203867. 
172. Pop-Busui R, A.L., Boulton AJM, et al.  , Diagnosis and Treatment of Painful Diabetic Peripheral 
Neuropathy. Arlington (VA). 2022: American Diabetes Association. 
173. Varley, B.J., et al., Higher frequency of cardiovascular autonomic neuropathy in youth with type 2 
compared to type 1 diabetes: Role of cardiometabolic risk factors. Pediatr Diabetes, 2022. 23(7): p. 1073-1079. 
174. Urbina, E.M., et al., Association of Elevated Arterial Stiffness With Cardiac Target Organ Damage and 
Cardiac Autonomic Neuropathy in Young Adults With Diabetes: The SEARCH for Diabetes in Youth Study. Diabetes 
Care, 2023. 46(4): p. 786-793. 
175. Chowdhury, M., et al., Cardiac autonomic neuropathy and risk of cardiovascular disease and mortality in 
type 1 and type 2 diabetes: a meta-analysis. BMJ Open Diabetes Res Care, 2021. 9(2). 
176. Williams, S., et al., Cardiac Autonomic Neuropathy in Type 1 and 2 Diabetes: Epidemiology, 
Pathophysiology, and Management. Clin Ther, 2022. 44(10): p. 1394-1416. 
177. Feldman, E.L., et al., A practical two-step quantitative clinical and electrophysiological assessment for the 
diagnosis and staging of diabetic neuropathy. Diabetes Care, 1994. 17(11): p. 1281-9. 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

178. Bril, V., et al., Reliability and validity of the modified Toronto Clinical Neuropathy Score in diabetic 
sensorimotor polyneuropathy. Diabet Med, 2009. 26(3): p. 240-6. 
179. Sun, J., et al., Prevalence of peripheral neuropathy in patients with diabetes: A systematic review and 
meta-analysis. Primary care diabetes, 2020. 14(5): p. 435-444. 
180. Anonymous, Risk Factors for Diabetic Peripheral Neuropathy in Adolescents and Young Adults With Type 
2 Diabetes: Results From the TODAY Study. Diabetes care, 2021. 
181. Jaiswal, M., et al., Prevalence of and Risk Factors for Diabetic Peripheral Neuropathy in Youth With Type 1 
and Type 2 Diabetes: SEARCH for Diabetes in Youth Study. Diabetes Care, 2017. 40(9): p. 1226-1232. 
182. Dabelea, D., et al., Association of Type 1 Diabetes vs Type 2 Diabetes Diagnosed During Childhood and 
Adolescence With Complications During Teenage Years and Young Adulthood. Jama, 2017. 317(8): p. 825-835. 
183. Franceschi, R., et al., A systematic review of the prevalence, risk factors and screening tools for autonomic 
and diabetic peripheral neuropathy in children, adolescents and young adults with type 1 diabetes. Acta Diabetol, 
2022. 59(3): p. 293-308. 
184. Carino, M., et al., Comparison of Clinical and Social Characteristics of Canadian Youth Living With Type 1 
and Type 2 Diabetes. Can J Diabetes, 2021. 45(5): p. 428-435. 
185. Copeland, K.C., et al., Characteristics of adolescents and youth with recent-onset type 2 diabetes: the 
TODAY cohort at baseline. J Clin Endocrinol Metab, 2011. 96(1): p. 159-67. 
186. Klingensmith, G.J., et al., Presentation of youth with type 2 diabetes in the Pediatric Diabetes Consortium. 
Pediatr Diabetes, 2016. 17(4): p. 266-73. 
187. Khanolkar, A.R., et al., Inequalities in glycemic control in childhood onset type 2 diabetes in England and 
Wales-A national population-based longitudinal study. Pediatr Diabetes, 2019. 20(7): p. 821-831. 
188. Amed, S., et al., Type 2 diabetes, medication-induced diabetes, and monogenic diabetes in Canadian 
children: a prospective national surveillance study. Diabetes Care, 2010. 33(4): p. 786-91. 
189. Mayer-Davis, E.J., et al., Incidence Trends of Type 1 and Type 2 Diabetes among Youths, 2002-2012. N Engl 
J Med, 2017. 376(15): p. 1419-1429. 
190. Sellers, E.A.C., et al., Mental health comorbidity is common in children with type 2 diabetes. Pediatr 
Diabetes, 2022. 23(7): p. 991-998. 
191. Sellers, E.A.C., et al., Hospitalization and comorbidity in children with type 2 diabetes. Pediatr Diabetes, 
2022. 23(6): p. 660-667. 
192. Lawrence, J.M., et al., Prevalence and correlates of depressed mood among youth with diabetes: the 
SEARCH for Diabetes in Youth study. Pediatrics, 2006. 117(4): p. 1348-58. 
193. Anderson, B.J., et al., Depressive symptoms and quality of life in adolescents with type 2 diabetes: 
baseline data from the TODAY study. Diabetes Care, 2011. 34(10): p. 2205-7. 
194. Silverstein, J., et al., Depressive Symptoms in Youth With Type 1 or Type 2 Diabetes: Results of the 
Pediatric Diabetes Consortium Screening Assessment of Depression in Diabetes Study. Diabetes Care, 2015. 
38(12): p. 2341-3. 
195. Monaghan, M., et al., Multisite Examination of Depression Screening Scores and Correlates Among 
Adolescents and Young Adults With Type 2 Diabetes. Can J Diabetes, 2021. 45(5): p. 411-416. 
196. Hoffman, R.P., et al., Glycemic control, depression, diabetes distress among adolescents with type 2 
diabetes: effects of sex, race, insurance, and obesity. Acta Diabetol, 2022. 59(8): p. 1083-1089. 
197. Hood, K.K., et al., Psychosocial burden and glycemic control during the first 6 years of diabetes: results 
from the SEARCH for Diabetes in Youth study. J Adolesc Health, 2014. 55(4): p. 498-504. 
198. McGavock, J., et al., Determinants of Readiness for Adopting Healthy Lifestyle Behaviors Among 
Indigenous Adolescents with Type 2 Diabetes in Manitoba, Canada: A Cross-Sectional Study. Obesity (Silver 
Spring), 2018. 26(5): p. 910-915. 
199. Pinhas-Hamiel, O. and Y. Levy-Shraga, Eating disorders in adolescents with type 2 and type 1 diabetes. 
Curr Diab Rep, 2013. 13(2): p. 289-97. 
200. Nip, A.S.Y., et al., Disordered Eating Behaviors in Youth and Young Adults With Type 1 or Type 2 Diabetes 
Receiving Insulin Therapy: The SEARCH for Diabetes in Youth Study. Diabetes Care, 2019. 42(5): p. 859-866. 
201. Group, T.S., et al., Binge eating, mood, and quality of life in youth with type 2 diabetes: baseline data from 
the today study. Diabetes Care, 2011. 34(4): p. 858-60. 
202. Fuligni, A.J., et al., Adolescent Sleep Duration, Variability, and Peak Levels of Achievement and Mental 
Health. Child Dev, 2018. 89(2): p. e18-e28. 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

203. Simon, S.L., et al., A Model of Adolescent Sleep Health and Risk for Type 2 Diabetes. Curr Diab Rep, 2021. 
21(2): p. 4. 
204. Gabbs, M.H.J., et al., Poor Sleep, Increased Stress and Metabolic Comorbidity in Adolescents and Youth 
With Type 2 Diabetes. Can J Diabetes, 2022. 46(2): p. 142-149. 
205. Trief, P.M., et al., Diabetes Distress in Young Adults With Youth-Onset Type 2 Diabetes: TODAY2 Study 
Results. Diabetes Care, 2022. 45(3): p. 529-537. 
206. Weinstock, R.S., et al., Antihypertensive and Lipid-Lowering Medication Adherence in Young Adults With 
Youth-Onset Type 2 Diabetes. JAMA Netw Open, 2023. 6(10): p. e2336964. 
207. Wicklow, B., et al., Experiences of First Nations adolescents living with type 2 diabetes: a focus group 
study. CMAJ, 2021. 193(12): p. E403-E409. 
208. Weaver, E., et al., "I Don't Really Know What Diabetes Is": A Qualitative Study Exploring the Experiences of 
Aboriginal and Torres Strait Islander Young People Aged 10 to 25 Years Living With Type 2 Diabetes in Northern 
and Central Australia. Can J Diabetes, 2022. 
209. Annameier, S.K., et al., Mindfulness and laboratory eating behavior in adolescent girls at risk for type 2 
diabetes. Appetite, 2018. 125: p. 48-56. 
210. Clark, E.L.M., et al., The role of mindfulness in associations among depression symptoms, sleep duration, 
and insulin resistance in adolescents. J Behav Med, 2021. 44(5): p. 694-703. 
211. Shomaker, L.B., et al., One-Year Follow-Up of a Randomized Controlled Trial Piloting a Mindfulness-Based 
Group Intervention for Adolescent Insulin Resistance. Front Psychol, 2019. 10: p. 1040. 
212. Gulley, L.D., et al., Indirect Effects of a Cognitive-Behavioral Intervention on Adolescent Weight and 
Insulin Resistance Through Decreasing Depression in a Randomized Controlled Trial. J Pediatr Psychol, 2019. 
44(10): p. 1163-1173. 
213. Bennetter, K.E., J. Clench-Aas, and R.K. Raanaas, Sense of mastery as mediator buffering psychological 
distress among people with diabetes. J Diabetes Complications, 2016. 30(5): p. 839-44. 
214. Richardson, L.P., et al., Evaluation of the PHQ-2 as a brief screen for detecting major depression among 
adolescents. Pediatrics, 2010. 125(5): p. e1097-103. 
215. Xie, J., et al., Global burden of type 2 diabetes in adolescents and young adults, 1990-2019: systematic 
analysis of the Global Burden of Disease Study 2019. Bmj, 2022. 379: p. e072385. 
216. Fan, Y., et al., Incidence of long-term diabetes complications and mortality in youth-onset type 2 diabetes: 
A systematic review. Diabetes Res Clin Pract, 2022. 191: p. 110030. 
217. Lawrence, J.M., et al., Demographic Correlates of Short-Term Mortality Among Youth and Young Adults 
With Youth-Onset Diabetes Diagnosed From 2002 to 2015: The SEARCH for Diabetes in Youth Study. Diabetes 
Care, 2021. 44(12): p. 2691-2698. 
218. Huo, L., et al., Impact of age at diagnosis and duration of type 2 diabetes on mortality in Australia 1997-
2011. Diabetologia, 2018. 61(5): p. 1055-1063. 
219. Nanayakkara, N., et al., Impact of age at type 2 diabetes mellitus diagnosis on mortality and vascular 
complications: systematic review and meta-analyses. Diabetologia, 2021. 64(2): p. 275-287. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

 
 
Figures legend 
 
Figure 1. Diagnosis of New Onset Diabetes in Youth 
Figure 2. Evaluation and Management of New Onset T2D 
Figure 3. Blood Pressure Evaluation and Management in Youth with T2D 
Figure 4. Lipid Evaluation and Management in Youth with T2D 
 
 
 
 
 
 
 
 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

 
 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024



 

 

 

Table 1. Unique Characteristics of Youth with Impaired Glucose Tolerance (IGT) and T2D, as compared to Adults 

• a more rapid decline in β-cell function not attenuated by metformin or glargine [2-4]  

• greater insulin resistance, with significant reductions in insulin sensitivity not explained by 

race/ethnicity, sex, or body mass index (BMI) [2-4] 

a relative hyperresponsiveness of pancreatic β-cells resulting in higher C-peptide and insulin secretion at 

similar glucose concentrations even after adjustments for insulin sensitivity [5, 6] 

• poorer response to diabetes medications [7] 

• a more rapid development of diabetes complications [8] 

• Prediabetes and T2D predominance in females compared to males [9] 
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Table 2. Risk Factors Associated with Youth-Onset T2D 

Age  T2D is rare among pre-pubertal children; typical onset mid-puberty. 

[9] 

Race/Ethnicity  Disproportionally higher incidence in some groups, e.g. Native 

American, Canadian First Nation, Indigenous Australian, Black, 

Hispanic, East and South Asian, Middle Eastern and Pacific Islander 

populations.[9]  

Sex and Puberty Generally, incidence is higher in girls than boys [9] 

Early life determinants  Intrauterine exposure to maternal gestational diabetes, pregestational 

diabetes, and maternal obesity. [10] 

Obesity, excess adiposity & 

associated conditions 

Relationship is modified by race/ethnicity; obesity is less common in 

Asian youth with T2D. [12].  

Family history of type 2 

diabetes in first degree relatives 

Likely mediated by shared genetics, lifestyle, and environmental 

factors. Genetic factors that contribute are like those of adult-onset 

T2D, with similar or larger effect sizes in youth. [11]  

Lifestyle factors  Excess caloric intake including sugar-sweetened beverages, 

increased sedentary behaviour, low physical activity, and poor sleep. 

[15, 17] 

Social Determinants of Health  

(SDOH) 

The relationship with SDOH is complex and interactions with obesity 

and race/ethnic minority status exist. [13, 14, 16] 
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Table 3. Recommended Criteria for the Diagnosis of Prediabetes [B] 

Test Laboratory Values  

Fasting plasma 

glucose (FPG) 

(indicates IFG) 

ADA IFG definition: 100 – 125 mg/dL (5.6 – 6.9 mmol/L)  

NICE/IEC/WHO/DC IFG definition: 110–125 mg/dl (6.1–6.9 

mmol/L) 

2-hour plasma 

glucose (indicates 

IGT)  

>140-199 mg/dL (7.8 – 11.0 mmol/L) after an OGTT (after 1.75 g/kg 

(max 75 g) anhydrous glucose dissolved in water). 

HbA1c  

 

ADA definition: A1c 5.7-6.4% (39-47 mmol/mol)  

NICE/IEC/DC definition: 6.0-6.4% (42- 47mmol/L) 

American Diabetes Association (ADA), Diabetes Canada (DC), International Expert Committee (IEC), National Institute 

for Health and Care (NICE), World Health Organization (WHO) 
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Table 4. Lifestyle Recommendations for Youth with T2D 

Diabetes education should be started at the time of diagnosis and should focus on the following: 

Promotion of a Healthy Diet 

• Use culturally sensitive and family-centered approaches to healthy eating [B] 

• Teach families and the person with diabetes to interpret nutrition fact labels [B] 

• Promote parental modelling of healthy eating habits, while avoiding overly restricted food intake. 

[E] 

• Reduce or eliminate all high calorie drinks and replace with water or calorie-free beverages [C] 

• Promote meals eaten on schedule, in one place, preferably as a family unit, and with no other activity 

(television, computer, studying), and minimizing frequent snacking. [E] 

• Decrease portion sizes [B] 

• Encourage vegetable and fiber intake to improve satiety [B] 

• Choose roasted, grilled, boiled, or baked over fried foods.[E] 

• Limit high fat and high calorie food, processed food, and pre-packaged food.[B] 

• Maintain food and activity logs as beneficial for raising awareness of food and activity issues and 

for monitoring progress. [E] 

Increasing Physical Activity and Limiting Sedentary Time 

• Encourage youth to build up to 60 minutes of moderate to vigorous physical activity daily with 

muscle and bone strength training at least 3 days per week. [B] 

• Reduce sedentary time, including screen-time, computer-related activities, texting, and video games 

to less than 2 hours per day. [B] 

• Promote physical activity as part of daily living such as using stairs instead of elevators, walking or 

bicycling to school and to shops, and doing house and yard work. [E] 

• Encourage positive reinforcement of all achievements and avoidance of shaming. [E] 

• Encourage exercise as part of family-based activities [E] 

Optimizing Sleep Routines  

• Encourage adequate sleep duration according to age: 9-11 hours for children 5- 13 years of age and 

8-10 hours for adolescents and young adults [B] 

• Encourage consistent bed and wake up times and avoiding naps [E] 

• Reduce use of electronic devices prior to going to sleep [E] 

Mitigation of Risky Behaviors 

• Assess use of drugs tobacco, alcohol, and vaping and refer to cessation programs if needed. [E] 

• Assess sexuality, sexual activity and offer pre-conception counselling. [E] 
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Table 5. Medications for Use in T2D 

 

 

Medication  

(Brand Name) 

Approval and Potential Adverse 

Effects  

Dosing ETD between groups 

(treatment vs placebo) if 

available & percent 

HbA1c lowering within 

the treatment group  

Impact on 

metabolic 

parameters 

Biguanides 

(glucophage, 

Metformin®)  

 

Approved in youth. 

Can cause transient abdominal pain, 

diarrhea, nausea, all attenuated by 

the extended-release formulation. 

Avoid in DKA, if eGFR <30 

mL/min, cardiac or respiratory 

insufficiency, or receiving 

radiographic contrast materials. 

Oral once, twice or three times 

daily 

Starting dose 500mg. 

Can increase to 2000mg.  

HbA1c ↓ of 0.8% at 16 

weeks [101], 0.8% at 24 

weeks and 0.46% at 52 

weeks, respectively [102] 

Weight: An initial 

anorexic effect that 

may promote 

limited weight loss. 

Lipids: TC, LDL-C, 

TG ↓, HDL-C ↑ 

BP: SBP ↓  

Glucagon-like peptide-1 [GLP-1] receptor agonists.  

• GLP-1 RA can have side effects including nausea, vomiting, diarrhea, and infrequently dizziness, headache, and dyspepsia. 

• Discontinue if pancreatitis suspected. GLP-1RA should not be used in combination with a DPP-4 inhibitor. 

• In patients with MEN, these medications have a risk of C-cell hyperplasia and thyroid carcinoma.  

• Adult trials show reduction in cardiovascular, renal events and mortality [103-105] There are no data in children.  

liraglutide 

(Victoza®)  

FDA approved in youth aged 10 

years and older. 

Higher dose Liraglutide, Saxenda® 3 

mg is approved for weight loss in 

youth aged >12 years with obesity.  

 

SC once daily  

Start with 0.6mg. 

Can increase to maximum 

tolerated dose (1.2 or 1.8 mg) 

daily. [89] 

ETD: 1.06% and 1.3% at 

26 and 52 weeks 

HbA1c ↓ of 0.64% and 

0.5% at 26 and 52 weeks 

[94]  

Weight/BP: No 

difference compared 

to placebo at week 

26.  

Lipids: VLDL and 

TG ↓ at week 26, but 

no difference 

observed at week 52 

[94] 

exenatide 

(Bydureon®)  

 

FDA approved in youth aged 10 

years and older. 

 

SC once weekly  

Single dose (2mg), no titration 

available. 

ETD: 0.85% at 24 weeks 

HbA1c ↓ of 0.36% at 24 

weeks [89] 

Weight/BP: No 

difference compared 

to placebo [89] 

Lipids: No data 

 

dulaglutide 

(Trulicity®)  

 

FDA approved in youth aged 10 

years and older. 

 

SC once weekly  

Start with 0.75mg, increase to 

1.5mg as tolerated. 

ETD: 1.5% at 26 weeks 

HbA1c ↓ of 0.9% and 0.6% 

at 26 and 52 weeks [90]  

Weight/BP: No 

difference compared 

to placebo [90] 

Lipids: TC, LDL-C 

and TG ↓ in the 

dulaglutide groups.  

Sodium-Glucose Co-transporter 2 (SGLT-2) inhibitors 

• SGLT-2 inhibitors can increase risk for ketosis, euglycemic DKA and genitourinary infections though these side effects not seen in pediatric 

T2D studies to date. 

• While rates of ketoacidosis were low in pediatric SGLT2 inhibitor T2D trials, caution is recommended in youth who may have ever presented 

with ketoacidosis or DKA  

• Adult trials show weight loss and reduction in cardiovascular disease and renal protection [106, 107]. There are no data in children.  

empagliflozin 

(Jardiance®) 

FDA-approved in youth 10 years and 

older. 

Metformin- Empagliflozin 

combination approved age 10 years 

and older. 

 

Oral once daily  

Starting dose is 10mg. 

Can increase to 25mg/day. 

 

ETD: 0.84% at 26 weeks 

HbA1c ↓ of 0.17% and 

0.04% at 26 and 52 weeks, 

respectively [76]  

 

Weight/BP: No 

difference compared 

to placebo [76]  

Lipids: No data 

 

dapagliflozin  

Farxiga® (US) and 

Forxiga® (EU)  

 

FDA approved for youth 10 years  

and older. 

Approved by the EMA in children.  

10 years or older  

Oral once daily  

Starting dose is 5mg.  

Can increase to 10 mg/day 

ETD: 0.75 at 24 weeks [91]; 

1.03% at 26 weeks [108]. 

HbA1c ↓ of 0.25% 

at 24 weeks [91]  

BMI/weight/BP: No 

difference compared 

to placebo 

[91],[108] 
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 HbA1c ↓ of 0.62 at 26 weeks 

[108] 

Lipids: No data 

  

Other Medications Studied in Children  

sitagliptin  

(Januvia®) 

Upper respiratory infections, 

nasopharyngitis.  

 

Oral once daily 

Dose is 100 mg/day. 

Combination available with 

metformin. 

ETD: 0.19% at 20 weeks 

(nonsignificant) 

HbA1c: ↓0.01% lowering at 

20 weeks [92]  

Weight/BP: No 

difference compared 

to placebo[92] 

Lipids: No data 

 

alogliptin  

(Nesina®, 

Vipidia®) 

Upper respiratory infections, 

nasopharyngitis 

Oral once daily 

Dose is 25 mg/day. 

Results in youth pending Weight/Lipids/BP: 

No data 

 

saxagliptin 

(Onglyza®)  

Upper respiratory infections, 

nasopharyngitis  

Oral once daily 

Dose is 5 mg/day. 

ETD: 0.44% at 26 weeks 

(nonsignificant) 

HbA1c: ↑ 0.6% at 26 weeks 

[108]  

Weight /BP: No 

difference compared 

to placebo [108]  

Lipids: No data 

 

linagliptin  

(Tradjenta®)  

Upper respiratory infections, 

nasopharyngitis 

Oral once daily 

Dose is 5 mg/day. 

ETD: 0.34% at 26 weeks 

(nonsignificant) 

HbA1c: ↓0.33% at 26 

weeks and 0.8% at 52 

weeks [76]  

Weight/BP: No 

difference compared 

to placebo [76]  

Lipids: No data 

Thiazolidinedione 

(pioglitazone, 

Actos®) 

rosiglitzone, 

Avandia ®)  

 

Pioglitazone is the preferred TZD 

due to overall fewer cardiovascular 

side effects in adults compared to 

rosiglitazone. [109, 110] 

Risk of weight gain if used in 

combination with insulin  

In the TODAY study no significant 

side effects reported with 

rosiglitazone therapy [86]  

Liver toxicity has not been seen with 

newer TZDs; instead, may be 

beneficial in MASLD. [112]  

 

 

Oral once daily 

Starting dose 15 mg, can 

increase to 30 mg/day.  

A 45 mg/day dose is available 

but limited additional benefit 

and increased side effects. 

 

Can be useful in youth given 

their severe insulin resistance 

and normal cardiac function 

particularly when metformin is 

not tolerated. 

Associated with the lowest 

therapeutic failure when 

rosiglitazone was combined 

with metformin (38.6%) vs. 

metformin alone (51.7%) 

vs. metformin plus lifestyle 

(46.6%).[86]  

 

Weight: ↑ [86] 

Lipids/BP: No 

significant change  

 

α-Glucosidase 

inhibitoracarbos 

(acarbose, Precose 

® 

miglitol, Glyset ®) 

 

Reduce postprandial glucose rise 

Particularly successful when 

carbohydrates are substantial part of 

diet. [113] 

Can lead to flatulence, diarrhea, 

abdominal cramps. 

Oral up to three times a day 

with meals  

Acarbose 25-100 mg with each 

meal  

Miglitol 100 mg three times a 

day.  

 

No data  Weight/ BP/Lipids: 

No data  

Sulfonylurea and 

Meglitinides  

(glimepiride: 

Amaryl®) 

approved for 

children in 

Japan.[114] 

 

Mild or severe hypoglycemia  

Weight gain  

May accelerate β-cell function loss. 

[115, 116]  

Glimepiride, a new sulfonylurea, 

stimulates insulin release before 

meals and has additional pancreatic 

effects including decreased liver 

glucose production and enhanced 

peripheral tissue insulin sensitivity. 

[109]  

 

Oral once daily  

Starting dose: 1 mg taken once 

daily with breakfast or the first 

main meal of the day.  

Can increase to 8 mg per day.  

 

Glimepiride showed no 

HbA1c lowering with a 

greater degree of weight 

gain and hypoglycemia. 

[117] 

Weight: ↑ in 

Glimepiride vs 

metformin group 

Lipids: No 

difference in 

Glimepiride 

compared to 

metformin [117] 

BP: No data 

 

BP: Blood Pressure; DPP-4: Dipeptidyl Peptidase-4; ; DBP: Diastolic Blood Pressure; eGFR: estimated glomerular filtration rate; EMA: European Medicines Agency; ETD: 

Estimated Treatment Difference; FDA: Food and Drug Administration; HDL-C: High Density Lipoprotein Cholesterol; LDL-C: Low Density Lipoprotein-Cholesterol; MEN: 

Multiple Endocrine Neoplasia; TG: Triglycerides; SBP: Systolic Blood Pressure; SC: Subcutaneous; TC:Total Cholesterol; TZD: Thiazolidinedione; VLDL: Very Low Density 

Lipoprotein 
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Table 6. Recommendations for Screening of Associated Comorbidities/Complications 
 

Comorbidity/ 

Complication  

Intervals for screening Screening Test 

Hypertension Every diabetes related clinical 

encounter starting at diabetes 

onset 

Blood pressure measurement using 

appropriately sized cuff. Values should be 

compared to the reference ranges for age, 

sex, and height of optimal weight youth. 

Figure 3. 

Dyslipidemia Yearly starting at diabetes onset 

(after optimal glycemic 

management is achieved or within 

3 months of diagnosis)  

Lipid profile including LDL-C and 

triglycerides. Figure 4 

Nephropathy Yearly starting at diabetes onset Urine albumin to creatinine ratio, Assess 

estimated GFR at diagnosis and for youth 

with worsening kidney function  

MASLD Yearly starting at diabetes onset ALT, AST 

Obstructive sleep 

apnea 

Yearly starting at diabetes onset Ask about snoring, sleep quality, apnea, 

morning headaches, daytime sleepiness 

Polycystic ovary 

syndrome 

Yearly (unless there is menstrual 

irregularity) starting at diabetes 

onset in pubertal females  

Ask about menstrual irregularities and 

examine for evidence of 

hyperandrogenism (clinical and/or 

biochemical) 

Retinopathy 

 

Yearly starting at diabetes onset Comprehensive eye examination with 

dilated pupils or retinal photography  

Neuropathy Yearly starting at diabetes onset Symptoms of numbness, pain, cramps and 

paraesthesia and tests of vibration sense, 

light touch, and ankle reflexes 

Mental health  Every diabetes related clinical 

encounter starting at diabetes 

onset 

Depression and disordered eating with and 

referral for further evaluation if needed 

Social determinants 

of health 

Every diabetes related clinical 

encounter starting at diabetes 

onset 

Food security, financial concerns, 

social/school and community support 

ALT: Alanine Transaminase; AST: Aspartate Transaminase MASLD: Metabolic Dysfunction-Associated Steatotic Liver Disease; 

specific details regarding how to screen and follow-up are described in the individual sections below. 
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Table 7. Nutrition Management for Dyslipidemia [A] 

 

For any abnormal lipid values:  

• Limit total fat to 25-30% of daily caloric intake. 

• Limit saturated fat to <7% of daily caloric intake. 

• Limit cholesterol to <200 mg cholesterol of daily caloric intake. 

• Avoid trans-fat intake. 

For LDL-C levels above optimal: Add the following: 

• Water-soluble fiber psyllium at a dose of 6 g/day for children 2-12 years of age, and 12 g/day 

for children ≥12 years of age. 

• Consider plant sterol and stanol ester supplementation up to 2 grams/day. 

For triglyceride levels above optimal: Add the following:  

• Reduce sugar intake. 

• Replace simple carbohydrates with complex carbohydrates. 

• Avoid sugar-sweetened beverages. 

• Increase dietary fish to increase omega-3 fatty acid intake. 
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Table 8. Evaluation of peripheral and cardiac autonomic neuropathy 

 

Peripheral 

neuropathy 

History  Foot pain, burning, electric shocks, stabbing, hyperalgesia, 

numbness, tingling, poor balance, and weakness 

Physical 

examination  

General examination of each foot  

Ankle reflexes of each foot 

Light touch, proprioception, pin prick and thermal sensation 

starting distally at the dorsum of each foot 

Vibration perception using 128-Hz- tuning fork starting distally 

at the first metatarsophalangeal joint of each foot 

10 g monofilament applied to the dorsum of the great toe of 

each foot 10 times 

Screening tools  Michigan Neuropathy Screening Instrument [177]  

Toronto Clinical Neuropathy Score[178] 

Neuropathy disability score 

Cardiac 

autonomic 

neuropathy 

Signs Resting tachycardia and postural hypotension (a postural 

decrease of at least 20 mm Hg in systolic blood pressure or at 

least 10 mm Hg in diastolic blood pressure within 3 minutes of 

standing). These signs should prompt formal testing with heart 

rate variability 

Heart rate 

variability  

Evaluated by 10 minutes continuous electrocardiogram; mainly 

used in research settings in adolescents 

Cardiovascular 

reflex tests  

Heart rate response to deep breathing, standing and Valsalva 

manoeuvre. 

Diastolic BP response to sustained handgrip 

 
 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000543033/4314850/000543033.pdf by guest on 25 D
ecem

ber 2024


	OLE_LINK10
	TableStart

