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Abstract

Objective—The objectives were to: (1) describe the characteristics of a large ethnically/racially 

and geographically diverse population of adolescents with recent onset type 2 diabetes; and (2) 

assess effects of short-term diabetes education and treatment with metformin on clinical and 

biochemical parameters in this cohort.

Research Design and Methods—Descriptive characteristics were determined for subjects 

screened for TODAY who met criteria for diagnosis of type 2 diabetes (n=1092). Changes in 

clinical and biochemical parameters were determined for those who completed at least 8 weeks of 

the run-in phase of the trial, which included standardized diabetes education and treatment with 

metformin. Further analysis determined whether these changes differed according to treatment at 

screening.

Main Outcome Measures—Demographic, biochemical measurements, and anthropometrics at 

screening and changes over 8 weeks of run-in.

Results—Subjects screened for TODAY had a median age of 14 years and median hemoglobin 

A1c (HbA1c) of 6.9% (52 mmol/mol), 2/3 were female, and ethnic/racial minorities were 

overrepresented. Dyslipidemia and hypertension were common comorbidities. During run-in, 

HbA1c, body mass index, low-density lipoprotein cholesterol, triglycerides, and blood pressure 
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significantly improved. Nearly all participants on insulin at screening were able to attain target 

HbA1c following insulin discontinuation.

Conclusions—Treatment with metformin and diabetes education provided short-term 

improvements in glycemic control and cardiometabolic risk factors in a large adolescent T2D 

cohort. Nearly all insulin-treated youth could be successfully weaned off insulin with continued 

improvement in glycemic control.
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Introduction

Although it is still considered relatively uncommon in children, type 2 diabetes (T2D) has 

become recognized as a disease with increasingly significant impact in youth (1, 2), 

particularly among racial/ethnic minorities; T2D represents more than half of all newly 

diagnosed cases of diabetes in Black, Hispanic, Asian/Pacific Islander, and Native American 

youth aged 10-19 years (1, 3). The potential impact of the early development of T2D on 

future morbidity/mortality due to associated macro- and microvascular complications is 

significant (4).

The Treatment Options for Type 2 Diabetes in Adolescents and Youth (TODAY) Study was 

designed to evaluate three treatments for T2D in youth 10-17 years old: metformin, 

metformin + lifestyle intervention, and metformin + rosiglitazone. The intervention has been 

described in detail (5) and primary outcome results have been published (6). Prior to 

randomization, potential subjects participated in a run-in phase focused on establishing 

consistent dosing of metformin, delivering standard diabetes education, and weaning insulin 

in individuals who were receiving it at the time of screening. We previously compared the 

characteristics of those who successfully completed run-in and those who did not, including 

change in hemoglobin A1c (HbA1c) and body mass index (BMI) (7). The objectives of the 

current secondary analyses were to: (1) provide a more complete description of a large 

geographically and ethnically diverse cohort of youth with recent onset T2D receiving 

routine clinical care in the US, (2) assess the effect of short-term (8 weeks) standardized 

diabetes management, including education and treatment with metformin, on clinical and 

biochemical parameters, and (3) identify potential predictors of improvement in HbA1c and 

BMI during this short-term intervention.

Methods

Study Design

Details of screening for TODAY and the run-in phase were previously described (5, 7). 

Briefly, subjects were identified from the participating pediatric diabetes centers and 

partners. Public advertisements were also used, but resulted in very few identified 

participants. Pancreatic antibody-negative (glutamic acid decarboxylase-65 and tyrosine 

phosphatase) and c-peptide-positive youth ages 10-17 years who had < 2 years’ duration of 

T2D were eligible for inclusion in the study; therefore, T2D diagnosis was consistent with 
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the recently published guidelines for diabetes classification in youth (8). At screening, 

diabetes medications were recorded and anthropometrics (height, weight, and BMI), blood 

pressure (BP), and physical examination were performed. BMI z-score was calculated based 

on age- and gender-stratified normative data. Family history of T2D and gestational diabetes 

was collected by questionnaire. Fasting blood samples were obtained for measurement of 

total cholesterol, low-density lipoprotein cholesterol (LDL), high-density lipoprotein 

cholesterol (HDL), triglycerides, alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), and c-peptide. All assays were performed at a centralized 

laboratory using standard biochemical assays (see www.todaystudy.org) (5). Since all 

participants were overweight or obese (BMI > 85th percentile for sex and age) and had 

diabetes, participants were classified as having metabolic syndrome if they also had either 

dyslipidemia (high total or low HDL cholesterol, according to sex-, race-, and age-based cut-

offs) and/or hypertension (BP > 95th percentile for age, sex, and height). Elevated liver 

transaminases were defined as ≥ 1.5 times the upper limit of normal (ALT: female ≥ 75 and 

male ≥ 97.5; AST: female ≥ 69 and male ≥ 97.5 U/L).

During the run-in period, participants and an identified and consenting adult family member 

were given one-on-one standardized diabetes education, including diabetes pathophysiology, 

medication action, lifestyle guidelines, diabetes self-care, and goal-setting (9). The 

metformin dose was titrated as tolerated to a maximum dose of 1000 mg twice daily, other 

oral diabetes medications were discontinued, and insulin was tapered with the goal of 

discontinuation. Laboratory studies, anthropometrics, and BP measurements were repeated 

at subsequent run-in visits. In order to successfully complete run-in, participants were 

required to demonstrate ≥ 80% medication adherence for at least 6 weeks, tolerate 

metformin at a dose of at least 500 mg twice daily, miss no more than two run-in visits, 

maintain a HbA1c of ≤ 8% (64 mmol/mol) for at least 2 months on metformin alone, and 

demonstrate mastery of basic diabetes education. The run-in period lasted from 2-6 months 

during which time participants had a minimum of 6 and maximum of 12 visits for mastery 

of diabetes education (9); the median time in run-in for all those screened was 2.4 months 

(25th and 75th percentiles = 2.0 and 3.0 months, respectively) (7). A total of 228 screened 

participants (24%) failed to meet criteria for randomization and their characteristics have 

been previously described (7). The study protocol was approved by the institutional review 

board of each participating institution. Parents of participants provided written informed 

consent and all children and adolescents provided assent according to local guidelines.

Statistical analyses

To describe characteristics of T2D in recently diagnosed youth in routine clinical care and 

before any TODAY interventions were undertaken (objective 1), all diabetes antibody-

negative subjects screened for the TODAY study (n=1092) were included. To describe 

changes in subject characteristics during run-in, those who completed at least 8 weeks of 

run-in were included (n=814), regardless of whether they were ultimately randomized.

For comparisons between race/ethnicity groups and medication groups, Kruskal-Wallis tests 

were used for continuous variables and χ2 tests were used for categorical variables. Only 

non-Hispanic Whites, Blacks, and Hispanic Whites were included in the racial/ethnic 
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comparisons, as subject numbers in other racial/ethnic groups were inadequate for 

meaningful analysis. For adjusted comparisons, p-values from the F-test are reported. 

McNemar’s test was used to compare the change in the proportion of participants with 

cardiometabolic risk factors from screening to the end of run-in. Linear models were used to 

evaluate potential predictors of change in HbA1c and BMI z-score during the run-in period 

(SAS PROC GLM, version 9.2, SAS Institute Inc., Cary, NC). The TODAY study was 

powered for the primary outcome only; the outcomes reported herein are considered 

exploratory. P-values < 0.05 are considered statistically significant with no adjustment for 

multiple testing.

Results

Descriptive characteristics

Characteristics of this cohort of youth with recently diagnosed T2D prior to any TODAY 

intervention can be found in Table 1, which represents all antibody negative youth screened 

in TODAY. The median duration of disease at the time of screening visit was 2 months. 

Briefly, subjects were in mid-late puberty and two-thirds were female. The median HbA1c 

was 6.9% (52 mmol/mol) (range 4.5-17.4 [26-167 mmol/mol]) and 60% of subjects had an 

HbA1c ≤ 7.5% (58 mmol/mol). Almost half (45%) were being treated with metformin alone, 

and most of the remainder was either not on medication (13.6%), on insulin alone (12.5%), 

or on a combination of insulin and metformin (25.7%). Very few (3%) were being treated 

with medications other than insulin and metformin and were grouped together in Table 1 due 

to small sample size. Median values for lipids, BP, and liver enzymes were normal. 

However, 60% had dyslipidemia and 17% had hypertension, while a smaller proportion 

(8.2%) had elevated liver enzymes. Over 65% of participants were characterized as having 

the metabolic syndrome.

Race/ethnicity comparisons are shown in Table 1. Black youth had lower triglycerides and 

higher HDL compared with non-Hispanic Whites. There was no difference in BP between 

Blacks and non-Hispanic Whites, but systolic BP (SBP) was slightly higher in both Black 

and non-Hispanic White youth compared with Hispanics. Hispanic participants had the 

lowest BP and LDL cholesterol and the strongest family history of T2D (data not shown). 

Non-Hispanic Whites were the least likely to be on treatment, the least likely to be on 

insulin, and the most likely to have an HbA1c ≤ 7.5% (58 mmol/mol). There were no 

significant race/ethnicity differences in the prevalence of metabolic syndrome.

Subjects on insulin at screening had a lower c-peptide, a higher HbA1c, were less 

overweight, and were more likely to be racial/ethnic minorities (Figure 1). There were no 

statistically significant or clinically relevant differences in lipid profiles or BP by treatment 

at screening (data not shown).

Changes from screening to completion of run-in

Metabolic parameters and BMI significantly improved in those who completed at least 8 

weeks of standardized diabetes management (Figure 2a). Of the 330 participants who were 

on insulin at screening and who completed 8 weeks of run-in, all but 36 (11%) could be 
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weaned from insulin and some of these 11% failed run-in for other reasons (e.g., poor 

compliance with visits). Most notably, median HbA1c decreased by 0.7% (7.7 mmol/mol, 

p<0.0001) for all subjects who completed at least 8 weeks of run-in. After the subjects who 

were still on insulin at the completion of run-in were removed, this improvement in HbA1c 

persisted (Figure 2b). No subject weaned off of insulin experienced metabolic 

decompensation or occurrence of ketoacidosis.

During run-in, the proportion of subjects with a HbA1c > 7.5% (58 mmol/mol) also 

decreased from 40.8% to 11.4% (p<0.0001), and there were small, but statistically 

significant, improvements in BMI z-score (Fig 2a), total (−8.88 mg/dL [−0.23 mmol/L], p < 

0.0001) and LDL (−5.02 mg/dL [−0.13 mmol/L], p < 0.0001) cholesterol, triglycerides 

(−9.73 mg/dL [−0.11 mmol/L], p < 0.0001), systolic BP (−1.0 mm Hg, p = 0.039), and 

diastolic BP (−1.0 mm Hg, p = 0.002). Again, these improvements remained significant after 

removing the subjects that remained on insulin at the completion of run-in. There were also 

statistically significant improvements in the proportion of subjects with dyslipidemia, 

hypertension, and elevated liver enzymes (Figure 3), and the total number meeting the 

definition of metabolic syndrome fell from 536 (65.8%) to 487 (59.8%) (p=0.0027).

The changes in clinical parameters were compared between those on no medication, 

metformin alone, insulin alone, and combined metformin/insulin treatment. There were only 

small differences in improvement in BMI z-scores between groups, but those who were not 

on treatment at screening showed the most weight loss during run-in (Figure 2a). The 

greatest improvements in HbA1c were seen in the groups who were on insulin at screening 

(p < 0.0001) (Figure 2a). This difference remained significant after removing those who 

were unable to be weaned from insulin by the completion of run-in (p < 0.0001) (Figure 2b). 

Those on insulin at screening also had a significant increase in fasting c-peptide during the 

run-in period (p < 0.0001) (Figure 2a). Differences in change in HbA1c by prescreening 

treatment were no longer statistically significant after adjustment for baseline HbA1c (p = 

0.24), but difference in change in c-peptide remained significant (p < 0.0001). Those who 

were not on medication at screening showed the greatest improvement in triglycerides 

(−30.97 mg/dL [−0.35 mmol/L], p < 0.05) and HDL (+1.93 mg/dL [+0.05 mmol/L], p < 

0.01). There were no other differences in change in lipids based on prescreening treatment.

Predictors of change during run-in

In regression analyses, higher HbA1c at screening was associated with greater improvement 

in HbA1c during the run-in period (p<0.001), whereas higher HDL (p = 0.001), DBP (p = 

0.03), triglycerides (p = 0.01), and a history of in utero exposure to gestational diabetes (p = 

0.007) were associated with less improvement in HbA1c during the run-in period. HbA1c at 

screening had by far the greatest effect size on improvement in HbA1c during the run-in 

period. Higher triglycerides (p = 0.01), older age (p = 0.03), and higher BMI (p < 0.0001) at 

screening were associated with continued increase in BMI z-score. Black (p < 0.0001), 

Hispanic (p = 0.0002), and American Indian (p = 0.006) race/ethnicity was also significantly 

associated with gain in BMI z-score.
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Discussion

The cohort of subjects screened for the TODAY study is a large group of racially and 

geographically diverse children with T2D. This screening population provides an 

opportunity to better understand the clinical characteristics of US youth with T2D early in 

the course of their disease, prior to any study interventions. As previously reported in 

randomized subjects (10), all were overweight or obese, two-thirds were female, and racial/

ethnic minorities were disproportionately represented. We also report here that, at a median 

disease duration of 2 months, nearly half of youth in routine clinical care were being treated 

with metformin alone, while approximately 25% were being treated with metformin and 

insulin in combination, and 12% with insulin alone. However, it has not been previously 

reported that nearly all youth with recently diagnosed T2D who are treated with insulin, 

even those with high HbA1c at presentation, could be rapidly weaned off and still attain 

lower HbA1c levels. Furthermore, with intensive follow-up, education specific for T2D, and 

titration of metformin to a maximally tolerated dose, these youth also showed improvement 

in other metabolic parameters.

A previous report (7) described changes in HbA1c and BMI during the run-in phase of 

TODAY, but focused on a comparison of those subjects who could be randomized and those 

who could not. The goal of the current analysis was to evaluate the effectiveness of initial 

treatment with metformin and standardized diabetes education in recently diagnosed youth 

with T2D by examining all subjects who completed the minimum run-in period, whether or 

not they were randomized. Furthermore, we analyzed here changes in metabolic risk factors 

not included in the previous report. Finally, in contrast to the primary outcome of the 

TODAY trial, which addresses the sustained response to treatment, the current analysis 

demonstrates the initial metabolic improvement that can be achieved early in the course of 

the disease.

Cardiometabolic disease risk differed according to race/ethnicity. As previously described in 

obese children with or without T2D, Blacks had lower triglyceride and higher HDL levels 

than did non-Hispanic and Hispanic Whites (11, 12). Black adolescents have also been 

shown to have lower insulin sensitivity than their obese White counterparts, but to have 

relatively more robust insulin secretion in the face of insulin resistance (13-15). Therefore, 

the lower fasting c-peptide seen in the Black subjects in this cohort is unexpected. We 

previously reported a lack of racial/ethnic difference in insulin secretion and disposition 

index as estimated from oral glucose tolerance testing in the TODAY cohort (16), suggesting 

that the lower fasting c-peptide in Black participants at screening may have been due to the 

higher prevalence of insulin use (causing c-peptide suppression). Hypertension is known to 

be more common in Black adults than in other race/ethnicity groups (17), and some, but not 

all, studies suggest that this racial difference emerges in youth (18-20). However, the Black 

adolescents screened for TODAY did not have a higher median BP or prevalence of 

hypertension than non-Hispanic Whites or Hispanics. Elevated liver enzymes were more 

common in Hispanic youth, as expected, since fatty liver disease has been reported to be 

more common in obese Hispanic adolescents than in Blacks and non-Hispanic Whites (21). 

Although there were race/ethnicity differences in the specific cardiometabolic risk factors, 

the overall prevalence of metabolic syndrome was not different among race/ethnicity groups.
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At the time of screening, 38% of the population was being treated with insulin alone or in 

combination with metformin. Even though insulin-treated subjects had the highest HbA1c 

levels at screening, nearly all (90%) of these subjects were able to be weaned off insulin and 

still had reduced HbA1c levels by the end of run-in. Furthermore, based on the fact that the 

proportion of those who successfully complete run-in and were on insulin (40.5%) at 

screening was slightly higher than those who failed run-in (31.5%), being on insulin at 

baseline was not a barrier to successfully meeting randomization criteria. No cases of 

metabolic decompensation or ketoacidosis occurred with weaning of insulin. Indeed, among 

all the subjects who entered run-in, including those who remained on unchanged treatment 

with metformin, there were improvements in HbA1c, BMI, BMI z-score, percent 

overweight, LDL, triglycerides, and BP. These improvements remained significant after 

those who were unable to be weaned from insulin by the end of run-in were excluded from 

analyses. Therefore, the improvements seen were not biased by the small subset that 

remained on insulin after 8 weeks and, therefore, may have had better metabolic control. 

These results indicate that treatment with metformin monotherapy is almost always 

successful in improving metabolic control even in youth who require initial brief treatment 

with insulin. These findings support the recent guidelines for treatment of T2D in youth, 

which conclude that many patients with T2D can be weaned from insulin therapy (22).

The finding that nearly all patients can be either initially treated with metformin alone or 

weaned onto metformin after a brief treatment with insulin may appear to conflict with the 

primary results of TODAY, which showed a progressive loss of metabolic control in many 

youth during long-term treatment with metformin (6), and other studies showing rapid β-cell 

decline in T2D (23). However, the analysis here and the primary results of TODAY are 

addressing different periods in the course of youth-onset T2D. Taken together, the results of 

TODAY screening, run-in, and primary outcome suggest that most youth can be initially 

treated successfully with metformin alone and that, when insulin is initially required due to 

elevated HbA1c, insulin therapy can be brief and weaned rapidly. While approximately half 

of these youth eventually required reinitiation of insulin due to rising HbA1c later in the 

course of the disease, it is just as important to note that the other half of participants in 

TODAY maintained durable metabolic control without the addition of insulin. Therefore, 

these data support early weaning of insulin to avoid overtreatment of those who will 

maintain control on oral therapy. However, while insulin may not be necessary to maintain 

metabolic control early in the course of diabetes, further studies are required to evaluate 

whether early temporary treatment with insulin might have other benefits, such as 

preservation of β-cell function in the long term (24). Analysis is underway to determine 

whether insulin use at screening predicted eventual need for addition of insulin later in the 

trial.

While clinically relevant improvements in median values for cardiometabolic risk factors 

were not observed during run-in, there was a 5% decrease in the proportion of participants 

with hypertension and overall dyslipidemia, a 6% decrease in hypertriglyceridemia and 

metabolic syndrome, and a 10% decrease in participants with elevated LDL; this represents 

an overall reduction in the proportion of subjects with clinically significant metabolic risk. 

Diabetes patients who present with initial metabolic instability may gain weight when this 

instability is corrected due to improved carbohydrate utilization; however, even in the face of 
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improvements in metabolic control of T2D, BMI z-scores significantly decreased in our 

cohort. Since many of these improvements were seen in subjects who did not change 

treatment during run-in, i.e., who were already on only metformin at screening, at least some 

of the effect can be attributed to intensive health care team contact and diabetes education. 

This is important in light of the failure of lifestyle intervention to show added benefit over 

metformin alone during the main TODAY trial, suggesting a difference between the short-

term effects of initial diabetes education and the outcome of a sustained lifestyle 

intervention. On the other hand, the observation that increases in BMI z-scores were 

predicted by older age and Black, Hispanic, and American Indian race/ethnicity underscores 

the special challenges faced by these groups of patients.

Subjects screened for the TODAY study were not randomly drawn from a population-based 

sample, but were mostly recruited from pediatric academic medical center practices with the 

general study eligibility in mind. However, no efforts to prescreen participants were 

encouraged and the fact that 228 of the 927 (24%) participants who entered run-in could not 

ultimately be randomized suggests that the cohort was not preselected for characteristics of 

success. In addition, attempts by participating TODAY Study sites to identify patients being 

cared for at other medical practices or through public advertisement yielded only a handful 

of screened participants, suggesting that youth with T2D are being generally cared for at 

diabetes centers and not in the primary care setting (25). Furthermore, the clinical 

characteristics of the TODAY screening population are similar to those of youth with T2D in 

the population-based SEARCH for Diabetes in Youth (SEARCH) Study and other sources 

(1, 3). Therefore, the population recruited for TODAY likely reflects the general population 

of U.S. youth with T2D. It is possible that the cardiometabolic improvements presented 

herein largely occurred in those who were successfully randomized during run in, as 86% of 

those who entered run-in were ultimately randomized. However, the fact that such a 

significant proportion were able to be randomized, given the stringent study entry criteria, 

indicates that standardized diabetes education and metformin alone can be successful in 

newly-diagnosed youth with T2D.

The participants screened for the TODAY study represent a large and diverse group of youth 

with T2D. Therefore, their characteristics provide broadly applicable insight into the 

presentation and initial management of youth with newly diagnosed T2D in the US. 

Furthermore, the results of the run-in phase of the TODAY Study demonstrate that nearly all 

adolescents with T2D, including those with a high HbA1c requiring brief treatment with 

insulin at diagnosis, can be safely and successfully treated with metformin alone and 

demonstrate clinically relevant improvements in metabolic risk factors when treatment is 

combined with focused diabetes education. Further analysis of TODAY data is underway to 

discriminate those subjects who may be at risk for early loss of metabolic decompensation 

after initial stabilization on metformin from those expected to maintain durable control on 

oral therapy.
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Figure 1. 
Baseline weight status, HbA1c, and c-peptide by diabetes treatment at screening. Median 

baseline BMI z-score, HbA1c and c-peptide for all screened subjects with type 2 diabetes 

and by treatment at screening. Bottoms and tops of the boxes represent the 25th and 75th 

percentiles, respectively.
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Figure 2. 
Median change in BMI z-score, HbA1c, and c-peptide from screening to end of run-in by 

diabetes treatment at screening.

2a) Median change in BMI z-score, HbA1c, and c-peptide for all subjects who completed at 

least 8 weeks of run-in. Changes in these parameters based on treatment at screening are 

also shown. P-values represent overall significance. *P<0.05, ^P<0.0001

2b) Median HbA1c at screening and after 8 weeks of run-in for those not on insulin at 

screening vs. those on insulin at screening, excluding subjects who were still on insulin at 

the end of run-in. #P=0.02,^P<0.0001
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Figure 3. 
Change in proportion of subjects with cardiometabolic risk factors from screening to end of 

run-in.

Proportion of those who completed at least 8 weeks of run-in with poor glycemic control or 

other metabolic abnormalities. *P<0.05, #P<0.01,^P<0.0001
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