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Abstract

Objective: To understand the factors associated with glycemic control after starting insulin in 

youth with type 2 diabetes following glycemic failure (persistent HbA1c ≥8%) with metformin 

alone, metformin+rosiglitazone or metformin+lifestyle in the TODAY study.

Methods: Change in HbA1c after add-on insulin therapy and the factors predictive of glycemic 

response were evaluated. At one-year post-insulin initiation, 253 youth had a mean of 3.9±1.0 

visits since the time of insulin initiation. Participants were divided into three groups according to 

glycemic control: consistent decrease in HbA1c by ≥0.5%, change < 0.5%, or consistent increase 

in HbA1c ≥0.5%, at 75% or more of the visits.
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Results: Within one-year post-insulin initiation, 33.2% of participants had a consistent HbA1c 

decrease of ≥0.5%, 46.2% changed HbA1c <0.5%, and 20.6% had an increase ≥0.5%. At 

randomization into TODAY and at time of insulin initiation, the three glycemia groups were 

similar in age, sex, race-ethnicity, pubertal stage, BMI z-score, diabetes duration, and insulin 

secretion indices. Consistent HbA1c improvement was associated with higher insulin sensitivity 

(1/fasting insulin) at randomization and at time of failure, higher adiponectin at randomization, 

and was not associated with indices of β-cell function.

Conclusions: Response to add-on insulin was highly variable among youth in TODAY. Greater 

insulin sensitivity and higher adiponectin concentrations at randomization were associated with 

improved glycemic control after initiation of insulin. Due to limited information on adherence to 

insulin injections, the roles of adherence to the prescribed insulin regimen or psychosocial factors 

are unknown.
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INTRODUCTION

TODAY (Treatment Options for type 2 Diabetes in Adolescents and Youth) was a 

multicenter, randomized clinical trial designed to compare the effect of three treatment 

regimens to maintain glycemic control in youth with recent-onset type 2 diabetes. Treatment 

groups (metformin monotherapy [M], metformin plus rosiglitazone [M+R], metformin plus 

intensive lifestyle intervention [M+L]) were compared by time to primary outcome, defined 

as HbA1c ≥8% for six months or inability to wean the participant from insulin for metabolic 

decompensation within 3 months of its initiation.1 The TODAY trial showed high 

therapeutic failure rates in response to oral antidiabetic treatment with deterioration in 

glycemic control associated with rapid loss of β-cell function2; 45.6 % of participants 

reached primary outcome necessitating initiation of insulin therapy with a median time to 

treatment failure of 11.5 months (range <1 to 60) . Initially, insulin glargine 0.2 units/kg was 

started and titrated based on self-monitoring of blood glucose. Add-on glargine insulin 

therapy was considered successful if HbA1c was <7.0% at 6 months.

In adult studies, long-acting insulin glargine initiation after deterioration of glycemic control 

on oral medications is associated with improved glycemia without increased hypoglycemia 

or excessive weight gain.3, 4 Studies in youth are limited. We found that mean HbA1c 

remained elevated at 9% at 1 and 2 years after insulin initiation in TODAY.5 In the Pediatric 

Diabetes Consortium clinical registry, youth with type 2 diabetes who required insulin 

therapy continued to have worse diabetes control over time compared with those who 

maintained glycemic control on metformin alone.6 The factors associated with glycemic 

control on insulin therapy in youth with type 2 diabetes and poor glycemic control on 

metformin are not well understood.

The TODAY cohort provides a unique opportunity to examine the effects of insulin therapy 

in youth with type 2 diabetes. Our previous evaluation of risk factors for glycemic failure in 

TODAY indicated that higher failure rates were associated with β-cell dysfunction, higher 

Bacha et al. Page 2

Pediatr Diabetes. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HbA1c at randomization2, and African-American race.7 In addition, the change in total and 

high molecular weight adiponectin concentrations over the first 6 months post randomization 

in TODAY was predictive of the responsiveness to oral diabetes therapy.7

The objective of the current study was to determine the factors associated with improved 

glycemic control or lack thereof following initiation of insulin therapy in the TODAY 

participants who reached primary outcome, to help guide comprehensive and individualized 

management of youth type 2 diabetes. We hypothesized that failure to improve glycemic 

control after add-on insulin would be related to lower β-cell function, younger age at 

diagnosis, longer duration of diabetes, African-American race, and lower high molecular 

weight adiponectin.

METHODS

Study design:

Details regarding the TODAY study design and methods have been previously reported.1,8 In 

brief, 699 youth aged 10–17 were enrolled in the study between July 2004 and February 

2009. Participants had type 2 diabetes of <2 years duration, diagnosed based on the 

American Diabetes Association criteria, a BMI ≥85th percentile for age and sex, with 

negative pancreatic autoantibodies. After randomization, participants were seen every two 

months in the first year and quarterly thereafter.

Demographic data were collected at randomization, as were blood samples for HbA1c, total 

and high molecular weight (HMW) adiponectin, inflammatory markers, and fasting lipids.5,7 

Race-ethnicity was determined by self-report and participants were categorized as non-

Hispanic Black, non-Hispanic White, Hispanic or ‘Other’ (including Asian, American 

Indian and Alaska Native). Only the three main racial-ethnic groups are compared due to 

heterogeneity and small numbers in the ‘Other’ race-ethnicity group. Height, weight and 

BMI were obtained at randomization and every study visit thereafter. HbA1c was measured 

at every visit while other laboratory measures (lipids, adiponectin, inflammatory markers) 

were collected at randomization, 6 months, and annually. Oral glucose tolerance tests 

(OGTTs), after 10–14 hours of overnight fasting, were performed at randomization, 6 

months, 24 months, and annually thereafter. OGTT blood samples were obtained at 0, 30, 

60, 90 and 120 minutes for glucose, insulin, and C-peptide.9 The TODAY protocol was 

approved by the Institutional Review Boards at each participating institution. Parents of 

children and adolescents provided written informed consent; children and adolescents 

provided assent.

Post-failure treatment:

Participants who reached glycemic failure defined as: a) HbA1c ≥8.0% over a 6-month 

period, or b) inability to wean from temporary insulin therapy within 3 months of acute 

metabolic decompensation were started on insulin glargine 0.2 units/kg in the evening, 

titrated based on self-monitoring of blood glucose. When participants reached primary 

outcome, all subjects were “rescued” with glargine but remained in their assigned treatment 

group. This design was used in order to continue to assess the efficacy of each treatment 
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group on the numerous important secondary outcomes in TODAY. Metformin was continued 

in the three arms of the study, rosiglitazone was discontinued in the M+R group, and insulin 

was added. After initiation of insulin therapy, participants and clinicians remained masked to 

the original treatment assignment, but were unmasked to HbA1c.

Insulin glargine was titrated up to 1.0 U/kg/d (maximum 100 U) until fasting glucose levels 

measured by self-monitoring reached 70–150 mg/dl. Add-on insulin glargine therapy was 

considered unsuccessful if (1) 1.0 U/kg/day (to a maximum of 100 units) did not bring 

fasting blood glucose to target within 1 month or (2) HbA1c > 8% at 3 months or (3) HbA1c 

> 7% at 6 months. At that point, insulin therapy—including adding rapid, short, or 

intermediate acting insulin—was provided at the clinician’s discretion. The type of insulin 

and prescribed dose are presented in Table 2. All other types of insulin, mostly NPH, 

regular, or other unspecified, were included as ‘Other’. The prescribed insulin dose is 

reported as the total units per day of any insulin. The protocol included assessments of 

adherence for oral medications only; adherence to insulin was not assessed. Hypoglycemia 

events were captured at study visits. Mild hypoglycemia was defined as “episode(s) of low 

blood sugar” and assessed via self-report at every visit, while severe hypoglycemia was 

defined as the “presence of low blood sugar episodes that required help from someone else 

to bring the blood sugar back to normal”.10

Laboratory Assays and Calculations:

All assays were performed at the TODAY central laboratory at the Northwest Lipid 

Research Laboratory, University of Washington (Seattle, WA).1 HbA1c, C-peptide, and 

insulin were measured as previously reported.9 Total adiponectin concentrations were 

measured using latex beads based assay reagents on a Modular P Chemistry analyzer (Roche 

Hitachi, Inc., Indianapolis, IN) and HMW adiponectin was measured using ELISA (R&D 

Systems, Inc., Minneapolis, MN).7 Inflammatory markers, including high sensitivity C 

reactive protein (hs-CRP), homocysteine, plasminogen activator inhibitor-1(PAI-1), and 

interleukin-6 (IL-6), were determined using standard methods.5

Insulin sensitivity was calculated as [1/fasting insulin (1/IF)], and OGTT-derived measures 

of insulin secretion C-peptide index (ΔCpep30/ΔG30) was calculated as the ratio of the 

incremental C-peptide and glucose responses over the first 30 min of the test.2,9 The oral 

disposition index (oDI), a measure of β-cell function relative to insulin sensitivity, was 

calculated as the product of insulin sensitivity multiplied by the C-peptide index oDI= 1/IF × 

ΔC30/ΔG30.2,11

Analysis sample:

Of the 699 TODAY participants, 319 reached the primary outcome. Participants who 

reached the primary outcome during TODAY but never received add-on insulin (owing to 

primary outcome right before the end of the study or loss to follow-up after reaching 

primary outcome) were excluded (n=23). An additional 43 participants with less than two 

HbA1c measurements available post-insulin initiation were also excluded from analyses. 

Data collected from female participants (n=47) in the year after a pregnancy were excluded 

from the analyses. Thus, data were available for 253 out of 319 participants. These 
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participants attended an average of 3.9±1.0 visits (min-max: 2–6) post-insulin initiation. 

Comparison of the 253 participants included in the analysis with the 66 excluded showed no 

difference with respect to sex, race-ethnicity, duration of diabetes, randomization BMI or 

HbA1c.

Data analysis:

Data are presented as mean (±standard deviation) or percent. Paired t-tests were used to 

compare anthropometrics and laboratory measures for the 253 participants at randomization 

and time of failure. Participants were classified into 3 groups of glycemic change pattern 

within the first year post-insulin initiation: group (A) had consistent decrease in HbA1c by 

≥0.5% at 75% or more of the visits during the first year on insulin after glycemic failure; 

group (B) had HbA1c change <0.5%; and group (C) had consistent increases in HbA1c 

≥0.5% at 75% or more of the visits during the first year on insulin. Chi-square ANOVA tests 

were used for comparison among the three groups at randomization, time of failure, and at 

one year ±3 months post-insulin initiation. Differences among the groups in the change from 

baseline (randomization), defined as the value at time of insulin initiation minus 

randomization value, for select variables were also evaluated. Unadjusted p-values from 

models are presented unless otherwise indicated. A generalized linear mixed model was 

used to compare the HbA1c slopes among the three groups before and post-initiation of 

insulin. The model consisted of regressing HbA1c as a function of time in the study relative 

to insulin start, thereby obtaining one intercept at ‘time 0’ (insulin initiation) and two slopes 

(one before and one after ‘time 0’) for each participant. The intercept and the two times 

relative to ‘time 0’ were included in the model as random effects. Testing was performed 

using the log-transformed value due to departure from normality for the following variables: 

total adiponectin, HMW adiponectin, and all the inflammatory markers and OGTT-derived 

outcomes. All analyses were considered exploratory with p-values <0.05 considered 

statistically significant.

RESULTS

Demographic and Metabolic Characteristics:

The 253 participants who reached the primary outcome and were started on insulin were 

64% female, with mean age of 14.0 years at the time of randomization (Table 1). Mean 

HbA1c was 10.1% at insulin initiation, 20.6±12.6 months post randomization (29.5±13.6 

months after diagnosis of diabetes). At the time of primary outcome, participants had 

slightly higher BMI but lower BMI Z-score, and no significant difference in insulin 

sensitivity (1/fasting insulin) or in adiponectin concentrations compared with values at 

randomization. Participants had higher HbA1c (10.1±1.9 vs. 6.4±0.8, p <0.001) and 

worsening measures of β-cell function (i.e., lower oDI; 0.0010±0.0011 vs. 0.0022±0.0025, p 

<0.0001) at the time of glycemic failure compared with randomization. Inflammatory 

markers, apart from IL-6, were significantly worse at the time of glycemic failure compared 

with randomization.
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Characteristics of participants according to their glycemic change pattern after one year of 
insulin therapy:

In the 253 participants who reached primary outcome, 84 (33.2%) had a consistent HbA1c 

decrease ≥0.5%, 117 (46.2%) had change <0.5%, and 52 (20.6%) had a consistent HbA1c 

increase ≥0.5%. Post-insulin initiation, HbA1c fell slightly from the 10.1% at the time of 

failure to 9.7% at 6 months and 10.0% at one year post-insulin initiation. At 12 months post-

insulin start, 6.6% of all participants had HbA1c <7%, 12.4% had a value between 7–8%, 

and 81.0% had HbA1c >8%. In participants with a consistent decrease in HbA1c, 13.0% had 

HbA1c <7%, 25.3% had HbA1c 7–8%, and 61.3% had HbA1c >8%. In participants with a 

change in HbA1c < 0.5%, 5.0% had HbA1c <7%, 9.0% had HbA1c 7–8%, and 86.0% had 

HbA1c >8%. All subjects with consistent increase in HbA1c had HbA1c >8% at 12 months 

post-insulin start.

At randomization and at time of glycemic failure, the three groups did not differ in age, sex, 

race-ethnicity, BMI, diabetes duration, or insulin secretion indices (Table 2). The group with 

consistently lower (improved) HbA1c after starting insulin therapy had higher insulin 

sensitivity (as reflected by 1/fasting insulin) at randomization and at time of failure, and 

higher total and HMW adiponectin at randomization compared with the other two groups. 

The group with greater than 0.5% decrease in HbA1c was prescribed a larger mean total 

daily insulin dose compared with the other two groups (0.8 units/kg/day vs. 0.6 [<0.5% 

change in HbA1c] and 0.7 [consistent HbA1c increase ≥0.5%] units/kg/day; p=ns) but the 

difference was not statistically significant. There was no difference in treatment 

randomization among the three response groups. The proportion of participants randomized 

to receive rosiglitazone at study entry was similar among the three response groups: 27.4% 

of n=84 with consistent HbA1c decrease ≥0.5% vs. 26.5% of n=117 with change <0.5% vs. 

34.6% of n=52 with consistent HbA1c increase ≥0.5%. There were no differences among the 

groups in the change from baseline (randomization to insulin initiation) for BMI, BMI Z-

score, and total and HMW adiponectin (data not shown).

Overall, the frequency of mild hypoglycemia was 5.4% and 7.8% at 6 and 12 months after 

add-on insulin therapy, respectively, with no significant difference among the three groups at 

month 6 (p=ns). However, a higher proportion of mild hypoglycemia was found in the 

consistent HbA1c decrease group compared with the no change and consistent HbA1c 

increase groups at one year post add-on insulin (16.2% vs 2.1% and 6.7% respectively, 

p=0.0029). There were 5 participants with severe hypoglycemia events (loss of 

consciousness, seizure) across the entire TODAY study period; one of those five participants 

reached glycemic failure and received add-on insulin therapy after experiencing the event.

Time to glycemic failure and HbA1c trajectory before and after insulin initiation:

The mean (±standard deviation) time to glycemic failure was not significantly different 

among the three groups: 14.5±11.9 months in those with consistent HbA1c decrease ≥0.5%, 

11.8±11.5 months in those with <0.5% change, and 13.3±11.5 in those with consistent 

≥0.5% increase in HbA1c. Overall, there was no significant difference in the rate of increase 

of HbA1c in the year prior to initiation of insulin among the three groups (Figure 1). 

However, in the 6 months prior to insulin start, the rates of increase did differ (p=0.0008), 
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with the consistent HbA1c decrease group slope increasing more rapidly than the < 0.5% 

change group (p=0.0009) and the consistent increase group (p=0.0015).

DISCUSSION

Our findings illustrate that the response to add-on insulin therapy in youth with type 2 

diabetes after failure of oral antidiabetic agents, is highly variable. Only 33% of TODAY 

youth had a consistent reduction of HbA1c by ≥0.5% by 6 months after add-on insulin 

therapy. Among the physiologic variables that may affect responsiveness to insulin therapy, 

greater insulin sensitivity and higher adiponectin levels at randomization were associated 

with improved glycemic control after insulin initiation.

Several adult studies assessing glargine as a once-a-day basal insulin add-on therapy to oral 

glucose-lowering drugs demonstrated clinically important improvements in glycemic 

control, with HbA1c reduction of 1 to 2%.12,13 In a randomized treat-to-target study, 

addition of either NPH or glargine over 24 weeks resulted in HbA1c <7% in 60% of patients 

with 25% less frequent hypoglycemia with glargine use.12 Similarly, in a parallel group 

study of poorly-controlled adults with type 2 diabetes, glargine or NPH therapy resulted in 

improvement in glycemia with decrease mean HbA1c from ~9% to 7% at 36 months.13 

Greater weight gain was observed in those who reached target HbA1c <7%.13 In treat-to-

target trials with once-a-day glargine or detemir insulin, HbA1c typically decreased by 

approximately 1.5% within the first 12 weeks, sustained up to 52 weeks, with 52% of 

participants achieving HbA1c ≤7.0%.14 In the Action to Control Cardiovascular Risk in 

Diabetes (ACCORD) trial, the standard (vs. intensive treatment) arm targeted an HbA1c 

level of 7.0–7.9%. In that trial, ~70% of participants in the standard treatment arm achieved 

target HbA1c of <8%.15 These data in adults contrast with only 33% of our youth achieving 

consistent 0.5% reduction in HbA1c over the 12 months after insulin initiation, and only 

19% had HbA1c less than or equal to 8%, with mean HbA1c levels remaining greater than 

8%.

There were no differences in the response to insulin in relation to age, sex, race, BMI or 

duration of diabetes. This is in contrast to our previous reports of sex and race differences in 

response to oral hypoglycemic agents in TODAY participants.7,8 These findings are also 

somewhat different than in adult studies. In the ACCORD study, patients who were younger, 

African-American, female sex, with higher BMI, longer duration of diabetes, higher 

randomization HbA1c, who were on insulin, and had a history of cardiovascular disease 

were less likely to achieve target HbA1c (≤8%) after 12 months in the standard arm of the 

study.15 A report by Riddle et al. that included analyses from participants in 12 studies using 

insulin glargine showed male sex, White race, shorter duration of diabetes, lower 

randomization HbA1c (p < 0.0001), and metformin use and not using sulfonylurea at 

randomization were significantly associated with reaching target HbA1c of 7%, after 

adjustment for covariates.16 On the other hand, in the UKPDS, no race-related differences 

were reported in glycemic response to diabetes treatments that included insulin.17

The lower responsiveness to insulin in our study vs. adult data could be related to the higher 

HbA1c levels at time of insulin initiation in our participants. In the report by Riddle et al., 
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the randomization HbA1c category was independently associated with reaching HbA1c 

target, with 75% of those with randomization HbA1c <8.0%, vs. 38% with randomization 

HbA1c ≥9.0% achieving HbA1c ≤7.0% by 24 weeks of intervention.16 This has also been 

noted in studies of adults with type 2 diabetes treated with insulin18 and in adults and 

children with intensification of therapeutic regimen in type 1 diabetes19,20. Unlike the adult 

studies, in our youth, the group with the highest HbA1c at initiation of insulin had the 

greatest response to insulin. The effect of insulin has been attributed to improvement of 

glucotoxicity and lipotoxicity21. Given that the group with consistent decrease of HbA1c 

also had the most rapid increase in HbA1c acutely (6 months) prior to insulin start, the 

decreasing gluco/lipotoxicity at the liver/muscle tissue level could potentially have led to the 

more significant improvement in glycemia in this group with greater insulin sensitivity at 

randomization and at insulin start.

Nevertheless, despite greater sensitivity to insulin in this group that may have contributed to 

greater improvement in HbA1c compared with the other two groups, the fact that they 

started with a higher HbA1c translated to less improvement in HbA1c than that reported in 

adults.16,18 A greater endogenous insulin production could be hypothesized to contribute to 

the greater improvement in HbA1c. However, insulin secretion indices were not different 

among the three groups. This is in contrast to glycemic control on oral agents which was 

related to residual β-cell function and not insulin sensitivity.9 Also, β-cell reserve and 

HbA1c at randomization were independent predictors of glycemic durability on randomized 

therapy prior to failure.22 However, at glycemic failure, β-cell dysfunction is evident and 

does not affect response to insulin. Consistent with our findings, in an adult study, 

randomization C-peptide and glycemia were not different between patients who achieved 

good glycemic control (HbA1c <7.0%) on add-on insulin therapy compared with those who 

did not.13 In the recent RISE study23, insulin therapy in early youth-onset type 2 diabetes 

did not rescue β-cell function, which continued to deteriorate over time. Therefore, it is 

unlikely that insulin therapy in diabetes of longer duration than the RISE study, as in this 

TODAY group, will have a major effect in improving β-cell function.

On the other hand, insulin sensitivity index and adiponectin concentrations were higher in 

the group with consistent improvement in HbA1c ≥0.5%. Insulin sensitivity improvement 

was noted in TODAY in association with rosiglitazone therapy in the first 6 months of the 

trial and was related to the more durable glycemic control observed in the metformin+ 

rosiglitazone arm compared with the other two arms of the study.2 Nonetheless, the 

proportion of individuals who were randomized to the metformin+rosiglitazone arm was 

similar in the 3 response groups. Therefore, it is unlikely that the assignment to rosiglitazone 

contributed to the observed differences in response to insulin. Adiponectin is known to be a 

biomarker of insulin sensitivity in youth24, as well as in adults. In TODAY, adiponectin 

concentrations were predictive of glycemic efficacy on the randomized treatment prior to 

failure7, consistent with adult data.25 Lower increment in HMW adiponectin levels in non-

Hispanic Blacks compared with the other racial groups seemed to explain the racial 

differences observed in TODAY with higher failure rates in non-Hispanic Black youth.7 It is 

interesting that these physiologic variables of insulin sensitivity and higher total and HMW 

adiponectin were related to a better response to insulin in youth with type 2 diabetes at 

similar duration of diabetes and similar degree of obesity, independent of race or randomized 
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treatment arm. This suggests that adiponectin may be useful as a prognostic biomarker of 

response to insulin therapy in individuals with type 2 diabetes.

Given this novel observation of a relationship of insulin sensitivity to response to insulin 

therapy, it could be advanced that the lower insulin sensitivity in youth compared with 

adults26,27 may contribute to the lower degree of responsiveness to insulin therapy in youth 

compared with adults with type 2 diabetes. Similar insulin doses (~0.7 units/kg/day) resulted 

in significant reduction in HbA1c in adult studies.13 Higher insulin doses are thus likely to 

be needed in adolescents compared with adults. This is supported by the borderline higher 

insulin dose in the group with consistent HbA1c improvement in our study. On the other 

hand, adherence to the diabetes care regimen is likely the most important determinant of 

response to therapy and is difficult to accurately assess with the use of insulin injections. 

Adherence is known to be a challenge in the adolescent age group including in type 1 

diabetes with higher HbA1c observed in adolescents compared with other age groups 

regardless of the modality of treatment.28

We did not observe significant weight gain with insulin therapy in youth with type 2 

diabetes. This may be related to overall suboptimal glycemic control. The rates of mild 

hypoglycemia were low as reported before29, although higher in the group with consistent 

HbA1c improvement, suggesting possible greater adherence to therapy in that group. The 

group with glycemic failure had significantly higher inflammatory markers at the time of 

failure compared with randomization. In our previous analyses, we reported that rates of 

dyslipidemia and inflammatory markers were related to change in HbA1c and rose before 

and after start of insulin therapy, raising concern for premature atherosclerosis in this 

population.5

Overall, this study provides novel information about the clinical course of youth with type 2 

diabetes after add-on insulin therapy following failure of oral antidiabetic treatment 

administered in a randomized controlled trial, and the characteristics of youth who improve 

glycemic control vs. those who do not. A strength is the long duration of follow-up, with 

data available longitudinally up to 12 months after insulin start and evaluation of trajectory 

of change in HbA1c. Some limitations need to be acknowledged. The trial was not designed 

to test an intensive insulin dosing regimen. Insulin therapy was individualized according to 

the treating physician discretion rather than a target HbA1c and insulin dose cannot be 

verified. Assessment of adherence to insulin regimen and psychosocial variables related to 

insulin use were not measured. Medication and lifestyle adherence may explain in part the 

differences in our outcomes compared to adult trials.12

Future studies are needed to test more intensive insulin regimens, perhaps initiated earlier in 

the disease course. Adjunct therapies are now available and several pediatric phase 3 trials 

are ongoing. In addition, measures to monitor and encourage adherence need to be evaluated 

in this population.

In summary, there is significant variability in the response to add-on insulin therapy in 

TODAY youth. Among the physiologic variables, higher insulin sensitivity and adiponectin 

levels and not residual beta cell function, BMI, sex, ethnicity or diabetes duration, appear to 
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be associated with improved glycemic control on insulin therapy. Due to limited information 

on adherence to insulin injections, it remains unknown to what extent adherence to the 

prescribed insulin regimen and psychosocial factors played a role. Our findings support the 

need for more aggressive therapy in youth with type 2 diabetes. Initiation of insulin therapy 

at HbA1c lower than 8% may need to be considered if glycemic control is deteriorating on 

oral agents.

Supplementary Material
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Figure 1. 
Trajectory of HbA1c before and after initiation of insulin therapy in the 3 glycemic response 

groups showing consistent HbA1c decrease (≥0.5%), <0.5% change in HbA1c, and 

consistent HbA1c increase (≥0.5%) within 1 year of insulin initiation
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Table 1.

Participant characteristics (n= 253) at randomization and time of failure
†

At randomization At time of failure P-value

Female (%) 63.6% -- --

Race-ethnicity (%)

 Non-Hispanic Black 39.5% -- --

 Hispanic 37.2% --

 Non-Hispanic White 16.6% --

 Other 6.7% --

Pubertal stage (%)

 Stages 4–5 90.1% 97.3% --

 Stages 1–3 9.9% 2.6%

Diabetes duration (months) 8.9 ± 6.4 29.5 ± 13.6 P<0.0001

Age (years) 14.0 ± 2.1 15.6 ± 2.3 P<0.0001

HbA1c (%) 6.4 ± 0.8 10.1 ± 1.9 P<0.0001

Weight (kg) 95.9 ± 26.0 99.4 ± 27.0 P<0.0001

BMI (kg/m2) 35.1 ± 7.6 35.4 ± 7.9 P=0.002

BMI Z-score 2.2 ± 0.5 2.1 ± 0.6 P<0.0001

Total adiponectin (ng/mL) 5478 ± 2356 5390 ± 3163 P=ns

HMW adiponectin (ng/mL) 2907 ± 1777 2834 ± 2187 P=ns

1/ fasting insulin (mL/uU) 0.047 ± 0.037 0.048 ± 0.038 P=ns

C-peptide index (ng/mL per mg/dL) 0.0540 ± 0.0588 0.0284 ± 0.0283 P<0.0001

oDI 0.0022 ± 0.0025 0.0011 ± 0.0010 P<0.0001

Hs-CRP (mg/dL) 0.43 ± 0.96 0.49 ± 0.57 P=0.004

Homocysteine (μmol/L) 6.09 ± 1.88 6.47 ± 1.95 P=0.0001

PAI-1 (ng/mL) 21.8 ± 15.5 28.4 ± 20.9 P<0.0001

IL-6 (pg/mL) 2.32 ± 1.89 2.49 ± 1.89 P=ns

†
HMW: high molecular weight; oDI: c-peptide based oral disposition index; hs-CRP: high sensitivity C reactive protein; PAI-1: plasminogen 

activator inhibitor-1; IL-6: interleukin-6; P-value from paired t-test comparing the characteristics of participants at randomization and time of 
failure.
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Table 2.

Participant characteristics (n=253) according to their glycemic change pattern within one year post-insulin 

initiation
†

Consistent HbA1c 
decrease of ≥0.5% (A, 

n=84)

<0.5% change in 
HbA1c (B, n=117)

Consistent HbA1c 
increase of ≥0.5% (C, 

n=52)
P-value

At randomization

Female (%) 63.1% 66.7% 57.7% P=ns

Race-ethnicity (%)

 Non-Hispanic Black 40.5% 38.5% 40.4% P=ns

 Hispanic 39.3% 34.2% 40.4%

 Non-Hispanic White 17.9% 17.9% 11.5%

 Other 2.4% 9.4% 7.7%

Age (years) 13.5 ± 2.0 14.3 ± 2.0 14.0 ± 2.1 P=ns

Diabetes duration (months) 9.7 ± 6.9 8.6 ± 6.5 8.5 ± 5.5 P=ns

HbA1c (%) 6.3 ± 0.7 6.5 ± 0.8 6.4 ± 0.7 P=ns

BMI (kg/m2) 34.2 ± 6.8 35.2 ± 7.7 36.2 ± 8.5 P=ns

BMI Z-score 2.2 ± 0.5 2.2 ± 0.5 2.3 ± 0.5 P=ns

Total adiponectin (ng/mL)
1 5979 ± 2541 5198 ± 2239 5293 ± 2211 P=0.040 A vs B

HMW adiponectin (ng/mL)
1 3202 ± 1849 2770 ± 1744 2738 ± 1710 P=0.046 A vs B,C

1/ fasting insulin (mL/uU) 0.052 ± 0.036 0.043 ± 0.036 0.047 ± 0.041 P=0.020 A vs B

oDI 0.0025 ± 0.0025 0.0020 ± 0.0021 0.0023 ± 0.0031 ns

At time of glycemic failure (insulin 
initiation)

Diabetes duration (years) 2.7 ± 1.2 2.3 ± 1.1 2.4 ± 1.0 ns

HbA1c (%) 11.1 ± 2.0 9.8 ± 1.7 9.1 ± 1.4 P=0.0001 ALL

BMI (kg/m2) 34.1 ± 7.6 36.0 ± 7.8 36.5 ± 8.5 P=ns

BMI Z-score 2.0 ± 0.6 2.1 ± 0.6 2.2 ± 0.6 P=ns

Total adiponectin (ng/mL)
1 5737 ± 2452 5225 ± 3875 5241 ± 2204 P=ns

HMW adiponectin (ng/mL)
1 3025 ± 1973 2770 ± 2536 2693 ± 1590 P=ns

1/ fasting insulin (mL/uU)
2 0.060 ± 0.043 0.042 ± 0.035 0.045 ± 0.032 P=0.002 A vs B,C

 Change from baseline 0.012 ± 0.035 0.001 ± 0.024 0.003 ± 0.028 (P=0.062 A vs B)

oDI
2 0.0012 ± 0.0013 0.0009 ± 0.0008 0.0012 ± 0.0011 P=ns

 Change from baseline −0.0011 ± 0.0019 −0.0008 ± 0.0017 −0.0008 ± 0.0015 P=ns

At one year ± 3 months post-insulin 
initiation

Diabetes duration (years) 3.5 ± 1.2 3.2 ± 1.1 3.3 ± 1.0 P=ns

HbA1c (%) 9.1 ± 2.4 9.9 ± 1.9 11.5 ± 1.5 P<0.0001 ALL

BMI (kg/m2) 35.6 ± 7.2 35.9 ± 7.2 36.1 ± 8.2 P=ns

BMI Z-score 2.1 ± 0.5 2.1 ± 0.6 2.0 ± 0.7 P=ns

Total adiponectin (ng/mL)
1 5970 ± 2532 5344 ± 4233 5648 ± 1526 P=ns
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Consistent HbA1c 
decrease of ≥0.5% (A, 

n=84)

<0.5% change in 
HbA1c (B, n=117)

Consistent HbA1c 
increase of ≥0.5% (C, 

n=52)
P-value

HMW adiponectin (ng/mL)
1 3392 ± 1908 3139 ± 3943 2817 ± 1135 P=ns

Prescribed insulin dose
3
 (units/kg/

day)
0.8 ± 0.5 0.6 ± 0.4 0.7 ± 0.5 P=ns

Insulin dose (total daily units)
3 73.6 ± 47.9 65.2 ± 48.7 68.8 ± 46.6 P=ns

Type of insulin

 Glargine only 54.2% 65.6% 60.0% P=ns

 Glargine+Humalog 26.4% 15.6% 8.9%

 Other insulin 11.1% 12.5% 26.7%

 Any combination 8.3% 6.3% 4.4%

†
HMW: high molecular weight; oDI: c-peptide based oral disposition index;

1
P-value from model adjusted for race/ethnicity;

2
P-value from model adjusted for HbA1c at time of failure;

3
P-value from model adjusted for HbA1c at year 1.
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