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Summary

Background—The Treatment Options for type 2 Diabetes in Adolescents and Youth (TODAY)
clinical trial documented that metformin plus rosiglitazone, but not metformin plus lifestyle
intervention, provided superior durability of glycemic control relative to metformin monotherapy.

Objectives—We examined weight changes among TODAY participants that completed at least 6
months of treatment, evaluated predictors of lifestyle outcome, and examined whether weight
changes were related to cardiometabolic outcomes across treatment arms.

Methods—The 595 youth with type 2 diabetes, (85.1% of randomized participants aged 11-17
years) completed assessments of weight-related and cardiometabolic measures at months 0, 6, 12
and 24. Repeated measures models were used to investigate associations over time.

Results—Lifestyle intervention did not enhance outcome relative to metformin alone and no
predictors of response to lifestyle treatment were identified. However, changes in percent
overweight across treatment arms were associated with changes in multiple cardiometabolic risk
factors, and decreases of =7% in overweight were associated with significant benefits over 24
months.

Conclusions—Although adjunctive intensive lifestyle intervention did not improve weight-
related outcomes, weight changes in the full TODAY sample were associated with small, but
significant improvements in cardiometabolic status, highlighting the importance of optimizing
weight management in youth with T2DM.

Keywords
type 2 diabetes; lifestyle; cardiometabolic risk; behavioral weight control

Introduction

Increases in the prevalence of type 2 diabetes mellitus (T2DM) in children and adolescents
have accompanied increases in the prevalence of obesity. Given concerns about diabetes
complications and the consequences for the adult health of affected youth, the National
Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) funded a randomized
clinical trial, Treatment Options for type 2 Diabetes in Adolescents and Youth (TODAY).
The goal of TODAY was to evaluate the efficacy of three treatment arms [metformin (M)
monotherapy, metformin plus rosiglitazone (M+R), and metformin plus an intensive lifestyle
program (M+L) on time to treatment failure [defined as hemoglobin Alc (HbAlc) >8% over
6 months or inability to wean from temporary insulin therapy within 3 months following
acute metabolic decompensation] in recently diagnosed youth with T2DM.

Results demonstrated that adding rosiglitazone to metformin, but not an adjunctive lifestyle
program, was associated with more durable glycemic control among youth who were
followed for an average of 3.86 years (1). Although TODAY intensive lifestyle participants
lost significantly more weight than those randomized to the other treatment arms by month
6, the point at which lifestyle programs typically achieve maximal weight changes, the
benefits of lifestyle intervention for weight changes were not sustained at months 12 or 24

).
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A substantial number of TODAY participants were unable to maintain adequate glycemic
control during the first 6 months of the trial; these participants were characterized by lower
B-cell reserve at randomization and did not benefit from any of the TODAY randomized
treatments and were discontinued (2). Consequently, participants characterized by early non-
response did not have exposure to intensive weekly sessions at the start of the lifestyle
intervention. We examined outcomes of participants who had at least 6 months of exposure
to their randomized treatment, and identified factors associated with more successful weight-
related outcomes in the lifestyle treatment arm. To address the important question of whether
weight loss should be a goal in the management of pediatric T2DM, we examined whether
changes in weight-related measures were associated with changes in cardiometabolic risk
factors across treatment arms.

Details regarding the TODAY design and methods have been reported (3). In brief, 699
youth aged 10-17 years were enrolled between July 2004 and February 2009. Participants
had T2DM of less than 2 years duration (average 7.8 months) using criteria of the American
Diabetes Association, a body mass index (BMI) >85th percentile for age and sex, (4) and
were negative for diabetes autoantibodies. Participants were weaned from non-study
medication and metformin initiated (at least 500 mg twice daily to the study dose of 1000
mg twice daily) during a run-in of 2—6 months. During run-in, participants had to
demonstrate mastery of standard diabetes education, adhere to study procedures and attain
glycemic control defined as HbAlc <8% for two consecutive months.

The TODAY protocol was approved by the Institutional Review Board at each participating
site. Parents provided written informed consent; children and adolescents provided assent for
study procedures.

Research assessments were obtained at clinic visits at months 0, 6, 12 and 24.

Anthropometric outcomes

Height was measured without shoes using a stadiometer. Weight was measured twice using a
Seca scale (model 882, Seca USA, Hanover, MA), with a third measurement taken if the first
two differed by >.2kg, and measurements were averaged. BMI was calculated [weight (kg) /
[height (m)?], and percent overweight defined as BMI minus BMI at the 50th percentile for
age and sex, divided by BMI at the 50th percentile times 100. Percent overweight was
utilized as the primary weight-related metric because the expression of BMI values as a
percentage of the 95th percentile has been recommended, and now is widely used, for
describing and tracking heavier children (5).

Cardiometabolic outcomes

Assays were performed at the Northwest Lipid Research Laboratory as previously described
(3). HbAlc, fasting lipids and 2-hour oral glucose tolerance tests (OGTTs) were obtained
after a 10-14 h overnight fast. OGTTs were not obtained at month 12 per study protocol.
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The oral disposition index (oDI), a measure of B-cell function relative to insulin sensitivity
was calculated as the product of insulin sensitivity (defined as 1/fasting insulin; 1/Ig),
multiplied by the c-peptide index (defined as the ratio of the incremental c-peptide and
glucose responses over the first 30 min of the OGTT test; AC30/AG3g) (2). Blood pressure
was recorded three times (using a CAS 740 monitor with standardized oscillometric cuff
sizes), and the average of the second and third recordings was used for analysis.

Lifestyle program

The lifestyle program has been described in detail (6). TODAY staff members delivered the
program to youth participants and a family support person, most of whom were parents.
Participants attended weekly intervention sessions for the first 6 months of the study. During
the second 6 months there were biweekly in-person visits alternating with bi-weekly
telephone contacts. During months 12—24, there were twice-per-month contacts (one in-
person visit and one telephone contact). Intervention sessions lasted 45—-60 min and included
the family support person for part of each session.

The goal of the lifestyle program was to achieve sustained weight losses (=7% of initial
percent overweight) by changing dietary intake and physical activity. This threshold is
consistent with weight losses associated with favorable changes in health parameters
observed in another randomized controlled study of family-based treatment for severe
pediatric obesity (7). Evidence-supported behavior change strategies targeting diet and
physical activity were taught and practiced. Family support persons were encouraged to
model healthy behaviors and promote healthy home environments as well as to provide
positive reinforcement for health behavior change.

Study sample

The cohort for the current report included TODAY participants who had data after 6 months
of exposure to the randomized treatment. Of 699 TODAY participants, 595 (85.1%) were
included in the analysis. Participants excluded (n = 104) did not differ significantly from the
analytic sample on any demographic characteristic, treatment group assignment or baseline
percent overweight. Of those excluded, 81 reached the primary outcome before 6 months,
and 23 were lost to follow-up or had missing 6 month data. Excluded participants spent a
longer time in run-in (98.4 = 40.3 vs. 79.7 + 38.5 days; £<.0001), did not lose weight
during the run-in period (+1.2 + 3.9 vs. 1.0 + 3.7 kg; £<.0001), had higher baseline
HbAlc (6.7 £ 0.8 vs. 5.9 £ 0.7%; P£<.0001), and a lower baseline c-peptide oDI (0.0017
+0.0018 vs. 0.0035 £ 0.0032; £<.0001).

Statistical methods

First, we examined weight change metrics as a function of treatment arm and baseline
factors associated with 24-month outcome. Linear mixed models for repeated measures were
fit to evaluate changes in percent overweight as a continuous outcome, and generalized
estimating equations were used to examine the dichotomized measure (i.e. percent
overweight decrease =7%). All models included treatment arm, visit (time), the interaction
between visit and treatment, and the value of the weight-related measure at baseline. Sex,
age at baseline and race-ethnicity also were included as covariates. Other baseline variables
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considered were percent overweight change during run-in, household highest level of
education, total annual income and pubertal stage; only percent overweight change during
run-in had a significant effect on percent overweight and was included in the final models.
The analyses were repeated for the subsample of participants considered adequately
adherent in the lifestyle program arm, defined as =75% attendance to the weekly sessions
during the initial phase of the program. To evaluate whether age at baseline, sex or race/
ethnicity influenced weight change differently across the three treatment arms, subgroup
analyses were conducted including appropriate interaction terms.

Next, we evaluated the impact of changes in percent overweight and decreases of >7% in
percent overweight on HbAlc and other cardiometabolic risk factors using the approaches
described earlier. All models included the baseline value of the outcome of interest,
treatment arm, sex, age at baseline, race-ethnicity and change in percent overweight during
run-in. We also evaluated the potential effects of treatment, sex, age at baseline and race-
ethnicity on the association between changes in weight-related measures and corresponding
changes in risk factors over time with a series of models including interaction terms for
changes in weight-related measures by the factors of interest. Finally, we analyzed the
relationship between changes in percent overweight and cardiometabolic risk separately by
treatment group.

We used SAS statistical software version 9.2 (SAS Institute Inc., Cary, NC). All analyses
were considered exploratory, but because of the number of tests performed, £< .001 was the
cut-off for statistical significance.

Baseline characteristics of the analysis sample (n = 595) are summarized in Table 1.
Participants averaged 13.9 years, had an average BMI of 34.8 kg/ m2, and were 78.3%
overweight. Average decrease in percent overweight during run-in was 2.6% over an average
length of 79.7 days prior to randomization. As per protocol, participants had adequate
glycemic control with an average HbAlc of 5.9%. There were no differences in any baseline
variable as a function of treatment arm.

Changes in weight-related metrics

Changes in percent overweight over time are presented in Table 2 and illustrated in Figure
S1A. Changes in BMI are presented in Table S1. Consistent with the TODAY clinical trial,
data from the current sample showed that the lifestyle program arm (M+L) was associated
with favorable changes in percent overweight and BMI in comparison to M+R at 12 and 24
month assessments (P <.0001), but there were no differences between M and M+L. Results
among youth who attended at least 75% of the intensive lifestyle change phase sessions
showed the same pattern (Table S2).

Figure S1B illustrates the impact of lifestyle program on achieving the a priori weight loss
goal of a decrease of at least 7% in percent overweight from baseline. As shown, more than
30% of those randomized to M+L decreased =7% at each assessment point, but there were
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no significant differences between M and M+L participants in achieving threshold levels of
weight loss. Results were the same when M+L participants with adequate lifestyle program
attendance were considered (Figure S2).

Subgroup analyses

We examined whether sex, age at baseline or race-ethnicity were related to weight change
across the three treatment arms. There was a main effect of sex for change in percent
overweight and decrease of >7% in percent overweight. Specifically, percent overweight
increased +0.2% + 12.2 in females and decreased by -2.9% + 11.9 in males (£=0.0001)
over time. Similarly, 23.8% of females vs. 32.3% of males decreased percent overweight by
at least 7% (P = 0.0003). However, no sex by treatment interactions were observed (Tables
S3 and S4). Neither race-ethnicity nor age at baseline was associated with changes in weight
metrics (data not shown).

Relation of changes in weight metrics and cardiometabolic measures

We examined whether changes in percent overweight over time were related to changes in
cardiometabolic outcomes adjusting for treatment arm and other conceptually relevant
variables (Table S5). There was a linear relationship between changes in cardiometabolic
outcomes (except diastolic blood pressure) as a function of changes in percent overweight.
For example, for each one unit decrease in percent overweight, there was a corresponding
decrease in HbAlc of .0136%. Similarly, for each decrease in percent overweight there were
corresponding decreases in systolic blood pressure, low-density lipoprotein cholesterol,
triglycerides and total cholesterol, and increases in high-density lipoprotein cholesterol and
c-peptide oDI. There were no interactions between percent overweight changes and
treatment (Table S6), sex, race-ethnicity or age at baseline for any of the cardiometabolic
outcomes of interest.

We next evaluated the impact of a decrease in percent overweight of at least 7% over time
(Fig. 1A — H). Overall, the pattern of results shows deterioration in cardiometabolic risk
factors in youth who did not lose at least 7% of percent overweight and stability or
improvement in risk factors in those who lost at least 7%. The benefits of a 7% decrease
relative to smaller decreases (or increases) were seen for all measures assessed. Moreover,
significant between-group differences in HbAlc, HDL and C-Peptide oDI were sustained at
month 24.

Discussion

Results of the present analysis confirm that although the TODAY intensive lifestyle program
was associated with modest decreases in proxies of adiposity over time, it did not confer a
weight change advantage over treatment with metformin alone for the total sample or any
sub-group. However, the current findings provide compelling evidence that weight loss is an
important goal for youth with T2DM as changes in weight metrics were associated with
significant improvements in cardiometabolic risk factors across treatment arms.

We reported previously that the addition of a comprehensive lifestyle intervention to
treatment with metformin alone did not improve sustained glycemic control or maintain
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early decreases in overweight in youth with T2DM (1). In the present analysis, we examined
changes in weight-related measures in a more a detailed examination of the sub-sample of
595 TODAY participants who completed the first 6 months of the randomized controlled
trial. The analysis of weight-related outcomes for participants with full exposure to the
weekly phase of intervention showed that there were no significant differences between M
and M+L treatment arms in any weight-related measure over time. Moreover, no predictors
of success emerged. Adequate attendance (at least 75% of sessions) was not associated with
larger decreases in percent overweight. Subgroup analysis showed that although boys were
more likely than girls to decrease in percent overweight and to show a decrease in
overweight of at least 7% over time, there was no evidence that sex was related differentially
to changes in weight metrics as a function of treatment arm. Finally, neither age at baseline
nor race-ethnicity was associated with changes in weight-related measures. Thus, the current
results provide no evidence that lifestyle intervention was more or less beneficial for any
particular subgroup of TODAY participants.

Although lifestyle intervention did not enhance outcomes, we deemed that it of critical
importance to examine the impact of weight changes on cardiometabolic outcomes across
treatment arms to evaluate whether weight control should be a treatment goal for youth with
T2DM. Our analysis documented a small, but significant dose-response relationship
between changes in percent overweight and each of the cardiometabolic outcomes
examined, with the exception of diastolic blood pressure. For each 1% decrease in percent
overweight there was a corresponding decrease of .0136% in HbAlc after controlling for
multiple covariates. Thus, youth who achieved the preplanned goal of a decrease of at least
7% in percent overweight saw a corresponding decrease in HbAlc of .0952%, a decrease
considered to be clinically meaningful in adults with T2DM (8). Although the clinical
significance of other observed changes in risk factors in response to changes in percent
overweight is less clear, we argue that the current findings provide important information
given increasing hypertension and dyslipidemia in the TODAY cohort over time,
independent of treatment and despite expert clinical management (9,10).

Notably, the benefits of decreases in percent overweight did not vary as a function of
treatment, sex, age at baseline or race-ethnicity, documenting the importance of weight
decreases for all youth with T2DM. A comparison of cardiometabolic outcomes in
participants who did and did not meet the 7% threshold level decrease in percent overweight
further documented the positive effects of weight loss on outcomes over time, with benefits
sustained for HbAlc, HDL and C-peptide oDl over a two-year period. Given the benefits of
decreases in percent overweight and worsening of risk associated with increases in percent
overweight, the current findings provide convincing evidence that weight management is a
crucial goal for youth with T2DM.

It is important to consider factors specific to the TODAY lifestyle intervention before
concluding that lifestyle programs have no benefits for adolescents with T2DM. First,
TODAY youth participated in a run-in period that involved delivery of comprehensive
diabetes education, which encouraged lifestyle changes to promote weight management
(11). Thus, all TODAY participants were introduced to the basics of lifestyle intervention,
and weight loss of participants in the current study during the 2—6 month run-in period
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averaged 1.0 + 3.7 kg. Further, all TODAY participants took metformin, which has been
shown to have modest effects on weight in youth with severe obesity aged 8-18 years with
hyperinsulinemia or impaired glucose tolerance (12). These factors may have attenuated the
impact of the TODAY lifestyle program relative to treatment with metformin alone.

In evaluating the outcomes of the TODAY lifestyle program, it is also instructive to compare
findings to those from similar interventions with adolescents without T2DM. The average
BMI of TODAY participants was 34.8 kg/m?, and thus the most pertinent studies for
comparison are those that have focused on adolescents with more severe obesity (defined as
BMI =120% of the 95th percentile for age and sex or an absolute BMI =35 kg/m?) (5). An
examination of these studies reveals that weight losses have been disappointing (13), with
longer-term differences observed in one randomized trial explained by larger weight
increases in the control group (14). Indeed, behavioral lifestyle interventions appear to be
relatively ineffective for older youth with severe obesity (15-18). Thus, the modest
decreases in percent overweight and BMI (BMI changes of —.2, +.2 and +1.4 at months 6,
12, and 24) observed in the TODAY lifestyle program across 2 years of follow-up are not
dissimilar to those observed in other investigations focusing on adolescents with severe
obesity.

There is growing consensus that aggressive treatment of T2DM and its comorbidities in
youth is indicated (19,20). Given the present evidence of the health benefits of weight loss,
and accumulating evidence that current lifestyle interventions have limited impact on
adolescents with severe obesity, there is an imperative to identify and evaluate strategies to
optimize the impact of obesity interventions and promote weight control in youth with
T2DM. The evaluation of novel approaches that integrate lifestyle interventions with
diabetes management, different dietary strategies, medications and bariatric surgery is
needed because youth with T2DM require sustained intervention to address developmental
and medical needs (21).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Multi-panel figure of change from baseline (mean and SE bars) in cardiometabolic outcome
(hemoglobin Alc [HbA1c] (A); systolic blood pressure [SBP] (B); diastolic blood pressure
[DBP] (C); low-density lipoprotein LDL cholesterol (D); high-density lipoprotein (HDL)
cholesterol (E); total cholesterol (F); triglycerides (G); and c-peptide oral disposition index
[oDlI] (H) at month 6, 12 and 24, separately for youth who achieved a drop of 27% in
percent overweight since baseline vs. those who did not. The “*” indicates a significant
difference (P < .001) between the two groups at a particular time point, based on GEE
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repeated-measures models adjusted for the baseline value of the cardiometabolic outcome,
visit, treatment, sex, race-ethnicity, age at baseline and change in percent overweight during
run-in. C-peptide oDI based on OGTT data not available at month 12 per study protocol.
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Demographic and baseline characteristics (mean + SD or percent) overall and by treatment group ™

Table 1

Overall (n = 595) M (n=193) M+R (n=201) M+L (n =201)

Female 63.5% 62.7% 63.7% 64.2%
Age (years) 13.9+2.0 140+19 14.0+2.1 13.7+2.1
Race/ethnicity

Black non-Hispanic 30.9% 29.0% 28.9% 34.8%

Hispanic 41.2% 42.5% 43.8% 37.3%

White non-Hispanic 20.5% 21.8% 19.4% 20.4%

Other 7.4% 6.7% 8.0% 7.5%
Tanner stage

4-5 87.9% 89.1% 89.6% 85.1%

<4 12.1% 10.9% 10.4% 14.9%
Head of household education level

12th grade or less 26.7% 27.2% 26.0% 26.8%

High school graduate, GED, technical degree 24.1% 23.0% 19.9% 29.3%

Some college/associates degree 32.1% 33.5% 36.2% 26.8%

Bachelors degree or higher 17.1% 16.2% 17.9% 17.2%
Household annual income level

<$25000 41.1% 38.5% 42.1% 42.5%

$25000-49 999 34.2% 39.7% 29.2% 33.9%

>$49 999 24.7% 21.8% 28.7% 23.7%
Run-in length (days) 79.7+385 79.5+29.8 82.3+533 77.4+263
Change in percent overweight during run-in (%) -26+7.1 -21+73 -26+73 -3.2+6.6
BMI (kg/m?) 348+7.7 353+7.9 352+7.8 33.8+7.3
BMI standard deviation score (SDS) 22+05 22+04 22+05 22+05
Percent overweight (%) 78.3+37.6 80.1+38.1 80.2 +38.3 74.6+36.4
HbAlc (%) 59+0.7 6.0+0.7 59+0.7 59+0.7
Blood pressure (mm Hg)

Systolic 112.8 +11.0 113.1+11.2 113.3+10.6 112.0+11.1

Diastolic 66.5 +8.3 66.2 + 8.4 67.2+8.2 66.2 + 8.4
LDL (mmol L) 2.18£0.65 2.16 £ 0.65 2.20 £ 0.65 2.17+0.64
HDL (mmol L™ 1.00 +£0.22 0.96 +0.22 1.02+0.22 1.02+0.22
Total cholesterol (mmol L™1) 3.74+0.76 3.70+0.75 3.79+0.79 3.72+0.75
Triglycerides (mmol L™1) 1.24+0.81 1.29+0.74 1.26 +0.92 1.18+0.76
C-peptide oDl 0.0035+0.0032  0.0032 +0.0025 0.0036 +0.0036 0.0036 + 0.0033

Page 13

*
The three treatment are the following: metformin monotherapy (M), metformin plus rosiglitazone (M+R), and metformin plus intensive lifestyle
(M+L). The Pvalues from generalized linear models testing for baseline treatment differences are all > 0.05.
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