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Background—Little is known about the feasibility and impact of lifestyle intervention,
determined by change in diet and cardiovascular fitness, on glycemic control in youth who are
overweight with type 2 diabetes. This was examined in the TODAY clinical trial cohort from
across 15 US centers.

Subjects—TODAY enrolled 699 youth aged 10-17 years with type 2 diabetes <2 years and BMI
=85! percentile at baseline.

Methods—Dietary data were collected by an interviewer-administered food frequency
questionnaire; cardiovascular fitness (CRF) was assessed using a submaximal cycle ergometer test.
Change from baseline in these variables was analyzed using generalized linear mixed models for
both continuous and categorical measures. Models were adjusted for age, baseline HbAlc,
treatment group, and medication adherence. Data were collected at baseline, 6, and 24 months.

Results—At 6 months, ~25% of females and ~33% of males improved CRF. In males, this was
related to a decreased HbAlc (p=0.001) and a lower percent experiencing glycemic failure
(HbAlc =8%; p=0.007). Females who decreased their saturated fat intake and/or increased their
fiber intake had lower HbAlc at month 24 (p=0.01 and p=0.007, respectively). Males who
increased their sweetened beverage intake at 6 month follow-up were at a 1.6-fold higher risk of
experiencing glycemic failure (p=0.04).

Conclusions—Few youth improved fitness and/or diet over time, although those who did
showed a beneficial impact on glycemic outcomes. Although lifestyle behaviors are difficult to
change in youth with type 2 diabetes, interventions are needed that are feasible (in scope,
complexity, and demands), sustainable, and clinically meaningful.

Keywords
Adolescent; Diabetes Mellitus Type 2; glycemia; fitness; diet

INTRODUCTION

The increase in type 2 diabetes in youth, related in part to the high prevalence of childhood
obesity, creates a need for management strategies. Clinical guidelines recommend lifestyle
interventions in conjunction with medication as the initial treatment approach.? However,
little is known regarding the success of lifestyle intervention efforts in youth with type 2
diabetes in changing diet and physical activity and, subsequently, glycemic control.

TODAY (Treatment Options for type 2 Diabetes in Adolescents and Youth) was the largest
intervention trial conducted in youth with type 2 diabetes. This National Institute of
Diabetes and Digestive and Kidney Diseases-funded randomized clinical trial examined
three treatments in a racially, ethnically, and geographically diverse group of youth with type
2 diabetes.2 Although all three treatment groups were instructed on healthy lifestyle
changes, only one included an intensive family-based behavioral weight loss program.3
Results after a mean 3.9 year follow-up indicated that the metformin plus rosiglitazone
group was superior to metformin alone in preventing glycemic deterioration. Although not
superior in preventing glycemic deterioration, the metformin plus lifestyle group was the
only treatment arm showing a short-term decrease in BMI after 6 months of intervention.*
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However, the impact of change in lifestyle behaviors on glycemic control among youth
independent of TODAY randomized treatment assignment has not been examined.

The purpose of this report was to evaluate the extent to which TODAY youth, jrrespective of
treatment arm, made lifestyle behavior changes, specifically improvements in fitness and/or
diet, over time. We hypothesized that demonstrated improvements in one or more of these
important behavioral lifestyle components would be associated with improvements in
measures of glycemic control.

TODAY was a randomized clinical trial to evaluate the efficacy and safety of three
treatments for type 2 diabetes in youth: metformin alone, metformin plus rosiglitazone, and
metformin plus an intensive lifestyle program.2 The primary outcome was time to treatment
failure, defined as loss of glycemic control (HbAlc =8% for 6 months or inability to wean
from insulin within 3 months of its initiation due to metabolic decompensation).4

Participants were recruited at 15 centers with enrollment ending in February 2009.2
Participants were 10-17 years old, had been diagnosed with type 2 diabetes for <2 years,

had negative pancreatic autoantibodies, and had a BMI at the =85th percentile at time of
randomization. The protocol was approved by the Institutional Review Boards of
participating institutions; parents signed informed consent forms for a minor child, and
youth signed informed assent forms according to local practice. Youth who successfully
completed a run-in period were randomized and completed baseline measures.® The TODAY
cohort included 699 youth.

Measures were obtained at baseline, 6, and 24 months and included the following:

Anthropometric measures and HbAlc

All anthropometric measures were taken wearing lightweight clothing without shoes by
trained/certified staff. Height was measured to the nearest 0.1 cm; weight was measured to
the nearest 0.1 kg. BMI was calculated as kg/m?2, and BMI z-score was derived from sex-and
age-specific standards.8 Percent overweight was calculated as BMI (at assessment) minus
BMI at 50th percentile for age and sex, divided by 50th percentile. HbAlc was obtained
from blood samples assayed at a central laboratory.?

Medication adherence

Average medication adherence over the first 6 and 24 months was calculated as percent of
prescribed study drug taken using pill counts. Since medication adherence was not normally
distributed, it was analyzed as above or below the cut-point of 80% (defined as “adequate
adherence” per protocol).

Physical work capacity (PWC)-170

Cardiorespiratory fitness (CRF) was assessed using a standardized submaximal cycle
ergometer (bike) test (Monark 818E cycle ergometer, Quinton Monark, WA) that determines
PWC by predicting the workload (kg*m) at a heart rate of 170 beats per minute (bpm).”-8
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The heart rate recorded from the last 5 seconds of each stage was used to extrapolate a PWC
at a heart rate of 170 bpm. A best fit line approximated the bike’s workload at a heart rate of
170 bpm, resulting in an estimate of the PWC-170 expressed in kg*m/min. Raw
measurements of PWC-170 were divided by participant’s weight (kg) to provide weight-
adjusted estimates in m/min. Participants who weighed =350 pounds were excluded due to
bike weight limits (n=6 at baseline). The test was discontinued for inability to maintain a
minimal speed during warm-up (n=22), inability to complete the test (n=92; e.g., leg pain,
lack of motivation), or heart rate >170 bpm during the initial stage (n=5).

Assessment of dietary intake

The TODAY food frequency questionnaire (FFQ), a modification of the SEARCH for
Diabetes in Youth FFQ,® was based on the Kids’ Food Questionnaire (validated in children
>8 years, including low-income African American youth).10 TODAY added foods likely to
be important in the ethnically/ regionally diverse TODAY sample.®11 For each food item,
participants were asked if the food was consumed in the past week (“yes/no”); if yes, on how
many days and average portions. Portion size was defined as “very small,” “small,”
“medium,” “large,” or “very large” relative to pictures. Portion size options were expanded
to allow reporting of larger amounts of food than might be expected for adolescents. Also,
questions were added to understand whether the recall period (one week) reflected “usual”
intake, use of dietary supplements and low-fat products, and frequency of eating out. The
nutrient and portion-size databases were modified from SEARCH FFQ databases using the
Nutrition Data System for Research (database 3 version 4.05/33, 2002, Nutrition
Coordinating Center, University of Minnesota, Minneapolis) and industry sources.

Staff administered the FFQ via interview with direct computer entry of responses using
software provided by the University of South Carolina Diet Assessment Center with
consistent quality control measures. FFQs with inconsistent or improbable responses'2 were
excluded.

Thirteen nutrient variables, previously shown to relate to glycemic control and/or body
composition, were analyzed in units per day: percent of calories from fat, saturated fat,
monounsaturated fat, carbohydrate, and sugar; total fiber in grams; servings of sweetened
beverages, grains, red meat, fruits and vegetables, vegetables, dairy, and desserts.13-17

Sample Selection

FFQ and PWC-170 data were collected at visits prior to occurrence of the primary outcome
(i.e., loss of glycemic control) while the participant was still receiving the randomized
intervention. Data from participants who reached primary outcome or left the study before 6
months were not analyzed. Participants were required to minimally have a baseline and at
least one follow-up value to be included in the study.

The analysis sample included PWC-170 data (N=369; 231 females, 138 males) and FFQ
data (N=481; 307 females, 174 males). Participants with PWC-170 and FFQ data included
in the analysis sample were compared to the rest of the TODAY participants by sex, age at
baseline, percent overweight, and treatment group. The only significant difference was for
percent overweight; the equipment could not accommodate participants weighing >350
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pounds (n=6 at baseline). The 369 participants with PWC-170 data were less overweight at
baseline (mean 74.6%, SD 34.4%) than the rest of the cohort (83.8%, 39.8%; p=0.001).

Statistical Analysis

RESULTS

Given the significant differences at baseline in fitness and dietary intake between males and
females,8-12 analyses were performed separately by sex. To estimate associations between
changes in lifestyle factors (from baseline to 6 and 24 months) and glycemic outcomes,
generalized linear mixed models that account for longitudinal repeated measures and
accommodate both continuous and categorical outcomes were used. Glycemic outcomes
were HbAlc at 6 and 24 months and glycemic failure (primary study outcome) after 6
months. The effect of randomized treatment group on each lifestyle factor was tested but
was never statistically and/or clinically significant; therefore, further analyses were pooled
across treatment groups. All models were adjusted for the following standard set of
covariates: baseline HbAlc, treatment group, age at baseline, and medication adherence.
Also, for the nutrition variables, the effect of change in percent overweight was evaluated by
comparing models with and without the factor.

Change from baseline was defined as follow-up value minus baseline value. The change
from baseline in lifestyle factors was modeled continuously and divided into 3 categories,
i.e., improved, worsened, and no change. Without existing clinical standards, fitness was
categorized based upon expert evaluation of its distribution in this cohort. Specifically,
change in fitness (PWC-170 in kg*m/min) was categorized as >130 increase from baseline,
>80 decrease, and no change (i.e., between a decrease of 80 and an increase of 130).
Similarly, for fitness defined as PWC-170 adjusted for weight (m/min), categories were >1
increased, >1 decreased, and no change (i.e., between a decrease of 1 and an increase of 1).

Since no clinical standards for nutritional variables exist for youth with type 2 diabetes,
nutrition categories of change (improved, worsened, no change) were determined based on
6-month tertiles of change from baseline for all variables except sweetened beverages
(specific cut-offs give in Table 2). Since the majority of participants reported consuming 0
servings/day of sweetened beverages at baseline (57.2%) and follow-up (57.4%), sweetened
beverage was dichotomized as follows: 1) decreased intake at follow-up or 0 at both baseline
and follow-up (improved or stayed at 0); 2) increased intake at follow-up or value >0 at
baseline and same value reported at follow-up (worsened or stayed at >0). Change in
sweetened beverage consumption was also measured continuously for some analyses.

Venn diagrams were used to illustrate groups of TODAY participants who achieved positive
behavior change (improved) for single variables and a combination of fitness and nutrition
variables. All analyses were considered exploratory, with statistical significance defined as p
<0.05. SAS statistical software version 9.3 (SAS Institute Inc., Cary, NC) was used for all
analyses.

Baseline TODAY cohort characteristics have been previously reported. ® At study entry,
females were on average 13.7 (SD 2.0) years old with mean HbAlc of 6.1% (SD 0.8), mean
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BMI of 34.9 kg/m? (SD 7.8), and mean percent overweight of 78.1% (SD 35.9). Males were
slightly older (mean 14.5, SD 2.0; p<.0001) with mean HbA1c of 6.0% (SD 0.7), mean BMI
of 35.6 kg/m? (SD 8.3), and mean percent overweight of 80.4% (SD 39.7), all p-values = ns.

Mean values of lifestyle behaviors and change from baseline are shown by sex and visit in
Table 1. Females had a significant (p<.05) decrease in fitness level at month 24 whereas
males increased at month 6 (both adjusted and unadjusted). Males increased sweetened
beverage intake at month 24, however, 33.6% of all participants reported O sweetened
beverage intake at baseline and at follow-up visits. Females decreased sweets/desserts and
dairy intake at month 24.

Examining change in fitness from baseline to month 6 by categories, 28% (of 231) of
females worsened, 45% were unchanged, and 27% improved. At month 24, 37% (of 127) of
females worsened, 42% were unchanged, and 21% improved. In males at month 6, 24% (of
138) worsened, 39% were unchanged, and 36% improved. At month 24, 43% (of 78) of
males worsened, 29% were unchanged, and 26% improved.

Change in Fitness/Nutrition and HbAlc

Changes in fitness and nutrition from baseline to months 6 and 24 were examined relative to
glycemic control (Table 2A). All variables from Table 1 having a potential effect on
glycemia were analyzed, but only significant results are presented. Results for PWC-170
were similar for both weight-adjusted and unadjusted PWC-170 measures; only weight
adjusted is given in Table 2.

In males, there was a significant inverse relationship between PWC-170 change from
baseline (analyzed categorically and continuously) and HbAlc at both follow-up time points
(i.e., as fitness levels increased, HbAlc decreased). In females, the only significant finding
was a higher HbA1c in those who improved compared to those who did not change in fitness
from baseline to month 24, although this did not hold when fitness was examined
continuously.

With regard to nutrition, females who decreased saturated fat intake by >1.5%/day or kept
saturated fat intake stable had significantly lower HbAlc levels at month 24 than those who
increased % saturated fat by >1.3%/day (p=0.01). There was a significant positive
association between % saturated fat change and percent overweight change (r=0.36, p=0.03),
and with change in percent overweight added to the model as a covariate, the findings
remained significant (p=0.02). None of the associations between change in continuously
measured % saturated fat and HbAlc were significant.

At month 24, females who increased fiber intake by >1.5 g/day or kept fiber intake stable
had lower HbAlc than those who decreased fiber intake by >2 g/day (p=0.007). Increases in
fiber were related to decreases in percent overweight overall (r=—0.09, p=0.009); with
change in percent overweight added to the model as a covariate, the findings remained
significant (p=0.02). A change in fiber measured continuously also related to HbAlc; for
every gram increase in fiber, HbAlc decreased by 0.03% (slope/SE —0.030/0.011, p=0.008).

Pediatr Diabetes. Author manuscript; available in PMC 2019 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kriska et al. Page 7

However, with change in percent overweight in the model, the slope decreased to —0.025
(p=ns). No other changes in the preselected nutrition variables related to HbAlc.

Change in Fitness/Nutrition and Glycemic Failure

Table 2B shows associations between changes in lifestyle factors at month 6 and glycemic
failure after month 6. In males, 62% who decreased their fitness levels by more than 1
PWC-170/kg at month 6 reached primary outcome after 6 months, compared to 26% of
those who increased fitness level (p<0.001). Similarly, increase in fitness (continuously
measured) from baseline to month 6 protected against the risk of reaching glycemic failure
after 6 months (OR=0.8, p=0.04). Results in females were not significant.

Other than change in sweetened beverages, 6-month changes in the nutrition variables were
not significantly associated with glycemic failure. In males only, an increase in intake or stay
at >0 level of sweetened beverages (continuously measured) from baseline to month 6
increased risk of reaching failure after 6 months (OR=1.6, p=0.04).

Combination of Nutrition and Fitness Success

Sex-specific Venn diagrams (see Figure 1) show any overlaps between improvements in 3
lifestyle behaviors significantly related to HbA1c (fitness, saturated fat, fiber) at month 6. At
month 6, 63% of females and 76% of males improved in at least one of these three lifestyle
behaviors. Among those who made a successful fitness gain from baseline to month 6, only
around half also improved in at least one of the two nutrition markers (55% females, 53%
males). Only 4% of females and 6% of males improved in all 3 lifestyle behaviors.
Successful changes were even less evident at month 24 with only 3% of females and 2% of
males having improved in all 3 factors (data not shown).

DISCUSSION

The TODAY cohort was predominately overweight,5 sedentary and unfit,8 with poor dietary
intake relative to national recommendations,12 emphasizing the need for strategies to change
lifestyle behaviors in this demographic. This effort sought to characterize the extent of
lifestyle behavior change and to evaluate the impact of beneficial changes on glycemic
control, regardless of treatment arm.

A recent review of the literature highlighted the fact that structured lifestyle intervention
efforts that included both exercise and diet modification resulted in significant improvements
in these behaviors in overweight and obese youth without diabetes. 18 In contrast, only a
small number of TODAY youth made beneficial changes in both fitness and nutrition.
Assessing change in cardiovascular fitness, 27% of females and 36% of males improved at
month 6. For males, this gain in fitness was related to an improved HbAlc which was
consistent with findings in adults.1® The clinical significance of this improvement in HbAlc
is unknown although the additional finding of a lesser likelihood of glycemic failure in
males who improved fitness does add some value to its importance. Change in fitness in
females did not have as much impact on glycemic outcomes, likely because their
improvement was relatively smaller compared to that in males. Physical activity levels in
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young girls have been identified as a national concern?? and our fitness data confirm
consistently lower levels in girls than boys over the course of the study.

Improvements in saturated fat and fiber intake were associated with improvements in both %
overweight and glycemic control in females; increased sweetened beverage intake was
associated with a greater likelihood of glycemic failure in boys, also consistent with findings
in adults.21-23 Sweetened beverage intake in adults has been associated with weight gain and
worsening of cardiometabolic profile, as sweetened beverages provide a concentrated source
of excess calories and rapidly absorbable sugars.21-23

The number of TODAY youth who made beneficial changes in more than one area was
relatively small, and <5% improved in all 3 lifestyle behaviors despite the support of
diabetes educators, physicians, and for those randomized to the metformin + lifestyle group,
one-on-one health coaches. The inability to achieve successful lifestyle changes may be
related to a variety of factors including degree of obesity," the self-care burden and regimen
complexity (self-monitoring, medication-taking, lifestyle behaviors) related to
comorbidities, 2427 and exposure to challenging psychocultural and socioeconomic
environments, 28-30 and other family challenges.

Addressing one behavior change at a time using permissive (e.g., eat more foods that are
high in fiber) rather than restrictive (e.g., eat less foods that are high in fat) messages may be
more effective and reduce regimen complexity and distress. A study in adults with metabolic
syndrome comparing a single-component intervention aimed at increasing fiber intake
versus a multi-component dietary intervention resulted in clinically meaningful weight loss
and improved blood pressure and insulin resistance in the former. 22 Similarly, a pilot study
examining a focus on increasing intake of healthy foods (permissive) vs reducing intake of
high-energy-dense foods (restrictive) was more effective over time in improving child and
parent weight in a family based pediatric obesity study.3! In individuals with type 2 diabetes,
reducing regimen distress has been associated with improved medication adherence,
physical activity levels, and glycemic control in adults.32

There are limitations to this analysis. The data were collected to address multiple secondary
outcomes in a large clinical trial; only the primary outcome was adequately powered.
Therefore, the results should be considered exploratory. Also, although the models were
adjusted for age and most of our cohort had already reached puberty at baseline based upon
the Tanner score, change in puberty status may still have influenced these results. Finally,
although the FFQ was administered by trained interviewers and the data underwent quality
control methods at a Diet Assessment Center, the instrument is dependent on participant
recall and self-report.

In conclusion, our results reflect the difficulty of changing lifestyle behaviors in youth who
are dealing with the diagnosis of type 2 diabetes, are sedentary, and have a poor diet. In
youth with type 2 diabetes, it is critical to target lifestyle changes that are feasible (in scope,
complexity, and demands), sustainable, and clinically meaningful (affect glycemic control).
The current findings demonstrated that increasing physical activity/fitness and decreasing
sweetened beverage intake in boys and increasing fiber and decreasing saturated fat intake in
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girls may be suitable initial targets for lifestyle intervention and education programs. Such
lifestyle changes, although difficult for these youth with type 2 diabetes to make, are worth
the effort as they appeared to have a beneficial impact on glycemia for those who were
successful.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Venn diagram showing numbers of participants distributed across change from baseline to

month 6 in 3 lifestyle behaviors singly and in combination: (a) increased fitness (weight
adjusted PWC-170) by >1 m/min; (b) decreased saturated fat intake by >1.5%/day; (c)
increased total fiber intake by >1.5 g/day.
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