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Abstract

Background: Individual health behaviors (i.e., eating habits, sedentary lifestyle) are associated
with type 2 diabetes (T2D). Health behavior profiles specific to adolescents with T2D have not
been described.

Objective: To identify health behavior profiles in adolescents with T2D and examine how these
profiles change over time.

Methods: Diet (via food frequency questionnaire) and activity behaviors (via 3-day physical
activity recall) examined at baseline, 6 and 24 months from participants in the TODAY study were
used for this analysis. Latent profile analysis identified profiles of health behaviors within three
time points and latent transition probabilities were estimated to examine the change from baseline
to 6 months (n=450) and baseline to 24 months (n=415). Multinomial logistic regressions were
used to examine if the assigned TODAY treatment group [Metformin (Met), Met + Rosiglitazone
(Rosi), or Met + Lifestyle] predicted change in health behavior profiles.

Results: Three profiles emerged: “most sedentary”, “healthy eaters” and “active and eat most.”
At 6 months, 50% of males and 29% of females in the Met + Lifestyle treatment group improved
in their health behavior profile. Among males only, the Met + Lifestyle treatment group were more
likely to improve their profiles from baseline to 6 months (p=0.01).
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Conclusions: Three health behavior profiles emerged and shifted over time. A high quality,
lifestyle intervention had little effect on improving health behavior profiles. Optimizing outcomes
in youth with T2D might require more robust and multifaceted interventions beyond family-level
lifestyle, including more extensive psychosocial intervention, novel medication regimen or
bariatric surgery.
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Introduction

As type 2 diabetes mellitus (T2D) continues to increase in adolescents along with the rapid
progression of complications related to the disease, including early signs of cardiovascular
disease,1-3 it is critical to understand modifiable behaviors as potential targets for future
treatment and prevention strategies. Observational studies have found that adolescents with
T2D that have better diet quality and higher levels of physical activity have improved
metabolic control compared to those that have lower diet quality and poor physical activity.4
Many individual health behaviors (i.e., poor eating habits, sedentary lifestyle) have been
linked to insulin resistance and T2D® but, to our knowledge, the health behavior profiles of
adolescents with T2D have not been fully described. Changing lifestyle behaviors in
adolescents with T2D has been reported as extremely difficult due to both poor compliance
and their lack of readiness for adopting healthy behaviors, especially in older adolescent
populations.® Unfortunately, when changes are made in diet and activity behaviors, the
changes most often occur in the first few months (3-6 months) of the intervention and are
not sustained one to two years later.4® Trials evaluating lifestyle behaviors alone for the
treatment of hyperglycemia in adolescent populations do not exist.* The TODAY study did
include lifestyle modification along with pharmacologic therapy; hence, offers the
opportunity to examine how patterns of lifestyle behaviors may have changed over the
course of treatment. Further, as data on all relevant health behaviors and outcomes existed at
6 and 24 months post intervention, we were able to examine the possible effect of the
lifestyle modification both short and long-term.

The Treatment Options for type 2 Diabetes in Adolescents and Youth (TODAY) study, a
randomized controlled trial of over 600 adolescents (n=699) with T2D, individual dietary
and activity behaviors were documented over 24 months. Kriska et a/ has previously
reported change in specific dietary components (i.e., macronutrients, servings of fruit/
vegetables, sweetened beverages, etc.) at baseline, 6 months, and 24 months, and calculated
change in these individual components by sex.” Although dietary intake remained relatively
stable in the components examined, a few notable changes did exist. For males, intake of
sweetened beverages significantly increased from baseline to 24 months and females were
found to decrease their intake of both desserts and dairy over the course of 24 months.
Baseline physical activity data have also been previously reported in the TODAY cohort.8 In
this study, Adolescents in the TODAY study were found to be less active and reported
spending more time being sedentary than the national representative sample of youth. To our
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knowledge, no one has examined health behavior profiles by combining diet and activity
behaviors in adolescents with T2D.

In general population studies, problematic lifestyle choices are commonly found in
adolescents, with inadequate moderate-to-vigorous movement, predominance of sedentary
choices, and inadequate consumption of fruits and vegetables.9-11 Using a national
representative sample of over 9,000 U.S. adolescents, lannotti et a/ found three unique health
behavior [i.e., diet, physical activity (PA), and sedentary behavior (SB)] profiles: healthful,
unhealthful, and typical.12 Almost half of the sample (47.2%) was found to have a “typical”
pattern, which corresponded to the lowest consumption of fruits, vegetables, and sweets and
moderate levels of PA and SB. Adolescents reporting the “typical” pattern were found to be
older with a higher prevalence of overweight/obesity. In a similar study of European
adolescents, five health behavior profiles emerged and consisted of a mix of healthy and
unhealthy lifestyle behaviors.13 A diet quality index was calculated; higher scores reflective
of higher quality dietary habits. Profiles included “unhealthy”, “sedentary”, “inactive, high
diet quality”, “active, low diet quality”, and “healthy”. Males most commonly had the
pattern characterized by high levels of moderate-to-vigorous PA (MVPA) and low-quality
diets, while females had the opposite pattern with low levels of MVVPA and high-quality
diets.

Using the TODAY study cohort, the first objective of our analysis was to carry out latent
profile analysis at three separate time points (baseline, 6 months, and 24 months post-
intervention) to identify health behavior profiles within each time point. Next we examined
how these profiles changed over time by focusing on profile membership changes from
baseline to 6 months and from baseline to 24 months. Lastly, we examined the potential
added effect of treatment group to the transition of profile membership to account for
possible intervention effects on transitioning from one health behavior profile to another.

The details of the TODAY study have been previously published.1415 The main objective of
the original study was to examine the relative efficacy of three treatments: 1) Metformin
(Met), 2) Met + Rosiglitazone (Rosi), and 3) Met + Lifestyle. Standard education was given
to all groups. The TODAY lifestyle program (TLP) was a family-based behavioral lifestyle
change intervention that targeted weight loss.18 TLP was developed to give the adolescents
with T2D and their families intensive, ongoing support, and training in the behavioral skills
needed for weight loss and maintenance. Each family was assigned a Personal Activity and
Nutrition Leader (PAL) who met with the family weekly for the first 6-8 months, every other
week through 12-16 months, and then monthly to 24-28 months post-enrollment. The first
6-8 months included behavioral change targets to promote weight loss, including increasing
PA and an individual calorie intake goal. PALs focused on teaching the families behavioral
skills (e.g., self-monitoring, goal-setting, and problem-solving). In the next phase of the
TLP, lifestyle maintenance was the focus of the intervention and the behavioral targets were
to maintain the PA and calorie goals accomplished in the first phase. The final year of the
trial consisted of the PALs meeting with the families monthly. The TLP utilized a modified
Traffic Light Dietl” to assist the participants in attaining their calorie goals. PALs worked
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with the participants to decrease the number of RED foods consumed daily (i.e., high caloric
foods, including high fat foods, sugary cereals, and soft drinks) and increase consumption of
GREEN foods (low-calorie foods).1’ To improve PA among the participants, PALs worked
to increase PA to 200 minutes per week (around 3 hours) and decrease sedentary behaviors
(use sparingly). A similar traffic light reference guide was used; GREEN (moderate intensity
activities like brisk walking), YELLOW (household chores), and RED (watching TV).

Participants

Measures

A total of 699 adolescents aged between 10-17 years were enrolled into the study between
2004-2009. Eligibility included a diagnosis of T2D of less than 2 year’s duration, a body
mass index (BMI) above the 85! percentile for age and sex, and no known diabetes
autoantibodies. A 2-6-month run-in period was used in order to ensure participants could
demonstrate knowledge of standard diabetes education, adherence to study procedures, and
adequate glycemic control for two consecutive months.

Dietwas assessed at baseline, 6 months, and 24 months using the TODAY food frequency
questionnaire (FFQ), a modified version of the SEARCH for Diabetes in Youth FFQ.18 The
TODAY FFQ was based on the Kids’ Food Questionnaire which has been previously
validated for children eight years and older, including for low-income African American
youth.19 Ethnically and regionally diverse foods representative of the TODAY participants
were also added.” The questionnaire was administered by a certified interviewer and scored
using the Nutrition Data System for Research (database 3 version 4.005/33, University of
Minnesota). The assessment provided a measurement of dietary intake, including servings of
specific food groups (i.e., high fat dairy, low fiber cereal, and high fat meat). Food groups
were used to create the number of servings of red and green foods for the analysis. Red
foods included the total number of servings of the following food groups: sweets, sugar
sweetened beverages, high fat dairy, and high fat meat. Green foods included fruit and
vegetables, low fat dairy, low fat poultry, and low-fat snacks. The number of servings for
each participant was standardized by 1000 kcal. Physical activity and sedentary time were
measured using the 3-day physical activity recall (3DPAR), which has been validated as a
self-administered questionnaire that assesses activity for the previous 3 days in youth
populations.2? The 3DPAR was completed by participants with guidance from a trained
interviewer at each of the clinical visits. Data regarding the total amount of moderate-to-
vigorous physical activity (hours) and sedentary time (hours) were used for this analysis.

Statistical Analysis

We conducted latent profile analysis (LPA) to identify adolescents’ health behavior profiles.
LPA is a commonly used approach to identify subpopulations by shared item response
profiles. Using this approach, profiles of individuals in specific latent profiles are expected
to be similar to one another with respect to the variables of interest, but different from
individuals with other profiles. LPA was conducted using Mplus Version 7.1 to identify
health behavior profiles using four indicators of health behaviors (diet using the number of
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green foods and the number of red foods consumed with each standardized per 1000 kcal per
day; physical activity using hours per day of moderate-to-vigorous activity and sedentary
time using hours per day of sedentary time from the 3DPAR).

LPA started with a one-class model and the number of profiles increased until the best-fitting
model was identified for each time period (baseline, 6 months, and 24 months). Relative fit
indices based on information-heuristic criteria included Akaike’s Information Criterion
(AIC), the Bayesian Information Criterion (BIC), Consistent Akaike’s Information Criterion
(CAIC), and the Approximate Weight of Evidence Criterion (AWE). Additional fit statistics
included the Lo-Mendell-Rubin likelihood ratio test (LMR-LRT), the Bayes Factor, and the
Correct Model Probability (cmP).

To assess temporal changes in health behavior profiles longitudinally, we examined the
probability of transitioning from one profile to another over time. To conduct this analysis,
first latent profile membership probabilities were estimated at each time point (baseline, 6
months, and 24 months) and the stability of profiles across time points was assessed. Next, a
transition probability was modeled to reflect the probability of transitioning from one latent
status from baseline to six months and from baseline to 24 months. Together, these
probabilities estimate the amount of change over time in the outcome on the basis of pattern
membership. A probabilities matrix showing transitions from 1) baseline to 6 months and 2)
baseline to 24 months provides a summary of the change over those two time points in
behavior profiles. Thus, we defined an individual’s change into three categories: 1) stable
(remained in same pattern at baseline and either 6 months or 24 months), 2) improved
(transitioned to a healthier overall pattern of behaviors), and 3) worsened (transitioned to a
pattern of behaviors that was worse than the baseline pattern). Unadjusted multinomial
logistic regression analyses, stratified by sex, were used to examine if treatment group
predicted transitions of health behavior profiles at both 6 months and 24 months post-
intervention.

The analyses presented in this paper reflect a secondary analysis of the TODAY cohort and
were not incorporated in the power calculations for the parent trial. Formal power
calculations for the current analyses would have been of a post hoc nature and were
therefore not estimated. Statistical power for LPA is dependent on several factors, such as
the number of indicators and the effect sizes associated with the separation between classes,
21 the latter of which is difficult to determine on an a priorf basis. However, sample sizes
found in previous literature?2-24 suggest that the sample size of more n=400 subjects will
allow us to perform LPA and determine meaningful subgroups within the population.

Of the 699 participants, 642 (92%) completed relevant diet and activity assessments at
baseline, 530 (76%) at 6 months, and 453 (65%) at 24 months post-trial. Our analytic cohort
consisted of individuals that completed both baseline and 6 months visit (n=450) as well as
both baseline and 24 months visit (n=415). There were no significant differences for SES
indicators (i.e., gender, age, race, household income, and body mass index) between the full
cohort (n=699) and the two sub cohorts. We estimated between one to six models using
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multiple random perturbations of start values for each model. All models converged and
there were no negative indications regarding model identification. The log likelihood values
were replicated for all solutions. Model fit indices including the AIC, BIC, and CAIC, and
the measures of absolute and relative fit supported the three-class solution across all time
periods. Table 1 illustrates the demographic and health behavior means by baseline class for
the cohort. The class “most sedentary” had the highest number of hours of sedentary time
and the lowest amount of time in MVVPA. The “healthy eaters” class had moderate levels of
sedentary time and MVPA, and reported eating more green than red foods. Finally, the
“active and eat most” class had the lowest number of hours of sedentary time, the highest
hours in MVPA, and the highest number of both red and green foods consumed. We did not
detect a pattern in this cohort of a group of participants that were active and ate the least
number of calories. Table 2 illustrates the individual health behavior averages by time period
for the cohort by class.

There were numerous transitions in profile members across time in males and females (Table
3). For example, individuals that transitioned from “most sedentary” to “healthy eaters”
were categorized as improved because they decreased their screen time and improved their
diet. On the other hand, those that transitioned from “healthy eaters” to “most sedentary”
were categorized as worsened. Similar proportions of males reported stable profiles of health
behaviors at both 6 and 24 months, respectively. Similarly, females had stable profiles at
both 6 and 24 months, respectively. The majority of adolescents transitioned into new health
behavior profiles, which reflected both improvements and worsening of health behaviors.
Figure 1 represents how the cohort transitioned over time (remained stable, improved health
behavior pattern, or worsened health behaviors) by sex and treatment group. Figure 1A
illustrates transitions from baseline to 6 months post-intervention and Figure 1B from
baseline to 24 month post-intervention. Similar transitions were found between baseline and
both 6 and 24 months post.

In the multinomial regression analysis, compared with the Met + Rosi group, males in the
Met + Lifestyle group were more likely to improve their health behavior profiles from
baseline to 6 months (p=0.01). However, the change in health behavior profiles did not
persist at 24 months. No significant changes were observed for the females at either time
point. Figure 2 A (6 months) and B (24 months) illustrate the mean change in each of the
four health behaviors according to the transition overtime. For example, individuals in the
“improved” transition category at 6 months increased their MVPA by 0.93 hours/day as well
as increased consumption of green foods. Sedentary time decreased and red food
consumption remained stable. The “worsened” transition category decreased MVPA and
green food consumption, as well as increased sedentary time.

Discussion

In this cross-sectional analysis of health behavior profiles in a cohort of adolescents with
T2D, three profiles emerged and pattern membership shifted over time. Overall, the majority
of adolescents in the TODAY study did not retain the same health behavior profiles
throughout the trial, but rather transitioned profiles as behaviors changed over the course of
6 and 24 months. Males in the Met + Lifestyle group were more likely to transition into an
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“improved” health behavior pattern compared with the other two treatment groups. This
finding regarding the male health behaviors is in line with the original outcomes paper from
the TODAY study in regards to time to treatment failure (i.e., elevated glycated hemoglobin
level >/=8% over a period of 6 months or persistent metabolomic decompensation). These
results showed that males in the Met + Lifestyle group had a lower failure rate (41.3%) after
60 months compared to Met (51.2%); however, the treatment group differences were not
statistically significant (p=0.06).25

Our findings are consistent with existing literature regarding the challenges faced when
intervening on adolescent’s health behaviors,® though there are several new pieces of
knowledge that can be gleaned from the current analyses. Interventions to date most often
report that changes in individual diet and activity behaviors may occur within the first few
months (3-6 months) of the intervention, but are not sustained a year or two later.#©
However, such findings are limited by examining behaviors individually; consideration of an
individual’s patterns of both healthy and unhealthy diet and activity may be more sensitive
to evaluating change due to intervention. Combinations of change in lifestyle patterns may
indeed improve insulin resistance, which could lead to improvements in management of
T2D.

The novelty of our analysis is the use of health behavior patterns versus examining changes
in only one behavior at a time.> Adolescents in the TODAY study were found to transition
between patterns comprised of healthy and less healthy behaviors over the course of
intervention period. This could be possibly due to the adolescent’s readiness to adopt
lifestyle behaviors at one data collection interval versus the next. A study examining
readiness to adopt healthy lifestyle changes in adolescents with T2D found that only 14% of
their participants reported being “ready” to adopt such changes.® This finding may shed light
on the issue that examining behaviors in isolation may be a limitation of existing methods to
examine the full impact of lifestyle changes on health outcomes. Using the approach
outlined here may more accurately reflect patterns of lifestyle behaviors in a cohort of
adolescents with T2D which may be used for the development of more effective
interventions within this unique population.

Health behavior data presented in this paper are similar to those reported in other population
studies that focus on adolescents with T2D. Our findings are similar to a previous TODAY
analysis in which macronutrient intake did not significantly change from baseline to 24
months.’” Regardless of which health behavior pattern an individual was in, their
macronutrient composition ranged from 37-39% FAT, 44-47% CHO, and 17-18% PRO. We
have added to these findings by finding that daily energy intake (1186-1361kcal) and
servings of red and green foods also remained relatively stable over time. As previously
reported, TODAY participants were found to engage in unhealthy sedentary behaviors from
4-7 hours per day.8 We found in the current analysis that the main difference in activity
levels was that individuals with lower levels of sedentary time (4-5 hours per day) were also
found to participate in MVPA for around 2 hours per day versus the most sedentary
individuals who participated in almost no MVPA (less than 30 min per day). The largest
differences for activity behaviors in the TODAY participants were between those in the
“most sedentary” pattern compared with those in the “active and eat most” pattern. Although
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individuals transitioned between these three profiles over the course of 24 months, the
profiles themselves remained stable and were similar at all three time points.

These profiles and how adolescents’ transition from certain health behaviors to others may
not reflect health behaviors of all adolescents. Our findings need to be interpreted cautiously
as TODAY participants had extreme obesity and all had T2D. Further, to be eligible for
TODAY, all adolescents had to first undergo an extensive run-in period during which time
completers had a decrease in weight compared with those that did not complete run-in.2>
Hence, the baseline behavior profiles most likely already reflected an improvement in
lifestyle habits, and may not reflect participants’ initial health behaviors. Thus, participants
may have had a tendency to regress to their old behavior profiles during the trial.

Our analysis is not without limitations. Power for these analyses was not considered
prospectively for the parent trial, so power calculations for the current analyses would have
been of a post hoc nature. The data that we present should therefore be considered
exploratory. Health behaviors were measured using food frequency questionnaires for
dietary intake and 3-day PAR for physical activity and sedentary time. As both measures are
subjective, there may have been under- or over-reporting, especially among obese
adolescents, 26,26 Further, we only included consumption of red and green foods in our
pattern analysis, and did not include yellow foods which may be accounting for the larger
variation in intake; hence, total energy intake and macronutrient content were similar across
our three health behavior profiles. For example, participants in the “healthy eaters” category
consumed the most green foods and least red foods compared to the other two groups;
however, total kcal and macronutrient intake were not very different. This group must have
consumed a larger number of calories from yellow food which then negated the benefit from
the low calorie green foods.

In conclusion, a high quality lifestyle intervention had little effect on improving health
behavior profiles. The lifestyle intervention, which was based on then-current research
evidence, provided by appropriate and adequately trained personnel, and with ample funding
did not achieve sustained changes in behavior. For example, there is now strong evidence
that severe obesity is less responsive to behavioral treatment approaches.*® Optimizing
outcomes in youth with T2D will require more robust and multifaceted interventions beyond
family-level lifestyle, including more extensive psychosocial intervention, novel medication
regimens, and/or bariatric surgery.
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Table 1.

Demographic Characteristics of Cohort by Assigned Health Behavior Profiles at Baseline.

Most Healthy  Active & Eat
Sedentary  Eaters Most

n (%) 205 (42) 98 (20) 187 (38)
Gender, n (%)

Female 131(42) 67 (21) 115 (37)

Male  74(42)  31(17) 72 (41)
Age, n (%)
<13years  92(42) 46 (21) 81 (37)
ldyears  25(37)  12(18) 31 (46)
15years  35(41)  21(24) 30 (35)

> 15 years 53 (45) 19 (16) 45 (38)
Race, n (%)

Non-Hispanic Black 58 (37) 39 (26) 58 (37)
Hispanic 82 (42)  37(19) 77 (39)
Non-Hispanic White 44 (41) 19 (18) 44 (41)
Other 21 (66) 3(10) 8(24)

Household Income, n (%)
<$24999  66(37)  37(21) 76 (42)
$25,000-$49,999 61 (41)  28(19) 60 (40)
> $50,000 56 (50) 22 (20) 34 (30)

Note: Means are very similar by sex; hence, they are shown as a collective cohort.
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Means of Individual Health Behaviors by Assigned Health Behavior Profiles.

Table 2.

Most Sedentary Healthy Eaters Active and Eat Most

Base 6mo 24mo Base 6mo 24mo Base 6mo 24mo

Sedentary Time (hr) 6.17  6.64 5.90 554 451 5.22 537 5.39 431
MVPA (hr) 039 044 0.06 169 168 1.00 245 183 2.37
Red Foods ™ (#) 321 308 327 263 226 289 58 601 496
Green Foods ¥ (#) 332 337 281 547 58 487 813 864 683
Total Kcal 1253 1351 1336 1350 1242 1328 1263 1190 1186

Macronutrients

%FAT 39 38 38 38 37 37 38 37 37
%CHO 44 46 45 46 46 47 45 46 46
%PRO 18 17 17 18 18 17 18 18 18

standardized by total kcal. Base = baseline, CHO = carbohydrate, and PRO = protein

Note: Means are very similar by sex; hence, they are shown as a collective cohort.
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Table 3.

Class Prevalence (%) and Transition Probabilities (%)

Class Prevalence

Transition Probabilities

Baseline to 6 months
post-intervention

Baseline to 24 months
post-intervention

Health

Behavior

Pattern Base
Females

Most Sedentary 41.9
Healthy Eaters 21.4

Active and Eat Most ~ 36.7

Males
Most Sedentary 41.8
Healthy Eaters 175

Active and Eat Most ~ 40.7

6 mo

46.3
345
19.2

43.5
36.2
20.3

24 mo

32.1
52.1
15.7

311
48.7
20.3

Most
Sedentary

17.6
11.2
17.6

19.2
5.7
18.6

Healthy
Eaters

16.0
7.0
115

14.7
6.2
153

Active
and Eat
Most

8.3
3.2
7.7

7.9
5.7
6.8

Most
Sedentary

15.0
5.6
11.6

14.9
6.8
9.5

Healthy
Eaters

23.6
9.7
18.7

18.2
14.2
16.2

Active
and Eat
Most

4.9
45
6.4

3.4
6.1
10.8

Page 18

Example of interpreting table: A total of 41.9% of females were classified as “most sedentary” at baseline. At 6 months post-intervention; 17.6%

remained “most sedentary”, 16.0% transitioned to “healthy eaters”, and 8.3% transitioned to “active and eat most”.
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