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Abstract
Objective—To assess the effects of a maintenance program (monthly newsletters versus monthly
group classes and telephone behavioral sessions) on obesity and metabolic disease risk at one year
in overweight minority adolescents.

Methods—After a 4-month nutrition and strength training intervention, 53 overweight Latino
and African American adolescents (15.4 ±1.1 yrs) were randomized into one of two maintenance
groups for 8 months: monthly newsletters (n=23) or group classes (n=30; monthly classes +
individualized behavioral telephone sessions). The following outcomes were measured at months
4 (immediately following the intense intervention) and month 12: height, weight, blood pressure,
body composition via BodPod™, lipids and glucose/insulin indices via frequently sampled
intravenous glucose tolerance test (FSIVGTT).

Results—There were no significant group by time interactions for any of the health outcomes.
There were significant time effects in several outcomes for both groups from month 4 to 12: bench
press and leg press decreased by 5% and 14% (p=0.004 & p=0.01), fasting insulin and acute
insulin response decreased by 26% and 16% (p<0.001 & p=0.046); while HDL cholesterol and
insulin sensitivity improved by 5% and 14% (p=0.042 and p=0.039).

Conclusions—Newsletters as opposed to group classes may suffice as follow-up maintenance
programs to decrease type 2 diabetes and cardiovascular risk in overweight minority adolescents.
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INTRODUCTION
Los Angeles (LA) is one of the few cities in the US where foreign-born people constitute a
majority, with 40–50% of the residents being of Latino descent (1). The prevalence of
obesity in LA varies markedly by ethnic/racial group, with Latinos having among the
highest rates (2), which puts them at elevated risk for associated chronic diseases. We have
previously shown that Latino children who are overweight and living in LA have elevated
levels of visceral adiposity and liver fat, are extremely insulin resistant, and exhibit early
signs of beta-cell dysfunction and carotid thickness, all of which are linked to increased risk
of type 2 diabetes, cardiovascular diseases and nonalcoholic fatty liver disease (NAFLD)(3–
8).

To date, lifestyle interventions remain the most well-established and tested interventions for
overweight youth and adolescents. However, there are few pediatric studies that support
long-term efficacy(9, 10), and strategies for maintaining weight loss remains a challenge. In
addition, few maintenance studies have been conducted to assess the effects on metabolic
parameters in youth, and even fewer have been conducted with high-risk overweight Latino
and African American adolescents. The majority of the existing long-term intervention
studies are limited to changes in BMI or weight, and fasting blood values, at best (9, 11). To
our knowledge, no studies have been conducted to assess the 1-year effects of an
intervention on glucose and insulin action using more precise measures, such as the
FSIVGTT. In addition, the majority of the existing studies often use a maintenance period
consisting of monthly or bi-monthly booster sessions. Little is known about what mode of
delivery of maintenance sessions is optimal to result in improved health outcomes.

The current intervention employed a modified carbohydrate dietary approach, focusing on
reducing added sugar and increasing dietary fiber. Cross-sectional and longitudinal analyses
from our group consistently have shown that the quality of carbohydrate plays a major role
in adiposity and metabolic disorders in Latino and African American youth(12–16).
Specifically, our group has shown that high intakes of total and added sugar and sugary
beverages were associated with adiposity and poor beta-cell function(12, 13), while high
intakes of dietary fiber is consistently linked to reductions in visceral adiposity and
metabolic syndrome(14, 15). Results from our 12-week nutrition pilot intervention with 30
overweight Latina adolescent females, which was focused on a modification of
carbohydrates approach, showed that participants who decreased added sugar by as little as
5% per day had significant improvements in insulin secretion(17). Similarly, a 6-month
reduced glycemic load diet as compared to an energy restricted, reduced-fat diet resulted in
significant reductions in fat mass and insulin resistance as measured by homeostasis model
assessment in primarily Caucasian obese adolescents(18). However, the long-term effects of
a modified carbohydrate approach on metabolic parameters have not yet been tested.

The current intervention also used a strength training exercise approach. Research has
shown that strength training reduces total and regional body composition, improves insulin
sensitivity and HDL cholesterol(19, 20). Furthermore, strength training for overweight
children may improve program retention(21). We have previously shown Hispanic
adolescents who completed a 12-week strength training pilot intervention had a 45%
improvement in insulin sensitivity compared to controls(22). To our knowledge, no
intervention study has examined the effects at 1-year of a modified carbohydrate dietary
approach combined with strength training on such metabolic risk factors.

The goals of the present study were: a) to evaluate the effects of an 8-month maintenance
intervention, following the intense 4-month intervention, which was focused on
modification of carbohydrates and strength training, on body composition, insulin action,
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and lipids at one year; and b) to assess what mode of delivery of the maintenance program
(monthly newsletters versus monthly group classes and behavioral sessions) was more
effective at improving these health outcomes. For this study, we hypothesized that the
maintenance groups would have improvements in health outcomes at one year, but the more
intense maintenance group (consisting of monthly group classes and telephone behavioral
therapy sessions) would have greater improvements in health compared to the newsletter
group.

REASEARCH DESIGN AND METHODS
METHODS

The program specifics and the main outcome results of the 4-month intervention have been
previously reported (23, 24). In brief, the goal of the 4-month modified carbohydrate
nutrition and strength training intervention for Latino and African American adolescents was
to assess the incremental effects on insulin indices, adiposity, and other metabolic risk
factors for type 2 diabetes, of the following intervention groups: (1) control, (2) a once per
week modified carbohydrate nutrition education program (N group), and (3) the same
nutrition education program with twice per week strength training (N+ST group). Following
the intervention, the N group had significant improvements in insulin sensitivity (SI) and
disposition index (DI; a measure of beta-cell function), while the N+ST group had
significant reductions in hepatic fat, when compared to the control group (24). The N+ST
group had significant increases in upper and lower strength and the N and N+ST groups had
significant reductions in energy intake, carbohydrate intake and added sugar intake
compared to the control group (24). There were no significant effects on weight or total
body composition.

Participants—Any participant who completed the initial 4-month intervention (summer of
2008) was eligible to participate in the maintenance study. Participants were recruited into
the initial 4-month intervention from schools, community centers, and health clinics. The
inclusion criteria for the initial 4-month intervention was: age- and gender-specific BMI ≥
85th percentile (CDC, 2000), African American or Latino ethnicity, and grades 9th thru 12th.
There were no additional inclusion criteria to be in the maintenance program. Prior to any
testing procedure, informed written consent from parents and children were obtained. This
study was approved by the Institutional Review Board of the University of Southern
California (USC), Health Sciences Campus.

Testing at the Clinical Trials Unit (CTU)—The following measures were performed 1
week before the initial 4-month intervention began), month 4 (1 week after the initial 4-
month intervention) and month 12 (1 week after the 8-month maintenance program) in the
USC CTU.

Anthropometrics, Body Composition, and Blood Pressure—A detailed medical
history and physical exam was performed, where Tanner staging was determined using
established guidelines(25, 26). Weight and height were measured and BMI and BMI
percentiles were then calculated(27). Total fat mass and lean tissue mass were measured by
air displacement plethysmography (BodPod™; Life Measurement Instruments, Concord,
CA). Blood pressure was obtained according to recommendations of the American Heart
Association(28).

Glucose and Insulin Indices—After an overnight fast, an insulin-modified frequently
sampled intravenous glucose tolerance test (FSIVGTT)(29) was performed with minimal

Davis et al. Page 3

Pediatr Obes. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



modeling to determine insulin sensitivity (SI), acute insulin response (AIR), disposition
index (DI, an index of β-cell function), and glucose effectiveness (Sg).

Dietary Intake and Strength Assessment—Dietary intake was assessed by 3-day diet
records, which are validated measures of dietary intake in child and adolescent populations
(30, 31). Participants were given a short lesson (10 min) on how to estimate portion sizes
and complete the diet records and were given measuring cups and rulers to aid in accurate
reporting. At all in-patient visits, research staff clarified all dietary records. Nutrition data
were analyzed using the Nutrition Data System for Research (NDS-R version 5.0_35).
Using established procedures(32, 33), upper-and lower-body strength assessments were
completed before and after the intervention by one-repetition maximum (1-RM) in the bench
press and leg press, respectively.

Maintenance Randomization—The CONSORT diagram of the maintenance
intervention is shown in Figure 1. Of the 100 participants who completed the 4-month
interventions, 30 of them were control participants and received the delayed intervention
(abbreviated version of the N+ST intervention), and therefore were not eligible to participate
in the maintenance program. Of the 70 participants who completed either the N or N+ST
intervention, 9 were not interested in being a part of the maintenance study. Sixty-one
participants were then randomized to either the newsletter group (n=28) or the group class
(n=33). Of these 61 participants, only 53 remained in the maintenance program and
completed post-testing at 12 months; 23 in the newsletter group and 30 in the group class.
Randomization was conducted by a statistician independent from the study using computer
generated random numbers, and allocations were concealed from participants until after they
consented to be in the maintenance program. Randomization was blocked by initial
intervention group, gender and ethnicity.

Description of the Maintenance Intervention
Maintenance Newsletter Group: Participants in the newsletter group received a monthly
newsletter in the mail that matched their 4-month intervention group assignment (i.e., either
a nutrition specific newsletter or a nutrition + strength training newsletter). The newsletter
covered basic tips on how to continue to eat foods and drink beverages low in sugar and
high in fiber and included one or two new low-sugar or high fiber recipes. Benefits of
strength training and sample strength training exercises were highlighted in the newsletters.
In addition, a list of community resources (i.e., local recreational centers) was given to
promote strength training. Specific nutrition topics, objectives, recipes, and ST exercises
covered in the monthly newsletters are listed in Table 1. Research staff called participants
twice during the maintenance intervention to make sure they were receiving the newsletters
and that their contact information was still correct, however staff did not discuss any
additional content, strategies, progress, or motivation related to the program with any
participant during these calls. The main purpose for these calls was to make sure
participant’s still had the same phone number and addresses, so that we could make sure
they were available for post-testing. In the past, we have had a lot of issues with control
participants moving away or changing their phone numbers and being unable to reach them
for post-testing.

Maintenance Group Class: Participants in the group class met monthly (classes lasted 90
minutes) at the Veronica Atkins Lifestyle Intervention Laboratory (VALIL) and received a
monthly class that was similar to their 4-month intervention classes (i.e., either N only or N
+ST). They included a cooking component, a snack, a nutrition lesson (focused on reducing
sugar and increasing fiber intake), and a 45-minute strength training session (for those
subjects in the N+ST group), led by a certified personal trainer. A list of nutrition topics, key
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objectives, and recipes prepared at each of the classes is highlighted in Table 1. Although
participants only met once per month and there were not specific tasks that participants were
required to do, they were encouraged to eat healthy and do strength training on their own at
home throughout the entire program. All participants received a variety of cooking utensils
and gadgets (i.e., cutting boards, apple cutters, measuring cups, etc.) throughout the
program. Participants in the N+ST group also received resistance bands and an instructional
video of exercises to do with the bands. In addition, the trainers gave a list of resources (i.e.,
local gyms and/or community centers with exercise equipment) to all participants. All
participants attended at least six of the eight monthly group sessions. Make-up classes were
offered on three separate occasions. Twenty-four participants (or 80%) attended all eight
classes, four participants (13%) attended seven classes and two participants (7%) attended
six classes.

The intervention was based on Self-Determination Theory (34), and designed to increase
motivation for healthy diet and exercise. Therefore, participants in the group class also
received 4 motivational interviewing (MI) sessions, conducted over the phone and lasting
approximately 15 minutes, throughout the 8-month program by trained research staff. MI is
a client-centered counseling approach designed to enhance intrinsic motivation for behavior
change by exploring and resolving ambivalence (17). It was hypothesized that by increasing
intrinsic motivation a healthy lifestyle, program effects would sustain and become
internalized, ensuring long-term benefit for participants. The sessions were designed to help
participants resolve ambivalence and engage in healthier eating, specifically decreasing
sugar and increasing fiber, and strength training on their own at home. All participants
received four phone sessions, and on average the calls were 16 ±4 minutes.

Parent(s) were also offered separate monthly classes, which were held simultaneously at the
VALIL. The curriculum was the same that their child was receiving. Bilingual instructors
were used and all material was available and taught in Spanish if needed. Although parents
were asked to attend a minimum of two classes, participation was very low, with 15% of the
parents attending the minimum of two classes.

Statistical Procedures
Sample size: Sample size calculations were based on results from our strength training pilot
study(22). Using a conservative estimate of the standard deviation of the insulin sensitivity
change score, a sample size of 22 (11 per group) had a 0.80 power to detect a meaningful
difference >0.57 units in mean change in insulin sensitivity between control and strength
training group. Post-hoc power calculations were performed based on the between
maintenance group mean differences (mean ±SD). The correlation among repeated measures
ranged from 0.5 (for AIR) to 0.9 (for BMI z-scores). The effect sizes ranged from 0.3 (for
AIR), 0.4 (for BMI and HDL), 0.5 (for SI), and 0.7 (for fasting insulin and bench press),
with a total sample size of 53 or >20 in each group being sufficient to detect significance in
most health outcomes.

Analyses: Data were examined for normality and the following outcome variables were not
normally distributed and analyses were run on the log-transformed values: weight, lean
mass, fasting insulin, SI, AIR, DI, and Sg. Analysis of Variance (ANOVA) with post hoc
pairwise comparisons with Bonferroni adjustments and Chi-square test (for gender and
ethnicity only) were employed to assess differences in physical and metabolic measures and
dietary and strength variables at baseline (or month four for this analyses) between the two
maintenance groups (i.e., newsletter vs. group class) and the four maintenance groups (i.e.,
nutrition newsletter vs. nutrition + ST newsletter vs. nutrition only group class vs. Nutrition
+ ST group class).
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GLM repeated measures, with post hoc pairwise comparisons with Bonferroni adjustments,
were used to assess changes in all health outcomes (i.e., dietary intake, strength, body
composition, glucose/insulin indices, and lipids) from baseline (or month four) to 1-year and
between maintenance intervention groups (both the two and four maintenance groups).
Covariates included the initial intervention assignment (either N or N+ST), ethnicity, age,
gender, body composition (when glucose/insulin indices were dependent variables) and SI
(when AIR was dependent variable). All analyses and randomization were performed using
SPSS version 16.0, (SPSS, Chicago, IL), with significance level set at p < 0.05.

RESULTS
There were no significant differences before the initial 4-month intervention in
demographic, adiposity (including weight, BMI parameters and body composition),
metabolic, dietary and strength variables between the 84 participants who completed the 4-
month intense intervention and the 53 participants who completed the maintenance program.
Nor were there any differences before initial 4-month intervention in demographic,
adiposity, or metabolic, dietary and strength variables, between the 61 participants allocated
to the maintenance program and the 53 who actually completed it.

We initially analyzed the differences between the 4 maintenance groups, and were originally
powered to detect differences in changes in insulin resistance (our main outcome of interest)
with as few as 11 in each intervention group. However, with attrition we ended up with 8
subjects in the nutrition only newsletter group. In addition the results (both intent-to-treat
and over time) were identical when analyzing the data with either two or four maintenance
groups. Therefore, given the identical results and the power issues, data is presented below
between the two maintenance groups.

The 4-month physical and metabolic characteristics between the two maintenance groups are
shown in Table 2. There were no significant differences in any demographic, physical, or
metabolic characteristics between the two maintenance groups at month four. The 4-month
strength and dietary characteristics between maintenance groups (i.e., newsletter vs. group
class) are shown in Table 3. Protein, expressed as a percent of calories per day, was
significantly higher in the Newsletter group compared to the Group class at month four
(18.9% vs. 16.2%; p=0.05). There were no other significant differences in any dietary and
strength, variables between the two maintenance groups at month four.

When using GLM repeated measures, there were no significant time by maintenance group
interaction for any of the health outcomes (i.e., diet, strength, body composition, glucose/
insulin indices, and lipids).

However, there were significant time effects in several health outcomes for both groups
from month 4 to 12. In both groups, bench press decreased by 5% (112.5 ±6.4 to 107.2 ±7.3
kg; p=0.004) and leg press decreased by 14% (506.6 ±33.0 to 435.0 ±21.6 kg; p=0.01;
Figure 1A & B). There were no significant time effects for any of the dietary variables.
From month 4 to 12, both groups significantly increased HDL cholesterol by 5% (36.0 ±1.4
to 38.0 ±1.6 mg/dl; p=0.042; Figure 2). Both groups significantly decreased fasting insulin
by 26% (21.8 ±2.2 to 16.1 ±2.0 μU/ml; p<0.001) and decreased acute insulin response by
16% (2048.4 ±322.0 to 1713.5 ±296.0 μU/ml × 10 min; p=0.046), while insulin sensitivity
improved by 14% (1.4 ±0.2 to 1.6 ±0.2 ×10−4 min−1/μU/ml; p=0.039; Figure 3A–C).

DISCUSSION
The purpose of this study was to assess the effects of an 8-month maintenance program,
monthly newsletters versus monthly group classes and telephone behavioral sessions, on
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obesity and metabolic disease risk at one year in overweight minority adolescents. Contrary
to our hypothesis, there were no significant differences in any of the health outcomes
between the newsletter and group class maintenance groups. However, both maintenance
strategies (i.e., monthly newsletter and monthly group classes) resulted in significant
improvements in insulin action (increases in SI and decreases in fasting insulin and AIR)
and lipids (increases in HDL cholesterol) from month 4 to month 12. These findings suggest
that a much less intense 8-month maintenance program (such as monthly newsletters)
following an intense intervention is equally effective at improving health outcomes as a
more intense maintenance program.

Little research has been conducted to assess the effects of obesity interventions on adiposity
and metabolic parameters at one year or longer in children and adolescents, specifically with
high-risk minority youth. One study by Wifley et al. (35) with 150 primarily Caucasian,
children (7 to 12 years of age) who completed a 5 month intense weight loss program were
randomized into one of three maintenance conditions; a) control; b) behavioral skills
maintenance (BSM); or c) social facilitation maintenance (SFM). Both the BSM and SFM
maintenance conditions resulted in significant reductions in BMI parameters from baseline
to 2-year follow-up. Savoye et al. (36) conducted a recent study with 76 ethnically diverse
(28% Hispanic) obese children (8 to 16 years of age) who were randomized to a control or
lifestyle intervention (group sessions twice weekly for first 6 months and twice monthly for
the second 6 months) and completed 24-month follow-up measures. The lifestyle group
resulted in significant reductions in BMI, percent body fat, total body fat mass, lipids, and
homeostasis model assessment of insulin resistance (HOMA-IR at 24 months compared to
the control group. Another study by Shalitin et al. (37) with 77 obese children (6 to 11 years
of age) who received an intense 12-week intervention of either exercise only (E), diet only
(D), or diet plus exercise (D+E), and a subsequent 9 month follow-up. This study found that
all groups significantly reduced body fat, BMI, glucose, insulin, HOMA-IR, and lipids at 12
weeks but only reductions in body fat and BMI were maintained at the 9-month follow-up.
Most notably, Epstein et al. conducted 4 randomized childhood obesity intervention studies,
consisting of weekly meetings for 8 to 12 weeks, with monthly meetings continuing for 6 to
12 months and outcome measures collected at baseline, 6 months, 1-, 2-, 3-, 5- and 10 years.
At ten years, this intervention reduced obesity parameters, 34% decreased percentage
overweight by 20% or more and 30% were no longer obese(9). Another notable long-term
intervention was the Child and Adolescent Trial for Cardiovascular Health (CATCH)
intervention, which was a randomized, controlled field trial, consisting of 3714 ethnically
diverse 6th thru 8th graders. At the 3-year follow up, those participants receiving the
intervention showed a decrease in energy intake from dietary fat and an increase in daily
vigorous activity, however there were no significant differences found for BMI, blood
pressure, or serum lipid and cholesterol levels(38). The majority of these long-term obesity
interventions consisted of an intense 4 to 6 month phase of weekly sessions followed by
monthly or every other month maintenance phase in subsequent years. None of the above
interventions have employed or tested a less intense maintenance period, such as monthly
newsletters. More research is warranted to determine which components of obesity
interventions and the intensity and mode of delivery that is needed to contribute to long-term
behavior change(39).

Our results suggest that the maintenance portion of the intervention can be less intense, such
as monthly newsletters, as both maintenance groups had similar improvements in health
outcomes. One possible explanation for this is that the material used in both the maintenance
groups really focused on and re-emphasized a maximum of three key goals throughout the
entire program, i.e., decrease sugar, increase fiber, and strength train. A task force consisting
of members of the American Society for Nutrition, the Institute of Food Technologists, and
the International Food Information Council recently proposed that future interventions for
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obesity treatment and prevention should focus on promoting adoption of small changes in
nutrition and physical activity(40). Regardless of the mode of delivery used in our study,
whether newsletter or group class, the information and material covered was concise and
very directed to include small and focused changes in diet and/or exercise. A more focused
intervention, with simpler dietary and exercises messages, might be more manageable and
sustainable, plus lead to more substantial reductions in adiposity and metabolic diseases in
this population. Another possibility is that it simply takes a longer duration follow-up time
point to see effects of an intense 16-week intervention. The post-testing immediately
following the 16-week intervention might not have been long enough to see the beneficial
effects.

Surprisingly, there were no significant changes in health outcomes between those
participants who also received the strength training exercises. Both maintenance groups had
significant decreases in strength at 1-year, but still had subsequent reductions in metabolic
risk factors. We did not expect that once of month of a practical strength training session
alone would be enough to maintain or continue increasing strength gains, however, we
hypothesized that the personal interaction (of both the practical session and the monthly
phone sessions) would encourage the children to continue strength training on their own,
especially compared to a newsletter group. It is highly possible, that the strength training
components used in the maintenance program simply may not have been intense enough to
produce additional health improvements. In addition, the initial 4-month intervention found
that participants receiving the N+ST had significant reductions in hepatic fat(24).
Unfortunately, we did not measure fat depots at 1-year and we might have seen reductions in
hepatic fat at one year in the maintenance group that received a ST component.

We have shown that increased intake of dietary fiber over 16 weeks has been linked to a
decreased metabolic syndrome, waist circumference and visceral fat in Latino youth(14, 15).
Secondary dietary analyses from the 4-month intervention study demonstrated that
participants who decreased added sugar intake over 4 months by an average of 50 g/day had
a 33% decrease in insulin secretion(16), and those who increased dietary fiber by 5 g/d had a
10% reduction in visceral adiposity(16). Although diet did not significantly change from
month 4 to month 12, the significant reductions in carbohydrates and added sugar seen in the
initial 4-month intervention were maintained at 1-year. The results from the maintenance
period further highlight that the modified carbohydrate approach may be a successful
nutrition strategy for reducing obesity, type 2 diabetes, and cardiovascular risk factors at 1-
year in overweight minority adolescents.

There are several limitations that need to be mentioned. First of all, 8-months is still a
relatively short-term intervention and longer interventions with long-term follow-up are
warranted. Another limitation is there is no true control in the maintenance program. As part
of the original 4-month intervention design, protocol and funding, the control participants in
the initial 4-month interventions received a delayed intervention, therefore only the
participants in the N or N+ST were allowed to participate in the maintenance program.
However, our lab has conducted a longitudinal study in over 200 overweight Latino children
for the past 10 years, in which extensive measures of adiposity and metabolic parameters are
measured annually in order to study that natural progression of type 2 diabetes risk factors in
this population. In this cohort, overweight Latino adolescents, essentially with the same
inclusion criteria as the current study, not receiving any type of intervention, have
significant increases in body fat and deteriorations in insulin sensitivity, insulin secretion
and beta cell function over the course of 1-year(15, 41). Of note, conducting non-
intervention studies or even control groups in this population is becoming increasingly
difficult given that these individuals are at high risk of developing metabolic disorders and
agree to participate in a research study in hopes of improving their health and decreasing
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disease risk. Thus, obtaining “true controls” is ethically and logistically difficult. Regardless,
future research should investigate the effects of maintenance interventions compared to true
controls on obesity and related risk factors in pediatric populations. The current study is
limited by the use of diet records, which rely solely on the participants’ self-reporting and
are often prone to errors. However, several steps were taken to ensure the accuracy of
dietary data, such as using the well-trained diet technicians to clarify all records, and
screening for participants’ comments. Another limitation is that this study was conducted in
overweight Latino and African American adolescents, and cannot be generalized to other
pediatric populations.

In conclusion, these findings suggest that an intense 4-month intervention, focused on a
modified carbohydrate and strength training approach, followed by either an 8-month
maintenance program (i.e., monthly newsletters or group classes) could result in significant
improvements in risk factors for obesity, type 2 diabetes, and cardiovascular risk factors at
1-year in overweight Latino and African American adolescent populations. Hence,
newsletters as opposed to group classes may suffice as follow-up programs for overweight
teens. Further research exploring maintenance programs and approaches that produce long-
term reductions in obesity and related metabolic disease risk are warranted in these high-risk
pediatric populations.
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Figure 1.
CONSORT Diagram of the initial 4-month intervention and the 8-month maintenance
Intervention
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Figure 2.
(A & B): Changes in leg and bench press over time in the maintenance newsletter group
(n=23) and the group class (n=30). Data are presented as mean ±SEM. Changes in strength
were calculated using GLM repeated measures. In both groups, bench press and leg press
decreased from month 4 to 12; ** p values <0.001.
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Figure 3.
Changes in HDL cholesterol over time in the maintenance newsletter group (n=23) and the
group class (n=30). Data are presented as mean ±SEM. Changes in HDL cholesterol was
calculated using GLM repeated measures. In both groups, HDL cholesterol increased from
month 4 to 12; * p values <0.05.
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Figure 4.
(A–C). Changes in fasting insulin, SI, and AIR over time in the maintenance newsletter
group (n=23) and the group class (n=30). Data are presented as mean ±SEM. Changes in
insulin indices were calculated using GLM repeated measures. In both groups, fasting
insulin and AIR decreased, while SI increased; ** p values <0.001, * p values <0.05.
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Table 2

Physical and metabolic characteristics of maintenance groups (n=53) at baseline (i.e., Month 4).

Newsletter Group (n=23) Group Class (n=30) P-value

Age (y) 15.8 (0.9) 15.6 (1.1) 0.50

Sex (M/F) 7/16 17/13 0.93

Tanner 4.7 (0.6) 4.4 (0.9) 0.31

Blood Pressure (mm Hg)

 Systolic 116.5 (14.4) 121.7 (11.3) 0.15

 Diastolic 63.4 (7.5) 66.2 (8.0) 0.25

Body Composition

 Weight (kg) 97.1 (18.9) 96.6 (24.6) 0.93

 Height (cm) 164.9 (8.5) 166.5 (9.0) 0.52

 BMI (kg/m2) 35.3 (6.1) 34.6 (6.7) 0.69

 BMI Z-score 2.2 (0.5) 2.2 (0.5) 0.91

 BMI Percentile 97.3 (4.0) 97.6 (2.6) 0.80

 Total Fat (kg) 38.6 (17.6) 38.3 (15.4) 0.95

 Total Lean (kg) 58.5 (8.9) 58.3 (11.6) 0.72

Glucose/Insulin Indices

 Fasting Glucose (mg/dl) 88.6 (6.4) 88.6 (6.8) 0.98

 Fasting Insulin (μU/ml) 24.4 (11.2) 19.1 (9.5) 0.10

 SI (X10−4 min−1/μU/ml) 1.3 (1.0) 1.4 (0.9) 0.73

 AIR (μU/ml × 10 min) 1916.3 (1078.7) 2295.1 (2303.3) 0.50

 DI (X10−4 min−1) 2042.2 (1489.4) 2122.2 (1280.5) 0.84

Glucose Effectiveness (Sg; % per min) 0.02 (0.01) 0.02 (0.01) 0.67

Lipids

 Total Cholesterol (mg/dl) 141.2 (24.5) 146.0 (35.3) 0.67

 Triglycerides (TAG; mg/dl) 80.5 (33.8) 91.4 (40.4) 0.65

 LDL Cholesterol (mg/dl) 88.4 (23.9) 91.3 (29.9) 0.33

 VLDL Cholesterol (mg/dl) 16.1 (6.7) 18.4 (8.0) 0.72

 HDL Cholesterol (mg/dl) 37.3 (8.2) 36.4 (6.8) 0.66

a
Data are mean (SD).

b
P-values were calculated using ANOVA. Analyses were based on log scores for the following variables: weight, total fat, total lean mass, fasting

glucose and insulin, SI, AIR, DI, Sg, VLDL, HDL, and TAG.

Pediatr Obes. Author manuscript; available in PMC 2013 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Davis et al. Page 18

Table 3

Strength and dietary characteristics of maintenance groups (n=53) at baseline (i.e., Month 4) a

Newsletter Group (n=23) Group Class (n=30) P-value b

Strength

Bench Press (kg) 107 (27) 117 (40) 0.32

Leg Press (kg) 519 (166) 494 (164) 0.60

Dietary c

Energy (kJ/d) 6670 (2738) 7214 (2814) 0.48

Carbohydrate (g/d) 192 (79) 222 (81) 0.19

Carbohydrate (% kcals) 48 (9) 52 (8) 0.07

Protein (g/d) 71 (29) 71 (35) 0.98

Protein (% kcals) 19 (6) 16 (4) 0.05

Fat (g/d) 63 (31) 65 (31) 0.81

Fat (% kcals) 34 (7) 32 (7) 0.41

Total sugar (g/d) 86 (47) 94 (50) 0.58

Total sugar (% kcals) 21 (7) 22 (7) 0.73

Added sugar (g/d) 52 (38) 61 (42) 0.46

Added sugar (% kcals) 12 (7) 13 (7) 0.50

Total fiber (g/d) 16 (10) 18 (9) 0.41

Total fiber (g/1000 kcals) 11 (6) 11 (7) 0.73

Insoluble fiber (g/d) 10 (5) 12 (6) 0.17

Insoluble fiber (g/1000 kcals) 7 (4) 7 (4) 0.63

Soluble fiber (g/d) 4 (2) 5 (2) 0.08

Soluble fiber (g/1000 kcals) 3 (1) 3 (1) 0.17

a
Data are mean (SD).

b
P-values were calculated using ANOVA. Analyses were based on log scores for the following variables: bench and leg press.

c
n=51 for dietary analyses. When the dietary data was carefully screened for plausibility of caloric intake by assessing the distribution of the

residuals of the linear regression of caloric intake by body weight, one participant was excluded due to a residual that was over 3 standard
deviations from the mean. While dietary data on one participant was missing.
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