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What is know about this subject: 

As with adults, obesity in children is associated with development of T2DM.  T2DM is 

now increasing in the pediatric population. It is well established that exercise training 

increases insulin sensitivity in normal and insulin resistant adults.  

Word Count – 36  

 

 

What this study adds: 

Studies in the pediatric population are laboratory based and therefore may not be 

sustainable once the study ends. To our knowledge we are the first group to conduct a 

home-based strength-training program to reduce diabetes risk in obese adolescent boys. 
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ABSTRACT 

OBJECTIVE: to determine the effects of a HBST intervention on insulin sensitivity, 

compensatory acute insulin response and -cell function, body composition measures and 

maximum strength in obese Latino boys. 

METHODS: 26 obese Latino males aged 14-18 years were randomized to either a twice-

weekly Home Based Strength Training group (HBST; n=15) or a Control group (C; 

n=15) for 16 weeks. HBST for 16weeks, composed of two one- hour sessions per week. 

Outcome Measures were assessed pre-and post intervention/control condition and 

included insulin sensitivity(SI), acute insulin response to glucose(AIR) and disposition 

index(DI), fasting glucose, two-hour glucose, body composition using waist -hip 

circumferences, Body Mass Index(BMI), dual energy X-ray absorptiometry(DEXA) 

scan, blood pressure and strength by 1-repetition maximum. A repeated measures GLM 

was used to assess differences in changes in outcome measures, between the C and the 

HBST groups. 

RESULTS: There were no significant overall intervention effects on any of the outcome 

variables (p<0.05). 

CONCLUSION: These results suggest that a home based strength training program does 

not -improve insulin sensitivity, maximal strength or decrease adiposity in obese Latino 

boys. 
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INTRODUCTION 

The obesity epidemic has affected children and adolescents across the developed and 

developing world. In most of the world, obesity is now the most common pediatric 

disease (1-6). As with adults, obesity in children is associated with development of Type 

2 diabetes. Previously considered an adult disease, T2DM is now increasing in the 

pediatric population (8, 9). 

 

As with adults, T2DM in children is strongly associated with obesity.  In addition to 

obesity, other risk factors include prenatal influences, age, sex, sedentary behavior, 

family history (10), transient pubertal insulin (11) resistance and ethnicity. The 

prevalence of obesity and T2DM is even more pronounced in ethnic populations, 

particularly in Hispanic youth (7). Mexican-American adolescents are more likely to be 

at risk of overweight or overweight than non-Hispanic white adolescents(7). Research has 

shown that insulin sensitivity is lower in overweight Latino adolescents compared with 

overweight Caucasian children independent of adiposity(12); disposition index is 

significantly lower in Latino children with impaired glucose tolerance compared with 

normal glucose tolerant children(13). Impaired fasting glucose is significantly associated 

with impaired -cell function in overweight Latino adolescents with a family history of 

type 2 diabetes (14), and a decline in insulin sensitivity over time is unrelated to changes 

in body fat or maturation (15). It is well established that endurance exercise training 

increases insulin sensitivity in normal and insulin resistant individuals (16,17). However, 

some find this form of exercise monotonous and it may also prove difficult for obese 

people. Strength training, by increasing muscle mass and endurance, may cause a more 
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rapid change in body composition and improvements in functional status may prove to be 

more appealing, particularly to the obese population. Furthermore, strength training has 

been shown to improve insulin sensitivity by similar in magnitude to those observed 

following endurance exercise training (18). A number of studies have shown strength 

training to be effective at improving insulin sensitivity in participants with T2DM (19,20)
 

and in obese Latino adolescents (21).  

  

Although these findings support the use of strength training as an exercise modality for 

the prevention and treatment of T2DM, it is unclear whether improvements in insulin 

sensitivity can be achieved/maintained once supervision is withdrawn. Most trials have 

used highly supervised exercise sessions usually in a clinical laboratory setting, with the 

aim of testing the effectiveness of strength training on metabolic parameters. However, 

the location of the delivery may influence long-term compliance and health outcomes. 

One potential strategy for improving compliance could be a home-based strength training 

approach, as it may foster long-term adherence through greater convenience and 

flexibility for the participant
22

. The home environment may be critically important 

because it influences the eating and activity behaviors in children (23,24) and plays an 

important role in both the prevention of obesity and obesity co-morbidities (25,26). 

Although extensive research suggests the home environment plays a substantial role in 

the development of childhood obesity, studies conducting physical activity interventions 

in the home environment are limited. To our knowledge, we are the first to deliver a 

home-based strength-training program specifically aimed reducing obesity and T2DM 

risk in a pediatric population. Therefore, the aims of the present study were two-fold, (a) 
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to test the feasibility of conducting a novel home-based strength training (HBST) 

intervention vs. control group (C); and 2) to determine the effects of a HBST intervention 

on insulin sensitivity, compensatory acute insulin response and -cell function, body 

composition measures and maximum strength in obese Latino boys. 

 

REASEARCH DESIGN AND METHODS 

Participants  

Thirty-two male participants were recruited from the greater Los Angeles County through 

medical clinics, advertisements, and local schools to participate in the FUERSA study 

(Families United for Education and Research for Strong Adolescent Latinos). 

Participants were consented to the study if they met the following study inclusion criteria: 

1) male; 2) grades 9
th

 thru 12
th

 (approximately 14-18 years of age); 3) with a BMI 95
th

 

percentile for age and sex (CDC, 2000)
 
(27); 4) of Latino ancestry (parents and 

grandparents descent as determined by self-report); 5) absence of diabetes using
 

established guidelines (28); 6) have a positive family history of type
 
2 diabetes 

(determined by parental self-report), and 7) pubic hair Tanner stage  3. Participants were 

excluded based on the following criteria: 1) were using medication or were diagnosed 

with any syndrome or disease that could influence dietary intake, exercise ability, body 

composition and fat distribution, or insulin action and secretion; 2) previously diagnosed 

with any major illness since birth (e.g. severe intrauterine growth retardation, chronic 

birth asphyxia, cancer); 3) had an orthopedic problems that would inhibit their ability to 

perform strength training exercise or 4) participated in a structured strength training 

program in the past 6 months. The study was conducted in accordance with the guidelines 
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in the Helsinki Declaration. The Institutional Review Board of the University of Southern 

California approved this study. Written informed consent and assent were obtained from 

both the parents and children before testing began. 

 

Study Design 

After completion of the outpatient and inpatient visits subjects were randomized into one 

of two groups, 1) the home-based strength training group or the control group. All 

follow-up testing was completed within 48-72 hours after the last strength training 

session. At both pre- and post-testing, participants completed an outpatient and an 

inpatient visit.  

 

Outpatient Visit.  

Participants arrived at the USC General Clinical Research Center (GCRC) at ~7:30 am 

after an overnight fast (nothing to eat or drink after 8 pm). A licensed pediatric health 

care provider conducted a detailed medical history exam and determined Tanner staging 

using established guideline (29). Following the exam, a 3-hour oral glucose tolerance test 

(OGTT) was conducted. This test included the application of a topical anesthetic to one 

arm and approximately 30 minutes later a flexible intravenous (iv) catheter was placed in 

an antecubital vein. Subjects then ingested 1.75g oral glucose solution / kg body weight 

(to a maximum 75g). Blood samples were drawn at baseline and every 10 minutes for 3 

hours. A total of 18 samples were collected and were assayed for glucose, insulin, and c-

peptide. Fasting and 2-hr glucose levels were used to determine normal glucose tolerance 

(2-hour glucose < 140 mg/dl) or impaired glucose tolerance (2-hour glucose ≥140 and 
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<200 mg/dl) as defined by the American Diabetes Association
28

.  One prospective 

participant had type 2 diabetes and was excluded from the study and referred to his 

primary care physician. Three-hour insulin area under the curve (AUC) and incremental 

insulin area under the curve (IAUC) were calculated from the OGTT data, in 

nmol/L/min. 

 

In-patient Visit.  

Approximately 7-14 days following the out-patient visit, participants were admitted to the 

GCRC and served a standardized dinner and an evening snack. At approximately 7:30 am 

the following day, an insulin-modified frequently sampled intravenous glucose tolerance 

test (FSIVGTT) was performed. At time 0, glucose (25% dextrose, 0.3 g/kg body wt) was 

administered
 
intravenously. Blood samples were collected at

 
time points –15, –5, 2, 4, 8, 

19, 22, 30, 40, 50,
 
70, 100, and 180 min. Insulin (0.02 units/kg body wt, Humulin

 
R 

[regular insulin for human injection]; Eli Lilly, Indianapolis,
 
IN) was injected 

intravenously at 20 min. Plasma collected during the FSIVGTT was analyzed
 
for glucose 

and insulin, and values were entered into the MINMOD
 
Millenium 2003 computer 

program (version 5.16, Richard N. Bergman, USC) to determine
 
insulin sensitivity (SI), 

acute insulin response (AIR, i.e., insulin area under the curve above basal for the first
 
8 

min of the frequently sampled intravenous glucose tolerance
 
test), and disposition index 

(DI, i.e. the product of insulin sensitivity x acute insulin response, an index of pancreatic
 

ß-cell function).  
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Assays 

Fasting and 2-hour samples taken during the OGTT for clinical diagnosis were separated 

for plasma and immediately transported on ice to the Los Angeles County–USC Medical 

Center Core Laboratory where glucose was analyzed on a Dimension clinical chemistry 

system using an in vitro hexokinase method (Dade Behring, Deerfield, IL.). Blood 

samples from all time points taken during the OGTT and FSIVGTT were centrifuged 

immediately for 10 min at 2500 RPM and 8-10C to obtain plasma, and aliquots were 

frozen at –70° C until assayed. Glucose was assayed in duplicate on a Yellow Springs 

Instrument 2700 Analyzer (Yellow Springs Instrument, Yellow Springs, OH) using the 

glucose oxidase method.  Insulin was assayed in duplicate using a specific human insulin 

ELISA kit from Linco (St. Charles, MO), intra-assay coefficient of variation 4.7-7.0%, 

interassay coefficient of variation 9.1-11.4%, and cross-reaction with human proinsulin 

0%). 

 

Strength Assessment 

Upper- and lower-body strength were assessed by 1 repetition maximum (1-RM) in the 

bench press and leg press, respectively, using established procedures
 
(30). This data was 

used to determine the dose of strength training program. 
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Anthropometric Measures, Body Composition, and Tanner Stage 

Height was measured with a stadiometer to the nearest 0.1cm. Body weight was 

measured without shoes and in a hospital gown to the nearest 0.05kg using a beam 

medical scale. Body mass index (BMI) was calculated; age- and sex-specific BMI 

percentile was determined using EpiInfo 2000, Version 1.1 (CDC, Atlanta, GA). Waist 

circumferences were measured using anthropometric tape. A dual-energy X-ray 

absorptiometry (DEXA) scan (Hologic QDR 4500W; Bedford, MA) was performed to 

estimate total fat mass (FM), and total lean tissue mass (LTM). All scans were completed 

by technicians who were fully trained in the operation of the scanner, the positioning of 

participants, and analysis of results according to the manufacturer’s guidelines.  

 

Description of Intervention 

Home Based -Strength Training (HBST) 

The HBST intervention was delivered in the participants’ homes. Prior to the first 

exercise session, the personal trainers visited the participant’s homes to evaluate the 

home environment in order to personalize the strength-training program. Participants 

were phoned once a week in order to monitor adherence to the program and also help 

maintain participant motivation and evaluate their progress. The personal trainers visited 

the participants once every four weeks to further motivate and evaluate participant’s 

progress. The personal trainers also used Motivational Interviewing (MI) strategies to 

assist the subjects in: a) determining realistic physical activity goals; b) identifying their 

own strategies to reach these goals, and, c) ways to monitor behavior changes (31).  Each 

participant received 4 individual motivational interviewing (MI) sessions by phone 
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(approximately 10 minutes long) throughout the 16 week program by trained research 

staff.  In order to test the feasibility of the program, participants were asked to text start 

and finished times for each exercise session directly to LK. This data was used to monitor 

adherence to the program. Furthermore, all participants received a handbook and a DVD 

in English and Spanish containing a written and visual descriptions of all exercises.  

 

The strength training program was a 16-week intervention comprising of 3 “periodized” 

phases and took place over two non-consecutive days per week (e.g. Monday and 

Wednesday or Tuesday and Thursday) and did not exceed 1 hour in duration). Phase 1 

(wks 1-4) consisted of 1 set of exercises with 10-15 repetitions at light to moderate 

intensity.  Phase 2 (wks 5-10) consisted of 2-3 set of exercises with 13-15 repetitions at a 

moderate intensity and Phase 3 (wks 11-6) consisted of 3-4 set of exercises with 8-12 

repetitions at moderate to high intensity. For the 2 non-consecutive training days, day 1 

consisted of compound lower body exercises and isolated upper body exercises and day 2 

included compound upper body exercises and isolated lower body exercises. 

 

Control Group (C) 

Children randomized to the C group received no intervention between pre- and post-data 

collection.  Participants were asked not to participate in any other research program or 

participate in any structured activity program until completion of this intervention. The 

rationale for including controls in this pilot study is to assess “background changes” due 

to growth and/or other natural factors. Control group participants were eligible to receive 

the HBST program once post-data collection was completed. 
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Randomization 

Allocations were concealed from participants and all study personal (except LK) until 

after they completed the baseline outpatient and in-patient visit. Thirty-two participants 

were randomized into one of two groups.  

 

Sample Size Considerations.  

Our power calculation estimated that a mean difference in insulin sensitivity between of 

around  >0.57 units between groups would be detectable with 80% power at a 

significance 0.05, in a sample size of 26-30 pairs of children. 

 

Statistical Analyses 

All data were checked for normality prior to statistical analysis using descriptive 

statistics, histograms with normal distribution curves and using Anderson-Darling (A.D) 

normality tests. In order to identify possible randomization imbalance, across-group 

comparisons of baseline characteristics were conducted for evaluable participants using 

ANOVA.  Wilcoxon signed rank-tests were used to test for significance differences 

between pre-post data. A repeated measure GLM was used to assess differences in 

changes in outcome measures, between the C and the HBST groups across time. For fat 

mass, lean mass was included as a covariate, and vice versa. For acute insulin response, 

insulin sensitivity was also included as a covariate. All analyses were conducted using 

SPSS version 20 for Mac (SPSS, Inc, Chicago, IL) with α set at 0.05. 
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RESULTS  

Characteristics of Participants 

Thirty-two participants were consented into the study and randomized into one of two 

groups. Final analysis was conducted on 26 participants (age 15.41 ± 0.92 years), 13 

control and 13 in the HBST group. At post testing six participants did not complete the 

study for the following reasons 4 did not want to participate anymore and 2 did not want 

to do the clinical testing. All participants were obese (BMI 33.36 ± 5.68 kg/m2 and BMI 

percentile 97.58 ± 2.03%). There were no statistically significant group differences at 

baseline in any of the anthropometric, body composition or glucose or insulin sensitivity 

measures between (p>0.5; see Table 1 and Table 2). 

 

Anthropometric, body composition and strength variables  

Variables related to anthropometrics, body composition by DEXA and strength training 

data are presented in Table 3. Over the 16 weeks of the intervention there were no 

significant across group differences for height, body weight (p=0.27), BMI (p=0.17), 

systolic blood pressure (p=0.15) or diastolic blood pressure (p=0.83). There were also no 

significant across group affects for waist circumference (p=0.30), hip circumference, lean 

mass (p=0.53) or % body fat (p= 0.45). There was a significant across group affect for 

total fat mass with the C group having significantly less total fat mass at follow up 

compared to the HBST group (p=0.04). In the control group, there were no significant 

differences between baseline and follow-up testing for 1RM bench press (p=0.76) or 

1RM leg press (p=0.33). In the HBST group there was a trend for an increase in 1RM 
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bench press (0.07) but no significant increase in 1RM leg press (p=0.19). There were no 

significant between group differences in either strength variable (p>0.05). 

 

 

 

Insulin Sensitivity/Dynamics  

Characteristics for insulin/glucose dynamics and metabolic values are shown in Tables 2 

and Table 4. Over the 16 weeks of the intervention there were no significant within-

subject’s differences for fasting glucose (p=0.87), 2-hr glucose (p=0.38), SI (p=0.21), 

AIR (p=0.49), and DI (p=0.95). There were also no between subject differences noted in 

fasting glucose (p=0.36), 2-hr glucose (p=0.84), SI (p=0.34), AIR (p=0.27), and DI 

(p=0.73). 

 

Process evaluation  

Of the prescribed sessions for the strength-training program, the HBST group reported 

completing 89% of the prescribed number of sessions. 

 

DISCUSSION 

Insulin resistance is one of the major complications of obesity in adults and children. 

Therefore, identifying interventions aimed at improving insulin sensitivity are necessary 

for preventing the metabolic diseases associated with obesity.  Our intervention was 

designed to decrease obesity and improve insulin sensitivity, compensatory acute insulin 

response and -cell function, body composition measures and maximum strength in 
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obese Latino boys. Despite rigorous implementation we found no significant effect of the 

intervention on any of our outcome measures. However, the current study did show that 

the home-based strength training program was very well tolerated by the adolescent 

participants. To our knowledge this is one of the first studies to implement a HBST study 

in obese at-risk for T2DM Latino adolescents and therefore is an important addition to 

the evidence base. 

 

The results of our study somewhat contradict those found by Bell and colleagues
 
(32). 

While this study found that an 8-week circuit-training program improved insulin 

sensitivity, they also reported no changes in body composition and high attendance rates. 

It is worth noting that this study was a tightly controlled laboratory study while ours was 

home based. This study also included children of both sexes and the age range may have 

been affected by transient puberty.  Similarly, Dunstan and colleagues using a 12 month 

HBST program in 36 elderly participants found the program was effective for 

maintaining muscle strength and lean body mass but did not show any improvements in 

insulin sensitivity (33).   

 

In contrast, Shiabi and colleagues reported overweight Latino adolescents in a 16 week 

tightly controlled laboratory based strength training program significantly improved 

upper and lower body strength and insulin sensitivity when compared to the control 

group. However, this study also found no significant improvements in fasting insulin, 

insulin secretion (AIR) or -cell function
 
(34).  Treuth and colleagues

 
(35) studied obese 

girls over a 5-month duration laboratory based study and found an increase in overall 
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body fat and insulin as measured by the oral glucose tolerance test (OGTT), but these 

improvements were not significant. Conflicting findings from a number of studies are 

likely due in part to the differences in study designs, study populations and outcome 

measures.  

 

There are several limitations to our study worth noting. Firstly, was we used a relatively 

small sample size of adolescents (n=26). However, the limitation of a small sample size is 

somewhat offset by precise measures of body composition (DXA), glucose and insulin 

values (OGTT) and the use of an understudied, high-risk population. The fitness levels of 

our participants were not measured. It has been suggested that in overweight middle 

school children fitness and not fatness is a better indicator of fasting insulin levels
 
(35).  

Sedentary behavior was also not assessed and remarkably, exercise alone may not 

attenuate insulin resistance if sedentary activity is excessive; time spent being sedentary 

is predictive of high fasting insulin levels, regardless of the time spent doing moderate-to-

vigorous intensity activities, independent of age, sex, fat mass, fasting insulin, smoking 

status, and follow-up time.  It would have been prudent to include assessments of 

readiness to change and may be of vital importance as we also saw some improvements 

for several outcome measures in the control group. This may have resulted in some 

control participants engaging in exercise or changing diet despite the explicit instruction 

to main their “normal” lifestyle for the study duration. The absence of any nutrition 

education or intervention, may have contributed to our null findings. However, several 

recently published tightly controlled laboratory pediatric studies using strength training 

and nutrition education in overweight Latino and African American adolescents did not 
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find any significant improvements of insulin sensitivity or body composition (36-38). 

Several studies have also noted that parents and family members should be included in 

interventions with children, particularly if they are from low-income families (39, 40). 

Our study focused on the child only, we may have seen greater improvements if we had 

included family. Finally, the dose duration was self-reported, thus it may be possible that 

the participants over-reported occurred, while the participants sent texts to LK stating 

start time and completion time of each exercise session there was no real way of knowing 

if they were actually exercising during this period. It may also be feasible that the dose 

and duration were too low to make changes necessary to improve insulin sensitivity.  

 

In conclusion, this home-based strength training program, while apparently well tolerated 

by the obese adolescents did not result in the expected improvements in obesity and 

diabetes risk. Successful population-based approaches to addressing the childhood 

obesity epidemic may require more intensive interventions in various settings, and should 

include the entire family not just the child.  Further research is necessary to identify 

successful and sustainable interventions for obesity and type 2 diabetes prevention in 

obese Latino children. 
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