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ABSTRACT

DAVIS, J. N., A. TUNG, S. S. CHAK, E. E. VENTURA, C. E. BYRD-WILLIAMS, K. E. ALEXANDER, C. J. LANE, M. J.

WEIGENSBERG, D. SPRUIJT-METZ, and M. I. GORAN. Aerobic and Strength Training Reduces Adiposity in Overweight Latina

Adolescents. Med. Sci. Sports Exerc., Vol. 41, No. 7, pp. 1494–1503, 2009. Purpose: To date, no study has examined the synergistic

effects of a nutrition and combination of aerobic and strength training (CAST) on both adiposity and metabolic parameters in

overweight Latina adolescent females. The goal was to assess if a 16-wk nutrition plus CAST pilot study had stronger effects on

reducing adiposity and on improving glucose/insulin indices compared with control (C), nutrition only (N), and a nutrition plus strength

training (N + ST) groups. Methods: In a 16-wk randomized trial, 41 overweight Latina girls (15.2 T 1.1 yr) were randomly assigned to

C (n = 7), N (n = 10), N + ST (n = 9), or N + CAST (n = 15). All intervention groups received modified carbohydrate nutrition classes

(once a week), whereas the N + ST also received strength training (twice a week) and the N + CAST received a combination of strength

and aerobic training (twice a week). The following were measured before and after intervention: strength by one repetition maximum,

physical activity by the 7-d accelerometry and the 3-d physical activity recall, dietary intake by 3-d records, body composition by dual-

energy x-ray absorptiometry (DEXA), glucose/insulin indices by oral glucose tolerance test, and intravenous glucose tolerance test with

minimal modeling. Across intervention group, effects were tested using ANCOVA with post hoc pairwise comparisons. Results: There

were significant overall intervention effects for all adiposity measures (weight, body mass index [BMI], BMI z-scores, and DEXA total

body fat), with a decrease of 3% in the N + CAST group compared with a 3% increase in the N + ST group (P e 0.05). There was also

an intervention effect for fasting glucose with the N group increasing by 3% and the N + CAST group decreasing by 4% (P e 0.05).

Conclusion: The CAST was more effective than nutrition alone or nutrition plus strength training for reducing multiple adiposity

outcomes and fasting glucose in overweight Latina girls. However, further research investigating and identifying intervention approaches

that improve both adiposity and insulin indices, particularly in high-risk populations, are warranted. Key Words: EXERCISE,

NUTRITION, INTERVENTION, OVERWEIGHT, TEENAGERS

L
atino youth are more likely to be overweight than
Caucasian children, and this effect is even more
pronounced in females, with 20% of Mexican

American teen girls being overweight (Q95th percentile
according to the Centers for Disease Control and Prevention
[CDC]) compared with 14.5% of Caucasian children being
overweight (30). In the Latino population, the increase in
pediatric overweight has been closely paralleled by increas-
ing risk for metabolic diseases such as type 2 diabetes, fatty
liver disease, and metabolic syndrome (33). Latino children

are more likely to be insulin resistant than their Caucasian
counterparts, independent of adiposity (13). Our group has
shown that over 30% of overweight Latino children from a
convenience sample in the Los Angeles area have predia-
betes (14,39) and metabolic syndrome (5). To date, there
have been few randomized trials to address the underlying
metabolic abnormalities, specifically insulin secretion and
resistance, in overweight Latino youth (2,34).

In adults, increased aerobic activity has been linked to
improved insulin sensitivity and decreased risk of type
2 diabetes (12,19,22), but the effects of physical activity on
risk of type 2 diabetes and insulin action are less clear in
children. Ferguson et al. (11) showed that an intensive
aerobic training program (5 dIwkj1 for 4 months; 40-min
training sessions) in obese children led to only small
improvements in fasting insulin, plasma triglyceride, and
percent body fat, but insulin resistance was not measured.
Similarly, Gutin et al. (15) showed that an intensive 8-month
physical activity intervention (5 dIwkj1) resulted in signif-
icant improvements in cardiovascular fitness, visceral fat,
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total body composition, lipid profiles, and blood pressure
compared with a lifestyle education intervention group, but
no significant improvements in fasting glucose or insulin
were found (15,21). These studies suggest that highly
intense aerobic training programs result in improvements
in body composition, physical activity, and lipids but have
minimal impact on direct measures of insulin resistance.
Other physical activity approaches targeting the reduction
of insulin resistance and type 2 diabetes risk factors in
children should be explored.

We previously showed that a 16-wk strength training
feasibility study significantly improved insulin sensitivity
by 45% in overweight Latino adolescent males, indepen-
dent of changes in body composition (34). We also recently
showed that in a 12-wk, modified carbohydrate nutrition
education pilot conducted with overweight Latina girls,
there were significant reductions in body mass index (BMI)
z-scores, and those girls with the greatest reductions in
added sugar intake had the greatest reductions in insulin
secretion (7,8). Therefore, strength training combined with
a modified carbohydrate nutrition intervention has the
potential to reduce type 2 diabetes risks factors in over-
weight Latino youth.

Although strength training was effective for improving
insulin sensitivity in our pilot study, it did not have an effect
on improving body composition (34). Previous studies in
adults have shown that the combination of aerobic and
strength training (CAST), sometimes called circuit training,
results in significant improvements in body composition,
strength, cardiovascular fitness (20,23,26), and insulin
sensitivity (9). However, only a few studies have assessed
the effects of CAST on both adiposity and metabolic
parameters in an overweight adolescent population (2,38),
and none have been tested in an overweight Latino
population. Thus, the purpose of this pilot study was to
test whether adding an aerobic component to a strength
training intervention would have beneficial effects on both
adiposity and metabolic parameters in overweight Latina
female adolescents. We hypothesized that the N + CAST
group would have the greatest reductions in adiposity and
improvements in glucose and insulin indices compared with
the control, nutrition only, and nutrition plus strength
training intervention groups.

REASEARCH DESIGN AND METHODS

Participants

This pilot study was conducted only in girls and was
designed to supplement a larger randomized control trial
that has recently been reported (6). The main trial was
conducted over two waves of females. In the first wave,
females were randomized to one of three intervention
groups (i.e., C, N, or N + ST), whereas females in the
second wave were randomized to one of four intervention
groups (i.e., C, N, N + ST, or N + CAST). Participants were

oversampled in the N + CAST group to account for the
supplemental arm only being run in one of the waves. For
the current article, data from the N + CAST group will be
compared with the data from the C, N, and N + ST groups
from both female waves. Fifty female participants were
randomized to one of three (first wave) or four groups
(second wave). Out of the 50 participants, only 41
completed the study (i.e., evaluable subjects). Siblings
(three pairs) were randomized into the same experimental
group (two in N and one in N + CAST), and data from both
siblings were used. Study participants met the following
inclusion criteria: age- and gender-specific BMI Q85th
percentile (CDC, 2000), Latino ethnicity (i.e., parents and
grandparents of Latino descent by parental self-report), and
attending grades 9 through 12 (approximately 14–18 yr).
Participants were excluded based on the following criteria:
1) diagnosed with any disease or using medication that
could influence dietary intake, exercise ability, body
composition, or insulin indices; 2) previously diagnosed
with any major illness since birth; 3) had any diagnostic
criteria for diabetes; or 4) participated in structured exercise,
nutrition, or weight loss program in the past 6 months.
Before any testing procedure, informed written consent
from parents and assent from the children were obtained.
The institutional review board of the University of Southern
California, Health Sciences Campus, approved this study.

Description of Interventions

Control group (C). Participants randomized to the
C group received no intervention over the 16 wk between
pre- and postintervention data collection. After posttesting,
participants were offered an abbreviated 1-month delayed
intervention, consisting of biweekly nutrition and strength
training classes. No testing was done after the abbreviated
delayed intervention.

Nutrition education only (N). Participants in the N
group received a 16-wk culturally tailored dietary interven-
tion one time per week for approximately 90 min at our
Veronica Atkins Lifestyle Intervention Laboratory (VALIL).
This dietary intervention was modified from a pilot study,
and specifics are described in detail elsewhere (7,8). In brief,
the dietary intervention targeted two goals: 1) e10% of total
daily calorie intake from added sugar and 2) consuming at
least 14 gI1000 kcalj1 of dietary fiber a day. Participants
received four individual motivational interviewing (MI)
sessions throughout the 16-wk program by trained research
staff. MI is a client-centered counseling approach designed
to enhance intrinsic motivation for behavior change by
creating, exploring, and resolving ambivalence toward
changing behaviors and habits (27). Specifically, the
individual MI sessions were used to enhance intrinsic
motivation to eat healthy.

Nutrition education plus strength training (N +
ST). In addition to the nutrition education class described
above, participants in the N + ST group also received
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strength training two times per week for approximately
60 min per session for 16 wk at VALIL. Training sessions
took place on two nonconsecutive days per week, and the
nutrition education took place once per week preceding one
of the exercise sessions. The exercise program has been
explained in detail elsewhere (34). In brief, the program was
personalized and progressive such that the resistance
increased as the participant’s technique and strength
improved. A 3:1 child–trainer ratio was used. In addition,
the N + ST received four individual and four group MI
sessions by trained research staff to enhance intrinsic
motivation for healthy eating and increased physical
activity.

Nutrition education plus combination of aerobic
and strength training (N + CAST). Participants in the
N + CAST received the same nutrition education class
described above and also received combined exercise
training two times per week for approximately 60 min per
session for 16 wk at VALIL. The CAST sessions were held
on two nonconsecutive days per week and included 30 min
total of cardiovascular activity (e.g., treadmill, elliptical
machines, and aerobic classes) coupled with 30 min total of
strength training. Participants would complete two different
strength training exercises (upper- and lower-body exercise
were paired together), each 1-min without stopping or rest,
followed by 2 min of cardiovascular exercises. The CAST
program was personalized and progressive such that the
intensity and the resistance of the cardiovascular and
strength training exercises were increased as the parti-
cipant’s fitness and strength improved. This group also
received four individual and four group MI sessions to
enhance intrinsic motivation for healthy eating and increased
physical activity.

Outpatient Testing Visit

Participants from all four intervention groups arrived at
the General Clinical Research Center (GCRC) at È7:30 a.m.
after an overnight fast. A licensed pediatric health care
provider conducted a detailed medical history examination
and determined Tanner staging using established guidelines
(24,25). After the examination, a 3-h oral glucose tolerance
test (OGTT) was conducted. To minimize discomfort, a
topical anesthetic to one arm and approximately 30 min
later a flexible intravenous catheter was placed in an
antecubital vein. Subjects then ingested 1.75 g oral glucose
solutionIkgj1 body weight (to a maximum 75 g). Blood
samples were drawn at baseline and every 10 min for 3 h
(a total of 18 samples) and assayed for glucose and insulin.
Fasting and 2-h glucose levels were used to determine
normal or impaired glucose tolerance as defined by the
American Diabetes Association (1). Three-hour insulin area
under the curve and insulin incremental area under the curve
(IAUC) were calculated from the OGTT data
(nmolILj1Iminj1). Although the participants were undergo-
ing clinical testing, the parents of participants were asked

their educational level and occupation. The socioeconomic
status (SES) was determined from this information using the
Hollingshead (17) index.

Anthropometry and Body Composition

Weight and height were measured to the nearest 0.1 kg
and 0.1 cm, respectively, using a beammedical scale and wall-
mounted stadiometer. BMI and BMI percentiles were deter-
mined (CDC, 2000). Whole-body fat and lean tissue mass
were measured by dual-energy x-ray absorptiometry (DEXA)
using a Hologic QDR 4500W (Hologic, Bedford, MA).

In-Patient Testing Visit

Participants returned to the GCRC approximately 7 to
14 d later for an overnight visit. An insulin-modified
frequently sampled intravenous glucose tolerance test
(FSIVGTT) was performed the following morning. At time
0, glucose (25% dextrose, 0.3 gIkgj1 body weight) was
administered intravenously. Blood samples were collected
at time points j15, j5, 2, 4, 8, 19, 22, 30, 40, 50, 70, 100,
and 180 min. Insulin (0.02 UIkgj1 body weight, 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, Bergman, USC) to
determine insulin sensitivity, acute insulin response, and
disposition index (an index of A cell function).

Assays

Fasting and 2-h samples taken during the OGTT for
clinical diagnosis were separated for plasma and immedi-
ately 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 the FSIVGTT were centrifuged immediately for
10 min at 2500 rpm and 8–10-C to obtain plasma, and
aliquots were frozen at j70-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 enzyme-linked
immunosorbent assay kit from Linco (St. Charles, MO).

Strength Assessment, Accelerometry, and
Dietary Intake

Upper- and lower-body strength were assessed by one
repetition maximum in the bench press and leg press,
respectively, using established procedures (10).

To assess habitual physical activity, subjects were
instructed to wear the ActiGraph accelerometer (models
7164 and GT1M; Computer Science and Application,
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Shalimar FL) for 7 d. The accelerometers were set to
monitor activity in 15-s epochs. Accelerometry data down-
loaded from the ActiGraph devices were reduced using an
adapted version of the SAS code used to reduce the
accelerometry data in the 2003–2004 National Health and
Nutrition Examination Survey (NHANES) (29). Because
the adolescents in the current study had an average weight
of 86 kg, the intensity thresholds used for adults and older
adolescents in NHANES were used to designate moderate
plus vigorous intensities (36). Days with less than 6 h of
wear data and participants with at least two or more days of
measurement at pre- and posttesting were included in the
analysis for this study as previously described (3).

The 3-d physical activity recall (3DPAR), which previous
studies have shown to be valid and reliable (32,37), was
used to augment the accelerometer data and to provide
contextual information regarding types of physical activities
performed. The 3DPAR form consists of three grids (one
for each day) divided into 30-min blocks, where partic-
ipants chose and record the predominant activity and
intensity level (light, moderate, hard, or very hard) that
they performed during each block of time.

At the outpatient visit, participants were given 3-d diet
records to complete at home and were instructed to bring
them to their next GCRC visit. At the inpatient visit,
research staff clarified all dietary records. Nutrition data
were analyzed using the Nutrition Data System for
Research (version 5.0_35).

Statistical Considerations

Sample size considerations. Sample size cal-
culations were based on results from our prior strength
training pilot study (10). Using a conservative estimate of
the SD of the insulin sensitivity change score, a sample size
of 60 (15 per group) had 0.80 power to detect a meaningful
difference Q0.57 U in mean change in insulin sensitivity
between the C and the N + ST groups. Nevertheless, this is
pilot feasibility study and will provide preliminary data
needed to power a much larger intervention study.

Statistical analyses. Across-group comparisons of
baseline, physical and metabolic characteristics were
conducted for evaluable participants using ANOVA to
identify possible randomization imbalance.

The overall effects of the interventions were tested for
evaluable participants using ANCOVA before and after the
change score, after controlling for preplanned covariates.
Change scores were evaluated for normality, and the
following variables were log transformed: bench and leg
press, weight, BMI, BMI percentile, DEXA fat mass, and
all glucose/insulin indices except fasting glucose. The
following a priori covariates were included: Tanner stage
(in all models) and baseline value of the dependent variable.
Sibling pairs was also evaluated in all models and included
only when significant (i.e., leg press and added sugar).
Before as well as before and after change score body

composition measures, that is, total fat mass and total lean
tissue mass, were evaluated as covariates in each of the
glucose/insulin indices model and included only when
significant. Changes in strength, dietary, and physical
activity levels were also evaluated as covariates in all the
adiposity and metabolic models and included only when
significant (i.e., change in total sugar was included in the
change in the weight model and change in bench press in
the BMI and the BMI z-score models). When significant
differences across groups were identified, post hoc pairwise
comparisons with Bonferroni adjustments were conducted.
All analyses were performed using the Statistical Package
for the Social Sciences version 11.0 (SPSS Inc., Chicago,
IL), with significance level set at P G 0.05.

RESULTS

Fifty qualified subjects were randomized to one the
intervention groups. Of these, 41 completed the program
(evaluable participants), 7 in the C group, 10 in the N
group, 9 in the N + ST group, and 15 in the N + CAST
group. There were no statistically significant differences in
any of the baseline variables (i.e., strength, accelerometry,
diet, anthropometrics, body composition measures, or
glucose and insulin indices) between participants who did
or did not complete the program.

All participants were female, with a mean age of 15.2 T
1.1 yr, and had a Tanner stage of either 4 or 5. Seventy-five
percent of these participants are classified as having either a
lower–middle or lower SES. Eighty-three percent classified
themselves as being Mexican American. There were no
significant differences across the intervention groups in any
of the baseline variables for the evaluable participants (all
P values 90.21). Baseline variables for each group are
presented in Table 1.

Strength, accelerometry, and dietary variables.
Table 2 presents the adjusted changes in strength,
accelerometry, and dietary outcomes for the evaluable
participants stratified by intervention group. There was a
significant across-group effect for bench press (P e 0.001).
Post hoc comparisons showed that the N + ST increased
more than the N and N + CAST groups (36.7% T 28.1% vs
0.4% T 14.7% and 2.5% T 23.9%; P e 0.001). There was
also a significant across-group effect for leg press (P = 0.03),
where the N + ST group increased more compared with the
C group (28.9% T 25.2% vs j2.2% T 1.6%; P = 0.04), and
there was a trend for the N + CAST group to increase
(24.0% T 23.8%) compared with the C group (P = 0.09).

Only 28 participants [C (n = 4), N (n = 10), N + ST (n = 5),
N + CAST (n = 9)] had valid accelerometry data, that is, at
least six or more hours a day for at least 2 d (3). There were
no significant differences in baseline anthropometrics or
body composition between those that did and did not have
valid accelerometry data. These 28 participants wore the
accelerometers for 12.7 T 1.5 h for 6.4 T 2.2 d at baseline
and 12.1 T 1.8 h for 5.2 T 3.8 d after the intervention. At
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baseline, participants spent 729.7 T 88.3 minIdj1 (or
approximately 12 h) in light physical activity, including
sedentary time, and only 29.5 T 15.3 minIdj1 (or 0.5 hIdj1)
in moderate plus physical activity. There were no signifi-
cant across-group effects for any changes in accelerometer
variables, including minutes, counts, or percent time spent
in different intensity levels per day.

There were also no significant across-group effects for
any baseline or changes in physical activity levels as
measured by the 3DPAR (P Q 0.20), including types of
activities performed, daily total physical activity energy
expenditure, daily METs, daily energy expenditure
(kcalIdj1), METs spent in different intensity levels (i.e.,
light, moderate, and vigorous physical activity), energy

expenditure in different intensity levels, or percent of time
(minIdj1) spent in different intensity levels. Only the
percent of time per day spent in light and MVPA is
reported in Tables 1 and 2, to be comparable to the
accelerometer data.

Only 38 participants had valid before and after dietary
data; C (n = 6), N (n = 10), N + ST (n = 7), and N + CSAT
(n = 15). Two participants who did not have pretesting diet
records that were accurately clarified and one participant
who reported very low intake (G200 kcalIdj1) on two
pretesting diet records were thus excluded from the analyses.
There were significant across-group effects for changes in
total and added sugar intake (P = 0.02 and P = 0.005). Post
hoc comparisons showed that the N + CAST group

TABLE 1. Baseline characteristics for evaluable participants by intervention group (n = 41).ab

C (n = 7) N (n = 10) N + ST (n = 9) N + CAST (n = 15)

Age (yr) 15.1 (1.1) 15.3 (1.1) 15.7 (1.2) 14.8 (1.0)
Tanner stage 4 or 5 2 / 5 2 / 8 2 / 7 7 / 8
SES (n)

Lower 4 5 4 2
Lower–middle 3 3 2 5
Middle 0 2 2 2
Upper–middle 0 0 1 1

Heritage (n)
Mexican 6 10 6 12
Central American 1 0 2 3
South American 0 0 1 0

Strength
Bench press (lb) 71.4 (6.3) 80.5 (20.9) 73.3 (16.0) 69.3 (14.0)
Leg press (lb) 387.1 (100.8) 355.6 (121.8) 344.4 (123.5) 273.7 (91.2)

Accelerometry
Total counts (countsIminj1Idj1) 322.5 (110.1) 300.8 (78.8) 351.6 (113.0) 304.6 (96.5)
Light activity (% timeIdj1) 96.3 (1.1) 96.5 (1.7) 95.0 (2.9) 96.2 (2.0)
MVPA (% timeIdj1) 3.7 (1.1) 3.6 (1.7) 5.0 (2.9) 3.8 (2.0)

3DPAR
Light PA (% timeIdj1) 91.9 (4.8) 86.0 (13.7) 91.6 (5.0) 91.2 (9.8)
MVPA (% timeIdj1) 8.1 (4.8) 14.0 (13.7) 8.4 (4.9) 8.8 (9.8)

Dietary
Energy (kcalIdj1) 1429.6 (352.5) 1549.9 (564.5) 1823.9 (532.3) 1755.1 (769.7)
Carbohydrate (gIdj1) 216.8 (75.1) 207.7 (88.8) 237.0 (72.7) 226.2 (92.7)
Protein (gIdj1) 48.1 (18.8) 65.2 (22.2) 71.1 (19.2) 69.2 (27.5)
Fat (gIdj1) 43.9 (8.8) 52.8 (18.4) 68.7 (29.4) 66.0 (37.5)
Total sugar (gIdj1) 99.9 (44.2) 80.0 (38.1) 113.0 (43.2) 96.4 (46.8)
Added sugar (gIdj1) 64.2 (38.1) 53.6 (38.6) 64.1 (36.6) 58.2 (37.7)
Fiber (gIdj1) 12.8 (6.0) 15.5 (9.0) 16.2 (3.5) 13.9 (6.3)

Body composition
Weight (kg) 90.0 (22.9) 85.9 (19.6) 84.5 (21.4) 85.7 (19.1)
BMI (kgImj2) 34.6 (7.4) 33.8 (5.7) 32.8 (7.9) 33.6 (6.9)
BMI z-score 2.0 (0.6) 2.0 (0.4) 1.9 (0.6) 2.1 (0.4)
BMI percentile 96.2 (5.5 96.9 (3.6) 95.0 (4.3) 97.3 (2.3)
Total fat mass (kg) 36.5 (14.1) 34.9 (9.0) 34.5 (13.1) 35.7 (11.6)
Total lean mass (kg) 49.7 (8.8) 48.9 (9.7) 47.9 (7.6) 47.6 (6.7)

OGTT (3 h)
Fasting glucose (mgIdLj1) 91.3 (5.3) 89.5 (6.0) 87.9 (7.2) 91.2 (8.3)
2-h glucose (mgIdLj1) 124.4 (31.4) 135.3 (17.5) 135.8 (37.7) 125.1 (19.5)
Fasting insulin (KUImLj1) 27.0 (9.6) 23.5 (11.5) 29.1 (10.2) 29.1 (10.2)
2-h insulin (KUImLj1) 154.8 (94.3) 251.3 (188.0) 187.0 (112.3) 187.0 (112.3)
Glucose IAUC (mmolIminj1ILj1) 90.3 (64.6) 128.3 (34.7) 125.6 (59.0) 125.6 (59.0 )
Insulin IAUC (pmolIminj1ILj1) 341.8 (157.5) 488.5 (340.3) 401.8 (220.4) 401.8 (220.4)

FSIVGTT
SI (�10j4Iminj1IKUj1ImLj1) 1.7 (0.9) 1.5 (0.7) 1.7 (1.0) 1.4 (0.8)
AIR (KUImLj1 � 10 min) 1238.5 (526.3) 1006.7 (910.6) 1374.1 (666.7) 1475.6 (494.6)
DI (�10j4Iminj1) 1483.3 (891.3) 1099.0 (574.1) 1975.0 (777.0) 1822.5 (768.8)

a Data are presented as mean (SD). Sample sizes for diet and accelerometry are as follows: diet (n = 39) and accelerometry (n = 28).
b There were no significant differences across the intervention groups in any of the baseline variables for the evaluable participants (all P values 90.21).
C, control; N, nutrition only; N + ST, nutrition + strength training; N + CAST, nutrition + combination of aerobic and strength training; MVPA, moderate to vigorous physical activity;
3DPAR, 3-d physical activity recall; total PA, total physical activity; light PA, light physical activity; OGTT, oral glucose tolerance test; IAUC, incremental area under the curve; FSIVGTT,
frequently sampled intravenous glucose tolerance test; SI, insulin sensitivity; AIR, acute insulin response; and DI, disposition index.
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decreased total sugar (gIdj1) by 45.7% T 23.8% compared
with a 4.9% T 47.9% increase in the C group (P = 0.02).
Post hoc comparisons found that the N group decreased
added sugar (gIdj1) by 38.7% T 50.3% compared with a
14.9% T 49.2% increase in the C group (P = 0.005) and a
44.7% T 24.3% increase in the N + CAST group (P = 0.04).
There was a trend for a significant group effect for energy
(P = 0.08), with the N + ST group decreasing by 22.7% T
21.2% compared with a 20.1% T 38.0% increase in the
C group. There was also a trend for a significant group
effect for carbohydrate intake (gIdj1), with the N group
decreasing by 13.3% T 30.2% compared with an 18.6% T
44.3% increase seen in the C group. There were no
significant across-group effects for changes in dietary fat,
protein, or dietary fiber intake per day.

Anthropometric and body composition. For the
anthropometric and body composition (DEXA) data,
across-group effects are presented in Table 3. There were
significant across-group effect for changes in body weight
(kg), BMI, BMI z-score, and total fat mass (kg). Post hoc
comparisons showed that the N + CAST decreased in
weight compared with an increase in weight in the N + ST
group (j1.1% T 2.8% vs 2.6% T 2.7%; P e 0.01). The
N + CAST and the C groups both decreased in BMI
compared with an increase in the N + ST group (j1.6% T
3.0% and j1.6% T 1.6% vs 3.0% T 2.3%; P e 0.01).
The N + CAST group decreased in BMI z-scores compared
with an increase in the N + ST group (j2.8% T 5.7% vs
4.9% T 6.2%; P = 0.002). The N + CAST group decreased
in total fat mass compared with an increase in the N + ST

TABLE 3. Changes in anthropometric and body composition (DEXA): across-group effects for evaluable participants (n = 41).

Outcomesa C (n = 7) N (n = 10) N + ST (n = 9) N + CAST (n = 15) P valueb

Weight (kg) j0.3 (1.5) 0.3 (1.6) 2.4 (1.8)c j0.8 (2.1)d 0.004
BMI (kgImj2) j0.5 (0.5)c 0.3 (1.2) 1.1 (0.6)d j0.5 (0.9)c 0.001
BMI z-score 0.00 (0.08) 0.02 (0.09) 0.08 (0.08)c j0.05 (0.09)d 0.003
BMI percentile j0.2 (0.2) j0.1 (1.1) 0.8 (1.2)g j0.5 (1.3)h 0.094
DEXA total fat mass (kg) 0.4 (1.3) j0.1 (2.1) 0.6 (2.5)e j1.4 (1.3)f 0.045
DEXA total lean mass (kg) 0.2 (1.3) 0.1 (1.5) 1.4 (1.9) 0.8 (1.7) 0.353

a Data are adjusted change scores; mean (SD).
b P values were calculated using ANCOVA. Covariates included Tanner, baseline-dependent variable (DEXA fat was adjusted for lean, and lean for fat), change in total sugar intake
(only included in the weight model), and change in bench press (only included in the BMI and the BMI z-score model).
cd Means with different letters (c and d) across intervention groups are significantly different from one another using Bonferroni multiple comparisons (P e 0.01).
ef Means with different letters (e and f) across intervention groups are significantly different from one another using Bonferroni multiple comparisons (P e 0.05).
gh Means with different letters (g and h) show a trend across intervention groups using Bonferroni multiple comparisons (P e 0.10).
DEXA, dual energy x-ray absorptiometry; C, control; N, nutrition only; N + ST, nutrition + strength training; and N + CAST, nutrition + combination of aerobic and strength training.

TABLE 2. Changes in strength and dietary outcomes: across-group effects for evaluable participants (n = 41).

Outcomesa C (n = 7) N (n = 10) N + ST (n = 9) N + CAST (n = 15) P Valueb

Strength
Bench press (lb) 8.6 (6.3) j1.70 (12.0)c 27.5 (18.3)d 1.0 (11.7)c G0.001
Leg press (lb) j10.0 (65.7)eh 43.8 (63.2) 126.9 (129.3)f 49.7 (58.3)g 0.030

Accelerometry
Total counts (minIdj1) 32.9 (96.5) 65.9 (143.1) 37.8 (215.9) j23.9 (89.5) 0.574
Light activity (% timeIdj1) 0.2 (3.3) j0.1 (4.3) j2.0 (12.8) 2.1 (5.7) 0.076
MVPA (% timeIdj1) 1.1 (1.5) 2.0 (3.0) 0.9 (5.9) j0.2 (2.4) 0.559

3DPAR
Light PA (% timeIdj1) j8.4 (1.1) j4.3 (7.7) j9.9 (16.5) j3.1 (9.8) 0.483
MVPA (% timeIdj1) 8.4 (1.1) 4.3 (7.7) 9.9 (16.5) 3.1 (9.8) 0.483

Dietary
Energy (kcalIdj1) 285.2 (585.7)g j210.4 (460.4) j341.6 (354.5)h j86.4 (626.6) 0.078
Carbohydrate (gIdj1) 38.3 (104.2)g j31.8 (76.8)h j42.7 (84.4) 6.8 (69.4) 0.077
Protein (gIdj1) 10.0 (12.3) j5.7 (15.4) j6.8 (12.4) j5.2 (24.0) 0.607
Fat (gIdj1) 10.7 (18.6) j6.0 (20.6) j15.4 (13.8) j8.8 (39.0) 0.379
Total sugar (gIdj1) 1.4 (37.9)e j18.8 (27.1) j14.8 (45.5) j45.5 (27.9)f 0.019
Added sugar (gIdj1) 5.3 (28.3)c j29.7 (37.2)d j14.5 (38.6) 1.4 (43.5)c 0.005
Fiber (gIdj1) 4.2 (9.0) 1.7 (11.3) j1.0 (11.2) 4.6 (9.2) 0.794

Sample sizes for dietary variables are as follows: C (n = 6); N (n = 10); N + ST (n = 7); and N + CSAT (n = 15).
Sample sizes for accelerometer variables are as follows: C (n = 4); N (n = 10); N + ST (n = 5); and N + CSAT (n = 9).
a Data are adjusted change scores; mean (SD).
b P values were calculated using ANCOVA. Covariates included Tanner, baseline value of the dependent variable, and sibling pairs (for leg press and added sugar because significant in
the model). Dietary variables included calories not attributed to nutrient-dependent variable as a covariate. Analyses were based on log scores for the following variables: bench and leg
press.
cd Means with different letters (c and d) across intervention groups are significantly different from one another using Bonferroni multiple comparisons (P e 0.01).
ef Means with different letters (e and f) across intervention groups are significantly different from one another using Bonferroni multiple comparisons (P e 0.05).
gh Means with different letters (g and h) show a trend across intervention groups using Bonferroni multiple comparisons (P e 0.10).
C, control; N, nutrition only; N + ST, nutrition + strength training; and N + CAST, nutrition + combination of aerobic and strength training; MVPA, moderate to vigorous physical activity;
3DPAR, 3-d physical activity recall; and light PA, light physical activity.
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group (j4.3% T 4.2% vs 1.8% T 9.9%; P = 0.045; Fig. 1).
There was a trend for a significant across-group effect for
changes in BMI percentile, with a decrease in the N + CAST
group compared with an increase in the N + ST group
(j0.5% T 1.4% vs 0.8% T 1.3%; P = 0.09). There were no
significant across-group effects for change in lean mass.

Glucose and insulin indices. The group effects for
changes in glucose and insulin indices from the OGTT and
the FSIVGTT are presented in Table 4. There was a
significant across-group effect for fasting glucose, with the
N + CAST group decreasing and the N group increasing
(j4.4% T 6.6% vs 2.9% T 5.9%; P e 0.05). There were no
significant across-group effects for changes in 2-h glucose
and insulin, glucose and insulin IAUC as measured by
OGTT, or insulin sensitivity, acute insulin response, or
disposition index measured by the FSIVGTT.

DISCUSSION

We hypothesized that the CAST approach would have
synergistic improvements on both adiposity parameters and

insulin resistance, specifically when compared with the N +
ST group. Although the CAST approach did not result in
significant improvements in insulin resistance, it did reduce
all adiposity parameters when compared with the N + ST
group and fasting glucose when compared with the N
group. These results suggest that the CAST approach may
be a good exercise modality for reducing adiposity and for
improving some metabolic parameters in an overweight
Latina adolescent population. To our knowledge, this is the
first study that has used the combination of aerobic and
strength training (CAST) in an overweight Latino adoles-
cent population.

Numerous adult studies have shown aerobic exercise to
improve insulin sensitivity or action (12,19,22). Goodpaster
et al. (12) showed that a 16-wk aerobic intervention
(4–6 dIwkj1) in combination with energy restriction resulted
in a 49% increase in insulin sensitivity in 25 obese adults. To
date, there have only been a few studies that have assessed
the impact of an aerobic only intervention on insulin
sensitivity or action in children. In a 10-wk intervention
conducted by Gutin et al. (16), neither an aerobic training
(n = 12) nor a lifestyle education (n = 10) improved fasting
insulin levels in obese African American girls. In contrast,
Ferguson et al. (11) showed that an intensive aerobic
training program (5 dIwkj1 for 4 months; 40-min training
sessions) resulted in small, yet significant, improvements
fasting insulin in obese boys and girls (n = 79). Although
these results suggest that aerobic-only interventions may be
useful in improving insulin action in adults, the results are
not quite as clear for children, and other forms of exercises
should be explored to decrease type 2 diabetes risk for
children.

Few intervention studies have used the CAST approach
to reduce adiposity and metabolic-related parameters in
adolescent populations. Byrne et al. (4) randomly assigned
48 overweight adolescents to one of three 16-wk interven-
tion groups: 1) aerobic training only, 2) strength training,
and 3) combination of aerobic and strength training
(CAST). Subjects who received the CAST achieved better
cardiovascular gains (V̇O2max) and lost more fat mass as

FIGURE 1—Changes in fat mass across groups (mean T SE). P values
were calculated using ANCOVA; *P e 0.05. Covariates included
Tanner and change in baseline fat and lean mass.

TABLE 4. Changes in glucose and insulin indices from OGTT and FSIVGTT: across-group effects for evaluable participants (n = 41).

Outcomesa C (n = 7) N (n = 10) N + ST (n = 9) N + CAST (n = 15) P Valueb

OGTT (3 h)
Fasting glucose (mgIdLj1) j3.9 (6.3) 2.5 (5.3)c j3.6 (4.3) j4.3 (6.1)d 0.047
2-h glucose (mgIdLj1) 10.7 (15.3) j7.8 (28.2) j0.9 (29.0) j2.5 (21.2) 0.494
Fasting insulin (KUImLj1) 4.7 (16.3) 4.5 (15.4) j0.8 (9.3) j0.5 (7.7) 0.555
2-h insulin (KUImLj1) 85.4 (166.3) 1.9 (252.8) j18.5 (124.7) j41.1 (96.4) 0.440
Glucose IAUC (nmolIminj1ILj1) j241.8 (51.6) j290.5 (41.1) j269.1 (45.0) j277.1 (60.1) 0.089
Insulin IAUC (nmolIminj1ILj1) 105.2 (281.3) j48.9 (279.4) j81.9 (229.0) j101.8 (176.8) 0.277

FSIVGTT
SI (�10j4 minj1IKUj1ImLj1) j0.03 (1.7) 0.3 (0.4) j0.4 (0.9) 0.1 (0.6) 0.392
AIR (KUImLj1 � 10 min) j88.0 (435.5) 7.1 (329.5) 24.4 (406.4) j128.5 (453.1) 0.539
DI (�10j4 minj1) j130.1 (904.2) 405.8 (624.1) j484.9 (1001.0) 39.4 (839.7) 0.199

a Data are adjusted change scores; mean (SD).
b P values were calculated using ANCOVA. Covariates included Tanner, baseline-dependent variable, and baseline DEXA fat and lean mass (only included if significant in the model).
Analyses were based on log scores for all except fasting glucose.
cd Means with different letters (c and d) across intervention groups are significantly different from one another using Bonferroni multiple comparisons (P e 0.05).
C, control; N, nutrition only; N + ST, nutrition + strength training; and N + CAST, nutrition + combination of aerobic and strength training; OGTT, oral glucose tolerance test; IAUC,
incremental area under the curve; FSIVGTT, frequently sampled intravenous glucose tolerance test; SI, insulin sensitivity; AIR, acute insulin response; and DI, disposition index.
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measured by DEXA than the strength training group while
maintaining similar strength gains (one repetition maxi-
mum), but no assessment of glucose/insulin indices was
conducted. Another study by Watts et al. (38) found that an
8-wk crossover CAST intervention (three times per week)
resulted in significant decreases in abdominal and trunk fat
as measured by DEXA in 19 obese adolescents but did not
have an impact on total adiposity or fasting lipids or
glucose. A recent study by Bell et al. (2) showed that an
8-wk CAST program in 14 obese children resulted in a 22%
increase in insulin sensitivity, as measured by euglycemic–
hyperinsulinemic clamp, but no differences in body
composition were found, and this study did not use a
control group. In contrast, we found that our 16-wk CAST
pilot intervention resulted in significant reductions in
adiposity when compared with the N + ST group and
significant reductions in fasting glucose when compared
with the N group, but no changes in insulin sensitivity were
found.

With our previous nutrition pilot study, we saw that
significant reductions in added sugar intake were related
to significant improvements in insulin secretion (8). The
significant reduction in total sugar, seen in the N + CAST
group, may in part explain the significant improvements
seen in fasting glucose. However, added sugar in this group
did not decrease, which may explain the null findings for
insulin secretion. In addition, the reductions in added sugar
and carbohydrate intake seen in the N group also did not
lead to significant improvements in insulin secretion. In
subsequent analyses and articles, we intend to examine
whether dietary compliers (i.e., those who decreased both
total and added sugar and increased dietary fiber vs those
who did not) and changes in food and beverage components
affect changes in glucose/insulin indices. Assessing differ-
ences in dietary compliance, independent of intervention
group, is needed to fully understand how changes in dietary
intake may impact metabolic parameters.

We also expected that the strength gains seen in the N +
ST and the N + CAST groups would have resulted in
improvements in insulin sensitivity as seen in our strength
training pilot study. However, there were no significant
improvements in insulin sensitivity across intervention
groups. It is important to note that the previous pilot study
did not include a nutrition component and was conducted
only with Latino boys. The current findings suggest that
the improvements in strength, with or without changes
in body composition, did not lead to similar improve-
ments in insulin sensitivity in girls. However, in future
analyses, we intend to explore whether participants who
increased their strength and physical activity levels,
regardless of intervention group, had greater improve-
ments in adiposity and metabolic parameters compared
with those who decreased their strength and physical
activity levels.

Other investigators have shown that intense cardiovascu-
lar programs have resulted in similar adiposity improve-

ments in obese children and adolescents (15,18,31). Most
notably, Gutin et al. (15) found that a 16-wk (5 dIwkj1

for 40 min) cardiovascular exercise intervention resulted in
a significant reduction of 0.7 kg of fat mass (or a 3.6%
body fat reduction) in 80 obese adolescents. This reduction
in fat mass is similar to what we saw with this CAST
intervention; however, the frequency of this exercise
program was only 2 dIwkj1 for 60 min. The less frequent
CAST program may be more realistic and feasible for most
individuals and more sustainable for long-term weight
maintenance.

In addition, the CAST modality may be better suited for
an overweight population because it includes only short
bouts of cardiovascular components (2 min in length)
coupled with strength training. Given that some of the
participants in our study were extremely overweight, with
six participants exceeding 250 lb (one in C, one in N, two
in N + ST, and two in N + CAST), a 60-min aerobic
intervention may not have been feasible, or as easily
attainable, for these participants. The CAST approach
allowed these obese teens to complete an accumulation
of 30 min of cardiovascular exercise in an achievable
fashion.

In addition, the motivation of the participants must also
be considered. Numerous studies highlight the importance
of assessing the potential mediating role of the motivational
factors on health outcomes (28,35). In subsequent articles
and analyses, we intend to assess whether motivational
factors, identified during MI sessions and in the various
motivational questionnaires that were administered before
and after intervention, affected dietary, strength and
physical activity compliance, and subsequent health out-
comes regardless of intervention group.

There are limitations of this study that should be
considered. The first limitation is the relatively small
sample size. The power calculation was based on change
in insulin sensitivity between the strength training and the
control groups from the strength training pilot study, and
this calculation was conducted only in boys, which did
not take into account the change in adiposity or the
addition of the CAST design nor include a nutrition
component. Nevertheless, this was a pilot, supplemental
study, and we intend to test this combination exercise
approach in larger intervention studies using both
genders. The second limitation is the unequal sample
sizes of each intervention group. As mentioned earlier,
we oversampled in the CAST group to be comparable to
the larger trial using both genders. Another limitation is
that there was no comparison to an aerobic-only
intervention group; however, we intend to do this type
of comparison in future studies. There was also no
functional assessment of physical activity (i.e., 6-min walk
test) or cardiovascular fitness (i.e., V̇O2max) measured in this
study, both of which would have potentially been useful in
interpreting the improvements in adiposity seen in the
CAST group.
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In conclusion, a combined aerobic and strength training
exercise intervention successfully reduced multiple adiposity
measures by approximately 3% in a sample of overweight
Latina adolescent girls compared with the N + ST group.
However, neither the N + CAST group nor any other
intervention group significantly improved metabolic param-
eters, with the exception of fasting glucose levels. These
results suggest that even intense interventions that success-
fully reduce adiposity may not have synergistic improve-
ments on metabolic parameters, particularly insulin indices.
Although with time, the improvements in adiposity seen with
the combined approach could reduce other type 2 diabetes
risk factors. Further research investigating and identifying
intervention approaches that improve both adiposity and

metabolic parameters, particularly in high-risk population, is
warranted.
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