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2 LISON ET AL

treating obesity, the optimal exercise modality that should
be recommended for its treatment is unclear. Most studies
have successfully treated OW/OB children and adolescents
by means of group-based exercise programs conducted
in health care facilities or university settings.'>'*'¢
However, this modality does not always provide
accessibility and convenience for families limited by work
commitments, finances, location, or transportation.27 A
novel approach that has not been entirely explored is the
home-based exercise programs. We hypothesize that
a home-based intervention would achieve similar results
to those held in a hospital environment.

Therefore, the aim of this study was to compare the
effects on the BMI Z-score and body composition of
a hospital clinic group- versus home-based combined
exercise-diet program in OW/OB children and adolescents.

SUBJECTS AND METHODS

White OW/OB children and adolescents of both sexes,
ranging from 6 to 16 years e, were recruited at the
obesity and cardiovascula\%t, Consorcio Hospital
General Universitario, Valencia, Spain. Patients with
secondary obesity syndromes or with acute illnesses were
excluded from the study. Obesity was diagnosed when
the body mass index (BMI; weight in kilograms divided
by height in meters squared) exceeded the 95th percentile
for age and sex. Subjects with a BMI ranging from the 85th
to the 95th percentile of the BMI distribution were defined
as being overweight. The extent of OW/OB was quantified
with the use of Cole’s LMS method, which normalizes
BMI, and its skewed distribution, by expressing BMI as
a standard deviation score.”® Subjects with severe obesity
(z score > 2.5) were excluded because individuals in this
category require specific individualized programs to avoid
potential orthopedic problems. None of the subjects were
taking regular medication, nor did they display any clinical
manifestations of illness. In all cases, informed consent
was obtained from parents and participants before random-
ization. The study was approved by the Ethical Committee
of the General Hospital, University of Valencia, Spain.

An open study design was used, and participants were
randomly assigned (in a ratio of 2:2:1; hospital clinic
group-based [GRX]/home-based [HOX]/control; n =
45:41:24) to participate in our 6-month combined
exercise—diet program for the treatment of OW/OB. A
schematic map of the study design is shown in Figure 1.

Patients were assigned to experimental groups on the
basis of the day of the week in which they attended the
outpatient clinic. Patients who attended on Mondays and
Wednesdays were assigned to the GRX and those on Tues-
days and Thursdays to the HOX. Those who attended on
Fridays were assigned to the control group. The pediatri-
cian who attended these visits was blinded to group alloca-
tion criteria.

Study volunteers belonging to GRX and HOX groups
and their parents jointly attended two 1-hour educational
sessions conducted by 2 pediatricians at the Hospital.
The topics covered included the importance of weight

ACADEMIC PEDIATRICS

Assessed for eligibility (n = 120)

Excluded (n = 10)
— | Did not meet inclusion criteria (n = 10)
Refused to participate (n = 0)

Randomised (n = 110)
| } }

Home-based
intervention group

Control group
z-BMI measured

Hospital-based
intervention group

(n = 45) (n=41) (n=24)
Follow-up — 6 months Follow-up - 6 months Follow-up — 6 months
32/45 (71%) 32/41 (78%) 20/24 (83%)

Figure 1. A schematic diagram indicating the flow of study subject
selection though the study and subject compliance (given as a frac-
tion and percentage in the ‘Follow Up’ box).

loss and its maintenance, a therapeutic nutritional approach
to childhood obesity, and the role of PA in cardiovascular
fitness. The dietary intervention focused on the promotion
of the Mediterranean diet, a modern nutritional recommen-
dation inspired by the traditional dietary patterns of
southern Italy, Greece, and the Spanish Mediterranean
coast (Levante), where this study took place. This diet, in
addition to regular PA, emphasizes the consumption of
abundant vegetables, fresh fruit for dessert, olive oil as
the principal source of fat, regular consumption of dairy
products (principally cheese and yogurt), fish and poultry
consumed in low to moderate amounts, 0 to 4 eggs
consumed weekly, and a reduced intake of red meat. This
diet has been specifically devised for children by our nutri-
tionist. Total fat in this diet is 25% to 35% of the caloric
intake, with saturated fat at 8% or less of the total calories.

Families were provided with additional nutritional
instruction, including interpretation of food labels and
shopping, and were taught stimulus control to reduce
access to high-calorie foods and increase access to healthy
lower-calorie foods. Pre-planning was taught to facilitate
decision making and problem solving for difficult eating
and activity situations, such as parties, holidays, and school
work functions.

Participants were also encouraged to reduce sedentary
behavior, such as watching television, playing computer
games, or playing board games. Academically relevant
sedentary behaviors, such as homework or schoolwork,
were not targeted for reduction.

CLINICAL PROCEDURES

Body weight was recorded to the nearest 0.1 kg with the
use of a standard beam balance scale with the subjects
wearing light indoor clothing and no shoes. Height was re-
corded to the nearest 0.5 cm by a standardized wall-
mounted height board. Percentage body fat (%BF) was
determined by a body fat analyzer (TANITA TBF-410 M).
Measurements were taken based on standard procedures.?
This method for estimating %BF has a high correlation with
dual-energy x-ray absorptiometry in children.?’ Waist
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circumference (WC) was measured to the nearest centi-
meter by a flexible tape half-way between the lower rib
margin and the iliac crest. All outcome measures were re-
corded at baseline and at the end of the program by a trained
nurse who was blinded to group allocation.

Exercise PROGRAMS

GRX subjects were provided with 5 supervised exercise
sessions per week for 6 months (120 sessions). The partic-
ipants and their parents were strongly advised to attend
a minimum of 3 sessions per week (minimum attendance
rate). Subjects were made to understand that “three” was
the minimum required number of sessions per week to
improve body composition.

Exercise training was conducted at the hospital by
a physical education instructor. Parents were allowed to
remain present during the sessions. Each session lasted
60 minutes, during which time 5 minutes were allocated
for warming up and cooling down (stretching), 35 minutes
were allocated to moderate aerobic activity, and 20 minutes
to resistance training (low-load high-repetition exercises).

The aerobic activities were designed primarily to
encourage enthusiasm and participation of the subjects.
Activities such as sports or games were modified to mini-
mize breaks. Resistance training consisted of different
low-load high-repetition exercises (abdominal curl-ups,
prone hip extensions, wall push-ups, shoulder abductions
and extensions, squats and biceps curls) involving the
major muscle groups. Each of the activities and exercises
were increased in intensity throughout the 120 sessions
of the program. The exercise was tailored to the physical
characteristics of each adolescent. Heart rate was continu-
ously monitored using Sport testers (Polar S610i). During
the sessions, a positive environment was created to achieve
a positive feeling and attitude towards PA. The participants
and their parents were also advised to practice the physical
activities during the weekend.

HOX group participants were instructed to complete all
exercises in their home environment. Their program also
consisted of 5 sessions per week (6 months, 120 sessions).
The duration of each session was approximately 60
minutes and involved both resistance and aerobic training
exercises (circuit training; Fig. 2).

The subjects received a demonstration of how to perform
the exercises and each patient was given detailed written
instructions, including images of the exercises, the number
of repetitions, and/or duration required. All participants
were provided with a daily exercise log book for 6 months
and were instructed to complete it for each exercise
session, including date and duration. The participants and
their parents were also specifically advised to perform at
least three sessions per week (minimum attendance rate).

The resistance training included two sets of ten low-
load-high-repetition (LLHR) exercises involving the major
muscle groups. The exercises were performed in the
following order: 1—abdominal curl-ups, 2—prone hip
extensions, 3—skipping in place, 4—wall push-ups, 5—
squats, 6—biceps curls, 7—running in place buttock-
kicks, 8—shoulder horizontal abductions, 9—vertical

HOME-BASED WEIGHT REDUCTION PROGRAM IN CHILDHOOD OBESITY 3

jumps, and 10—shoulder extensions. Exercises 6, 8, and
10 were performed with barbells (0.5 kg). Exercise dura-
tion was progressively increased (number of repetitions)
from month 1 to month 6, as shown in Figure 2. The aerobic
activity was intercalated with each LLHR exercise and
contained two kinds of exercise (brisk walking [months
1-3] and scissor jumps [months 4-6]).

Special attention was paid to the speed of the aerobic
exercises, especially for brisk walking, which was in-
structed to be performed indoors (ie, in the corridor) to
minimize breaks between LLHR and aerobic exercises.
After the first circuit, the participants performed 5 minutes
of brisk walking and thereafter repeated the circuit (2
circuits x 30 minutes).

GRX and HOX exercise participants were classified in 2
categories (treatment completers vs treatment noncomplet-
ers) according to the number of sessions attended by the
end of the program (>20 vs =20 sessions, respectively).
Attendance rates were calculated in both intervention
groups. These rates were also calculated when excluding
the treatment noncompleters.

Control group participants were instructed about diet
and other lifestyle changes during their regular visits to
the hospital, but neither received the exercise nor the nutri-
tion educational sessions as for the intervention groups.
Control group participants maintained their usual levels
of daily activity, with no additional exercise components.

SAMPLE SIZE AND STATISTICAL ANALYSIS

To achieve a statistically significant 0.25-point BMI
Z-score reduction between the estimated mean and the
sampling mean with a statistical power equal to 80% and
an alpha risk of 0.05, a sample size of 20 patients per group
was necessary. The sampling size was increased to compen-
sate for possible alterations in the statistical significance of
the results caused by possible dropouts in the intervention
groups. In addition and, on the basis of our experience
(dropouts in a previous pilot study), we intentionally allo-
cated an unequal number of participants to each group.

The statistical analysis was performed according to
intention-to-treat. To compare the success of randomiza-
tion, preliminary analyses of variance or chi-squared tests
were used to determine baseline differences between
groups. A Mann-Whitney U test was used to compare the
attendance rates between both intervention groups.

Two-way mixed ANOVA tests were used to compare the
study effects on height, body weight, BMI, BMI Z-score, %
BF and WC between groups, with exercise period serving
as the within-group factor and intervention type as the
between-group factor. Data are presented as mean £ SD.
Statistical analyses were performed using SPSS 17.0 for
Windows (SPSS Inc., Chicago, Ill). P <.05 was considered
statistically significant.

RESULTS
A total of 110 white children and adolescents were
included in the study, of which 45 (41%) were in the
GRX intervention, 41 (37%) were in the HOX intervention,
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EXERCISES

ACBI.?F?LMI.IJh;’gL wﬂ 15 rep. \ 20 rep. [ 25 rep. | 25rep. | 30 rep. | 30 rep.

Y Brisk watking aminy |K sr30sec| s1455ec | 556050

PRONE HIP
EXTENSIONS Wﬂ 15 rep. ‘ 20 rep. [ 25rep. | 25rep. | 30 rep. | 30 rep.

L Brisk Walking (2min.) 15!305((‘ SJ45sec | ST 60 sec

MONTH1 MONTH2 MONTH3 | MONTH 4| MONTH 5| MONTH 6
i ! 1 a4 2 L

SKIPPING 10 sec. 20 sec. 30 sec. 30 sec. 35 sec. 40 sec.
IN PLACE Skipping | Skipping | Skipping | S| Skipping | Skipping
‘ Brisk Walking (Imin.) .l's.i'zfﬂ'sec 8J 45 sec 8J 60 sec
WALL

PUSH-UPS 20 rep. [ 25 rep. l 30 rep. | 30 rep. | 30 rep. | 30 rep.
¥ Brisk watking @min.) Ksssosec| srassec | sso0sec

SQUATS 10 rep. ‘ 15 rep. I 20 rep. | 20 rep. | 20 rep. | 20 rep.

f Brisk Walking (Imin.) |} SJ30sec| SI455ec | $J60sec

BICEPS

CURLS 10 rep. ‘ 15 rep. l 20 rep. | 20 rep. | 25rep. | 25 rep.

"Brlsl: Walking (2min.) ls.l'.iﬂm SJ 45 sec 87 60 sec

RUNNING IN PLACE
BUTTOCK-KICKS

10 sec. 20 sec. 30 sec. 30 sec. 35 sec. 40 sec.
Heels to Heels to Heels to Heels to Heels to Heels to
Buttock Buttock Buttock Buttock Buttock Buttock

$B!irk Walking (Imin.) iﬂjﬂ:ﬂ(‘ 8T 45sec | SJ60sec

SHOULDER
HORIZONTAL 10 rep. ‘ 15 rep. I 20 rep. | 20 rep. | 20 rep. | 20 rep.
ABDUCTIONS
_;Brisk Walking (2min.) ‘1.&‘]50:« 8J 45 sec S8J 60 sec
VERTICAL . [ " I = . " .
JUMPS 5jumps | 7 jumps | 10 jumps | 10 jumps | 15 jumps | 20 jumps

“Bn’sk Walking (Imin.) KSJJDsec ST 45 sec | SJ60sec

SHOULDER
EXTENSIONS I! E i = | 15 rep. [ 20 rep. I 25rep. | 25rep. | 25rep. | 30 rep.

Brisk Walking (5 min.) 2 REPEAT THE CIRCUIT ONE MORE TIME

Figure 2. Detailed description of the complete home-based exercise program as explained to the study subjects. The arrows at the top of the
image clearly indicate the increase in exercise duration and repetition required during the 6 months of the study. Note: Detailed descriptions of
exercise methodology as explained to the study subjects, along with abbreviations used in this figure appear below.

SJ = SCISSOR JUMPS: Stand with one leg out in front of you and the other leg extended behind you. Kneel down into a quarter squat position
and jump up into the air. Before you land, switch your leg positions and repeat the movement.

ABDOMINAL CURL-UPS: Lying on the ground with hips and knees bent, curl until your upper back is off the floor. Return to the starting posi-
tion.

PRONE HIP EXTENSI eeping both legs straight at all times, lift one at a time without arching your back. Return it to the ground and
repeat with the other IGEIPING IN PLACE: Run in place raising knees upwards as high as possible.

WALL PUSH-UPS: Lean the body towards the wall and then push your body back with your hands until you achieve the standing position.
SQUATS: Squat down with the hands placed on the waist until the knees are bent at 90 degrees. Return to the starting position.

BICEPS CURLS: With elbows held tightly to your sides, raise both forearms to shoulder height. Return to the start position.

RUNNING IN PLACE BUTTOCK KICKS: Run in place kicking with both feet so as to make contact between the heels and the buttocks.
SHOULDER HORIZONTAL ABDUCTIONS: Raise the arms horizontally behind your body, clasping your hands together, until your elbows
reach shoulder height. Return to the starting position.

VERTICAL JUMPS: Squat down until the knees are bent at 90 degrees and jump as high as possible (swinging the arms forward).
SHOULDER EXTENSIONS: Raise the arms back up to 25-30 degrees. Return to the starting position.

and 24 (22%) were controls. The general characteristics of
the study population are shown in Table 1. No differences
in terms of age, sex, degree of obesity, %BF, proportion of
OW/OB, or WC were observed among groups at baseline.

Changes in height, weight, BMI, BMI Z-score, %BF,
and WC in controls and in each intervention group are
shown in Table 2. As expected in a pediatric population,
an increase of height was observed with growth in the 2
intervention groups as well as in controls. In each interven-
tion group a significant reduction in BMI Z-score and %BF

was observed. In contrast, no changes were observed in the
control group. BMI and WC were significantly reduced in
the HOX group, and there was a nonsignificant tendency
towards a reduction in the GRX group. The data analysis
showed a significant time X intervention interaction effect
across the variables (Table 2). When the effects of the 2
different interventions (GRX, HOX) were compared, no
statistical differences were found for any outcome. Differ-
ences in BMI Z-score and %BF between groups are shown
in Figures 3 and 4.
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Table 1. Characteristics of the Study Participants at Baseline

HOME-BASED WEIGHT REDUCTION PROGRAM IN CHILDHOOD OBESITY 5

Control (n = 24) HOX* Intervention (n = 41) GRX Intervention (n = 45) P
Age 112+ 21 11.9+22 123 +£1.9 .264
Boys/girls 13/11 21/20 22/23 .969
Height, cm 162 £ 14 157 £10 152 £ 10 241
Weight, kg 69.2 + 18.3 74 +16.2 67.2+17.3 417
BMI, kg/m? 29.2+3.9 29.7 £ 3.7 28.5+3.8 .557
BMI Z-score 2.23 +0.21 210+ 0.26 211 +£0.33 213
BF, % 39.8 £ 6.8 39.1+£56.9 37.8+6.0 745
WC, cm 94.7 £10.3 955+ 11.4 94.7 £ 9.3 775
OwW/OB 1/23 6/35 7/38 .383

The values are mean =+ standard error.

*HOX = home based; GRX = hospital clinic group based; BMI = body mass index; BF = body fat; WC = waist circumference; OW/OB =
overweight/obese; P = statistical significance of the differences among groups.

The number of treatment completers was similar
comparing across the GRX and HOX intervention groups
(22 of 45; 21 of 41, respectively). Overall, attendance rates
at intervention sessions from baseline to month 6 were
equivalent for the GRX and HOX intervention groups
(1.32 &£ 1.05 and 1.62 £ 1.72 sessions per week, respec-
tively; P = .805). This equivalence did not change when
excluding nontreatment completers (2.04 4 0.88 and 2.7
+ 1.43; P =.110).

DISCUSSION

In the present study, the main finding was that GRX and
HOX exercise formats combined with Mediterranean diet
recommendations appeared similarly effective in the
reduction of BMI Z-score and %BF. To our knowledge,
this is the first study that compares the effectiveness of
two exercise modalities (home- vs hospital clinic group-
based) in OW/OB children and adolescents. Our findings
showed that the BMI Z-score and %BF values were very
similar between the 2 intervention groups in the postpro-
gram measurements. However, although the GRX program
was equally successful in treating OW/OB children and
adolescents when compared with the HOX program, the
relative expense of the GRX program was substantially
higher than the HOX program.

PA programs for OW/OB children and adolescents have
traditionally been conducted in health care facilities or
university settings and have consisted mostly of structured,
group-based exercise. Although such programs can be
effective, their public health impact is limited because

they only serve families with sufficient resources and moti-
vation to attend on a long-term basis, curtailing their adop-
tion on a large scale. For an intervention to be adopted on
a large scale and to have the greatest impact over the
longest period of time it must be sustainable. In addition,
costs are an important aspect of sustainability. Home-
based programs offer significant advantages in terms of
structural and financial sustainability.’” They provide
accessibility and convenience for families limited by
work commitments, finances, location or transportation.

The home-based exercise format offers flexibility and
privacy for the participants. It may have particular applica-
tion among families who are socially and economically
disadvantaged, especially low-income families that may
face lack of safe places for PA.*® In addition, it engages
parent—child contact in the home environment. It is still
surprising that relatively few home-based intervention
programs are available for OW/OB children and adoles-
cents. Our home-based intervention program was primarily
designed to maximize health benefits without increasing
the demand on resources or personnel.

Drop-out rates, which were similar across the 3 study
groups, were fairly considered in powering the sample
population. The attendance rates at the exercise sessions
in the GRX and HOX intervention groups did not show
statistical differences. These rates were lower than the
advised minimum attendance rates. The statistical analysis
included the treatment noncompleters, characterized by
low attendance rates, a phenomenon that was considerably
increased in treatment completers. This observation rein-
forces the effectiveness of both interventions in terms of

Table 2. Significance by ANOVA* of the Main Effects of Period, Intervention, and Period x Intervention Interaction (P x I): Intragroup

Comparisons (Pre vs Postintervention) for the Studied Variables

Control

GRX Intervention

HOX Intervention Main Effects (P Values)

Baseline 6 Months P Value Baseline 6 Months P Value Baseline 6 Months P Value Period Intervention Pxl|

Height, cm 162 157 <.0001 157 159
Weight, kg 69.2 77.0 <.0001 74.0 75.2
BMI, kg/m? 29.2 30.8 <.0001 29.7 29.3
BMI Z-score 2.23 2.22 .882 2.10 1.94
BF, % 39.8 40.7 .353 39.1 35.1
WC, cm 94.7 97.4 .066 956.5 94.8

<.0001 152 155 <.0001 <.0001 .245 <.0001
.082 67.2 66.9 621 <.0001 164 <.0001
104 28.5 27.3 <.0001 911 .094 <.0001
<.0001 2.1 1.88 <.0001 <.0001 .024 .002
<.0001 37.8 33.4 <.0001 <.0001 .04 <.0001
.59 94.7 90.3 .019 .345 611 .012

*ANOVA = analysis of variance; GRX = hospital clinic group based; HOX = home based; BMI = body mass index; BF = body fat; WC =
waist circumference; P = statistical significance of the differences among groups.
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Figure 3. A comparison of the BMI Z-score values after intervention
between the 3 study groups. Control vs GRX (hospital clinic; P =
.024), Control vs HOX (home-based; P = .004), and GRX vs HOX
(p = 1). Bars show the mean + SD.

improvements in body composition, and suggests that
significant effects on %BF are achievable with a lower
dose of prescribed exercise -when combined with Mediter-
ranean diet-than that currently recommended. A nonstatis-
tically significant tendency towards a greater attendance
rate was also reported in the HOX versus GRX treatment
completers. The greater convenience and flexibility of
home-based exercise may result in higher levels of exercise
participation.

Previous research indicates that exercise programs
using a longer duration (minutes) and training length
(weeks) and a combination of exercise modes (aerobic
exercise plus resistance training) showed the greatest treat-
ment effects and emerged as major predictors of %BF at
the one year follow up assessment.’'** The amount of
exercise, expressed as duration by intensity, is the major
determinant of energy spent on exercise’ and was similar
in both intervention groups. Moderate PA is preferable
because it can be sustained for a longer time (60 minutes),
it increases fat oxidation, is suitable to enjoyable activities
like modified sports or games (GRX intervention), and can
be used in obese children with limited aerobic and anaer-
obic capacities.*>**

The results of this study are subject to limitations. First,
even though the follow-up of the diet was assessed during
the regular visits to the Hospital, the participants did not
keep daily food records. Thus, we cannot discount the
possibility that some subjects may have increased or
decreased dietary intake, which would have confounded
the effects of exercise. Nevertheless, randomization may
minimize this effect if it had been produced.

Second, in the present study it was not possible to inde-
pendently assess the impact of physical exercise or diet on
anthropometric parameters. Although we assumed that the
differences between the control and intervention groups
can be attributed to the physical exercise, an additional
alternative component of diet adherence could not be
excluded.
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Figure 4. A comparison of the percent body fat (%BF) values post-
intervention for the three study groups; Control vs GRX (hospital
clinic; P = .023), Control vs HOX (home-based; P = .002) and
GRX vs HOX (P = 1). Bars show the mean + SD.

It should also be criticized that exercise intensity was
neither individually monitored nor tailored in the HOX
exercise group. In addition, self-reports of exercise in
obese individuals tend to be inﬂated,35 and the validity of
the self-reported exercise may have been lower in the
home than in the group condition (only the GRX partici-
pants completed their exercise under observation by staff).
However, the significant differences in body composition
variables between HOX and control groups indicate that
the target intensities and the reported exercise were correct
for attaining the training goals in this intervention group.
Moreover, tailoring is rarely combined with interventions
to be adopted on a large scale.

Finally, although imaging modalities such as computed
tomography and magnetic resonance imaging are consid-
ered the gold standard method to quantify abdominal fat
distribution, WC measure is a feasible clinical tool to eval-
uate abdominal obesity and is uniformly included in the
diagnosis of the “metabolic syndrome” in both children
and adults.*® The results in this study showed WC reduc-
tion in both intervention groups, being statistically signifi-
cant in the home-based group (P = .019). These results
agree with those previously obtained in children®’ and
adults,*® which show that reductions in central obesity
can be seen following combined aerobic and resistance
training exercise.

Although our study has shown 2 effective treatment
approaches for pediatric obesity in the short-term, long-
term outcome data for successful treatment approaches is
required. The time limitations of our study did not allow
us to determine whether any increase in PA is maintained
in the long term. Nevertheless, it has been shown that
combined programs offer the opportunity to diversify exer-
cises to maintain the motivation of adolescents for training
and PA and therefore tend to be more effective because
beneficial modifications are maintained in the long term.*

In summary, the findings in this study indicate that this
simple home-based program may be effective among
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overweight and obese children and adolescents, because it
improves body composition, is feasible, and can be adop-
ted on a large scale without substantial expenditure.
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