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Abstract

Background/Objective: Determine the effects of a nutrition education and exercise intervention on the health and
fitness of adolescents with mobility impairment due to spinal cord dysfunction from myelomeningocele and spinal
cord injury. Subjects participated in a 16-week intervention consisting of a behavioral approach to lifestyle change,
exercise, and nutrition education to improve fitness (BENEfit) program. Participants were given a schedule of aerobic
and strengthening exercises and attended nutrition education and behavior modification sessions every other week
along with their parent(s).

Subjects: Twenty adolescents (aged 11-18 years, mean 15.4 = 2.2 years) with spinal cord dysfunction.

Methods: Subjects were tested immediately prior to starting and upon completion of the program. Aerobic fitness
was measured using a ramp protocol with an arm ergometer. Heart rate and oxygen uptake were measured. Values at
anaerobic threshold and maximum oxygen uptake were recorded. Peak isokinetic arm and shoulder strength were
determined with a dynamometer. Body composition was estimated with dual-energy x-ray absorptiometry. Serum
chemistry included measures of cholesterol, high-density lipoprotein, low-density lipoprotein, and triglycerides.

Results: Fourteen individuals completed all testing sessions. There was no significant overall change in weight, body
mass index, body mass index z-scores, or serum chemistry. Overall, there was a significant increase in whole body
lean tissue without a concomitant increase in whole body fat. Fitness measures revealed a significant increase in
maximum power output, work efficiency as measured by the amount of power output produced aerobically, and
resting oxygen uptake. Strength measurements revealed a significant increase in shoulder extension strength and a
trend towards increased shoulder flexion strength. There were no significant changes in high-density lipoprotein,
low-density lipoprotein, total cholesterol, or triglycerides.

Conclusions: The BENEfit program shows promise as a method for improving the health and fitness of adolescents
with mobility impairments who are at high risk for obesity and obesity-related health conditions.
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BENEfit in Adolescents With Mobility Impairment

with disabilities are less likely than able-bodied individuals
to participate in sustained exercise (1,2). Children with
chronic diseases are among the least active subgroup of
children and are at additional risk of a variety of health
conditions associated with a sedentary lifestyle (3,4). Due
to loss of motor function, adolescents with myelomenin-
gocele (MM) and spinal cord injury (SCI) are restricted in
the performance of their normal everyday activities,
which leads to an increasingly sedentary life style. This,
in turn, leads to a decrease in physical fitness and an
increase in body fat. Deficits in lean muscle tissue in
children with motor impairments are associated with a

s119



high prevalence of obesity and suboptimal physical
fitness.

The prevalence of adolescents who are overweight or
obese increased from 56% in 1988 to 1994 to 65% in
1999 to 2000; obesity is 2.5 times more evident among
individuals with lower extremity disabilities than among
those without any disability (5,6). Obesity can exacerbate
problems associated with disability, such as limited
ambulation, difficulty in transferring, risk of pressure
sores, psychological morbidity, and possible complica-
tions during surgery. Several studies have found that risk
of morbidity from coronary disease and atherosclerosis
was increased among men and women who had been
overweight adolescents (7-9).

Recent scientific information suggests that the most
effective interventions to address excess weight and
obesity in children should include behavioral modifica-
tion and education to improve eating habits and increase
energy expenditure (10-14). “Shapedown” is a program
developed by the University of California, San Francisco,
School of Medicine that was designed to address some
underlying psychosocial correlates of the child or
adolescent’s weight (10). It is a family-based program
that incorporates family therapy and psychoeducational
techniques to enhance self-esteem, improve peer rela-
tionships, and adopt healthier habits (10). Similar
programs from the University of California, Davis, called
“Fit Kids” (for children aged 6-10 years) and “Fit Teens”
(for children aged >10 years) employ a 10-week behavior
modification program to develop a healthy lifestyle. A
child or teenager and his/her parents participate in a
variety of “hands-on” activities every week that address
nutrition, exercise, and psychosocial habits. In addition,
daily and weekly goals are used to reinforce positive
lifestyle changes.

Although many of the concepts in these programs,
specifically those related to nutrition and portion sizes,
are applicable to all individuals, few of them address the
special nutritional needs of individuals with mobility
impairment or their barriers to physical activity (15). One
program that is designed for adults with SCI, Shake-It-Up
by Block et al (11), consists of weekly classes covering
nutrition, physical activity, lifestyle management, and
behavior modification. But the lessons and materials
developed have been shown to be inappropriate for
adolescents with disabilities. Of the references to
programs designed for children or adolescents, only a
few have addressed the special health, nutrition, and
fitness needs of children and adolescents with mobility
impairment (15-17).

In response to this glaring need, we developed a pilot
intervention referred to as the BENEfit program (behav-
ioral approach to exercise and nutrition education to
improve fitness) designed specifically to improve the
health and fitness of children with mobility impairment
by using nutrition and exercise education and aerobic
and strengthening exercises, along with behavior mod-
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ification. The program consisted of 9 biweekly sessions
covering 16 weeks with alternating topics of exercise
education and nutrition concepts. Participants were
given a schedule of aerobic and strengthening exercises
and attended nutrition education and behavior modifi-
cation sessions every other week along with their
parent(s). We sought to determine whether the health
promotion activities conducted through the BENEfit
program would reduce weight, improve body composi-
tion characteristics (increase lean muscle tissue and/or
reduce fat tissue), increase strength, increase fitness, and
improve nutritional understanding and food choice
habits. The effects of the program were evaluated by
measuring changes in body composition by dual-energy
x-ray absorptiometry (DXA), changes in isokinetic
strength, and changes in aerobic fitness.

METHODS

Subjects

A total of 20 adolescents (aged 11-18 years, mean age
15.4 £ 2.2 years) were recruited from MM and SCI clinics
at the Shriners Hospital for Children Northern California.
All subjects and their parents provided written assent and
consent. Eight individuals were enrolled in the first pilot
session and 12 in the second. All of the subjects had
mobility impairments due to spinal cord dysfunction
(MM or SCI). Fifteen subjects used a wheelchair for
mobility, 1 subject used a wheelchair for some mobility
needs, and 4 subjects were fully ambulatory but had
impaired gait that excluded them from mainstream
physical activities.

Tests

Anthropometrics, strength, aerobic fitness, and serum
chemistry tests were conducted during the pre- and post-
test assessments.

Anthropometrics. For all subjects able to stand erect,
height was measured to the nearest centimeter with a
wall-mounted stadiometer. For subjects unable to stand
erect, stature was measured with a supine stadiometer.
Every effort was made to account for any contractures.
Weight was obtained to the nearest kilogram with a
wheelchair balance scale (Detecto, St Louis MO). Body
composition was obtained with DXA (Hologic QDR 4500,
Hologic, MA).

Strength. Peak dynamic strength values were
obtained with a LIDO Dynamometer (Loredan
Biomedical, Davis, CA). For shoulder flexion and
extension, the subjects sat on a chair with their feet flat
on the floor, wrists in neutral position, and elbows in full
extension. Subjects who used wheelchairs sat in their
wheelchair with feet supported on the footrests and with
the wheels locked. Range of motion was from 90° flexion
(arm pointed forward at shoulder height) to 180° flexion
(arm pointed straight up). For elbow flexion and
extension, subjects were supine with the upper arm in
approximately 45° of abduction. Range of motion was
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from 0° (fully extended) to 90° of elbow flexion. Subjects
performed 3 maximum extensions and 3 maximum
flexions for each elbow and shoulder. The peak value
for torque was calculated as the mean peak value
between the right and left arms and recorded in
Newton meters.

Aerobic Fitness. Values for resting heart rate (HR _,)
and oxygen uptake at rest (Vo,, ) were obtained after
the subjects were seated quietly for 3 minutes. These
values were obtained while the subjects were seated in
order to best represent the functional aerobic capacity
starting values for exercise. It has been shown that some
individuals with spinal cord dysfunction exhibit an
increased HR and Vo, while lying (18), so that any
increase in these values due to exercise performed while
seated may misrepresent the relative effort of the
exercise.

There are no prediction equations available to
estimate values for maximum oxygen uptake (Vo, ),
anaerobic threshold (AT), or maximum heart rate (HR__ )
(19,20) in adolescents with disabilities using upper
extremity exercise. Therefore, peak oxygen uptake
(Vozpeak), AT, and peak heart rate (HRpeak) were
determined for each subject by arm crank ergometry
using a standard ramp protocol on a magnetically braked
arm ergometer (Lode, The Netherlands). Subjects were
asked to crank the arm ergometer at a constant speed of
70 rpm for 2 minutes at 0 watts of resistance. The
resistance was then increased in a ramp fashion at a rate
of 10 watts/minute. Subjects were verbally encouraged
to continue until exhaustion. Heart rate, Vo,, carbon
dioxide production (Co,), and power output (PO) were
recorded breath-by-breath with a metabolic cart
(Medgraphics, St Paul, MN) using a facemask. The
values obtained for VO, peak and HR__  were used as
proxy measures for Vo, ~ and HR__ . Additionally,
PO, ., was recorded.

Serum Chemistry. After a fast greater than 12 hours,
15 mL of blood was obtained and analyzed for total
cholesterol, high-density lipoprotein, low-density
lipoprotein, and triglycerides.

BENEfit Program

The structure of the BENEfit session was modeled after
the Shapedown program and included an interactive
lecture on a specific nutrition or exercise concept
followed by an activity designed to reinforce the concept
in a visual or tactile mode. During the activity, the
parents/guardians participated in a moderated discussion
group and discussed such topics as problem-solving,
support, stress management, and behavior change
strategies. Games, rewards, and motivational tools were
used to promote active participation in the nutrition and
exercise curriculum. The activities were focused on
practical and fun ways for subjects to achieve lifetime
exercise benefits.

BENEfit in Adolescents With Mobility Impairment

The first half of the nutrition class was designed to
discuss the topics covered (Table 1), and the second half
of the nutrition class encouraged active participation to
emphasize the lesson. The first lesson taught participants
to put food into each category: free, light, and junk. The
second nutrition topic highlighted the importance of
physical activity in the “FIT TV” video and of learning to
identify hunger and thirst cues. The third lesson involved
teaching participants how to be aware of the nutritional
intake when dining out The participants were taught
“buzz words” that help them decide whether a particular
type of food is healthy and how to reduce their intake of
high-caloric and high-fat foods, such as sauces, gravy,
and dressings. The exercise for this lesson asked
participants to choose from “BENEfit Menu,” which has
both high/low calories and fat choices, and to figure out
their total calories and fat for that meal. The fourth lesson
educated subjects on appropriate portion control by
using visuals, such as food models and props. Subjects
were asked to portion out pasta, cereal, meat, and drink
during the portion-distortion exercise and compare these
to the food models. The last lesson was designed to
incorporate all the lessons learned previously by using an
activity of “creating your own pizza.” Participants were
instructed to create their own pizzas and calculate the
amount of fat and calories based on the items placed on
the pizza and the type of pizza they made.

All participants were required to keep daily food
records and complete nutrition assignments each week.
The nutrition classes were intended to increase the
knowledge of general nutrition on healthful eating,
provide skills necessary to change eating behaviors, and
help set realistic measurable and attainable dietary goals.
The exercise topics covered basic anatomical and
physiological benefits, exercise components (aerobic vs
resistive), exercise myths, precautions, and injury pre-
vention. Lessons were designed to be interactive and
involve the subjects in discussions about their knowledge
and attitudes regarding exercise. Subjects were also
encouraged to share their experiences from the previous
weeks in completing their BENEfit exercise program.
During the second half of the session, activity-based
group tasks were designed to reinforce the lesson.

In addition to the group sessions, participants
completed an in-home exercise program of aerobic and
resistance training components designed to improve
their strength and cardiovascular health. The aerobic
training program involved use of an arm ergometer
connected to a video game (GameCycle, Three Rivers,
Mesa, AZ). The games were delivered to the subjects’
homes for use during the study. During the pretest
session, the initial resistance level of the game was
determined for each subject. After the AT was calculated
from the arm crank ergometry, each subject was asked to
crank the video game without the game playing for 1
minute at each resistance level while HR and Vo, were
recorded. The resistance level that elicited the HR and Vo,
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Table 1. BENEfit Class Topics and the Order in Which They Were Presented

Session No. Topic Related Activity

1 Free, light, and junk food descriptions Food charade

2 Basic anatomy and physiology of exercise Exercise pictionary

3 “FIT TV” video; hunger and thirst cues Food groups category

4 Strength training 101 (basics) Obstacle/relay race

5 Fast-food dining (tips for eating at Choosing a meal from the “BENEfit menu”;
fast-food restaurants) figuring out the fat and calories

6 Exercise myths and mysteries Distance scavenger hunt

7 Portion distortion Portion sizes exercise

8 Portion control for exercise/injury prevention How much, how far? (calculating distance
and future exercise plans traveled and weight lifted during program)

9 Food choices Making pizza

just below the subject’s AT was designated as the starting
resistance level. The HR associated with the subject’s AT
was designated as the target heart rate. During the game
play, the subjects wore heart monitors and were told to
maintain their heart rates at that predetermined heart
rate.

The resistance training program consisted of upper
extremity strengthening exercises using hand weights
(dumbbells). The exercises were selected according to
previous studies describing primary muscles involved in
wheelchair propulsion and functional activities in wheel-
chair-using patients (21-25). The specific exercises were
demonstrated during the initial BENEfit session and on an
instructional video provided to each subject. The starting
weight for each movement was determined by using the
nearest lesser weight from the 6-repetition maximum
level. Subjects were given the weights to take home and
perform the exercise program.

Subjects were instructed to perform aerobic and
resistance programs 3 days a week with alternating days
for each program. A 5-minute warm-up period was
followed by a 5-minute stretch period prior to beginning
either program. Each program also involved a 5-minute
cool-down period at the end of the exercise session.
Resistance training was done at 3 sets of 10 repetitions
with a 1-minute rest between sets. Aerobic sessions
started with 10 minutes per session for the first 2 weeks,
increasing by 5 minutes every 2 weeks.

Subjects recorded daily exercise and perceived levels
of exertion on a progress record. The record included
weights used, duration, and a 0 to 10 exertion scale. The
exertion scale included descriptive terms and the Wong-
Baker faces (26) (as a graphic representation of effort)
associated with each numerical value. Subjects recorded
the score that most closely described how they felt at the
end of each exercise.

For the aerobic program, the number of minutes
performed and the level of exertion were recorded. For
the resistance program, the weight used for each exercise
was recorded along with the exertion scale score. An
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exertion score of 5 to 7 was the desired range and used as
a guideline for changing resistance. Weights from 1 to 10
pounds were changed in 2-pound increments, while
weights more than 10 pounds were modified in 5-pound
increments. The progress sheets were also used as
compliance monitoring for exercise participation. The
progress logs for both programs were reviewed at each of
the 16 biweekly BENEfit sessions.

During each biweekly session, the physical therapist
met individually with each subject and parent to review
the program and address any questions. Subjects with
recurring noncompliance issues were given short-term
goals with rewards for successful completion.

Two separate pilot sessions of the BENEfit program
were conducted. The first session began in April 2005
and ended in July 2005; the second session started in July
2005 and ended in November 2005. In both groups, the
lessons were conducted on alternate Saturday afternoons
at the Shriners Hospital for Children Northern California.

RESULTS

Compliance

Twenty adolescents were enrolled into the program, and
14 subjects completed both the pre- and the post-
BENEfit assessments. There were no significant differ-
ences in age, weight, height, percent fat, or body mass
index (BMI) percentile for age between the 6 subjects
who dropped out of the study and the 14 subjects who
remained in the study. However, a proportionately
higher percentage of girls dropped out of the study (5
of 6) compared with the number who completed the
whole study (7 of 14). There were various reasons for not
completing the study. Three of the girls with spina bifida
did not return for the post-test, despite numerous phone
calls and prodding by the staff. One girl with spina bifida
had a pressure sore that prevented her from continuing
the study. One girl with SCI dropped out after the
second session because she was not comfortable being
in this group of adolescents. One boy with SCI dropped
out because his parent had a time conflict after the third
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Table 2. Subjects and Body Composition

Weight (kg) Total Body Fat (kg) Total Body Lean (kg)

Percent Percent Percent

ID Group Gender Age Before After Change Before After Change Before After Change
9304 A F 16.3 423 42.5 0.5 183 179 -2.2 225 232 3.1
9307 A F 153 571 555 -2.38 232 213 -8.2 32.1 324 0.9
9316 A F 151 54.8 55.0 0.4 21.8 21.2 =25 31.6 323 2.2
9317 A F 15.0 673 70.0 4.0 26.4 284 7.5 386 393 1.8
9319 B F 139 81.7 83.3 2.0 38.7 39.7 2.6 411 41.8 1.7
9321 B F 121 98.5 1029 4.5 51.6 53.6 3.9 45.2 47.6 5.3
9510 B F 11.6 334 328 1.8 12.2 132 8.2 204 18.8 -7.8
9401 A M 17.4 70.6 66.1 —6.4 29.0 23.7 -184 39.7 405 2.0
9411 A M 16.9 88.0 87.7 0.3 38.1 37.6 -1.2 479  47. -1.7
9415 A M 189 47.1 47.1 0.0 11.0 12.0 9.1 343  33.2 -3.2
9416 A M 16.8 68.7 68.8 0.1 26.0 243 —6.7 40.9 427 4.4
9419 B M 169 61.4 61.8 0.7 293 27.8 -5.1 305 324 6.2
9420 B M 183 80.4 80.2 -0.2 349 327 -6.3 43.2 45.2 4.6
9614 B M 12.6 47.6 47.6 0.0 22,5 202 -10.2 241 26.4 9.5
Mean 64.2 64.4 0.0 27.4  26.7 =21 352 359 2.1

session that prevented him from continuing the
program. All who dropped out came from the second
group. In the first group, all 8 subjects completed the
pre- and post-tests and attended at least 7 of the 9
sessions. However, only 6 of the 12 subjects from the
second group completed the pre- and post-tests and
attended at least 6 sessions.

Body Composition

The individual changes in weight, total body fat, and
total body lean are shown in Table 2. Overall, the mean
body weight did not change significantly (64.2 = 4.99
kg pre-BENEfit and 64.4 = 5.2 kg post-BENEfit), nor was
there a significant change in BMI from the 29.3 kg/m?
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Figure 1. Peak strength changes before and after the behavioral
approach to lifestyle change, exercise, and nutrition education to
improve fitness (BENEfit) program.
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pre-BENEfit level. However, there was a 2.1% increase in
total body lean tissue (P = 0.02) with a concomitant,
nonsignificant reduction in total body fat tissue (—2.1%).
Nine subjects decreased total body fat, and 8 of those 9
also increased lean tissue.

Serum Chemistry

One subject declined to provide a blood sample during
the post-test assessment. There were no significant
changes in mean values for total cholesterol, high-
density lipoprotein, low-density lipoprotein, or triglyc-
erides.

Aerobic Fitness

There was a 27% increase (P < 0.002) in Vo, _, reflecting
the increase in lean tissue. There was no significant
change in Vo, . before and after the BENEfit program.
However, the Po__ , which represents work capacity,
increased 22% (P=0.014). There was also a 35% increase
in the aerobic efficiency as measured by the power
output at the anaerobic threshold (PO,;). There was no
difference in HR __  achieved, which would indicate that
the subjects gave maximal effort during both the pre-
and the post-test.

Strength

Most of the subjects improved their shoulder strength,
with a 23% increase in peak shoulder extension (P =
0.016) (Figure 1). For the group, shoulder flexion
strength increased by more than 15% but was not
significantly greater than the pre-BENEfit assessment (P =
0.056). Elbow flexion and extension strength did not
increase significantly.
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Table 3. Blood Lipids

Before After P value
Total cholesterol (mg/dL) 181 + 6.8 178 + 6.3 0.884
High-density lipoprotein (mg/dL) 39 £ 22 390 £24 0.907
Cholesterol/high-density lipoprotein ratio 49 + 0.4 48 0.3 0.81
Low-density lipoprotein (mg/dL) 123 = 6.9 120 = 5.9 0.911
Triglycerides (mg/dL) 98.9 = 9.2 99.6 = 12.2 0.889

DISCUSSION

The purpose of this study was to develop a model
program that utilized nutritional education and behavior
modification to develop healthy lifestyles that would help
overweight and obese children with mobility impair-
ments increase their strength and physical activity and
adopt a healthy diet. After the program, the subjects
exhibited no significant increase in weight or total body
fat but had a significant increase in lean tissue, shoulder
strength, and aerobic fitness. This program emphasized
increased physical activity, healthful eating, and appro-
priate portions for age and did not focus on restricting
caloric intake. Thus, we did not expect to observe
significant reductions in weight and/or BMI as a result
of their participation in the BENEfit program. However, as
a group, the subjects did not increase their weight
significantly (+0.2 = 0.2 kg) during the 16-week
program. This could be viewed as an improvement,
because children and adolescents at a comparable age
and BMI would have been expected to gain approxi-
mately 1.5 kg during this 16-week period due to growth
alone. In addition, the DXA results revealed a significant
increase in total lean tissue, without a concomitant
increase in total fat tissue.

However, this improvement in body composition
was not reflected in BMI because BMI is a much less
sensitive measure of adiposity than DXA and is much
more prone to error. Several studies have showed that
BMI is an insensitive measure of body composition in
subjects with paraplegia due to problems in measuring
weight and height (27-29). In addition, BMI does not

Table 4. Aerobic Fitness Measures

appropriately account for regional losses of lean tissue
and redistribution of lean and fat tissue in children with
paraplegia (30).

The subjects exhibited an increase in shoulder
strength but no increase in elbow strength, which
suggests that the increase in strength was not just due
to their increased age and growth. The changes in
strength were likely attributed to the aerobic exercise and
weight training’s working the shoulder extensors and
flexors to a greater extent than the biceps or triceps.
Increasing shoulder strength has been shown effective at
reducing the high incidence of shoulder pain and
shoulder impingement syndrome among wheelchair
users because of the repetitive nature of wheelchair
locomotion injuries (25,31). Future research should focus
on identifying functional limitations as applied to
strength deficits. A correlation between gains in strength
and increased independence in performance of activities
of daily living might increase compliance and long-term
follow through of concepts taught during the BENEfit
program.

The subjects who participated in this study also had a
27% increase (P < 0.002) in VO,, ., which reflects an
overall increase in lean tissue. Subjects who participated
in the BENEfit training also had a 22% increase in work
capacity and a 35% increase in the aerobic efficiency.
These changes in aerobic fitness should allow the subjects
to perform more work and may help their independence.

Despite the improvements in body composition,
strength, and aerobic fitness, there were no significant
improvements in serum lipids. This probably reflects that

Before After P value
Vo, . (mL/min) 223 £17.1 306 £ 17.5 0.002
AT, (watts) 28 £3 37.8 = 3.9 0.008
ATy, (mL/min) 477 * 48.4 557.8 * 43.5 0.129
AT, (beats/min) 132 £ 6 138.6 = 4.8 0.239
Vo, . .. (mL/min) 9223 £ 116 1107.4 = 169.7 0.146
HR ., (beats/min) 163 = 5.3 163.8 = 5.1 0.834
PO, ., (watts) 524 £ 5.7 64.1 = 7.2 0.014

Vo,,.. = 0xygen uptake at rest, AT, = power output anaerobic threshold, AT, ., = oxygen uptake anaerobic threshold, AT,,, = heart

rate at anaerobic threshold, Vo, = maximum oxygen uptake, HR = maximum heart rate, PO__ = maximum power output.
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the program only provided nutrition education and did
not require the participants to restrict their caloric intake.
Our program’s goal for the diet and nutrition was mainly
to encourage healthful eating and offer participants
useful tools to help them make the appropriate choice
of food selection and portion sizes appropriate for age
and diagnosis. Future programs may be able to affect this
more by implementing a more aggressive program of
reducing caloric and fat intake. However, because severe
calorie restriction programs have been shown to induce a
cycle of weight loss followed by weight gain (32,33), the
focus of BENEfit was to gradually introduce sustainable
changes in food choices that would, over time, lead to
positive changes in health.

Subjects who had excellent family support appeared
to be more successful in long-term weight loss mainte-
nance (34). Social integration can have a positive effect
on self-esteem by increasing an individual’s social and
emotional support. This was apparent in our participants,
who became friends and exchanged phone numbers and
email addresses at the end of the intervention. The
impact of a family history of overweight on weight loss
suggests the influences of genetic predisposition and
poor food choices on body weight and weight loss
maintenance. Having the support of family and friends is
typically one of the most fundamental aspects of
successfully coping with behavior changes. The support
can take many forms: emotional (someone to talk to and
share feelings with), practical (someone to help with food
choices or act as a reminder), and spiritual (someone to
help answer the big questions that surface when facing
discouragement). It can provide the encouragement
needed for individuals to get out and exercise on days
when watching their favorite TV show seems like a better
option. People who have the support of friends/family are
less likely to drop out of a weight-control program and
are more likely to maintain their weight loss over a 6-
month period than people without such support (35).
Many of our participants who did extremely well had one
thing in common: excellent support of family and friends.

The first group had a better attendance record than
the second group. The instructors reported that, as a
group, they were more homogenous in terms of
intellectual functioning, social skills, physical abilities,
and family structure. The second group had a wide range
of age (11-18 years), intellectual abilities, and physical
functional level. One individual (16 years old) who
dropped out after the second lesson had a fairly recent
(2 years) SCI and reported being very uncomfortable in a
group that included individuals who not only were
younger but also had significant developmental delays.
Surprisingly, the distance each individual traveled to the
sessions did not have a significant influence on atten-
dance. In fact, some of the individuals who had near-
perfect attendance had to travel more than 2 hours one
way to attend the lessons, and some of the subjects who
dropped from the program lived less than 30 minutes

BENEfit in Adolescents With Mobility Impairment

from the meeting location. Despite the transportation
barriers and time commitments of the program, it was
evident from the participants and their parents’ evalua-
tions that the BENEfit program, as designed and
implemented in this pilot study, was thought to be
extremely useful, fun, and easy to understand. They
would have no hesitation in recommending the program
to others.

In addition to the improvement in body composition
that occurred during the study, approximately 80% of
the subjects learned and adopted healthier eating habits
and maintained or lost weight when seen back in the
outpatient clinic 3 to 6 months after intervention (R. A. L.,
personal observation). During these follow-up visits,
parents and participants were able to identify the
appropriate portions, as well as recognize foods that
were high in calories and fat.

The limitation of our program includes lack of a
control or comparison group, nonrandomized design,
small sample size, and the short timeframe. The small
sample size may have reduced the statistical power, and
the short timeframe made it unlikely that measurable
changes would be evident. In fact, the subject who
gained 10 kg during the study continued to gain weight
in the clinic and was later diagnosed with abnormal
thyroid function, which added to the heterogeneity of
the sample. By increasing sample sizes, replications of this
study would benefit by focusing on subjects with the
same disease and age to enhance the homogeneity of the
test subjects.

CONCLUSIONS

A 16-week intervention consisting of a BENEfit program
increased the strength and improved the aerobic capacity
and endurance of overweight and obese children with
mobility impairments and helped them adopt a healthy
diet. Although there were no significant changes in the
weight and BMI measures for our subjects, there were
improvements in body composition, including an
increase in total lean tissue and no increase in total fat
tissue. The most disappointing result was that there was
little to no change in blood lipids, which has been
identified as a heavily weighted factor in assessing the risk
of cardiovascular disease. Nevertheless, this study pre-
sents a model program and provides baseline data that
can be used in planning subsequent randomized
controlled trials.
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