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 
Abstract—Background: The high prevalence of obesity in Egypt 

has a great impact on the health care system, economic and social 
situation. Evidence suggests that even a moderate amount of weight 
loss can be useful. Aim of the study: To analyze the effects of lower 
body positive pressure supported treadmill training, conducted with 
hypocaloric diet, on body composition of obese children. Methods: 
Thirty children aged between 8 and 14 years, were randomly 
assigned into two groups: intervention group (15 children) and 
control group (15 children). All of them were evaluated using body 
composition analysis through bioelectric impedance. The following 
parameters were measured before and after the intervention: body 
mass, body fat mass, muscle mass, body mass index (BMI), 
percentage of body fat and basal metabolic rate (BMR). The study 
group exercised with antigravity treadmill three times a week during 
2 months, and participated in a hypocaloric diet program. The control 
group participated in a hypocaloric diet program only. Results: Both 
groups showed significant reduction in body mass, body fat mass and 
BMI. Only study group showed significant reduction in percentage of 
body fat (p = 0.0.043). Changes in muscle mass and BMR didn't 
reach statistical significance in both groups. No significant 
differences were observed between groups except for muscle mass (p 
= 0.049) and BMR (p = 0.042) favoring study group. Conclusion: 
Both programs proved effective in the reduction of obesity indicators, 
but lower body positive pressure supported treadmill training was 
more effective in improving muscle mass and BMR. 
 

Keywords—Children, Hypocaloric diet, Lower body positive 
pressure supported treadmill, obesity.  

I. INTRODUCTION 

BESITY is a chronic and epidemic disease whose 
prevalence increased in the last decades in many 

countries, including Egypt. The World Health Organization 
has warned of the escalating epidemic of obesity that could 
put the population in many countries at risk of developing 
noncommunicable diseases (NCD). Available studies in 
Eastern Mediterranean countries (EMR) indicate that obesity 
has reached at an alarming level among both children and 
adults. Consequently, the incidence of NCD is also very high 
and represents more than 50% of total causes of death in the 
EMR [1], [2]. A systematic review of published papers 
between 1990 and 2011 showed that Obesity reached an 
alarming level in all age groups of the EMR countries 
including Egypt. The prevalence in school children ranged 
from 7% to 45% [3].  

In addition to the high prevalence, the relevance of 
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childhood obesity has been increasing due to its association 
with several morbid conditions, such as diabetes mellitus type 
2, hypertension, dyslipidemia, and atherosclerosis 
complications in adulthood [4]. 

Early endothelial dysfunction in obese children and 
adolescents, in which the carotid intima media thickness is 
significantly greater than those with normal weight, is also 
reported [5]. 

The relationship between obesity and metabolic syndrome 
appears to be especially important in childhood, since excess 
weight has been considered a predisposing factor for this 
syndrome even at this age, diagnosed in approximately 40% of 
obese children [6]. 

Pulmonary disorders, including obstructive sleep apnoea 
and reactive airway disease [7], are reported more frequently 
in obese children than in their normal-weight counterparts. 
Weight-related but non-asthmatic air flow limitations are 
perhaps being misdiagnosed as asthma in some obese children. 
[8] Specific nutritional deficiencies often accompany 
childhood obesity. Low vitamin D concentrations [9] and iron-
deficiency [10] were reported. 

The appropriate approach to reduce the obesity related 
health risk is to reduce body weight. As a basic component of 
prevention and treatment of obesity, the early adoption of a 
healthy lifestyle should be considered, such as a balanced diet 
and physical exercises, from childhood onwards [11].  

Physical exercise programs and nutritional guidance have 
been proved effective in the treatment of obese children and 
adolescents [11], [12]. They have positive effects on the 
components of the metabolic syndrome [13]; and in reducing 
excess weight, fat body mass, abdominal perimeter, and blood 
pressure [14]. 

However, when working with children, structured physical 
exercise programs, although effective, may be less welcoming, 
receiving lower adherence. 

Recently, a new treadmill was introduced that permits low-
load walking using an emerging technology called lower body 
positive pressure (LBPP) [15]. The system utilizes a waist-
high air chamber that can be inflated with positive air pressure 
in order to modify body weight during ambulation. During an 
exercise session, subjects wear a pair of neoprene shorts with a 
kayak-style skirt that zips into an air chamber, creating an 
airtight seal. When the air chamber inflates, there is an 
increase in air pressure around the lower body that creates a 
net lifting force on the user [15], [16]. This effectively reduces 
body weight and the gravitational forces about the lower 
extremity to a level that can be adjusted with a high degree of 
consistency [16], [17]. The amount of body weight supported 
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is dependent upon the air pressure in the bag. Positive air 
pressure can then be used to accurately unweight a person by 
increments as small as 1% body weight and as large as 80% 
body weight [18].  

Computer-regulated air pressure of less than 30mmHg 
supports around 50% of body weight [18] and makes it 
possible for the user to walk and run with less effort for a 
given speed [19]. The lower-body positive pressure also 
creates compressive forces on the vasculature of similar 
magnitude to compression stockings [20]. A system making 
use of lower-body positive pressure for weight-supported 
treadmill exercise (AlterG Anti-Gravity Treadmill) was 
recently approved by the US Food and Drug Administration 
(FDA) in 2008 [21] for clinical use in rehabilitative purposes 
of lower-body injuries and surgery, aerobic conditioning, 
weight control and reduction, sport-specific conditioning, and 
neurologic retraining [22]. 

Lower body positive pressure is recognized as being 
superior to other methods of weight supported exercise (such 
as s aquatic exercises), because the air pressure is applied 
uniformly over the lower body, while maintaining normal 
muscle activation and gait patterns (which are altered during 
aquatic-based activities) [16], [19], [23]. As a result, the LBPP 
treadmill technology is gaining popularity as a device that 
offers the ability to study weight-supported or low-load 
exercise in a user-friendly and kinematically correct manner 
[16], [24], without altering gait dynamics [16] or 
cardiovascular parameters such as heart rate and blood 
pressure [17], [25]. 

To date, the use of this emerging technology with an obese 
child population has gone unreported within the literature, and 
the feasibility of utilizing the LBPP technology to induce 
weight loss and facilitate exercise in this patient population is 
unknown. Also, despite extensive research on childhood 
obesity, there remains a lack of clear scientific evidence on the 
roles of diet and exercise in weight control, especially in 
children [26]. Other studies of obese children have shown that 
a combined diet and exercise intervention program lasting a 
relatively short time – two [27], [28] or three [29] months – 
improved anthropometric (BMI and waist circumference) 
parameters. Given the outlined shortcomings, this study aimed 
to investigate the effects of a supervised physical exercise 
using LBPP supported treadmill training and/or hypocaloric 
diet program on body composition of obese children. 

II. METHODS 

A. Participants 

The initial population of the study included children aged 
between 8 and 14 years old with a body mass index (BMI) 
percentile above the 95th percentile [30]. Children were 
recruited from Outpatient Clinic of Faculty of Physical 
Therapy, Cairo University and Resala charitable organization. 
The inclusion criteria were: obese children aged between 8 
and 14 years old. Exclusion criteria were participating in any 
type of structured program for weight loss; or having any 
physical or mental disability that hinders participation in the 

study and diabetes, heart, renal, or liver diseases. The study 
group comprised 15 children and the control group comprised 
15 children, amounting to 30 obese children from both sexes 
assigned at random. Children from the control group followed 
a hypocaloric diet while the study group followed a 
hypocaloric diet plus lower body positive pressure supported 
treadmill training for 2 months. All children, from both 
groups, were instructed to keep their regular activities during 
the study period. 

B. Evaluation 

All anthropometric measurements were taken twice. The 
body height and weight of the participants were measured 
while they wore light clothing without shoes using weight and 
height scale (health scale, 70, made in china). Weight was 
measured to the nearest 0.1 kg, and height was measured to 
the nearest centimeter. Systemic blood pressure was measured 
in the supine position after the participants had been at rest for 
at least 15 minutes and resting heart rate was also measured. 
The body composition of each participant was analyzed using 
portable direct segmental multiple-frequency bioelectrical 
impedance body composition analyzer, the Inbody 230 
(Biospace, Seoul, Korea). Body composition results included 
weight, body fat mass, muscle mass, body mass index (BMI), 
(BMI) percentile, percentage of body fat, basal metabolic rate 
(BMR), obesity degree, ideal body weight and impedance of 
each segment (both arms, trunk and both legs) per 2 
frequencies (20 and 100 kHz).  

The children were analyzed standing on the footpads, 
barefoot on a spring scale, wearing only shorts and shirts. The 
name, age, height, and gender were entered before the exam. 
Each child was asked to stand still while the device captures 
the weight, at which point the child was asked to place his 
hands around the handgrips. During the exam, which is 
painless, the child stands still and breathes normally. 

C. Intervention Program 

The intervention program consisted of hypocaloric diet and 
walking program on lower body positive pressure supported 
(LBPPS) treadmill for the study group and hypocaloric diet 
only for the control group for 2 consecutive months. For the 
study group, the intervention program took place in Medical 
Rehabilitation Center of Armed Forces, while for the control 
group; it took place in Resala charitable organization. The 
exercises were performed in three weekly sessions, with the 
duration of 50 minutes each, amounting to 24 sessions. Each 
session consisted of stretching/ warming up (5-10 minutes), a 
main part – lower body positive pressure supported treadmill 
training (30 minutes), and relaxation (5-10 minutes). A lower 
body positive pressure support was provided by a system that 
consisted of a treadmill that enclosed in a pressurized bag (G-
Trainer Pro; Alter-G Inc., Fremont, CA, USA). The child wore 
a pair of neoprene shorts that were zipped into the bag, and the 
amount of body weight supported was dependent upon the 
bag’s air pressurization. The air pressure was uniformly 
distributed over the lower body. Furthermore, no support was 
provided around the torso. The child was able to freely swing 
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her/his arms during the training sessions or had the option to 
hold on to handrails that were at the front of the treadmill. 
Visual feedback was provided with a mirror positioned on the 
right side of the treadmill perpendicular to the LBPPS system. 
The bag material does not allow the child to see the legs when 
looking down. However, the bag does have translucent 
material on the side panels that allows the therapist to see the 
child’s lower limbs, and the mirror allowed the child to also 
see his/her stepping pattern. The general guidelines of the 
therapeutic prescription consisted of supporting 50% of the 
child’s body weight. The speed of the treadmill was gradually 
increased until reaching 3km/h which is considered the 
minimum goal of target speed. Treadmill training was carried 
out aiming at achieving an intensity of 65% to 75% of the 
maximum heart rate [31], indirectly determined by the formula 
(maximum heart rate = 208 – 0.7 x age) [32]. For each training 
session, the child accumulated a total of 30 minutes of walking 
(not including breaks). To individually monitor the heart rate, 
the children wore heart rate monitors to ensure its maintenance 
within the recommended range. Rest breaks were provided as 
needed; however, the children were encouraged to walk as 
long as possible. At the end of all sessions, orientations on the 
importance of regular physical exercises were provided. 

Regarding hypocaloric diet, some previous studies 
recommended diets of between 1500 and 1800 kcal/day in 
obese children who are still growing [33], [34]. The diet 
therapy principle in both groups assured that caloric intake 
was 500 kcal/day below daily requirements [28]. The low-
calorie diet consisted of five balanced meals spread 
throughout the day. The diet comprised 15% protein, 55% 
carbohydrates and 30% lipids. Foods were selected, as far as 
possible, according to the subjects’ usual dietary habits. A 
series of general recommendations were established focused 
on basic healthier eating habits: consume ≥ 5 servings of fruits 
and vegetables every day; minimize sugar-sweetened 
beverages such as sugar-added fruit juices; have more meals 
prepared at home rather than takeaway restaurant food; etc.  

D. Ethical Consideration 

The study protocol was explained in details for each 
candidate and caregiver before the initial assessment. Child 
caregiver who had accepted to participate in the study signed 
an informed written consent before enrollment. If the child 
was old enough, he/she was asked for consent. This study was 
approved by the ethical committee of the Faculty of Physical 
Therapy, Cairo University.  

E. Statistical Methods  

Data were stored and analyzed with the SPSS statistical 
package 18.0 (SPSS Inc., Chicago, Illinois). Test selection was 
based on evaluating the variables for normal distribution. In 
order to analyze the data obtained, descriptive statistical 
procedures were initially performed for variables of interest, 
with the calculation of the mean and standard deviation in the 
variables with parametric distribution, and median and 
interquartile range from those with non-parametric 
distribution. Paired and unpaired Student’s t-tests were used 

for data with regular distribution; Mann-Whitney’s U test and 
the Wilcoxon test were used in the variables with nonregular 
distribution. Comparison between categorical data was 
performed using the Chi square test. A significance level p < 
0.05 was adopted. 

III. RESULTS 

The average age (interquartile range) in the control group 
was 10.50 (8.5-12.5) years and in the study group was 11 (11-
13) years (p = 0.264). Groups also did not differ in sex 
nominal variable before intervention (P = 0.709). The control 
group included 10 girls and 5 boys while the study group 
included 8 girls and 7 boys. 

The comparative analysis of initial body composition 
parameters demonstrated that there were no statistically 
significant differences between the groups in the pre-test 
(unpaired t-test or Mann-Whitney’s test). However, the post-
test showed that the groups differed as to muscle mass (p = 
0.049) and basal metabolic rate (p = 0.042), with higher values 
in the study group, representing more satisfactory results (see 
Tables I and II). 

Tables I and II present the results of the two groups in the 
body composition analysis. The control group showed 
significant reduction in weight, BMI and body fat after the end 
of the program. No significant differences were observed 
regarding the remaining variables. The study group also, 
presented a significant reduction in weight, BMI and body fat, 
as well as a reduction in body fat percentage (Table I). 
Although non significant, the muscle mass and BMR were 
increased (Table II). Data in the Table I indicate that the 
reduction in weight, body fat and BMI was observed in both 
groups; however, the reduction in the study group was much 
higher when compared to the control group.  
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TABLE I 
STATISTICAL ANALYSIS OF BODY COMPOSITION PARAMETERS WITHIN EACH GROUP AND BETWEEN GROUPS 

Item Groups Before After P1-value 

Weight (Kg) Control 61.6 
(50.58-73.08) 

60.25 
(48.5-70.93) 

0.017* 

Study 80.40 
(67.40-83.85) 

74.60 
(62.5-78.95) 

0.043* 

P2-value 0.092 0.143  

BMI (Kg/m2) 
 

Control  28.60 
(25.85-33.25) 

26.45  
(24.08-32.1) 

0.017* 

Study 32.20  
(28.20-32.6) 

29.90  
(26.35 -30.45) 

0.041* 

P2-value 0.464 0.464  

Body Fat (Kg) Control  28.58 
(21.75-34.78) 

28.05 
(20.9-33.88) 

0.018* 

Study  39 
 (28.8-41.35) 

34.4  
(2.75-37.05) 

0.043* 

P2-value 0.107 0.558  

Percentage of body fat (%) Control  42.95  
(41.43-49.03) 

42.85  
(41.2-49.63) 

0.674 

Study  48.10  
(41.65-49.55) 

45.1  
(33.05-47.55) 

0.043* 

P2-value 0.464 0.558  

Data are presented as median (interquartile range).  
Kg= Kilogram, BMI= body mass index, Kg/m2= Kilogram per meter square; P1-value= difference within each group before and after the intervention, P2-

value= difference between groups at baseline and after the intervention period; *Statistically significant difference (Mann-Whitney’s U test and the Wilcoxon 
test). 

 
TABLE II 

 RESULTS REGARDING MUSCLE MASS AND BASAL METABOLIC RATE WITHIN EACH GROUP AND BETWEEN GROUPS 
Item Groups Before After P1-value 

Muscle mass 
(Kg) 

Control  18.21 ± 4.62 17.64± 4.24 0.107 

Study  22.02± 1.81 22.62± 3.38 0.621 

P2-value 0.110 0.049* 0.110 

BMR (Kcal) Control  1111.13 +169.64 1092.13± 157.37 1111.13 +169.64 

Study  1249.60± 68.37 1266.20± 113.843 1249.60± 68.37 

P2-value 0.114 0.042* 0.114 

The data represent mean + standard deviation. 
Kg= Kilogram,; BMR= Basal metabolic rat, Kcal= Kilo calorie; P1-value= difference within each group before and after the intervention, P2-value= 

difference between groups at baseline and after the intervention period; *Statistically significant difference (Paired and unpaired Student’s t-test). 

 

IV. DISCUSSION 

Childhood obesity can adversely affect almost every organ 
system and often has serious consequences [35].  

The treatment of obesity remains difficult. Certain effective 
drug therapies have been withdrawn from the market because 
of dangerous cardiovascular effects [36], and therefore 
medical treatment of obesity is currently not available for 
overweight or obese children. Non pharmacological measures 
such as diet and exercise therefore represent the mainstays of 
obesity prevention and treatment in developed and developing 
countries [37]. 

A catabolic state of stored energy is needed to induce 
weight loss. Guidelines from the American Academy of 
Pediatrics recommend that weight-reducing diets contain “less 
energy than that required maintaining weight but not less than 
1200 kilocalories a day” [38]. The equivalent UK guidance 
emphasizes energy balance between intake and expenditure, 
but does not specify amounts of intake [39]. Another 
recommended approach is to construct a diet that is 300–400 
kcal per day lower than the weight-maintenance requirements 
as assessed by dietary history or as calculated on the basis of a 
formula relating anthropometry to energy expenditure, such as 

the Harris-Benedict equation. In view of the magnitude of the 
energy gap, a sizeable energy deficit would be needed to 
induce appreciable weight reductions in an obese child, and 
many weight-loss diets might be energy neutral in young 
children or even lead to weight gain in sedentary female 
adolescents [40], [41]. 

Lower body positive pressure supported treadmill exercise 
offers an attractive option to more traditional exercise modes 
that have been used to limit lower-extremity loading forces.  

The present study analyzed the effects on body composition 
of an intervention based on lower body positive pressure 
supported treadmill training on anti-gravity treadmill and/or a 
hypocaloric diet program in obese children.  

The intervention based solely on a hypocaloric diet (control 
group), achieved significant reduction in the body composition 
parameters except body fat percentage, muscle mass and basal 
metabolic rate which showed a non significant reduction after 
the two-month program. Similar results were found in another 
intervention of longer duration (12 weeks) and similar diet 
(1200 kcal/day) significantly reduced the BMI and body fat 
percentage. Weight loss was greater in the diet or diet-plus-
exercise group (being similar in these two) than in the 
exercise-only group [29]. In contrast, another study of shorter 
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duration (six weeks), but of greater dietary restriction (900 and 
1200 kcal/day) didn't find any significant changes in weight, 
BMI, fat mass, fat free mass and fat percentage [42]. It is 
possible that these differences may be attributed to the total 
duration of the program, caloric restriction and initial body fat 
distribution.  

In the intervention which combined LBPP supported 
treadmill training and a hypocaloric diet (study group), a 
significant reduction was observed in body composition 
parameters, with a nonsignificant increase in muscle mass and 
basal metabolic rate. These results agree with those of a 
previous study of longer session (90 min/day), higher 
frequency (four days a week) and individual diet (-500 
kcal/day below the initial dietary records). Their exercise 
program included a running, jumping and ball games [28]. 
Both studies show that a combined program of exercise and a 
hypocaloric diet contributes effectively to the prevention of 
obesity in children, probably because this strategy increases 
fat oxidation during exercise [43]. In this regard, a 
combination therapy of diet plus exercise develops aerobic 
capacity, thus improving glucose tolerance and the lipoprotein 
profiles, and reducing the risk of coronary heart disease [44] 
which could be measured in future research, especially that 
promotion of increased energy expenditure for weight 
reduction has not received the same attention as have dietary 
prescriptions. 

Regarding inter group differences, the results showed that 
children benefited more from the combined program than the 
hypocaloric diet alone by better managing their body 
composition. In particular, LBPP supported treadmill training 
group succeeded to gain significant difference in muscle mass 
and basal metabolic rate over hypocalroic diet alone despite 
failure to find a statistical significance increase in these two 
variables intra group which appears to be especially important 
to child's health. This is a positive finding since [45] had 
suggested that a combination of dietary and exercise programs 
for obese children facilitates the selective reduction of body 
fat, while maintaining the amount of muscle of the entire 
body.  

Our study has some limitations. The duration of the 
intervention was only two months without follow up. Indeed, 
this was a pilot study for a subsequent longitudinal analysis of 
the body composition being monitored over the following 
months. One of the limitations of this study was the relatively 
small sample size. Studies with a higher number of children 
may bring important contributions to the behavior of such 
variables. However, the sample may be considered acceptable 
for the purposes of the present work since there have been 
studies in this area working with samples of similar sizes or 
even lower [27], [28]. Inclusion of an exercise only group, a 
nonintervention (with no change in lifestyle) group of obese 
children, and a non obese, sedentary group may also have 
provided further information; however, we thought it was 
difficult to recruit such subjects, particularly without dietary 
advice also. 

V. CONCLUSION 

To our knowledge, this is the first clinical report on the 
recently developed AlterG Anti-Gravity treadmill in weight 
control of obese children. While the potential use of the 
system for various lower-extremity disabilities is apparent, 
this case demonstrates a particularly novel application proven 
effective in improving body composition in obese children.  
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