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Introduction

Childhood obesity has reached epidemic proportions 

worldwide despite major efforts to promote weight reduction. 

The prevalence has increased at an alarming rate, affecting 

more than 75% of overweight and obese children living 

in low- and middle-income countries, particularly in urban 

settings.1 In Brazil, 6 million children and adolescents are 

overweight and obese.2 Childhood obesity results in many 

comorbidities that make up the metabolic syndrome.3,4 Low 

self-esteem has been reported to influence depression, 

social interactions and ability to lose weight.5

Abstract

Objective: To describe the effects of long-term multidisciplinary inpatient therapy on body composition of severely 
obese adolescents.

Methods: A total of 728 extremely obese adolescents, including 249 boys (aged 15.25±1.56 years) and 479 girls 
(aged 15.34±1.59 years) received multidisciplinary therapy during a period of 3 to 9 months. The therapy consisted 
of reduced energy intake, dietetic education, physical exercises and psychological therapy. Body composition was 
assessed by bioelectrical impedance analysis, and physical capacity was assessed by the multistage cycle ergometer 
test. Type and duration of each activity were recorded using a daily controlled activity diary.

Results: There was a significant decrease (p < 0.05) in body mass (27.84±12.49 kg for boys and 21.60±9.87 kg 
for girls), body mass index (9.19±3.88 kg/m2 for boys and 7.72±3.98 kg/m2 for girls) and fat mass. In addition, the 
percentage of fat free mass increased significantly (p < 0.05) in boys (from 58.8±6.41 to 69.98±7.43%) and in girls 
(from 51.86±4.96 to 60.04±5.65%).

Conclusion: Long-term multidisciplinary approach allows significant reduction in severe obesity, preserving 
growth and percentage of fat free mass.
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Treatment of obese adolescents should aim at decreasing 

fat mass (FM), avoiding loss of lean body mass, ensuring 

adequate growth and development, and preventing cyclic 

weight regain.6-8 Improving well-being is a second major 

aspect since psychological disturbances and social distress 

tend to be early features of obesity in the young. As such 

a multidisciplinary therapy proves to be difficult to reach in 

the usual environment. Inpatient units have been designed 

to help adolescents suffering from the most severe forms 

of obesity.9 However, body weight (BW) loss is usually 
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associated with significant declines in FM and fat free 

mass (FFM).

In children, it has been shown that hypocaloric diets 

alone induce FM and FFM reductions, which could explain 

the decreases in the basal metabolic rate (BMR) and thermic 

effect of food during the weight reduction program.10 In 

contrast, a weight reduction program including hypocaloric 

diet, exercise, behavior modification, significant decreases 

in BW and FM without significant reductions in FFM and 

BMR has been reported.11 Preservation of FFM is desirable 

for maintenance of energy expenditure (EE). And other 

important aspects are prevention of BW regain, improvement 

of physical capacities of post-obese children and adolescents, 

as well as possibility of performing normal physical activities 

and interacting with peers.12

Changes in body composition differ markedly between 

boys and girls during puberty. Hormonal changes that 

influence patterns in body fat accumulation and lean body 

mass leading to opposite trends, in boys and girls, have 

been well described in non-obese adolescents.13 Moreover, 

current data on the long-term effects of weight management 

programs for childhood obesity are limited.14

As part of first-line medical intervention, most patients 

will be offered exercise and/or dietary intervention program. 

In such a lifestyle intervention program, two main goals are 

set: (i) weight loss; and (ii) enhanced physical workload 

capacity. However, further studies are needed to define the 

optimal intervention program for obese patients.15

Therefore, the aim of this study was to describe the 

effects of a multidisciplinary weight loss intervention 

based on moderate dietary restriction, regular physical 

training, nutritional, psychological and educational support 

on body composition of male and female adolescents 

suffering from severe obesity.

Methods

A total of 728 extremely obese adolescents, including 

249 boys (age 15.25±1.56 years) and 479 girls (age 

15.34±1.59 years), were admitted at the Rehabilitation 

Centre Insula, Germany, for a planned period of 3 to 9 

months of multidisciplinary inpatient obesity treatment 

after clinical diagnostic from several health institutions and 

approved health insurance from Germany.

This study was carried out in accordance with the 

principles of the Declaration of Helsinki II and was formally 

approved by the Institutional Ethical Committee. Informed 

consent was obtained from all subjects and/or their parents, 

and agreement of the adolescents and their families to 

participate was on a voluntary basis.

The mean duration of stay was 5.88 months. Mean body 

mass index (BMI) at admission was 41.25±7.06 kg/m2 for 

boys and 40.01±6.46 kg/m2 for girls, respectively. Inclusion 

criteria were BMI above the 99.5 percentile of the Centers 

for Disease Control and Prevention (CDC)16 and associated 

metabolic disorders (such as hyperinsulinemia, or diabetes 

mellitus type 2, hyperlipidemia, and hyperuricemia), 

orthopedic problems, psychological disturbances following 

extreme obesity, and motivation for long-term therapy. 

Exclusion criteria were untreated psychiatric disorders, 

lack of motivation and obesity syndromes requiring 

permanent control.

The characteristics of the population are shown in 

Table 1. Patients were housed in therapeutic units of 

approximately 16 patients, except during a week-break 

for a home experience to try the newly learned behavior 

in the family setting.

Medical follow-up included initial examination and 

appropriate tests during regular clinical surveillance 

performed by the physician.

Subjects were weighed wearing underwear and 

barefoot on an electronic scale to the nearest 0.1 kg 

(weight scale Soehnle S20/2060). Height was measured to 

the nearest 0.5 cm by using a wall-mounted stadiometer. 

BMI was calculated as BW divided by height square 

(kg/m2). Body composition was assessed by bioelectrical 

impedance analysis (BIA) (2000-M Analyzer produced 

by DATA Input GmbH, Frankfurt). All procedures are 

performed as previously described by Dittmar.17 According 

to Fernandes et al., BIA is an effective method to 

measure body composition in adolescents and presents 

a good correlation with visceral adiposity.18

The main elements of therapy consisted of reduced 

energy intake (1,500-1,800 kcal per day), dietetic education, 

physical exercises and psychotherapy. Diet was offered 

in five meals (three meals and two snacks) with high 

vitamin and fiber content, consisting of 52% carbohydrates, 

30% fat, and 18% protein. All meals were prepared in 

the kitchen of the rehabilitation centre with the help 

of patients under the supervision of experienced cooks 

and nutritionists, who portioned each meal. The meals 

were calculated in accordance with the German Society 

of Nutrition (Deutsche Gesellschaft für Ernährung, DGE) 

and the guidelines of the optimierte mischkost (optimally 

mixed nutrition) based on initial daily food consumption and 

physical characteristics.19 Patients learned how to improve 

their nutritional behavior in theoretical and practical courses. 

Individual schedules of physical exercise were developed 

according to the initial medical and physical condition of 

the patients. The most relevant physical activities were 

swimming, hiking, biking, cross country skiing and lifting 

training (four sports units per week, each one lasting 

for at least 90 minutes). Psychotherapy consisted of a 

systemic and family-oriented approach with elements of 

behavior, analytic and relaxation methods. Parents were 

included in the therapy program in two-weekend seminars. 

During the rehabilitation period, patients attended their 
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	 Boys	 Girls

	 Baseline (n = 249)	 After (n = 236)	 Baseline (n = 479)	 After (n = 459)

Age (years)	 15.25±1.56	 15.87±1.58	 15.34±1.59	 16.01±1.60

BW (kg)	 127.81±26.41	 99.96±19.57*	 112.31±20.90†	 90.57±15.41*†

Height (m)	 1.75±0.09	 1.77±0.08*	 1.67±0.07†	 1.68±0.07*†

BMI (kg/m2)	 41.25±7.06	 31.84±5.37*	 40.01±6.46†	 32.26±5.27*

FFM (kg)	 73.68±12.74	 69.09±10.91*	 57.46±7.56†	 53.48±6.29*†

FFM (%)	 58.33±6.41	 69.98±7.43*	 51.86±4.96†	 60.04±5.65*†

FM (kg)	 53.86±16.60	 31.07±12.25*	 54.79±15.16	 36.98±10.99*†

FM (%)	 41.48±6.24	 30.19±7.29*	 48.14±5.00†	 40.32±5.78*†

Table 1 -	 Anthropometric profile and body composition of severely obese adolescents before and after long-term multidisciplinary weight 
loss therapy

BMI = body mass index; BW = body weight; FFM = fat free mass; FM = fat mass.
*	 Different from baseline.
†	 Different between boys and girls (significance set at p < 0.05).

	 Boys	 Girls

BW loss (kg)	 27.84±12.49	 21.60±9.87*

BW loss (%)	 21.32±6.88	 18.79±6.36*

BMI loss (kg/m2)	 9.19±3.88	 7.72±3.98*

Duration of treatment (weeks)	 26.21±7.4	 27.93±7.41

Table 2 -	 Changes in BW and BMI in severely obese adolescents 
submitted to a long-term multidisciplinary weight loss 
therapy

BMI = body mass index; BW = body weight.
* Different between boys and girls (significance set at p < 0.05).

individual school or took part in a professional training to 

test further professional goals. Multidisciplinary therapy 

was previously described by Siegfried et al.20

All data were analyzed by means of Statistics 6.0 for 

Windows with significance set at p < 0.05 and expressed 

as mean ± standard deviation (SD).

Comparisons before and after weight loss were made 

using paired t tests, and comparisons between sexes used 

unpaired t tests. Simple and multiple regression analyses 

were performed to examine the relationship between body 

composition and physical characteristic variables.

Results

A total of 249 boys and 479 girls were included. Mean 

age was not different for boys (15.25±1.56 years) and girls 

(15.34±1.59 years). Of all patients who were admitted to 

treatment, only 13 boys (5.22%) and 20 girls (4.17%) did 

not complete therapy.

The physical characteristics of the 695 obese 

adolescents before and after weight loss program are 

show in Table 1.

BW, BMI and FFM (% and kg) were higher in boys than 

in girls, both before and after weight loss and only FM 

(% and kg) was higher in girls. BW, BMI, FM% and FM kg 

steeply decreased in both sexes. During the treatment, 

males and females showed an increase in height. At 

baseline, FFM% was higher in boys than in girls. After 

weight loss, the mean values reached a significant increase 

in boys and girls, respectively (Table 1).

In Table 2, no differences in time of therapy were 

observed. However, total BW loss (27.84±12.49 kg in 

boys and 21.60±9.87 kg in girls); percentage BW loss 

(21.32±6.88 in boys and 18.79±6.36% in girls) and BMI 

decrease (9.19±3.88 kg/m2 in boys and 7.72±3.98 kg/m2 

in girls) were significantly higher in boys than in girls.

The results of simple correlations are shown in Table 

3. In both sexes, the decrease in total BW loss and 

total FM loss were best correlated with their values 

at baseline. However, all anthropometric and body 

composition parameters analyzed in this study exerted 
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	 Boys (n = 235)	 Girls (n = 453)

		  r	 p	 r	 p

Change in BW				  

	 BMI at baseline	 0.65	 0.000000	 0.67	 0.00

	 BW at baseline	 0.70	 0.00	 0.71	 0.00

	 FFM at baseline	 0.57	 0.000000	 0.60	 0.00

	 FM at baseline	 0.63	 0.000000	 0.70	 0.00

	 Duration of treatment	 0.62	 0.000000	 0.54	 0.00

Change in total fat mass				  

	 BMI at baseline	 0.62	 0.000000	 0.64	 0.00

	 BW at baseline	 0.61	 0.000000	 0.66	 0.00

	 FFM at baseline	 0.43	 0.000000	 0.46	 0.000000

	 FM at baseline	 0.66	 0.000000	 0.70	 0.00

	 Duration of treatment	 0.55	 0.000000	 0.51	 0.0

Table 3 -	 Simple correlation coefficient between changes in BW and total fat mass and anthropometric measurements, body composition 
and duration of treatment in severely obese adolescents

BMI = body mass index; BW = body weight; FFM = fat free mass; FM = fat mass. 

		  Boys (n = 235)			   Girls (n = 453)

	 B (slope)	 p	 r2	 B (slope)	 p	 r2

Change in BW			   0.79			   0.79

BW at baseline	 0.54	 0.000000		  0.51	 0.000000	

Duration of treatment	 0.42	 0.000000		  0.35	 0.000000	

BMI at baseline				    0.09	 0.13	

Change in total fat mass			   0.75			   0.75

FFM (kg) at baseline	 0.54	 0.000000		  0.59	 0.000000	

Duration of treatment	 0.37	 0.000000		  0.30	 0.000000

Table 4 -	 Multiple regression of the influence of anthropometric measurements, FFM and time of treatment on the changes in BW and total 
fat mass in severely obese adolescents

BMI = body mass index; BW = body weight; FFM = fat free mass.

a significant effect on BW change. When multiple 

regression was performed, the strongest determinants 

of changes in BW in boys were initial BW and time of 

therapy (r2 = 0.79); in girls, the same variables plus 

initial BMI (r2 = 0.79) (Table 4). Regarding FM loss, 

the main determinants were FFM at baseline and time 

of therapy (r2 = 0.75) for boys and girls.

Discussion

In the past two decades, the world has experienced 

an increased prevalence of obesity, resulting in a global 

obesity epidemic.1,2 A key reason behind this epidemic 

is the lack of physical activity and food abundance. BW 

reduction as a result of exercise training and energy intake 

restriction is attributed to the change in energy balance; 
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in which EE is increased through physical exercise and 

energy intake is either maintained or reduced.15

The important finding of this study is that the described 

multidisciplinary weight loss program is able to decrease 

major obesity level, FM content and to improve FFM% in 

severely obese adolescents.

The results of the present investigation showed that 

after long-term multidisciplinary inpatient therapy, including 

lifestyle education, moderate dietary restriction, regular 

physical training, psychological, clinical and educational 

support, induced considerable reduction in BW, FM and 

BMI, since these adolescents showed a decrease in BMI 

(9.19±3.88 and 7.72±3.99 for boys and girls, respectively). 

Our data are consistent with others from previous 

studies.8,21 Dao et al.,22 after 9 months of multidisciplinary 

intervention, showed higher mean reduction in BMI than 

observed in the present research. It is important to note 

that this difference could be partially explained by the 

duration of therapy.

Caloric restriction may induce negative side effects such 

as growth retardation. Therefore, a weight loss program in 

obese children and adolescents must ensure lasting growth 

and development.23 Despite negative energy balance, 

in the present study, no adverse effect was verified on 

height growth. The same result was reported by Lazzer 

et al.,24 after a 9-month weight reduction period.

A study carried out in obese adults showed that a severe 

energy restriction associated or not with physical activity 

training resulted in significant FFM loss.15 Similarly, in 

adolescents, a severe energy restriction without physical 

training for 3 or 6 weeks or several months resulted in 

significant decreases in FFM.25,26 On the contrary, physical 

training associated or not with energy restriction favored 

FM loss and preserved FFM.11,27

According to previous research with obese adolescents, 

the FFM, which is the main determinant of EE, increased 

steeply in boys while showed the opposite trend in girls, 

both sexes submitted to an exercise protocol.28 It is 

important to mention that, in the present investigation, after 

long-term multidisciplinary therapy, the obese adolescents 

(boys and girls) showed an increase in percentage of 

FFM; however, at baseline and after treatment, boys had 

higher FFM values than girls.

There is evidence that the resting metabolic rate (RMR) 

is largely dependent on FFM.10 RMR is the energy expended 

by active cells to maintain normal body functions at rest. 

In a recent review, Hansen et al.15 reported that RMR is a 

good predictor for long-term weight gain. During a 2-year 

follow-up, the risk of gaining > 7.5 kg of BW increased 4-

fold for those patients with a low adjusted 24-hour resting 

EE. Unfortunately, dietary restriction often leads to an 

additional decline in the basal fat oxidation.29 It reinforces 

the relevance of our results, since our patients presented 

increased percentage of FFM and strongly decreased total 

FM concomitantly. Therefore, we could speculate that this 

new body composition profile will be beneficial for long-

term success in preventing weight regain.

Reduction in BW is correlated, in boys, with the initial 

BW only. In girls, it is correlated with the initial BW and 

FM at baseline. When we performed multiple regression 

analyses, the main determinant factors for BW reduction 

were initial BW and time of therapy (r2 = 0.79) in boys. The 

same factors were observed in girls plus BMI at baseline 

(r2 = 0.79). Total FM decrease is correlated with baseline 

values of FM, BMI and BW in both sexes. Multiple analyses 

revealed that time of therapy and initial FFM are the most 

important variables to determine these responses in boys 

and girls (r2 = 0.59) (Tables 3 and 4). Other studies21,30 

also reported steeper weight losses associated with a low 

calorie diet and presented a positive correlation between 

weight loss and duration of treatment.

Conclusion

Our results demonstrated that this kind of 

multidisciplinary therapy allows significant reduction 

in severe obesity, preserving growth and percentage 

of FFM. At similar obesity levels and age ranges, an 

additional favorable effect is found in boys. The results 

are also related to the 6-month duration of the inpatient 

program and initial values of BW, BMI, FFM and FM in 

obese adolescents.
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