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Abstract
Background: The increase in prevalence of pre-obesity and childhood obesity in most European countries
led to the need to develop effective interventions to reverse this situation. The aim of this study was to
evaluate the e�cacy of a behavioral protocol for the treatment of pediatric overweight.

Methods: The study sample consisted of overweight children/adolescents between six and eighteen
years old. The individuals who were intervened with the application of a behavioral contract belonged to
Behavioral Group (BG) and those who received standard treatment belonged to the Standard Treatment
Group (STG). The evolution of the Body Mass Index (BMI) z-score and body composition were evaluated.

Results: The BG signi�cantly decreased the Body Mass Index (BMI) z-score both in the middle and at the
end of the intervention, but the STG only signi�cantly decreased the BMI z-score at the end of the
intervention. We were also found that the BG signi�cantly decreased the fat mass index (p< 0,05)
compared to the STG (p> 0,05) after twelve months.

Conclusion: The use of a behavioral approach for the treatment of pediatric overweight showed an
improvement in fat mass index and a decrease in BMI at twelve months when compared to a standard
intervention. Thus, the behavioral approach seems to be more effective than a standard long-term
nutritional approach . In summary, the child's accountability in its overweight treatment process seems to
be effective.

1. Introduction
Pediatric obesity is considered one of the greatest health challenges of the 21st century[1]. Its negative
impact on health ranges from its association with several comorbidities in childhood [2–4], to premature
death in adulthood [2].

The treatment of childhood obesity is complex and can might include strategies such as clinical
counseling provided to children, structured multidisciplinary programs and surgical intervention [5].

Several interventions have been developed in order to improve the relationship between patients and
health professionals, which can indirectly increase adherence to treatment. These interventions highlight
the behavioral contract between the patient and the health professional, which consists of a verbal or
written agreement in which one or both parties agree with a change of behaviors related to the patient [6].
In the clinical context, behavioral contracts have been used for eating behaviors [6–8], but also smoking
cessation, rheumatic diseases, tuberculosis [6] and for individuals with speci�c psychiatric conditions [9].
A recent systematic review showed e�cacy of behavioral contracts in short-term weight gain for the
treatment of anorexia nervosa. The authors concluded that use of contracts increases patient
participation, responsibility and motivation in their treatment process, emphasizing that there is little
evidence on the e�cacy of type of intervention in clinical practice [7]. Several authors have shown the
effectiveness of contracts to change behaviors with monetary reward in reducing weight in overweight or
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obese adults [10–12]. However, studies using the behavioral contract method for the treatment of
overweight in children and adolescents, are scarce. It has been concluded that behavioral interventions
result in a clinically signi�cant reduction in overweight in children and adolescents when compared to
standard treatment interventions [13].

The failure of a weight loss program is due to the lack of adherence and interest in the program [14]. The
use of behavioral contracts has been reported as a behavioral strategy to improve patient compliance
with treatment [6].

This study raises the hypothesis that a behavioral approach to nutritional intervention will be more
effective than a standard long-term approach and the main objective was to evaluate the effectiveness of
applying a behavioral protocol for the treatment of pediatric overweight.

2. Materials And Methods
This is a retrospective data analysis study of two groups that received different treatments.

The study population consisted of children and adolescents between six and eighteen years old, of both
sexes, who were referred for treatment of overweight and followed at the largest central hospital in
Portugal between 2012 and 2017. Children/adolescents with overweight were proposed to nutrition
counseling of their multidisciplinary treatment team. The dietitian followed the consultation protocol of
his multidisciplinary team. The intervention group protocol included the use of the behavioral contract
and time between consultations adjusted to the results of children/adolescents. The control intervention
protocol included standard follow-up.

Figure 1 systematizes the course of the interventions under study. In the �rst visit (M0), a behavioral
contract methodology was applied in the BG. This methodology consisted of signing a behavioral
contract negotiated between the dietitian, tutors and the children/adolescent, in order to correct the main
previously identi�ed food errors (e.g.: skip breakfast, don't eat vegetables, drink soft drinks) through a 24-
hour recall. A non-material reward was also de�ned (e.g.: a bike ride, a visit to a theme park, going to a
swimming pool) that would be offered by the tutors of the child/adolescent, if they obtained good results
(meet at least two-thirds of the objectives set). In the second visit, after 1 month (M1), if the
children/adolescent had loss weight, the reward was offered and the nutritional plan was prescribed.
Throughout this treatment, the interval between patient visits ranged between monthly and quarterly in
the �rst six months (M2) and between quarterly and half-yearly in the last six months (M3). In the STG,
the nutritional plan was prescribed during the �rst visit (M0) and the time between visits had a higher
interval, quarterly in the �rst six months (M2) and half-yearly in the last six months (M3) relative to the
BG.

In both interventions, dietitians also encouraged the practice of physical activity.
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For sample selection, we used the child growth curves of the World Health Organization, which adjust the
children’s weight, height and Body Mass Index (BMI) according to sex and age [15]. We included only
children and adolescents, with BMI z-score > 1 at the time of admission to the consultation and with at
least 12 months follow-up. Children and adolescents with previously diagnosed psychiatric pathology
(e.g. autism) or other that compromise the adherence to the program or the collection of the parameters
under study were excluded.

The initial sample consisted of 79 children/adolescents of the Behavioral Group (BG) and 153 of the
Standard Treatment Group (STG). However, for the analysis of results, only children/adolescents who had
at least three assessments (baseline, between three and six months and after 12 months) in the 12-
months interval were admitted. Thus, according to these criteria, 35 individuals of the BG and 55 of the
STG were selected. Figure 2 summarizes the sample selection.

The analyzed data were based on the evolution of the BMI z-score and body composition. All
consultations were in-person. In each consultation data was collected for height (measured with
stadiometer), weight and body composition, measured by weight scale and bioimpedance equipment
with cross-calibration, respectively. Data from the M0 (baseline), M1 (one month after), M2 (six months
after) and M3 (12 months after) of follow-up were collected.

Body composition (fat mass, fat mass index, fat free mass and fat free mass index) was interpreted
through reference values adjusted for sex and age published by Wells, JC. et al. [16]. Since the fat mass
index and the fat free mass index relate fat mass and fat free mass, respectively, with height [17], these
two indexes were chosen as preferential to analyze body composition.

All ethical requirements were ensured, and the study was analyzed and approved by the Ethics Committee
of the Faculty of Medicine of the University of Lisbon and the North Lisbon University Hospital Center
(reference of approval code: 459/18). The informed consent was also approved by the tutors.

Statistical analysis of the data was performed using the Statistical Package for the Social Sciences
(SPSS) version 22 (Microsoft Windows®).

Descriptive statistics consisted in the calculation of means and standard deviations (SDs) for continuous
variables and in the presentation of relative and absolute frequencies for ordinal and nominal variables.

To calculate the differences between groups, we used the Student T test (for independent samples) and
the Mann-Whitney test. We also used the Student T test for paired samples or the Wilcoxon test to
compare the mean differences between the beginning and the end of the intervention.

For the study of evolution over time by groups, the ANOVA test of repeated measurements and the
Friedman test were used. For the comparison between groups in the qualitative variables, the Chi-Square
test, Fisher's exact test or the Chi-Square test by Monte Carlo simulation were used. Statistical
signi�cance for p < 0,05 was accepted in all analyzes.
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3. Results

3.1. Sample characterization
A total of 90 patients were included in the study. The characteristics of the patients and their nutritional
status are shown in Table 1. There was no statistically signi�cant difference between the two groups,
regarding the mean age, gender, BMI z-score, fat mass index and fat free mass index (p > 0,05).

Through the analysis of the fat free mass index percentiles [16], in both groups, all children/adolescents
had a fat free mass index de�cit.
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Table 1
Characteristics and nutritional status at baseline.

  Behavioral Group

n = 35

Standard Treatment Group

n = 55

p-value*

Variable Mean ± SD

%(n)

Mean ± SD

%(n)

 

Age(years) 11,05 ± 3,18 12,20 ± 2,03 0,100a

Gender

Female

Male

 

65,7% (23)

34,3% (12)

 

60% (33)

40% (22)

 

0,586b

Weight (kg) 55,60 ± 19,38 68,14 ± 17,86 0,002c

Height (m) 1,44 ± 0,16 1,54 ± 0,12 0,002a

BMI (kg/m2) 25,96 ± 4,27 28,13 ± 3,97 0,016c

BMI z-score 2,54 ± 0,80 2,57 ± 0,56 0,802c

BMI z-score classes

Obesity

Pre-obesity

 

80% (28)

20% (7)

 

83,6% (46)

16,4% (9)

 

0,660b

Fat Mass (%) n = 26 37,96 ± 5,49 n = 14 37,75 ± 5,80 0,910c

Fat Mass (kg) n = 26 23,15 ± 8,64 n = 14 25,60 ± 7,70 0,307a

Fat Mass Index (kg/m2) n = 26 10,38 ± 2,87 n = 14 10,41 ± 2,53 0,973c

Fat Mass Index classes

Obesity

Pre-obesity

Normal

 

80,8% (21)

11,5% (3)

7,7% (2)

 

71,4% (10)

28,6% (4)

-

 

0,317b

Fat Free Mass (%) n = 26 29,69 ± 4,14 n = 12 31,45 ± 4,50 0,233a

Fat Free Mass (kg) n = 26 17,65 ± 4,62 n = 12 22,03 ± 6,85 0,026c
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  Behavioral Group

n = 35

Standard Treatment Group

n = 55

p-value*

Fat Free Mass Index (kg/m2) n = 26 7,93 ± 1,13 n = 12 8,66 ± 1,56 0,128a

a Mann-Whitney test; bChi-square test; cT student test (independent sample); d Chi-square test Monte
Carlo simulation; * difference between groups; SD = standard deviation.

 

3.2. Follow-up intervention
Table 2 shows that the mean BMI z-score decreased over time in both groups (p < 0,05). This decrease
was more pronounced in the BG, probably because at 12 months of follow-up, the mean BMI z-score
decreased by 22,3% ± 18,7%, while the STG decreased on average 7,9% ± 14,6% (p < 0,05). We also found
that after 12 months, 31,4% and 20% of the children/adolescents of the BG and the STG, respectively,
were no longer obese.

Moreover, the mean BMI z-score decreased more pronouncedly in the �rst 3 to 6 months in both groups
(BG: -0,41; p < 0,05 and STG: -0,15 p < 0,05) than in the last 6 months (BG: -0,12 p < 0,05 and STG: -0,07 p > 
0,05). However, only a signi�cant difference was found between the groups in the decrease in BMI z-score
between the beginning and after 3 or 6 months (p < 0,05).

Regarding the mean of fat mass index, it decreased in both groups, although the difference was only
signi�cant in the BG.

When analyzing the evolution of the mean fat free mass index, there was a decrease in both groups at 12
months of follow-up, and this decrease was lower in the BG (0,1 ± 0,7) than in the STG (0,3 ± 1,7) (p > 
0,05).

The relationship between the evolution of the fat mass index and the evolution of the BMI z-score was
also analyzed. We found a strong positive correlation between the decrease in the BMI z-score and the fat
mass index at 12 months of follow-up (r = 0,8; p < 0,05) in the BG.

Also, the analysis of the relationship between the mean fat free mass index and the mean BMI z-score,
showed a positive correlation in both groups between baseline and after 12 months of follow-up (BG: r = 
0,7, p < 0,05; STG: r = 0,7, p = 0,05).
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Table 2
Nutritional evolution of children and adolescents.

    Baseline M2

(6 months of
follow-up)

M3

(12 months
follow-up)

p-
value*

Variable   Mean ± 
SD

% (n)

Value
p

Mean ± 
SD

% (n)

Value
p

Mean ± 
SD

% (n)

Value
p

 

BMI z-score BG(n = 
35)

2,54 ± 
0,80

0,427a 2,12 ± 
0,82

0,055b 2,00 ± 
0,81

0,028b 0,000c

STG(n 
= 55)

2,57 ± 
0,56

2,43 ± 
0,49

2,36 ± 
0,59

0,000d

BMI z-score
classes

               

Obesity BG 80%
(28)

0,660e 54,3%
(19)

0,003f 48,6%
(17)

0,005f 0,000 d

Pre-obesity 20%(7) 31,4
(11)

34,3%
(12)

Eutrophic - 14,3%
(5)

17,1%
(6)

Obesity STG 83,6%
(46)

78,2%
(43)

63,6%
(35)

0,264 d

Pre-obesity 16,4%
(9)

21,8%
(12)

36,4%
(20)

Eutrophic - - -

Fat Mass (kg) BG(n = 
24)

24,03 ± 
8,39

0,850a - 21,97 ± 
7,53

0,404b 0,037 g

STG(n 
= 10)

25,40 ± 
8,99

24,28 ± 
6,44

0,029h

Fat Mass (%) BG 38,45 ± 
5,27

0,557b - 35,62 ± 
6,54

0,597b 0,209h

STG 37,32 ± 
5,11

34,42 ± 
3,96

0,596h

Fat Mass Index BG 10,64 ± 
2,83

0,575b - 9,35 ± 
2,66

0,712b 0,002b

aMann-Whitney test; b T-studen test independente-samples;bT-student test (independent sample); c

ANOVA test repeated measures; dFriedman test; eChi-square test; f Chi-square test Monte Carlo
simulation; gWilcoxon test; hT-student test (paired-samples); *Difference in each group; SD = standard
deviation.
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    Baseline M2

(6 months of
follow-up)

M3

(12 months
follow-up)

p-
value*

STG 10,05 ± 
2,61

9,69 ± 
1,89

0,707 b

Fat Mass Index
classes

             

Obesity BG 83,3%
(20)

0,220f - 66,7%
(16)

0,775f 0,000 g

Fat Mass Index
excess

12,5%
(3)

29,2%
(7)

Normal 4,2%(1) 4,2%(1)

Obesity STG 60%(6) 80%(8) 0,004 g

Fat Mass Index
excess

40%(4) 20%(2)

Normal - -

Fat Free Mass
(kg)

BG (n = 
23)

18,30 ± 
4,30

0,064a - 18,91 ± 
4,15

0,042a 0,140 g

STG (n 
= 8)

21,96 ± 
5,16

22,18 ± 
4,03

0,892h

Fat Free Mass
(%)

BG 29,77 ± 
4,19

0,047a - 31,07 ± 
4,39

0,527a 0,015 g

STG 31,76 ± 
3,16

30,98 ± 
3,70

0,559h

Fat Free Mass
Index

BG 8,04 ± 
1,11

0,240a - 7,94 ± 
1,09

0,294b 0,484 g

STG 8,49 ± 
1,29

8,18 ± 
1,04

0,612b

aMann-Whitney test; b T-studen test independente-samples;bT-student test (independent sample); c

ANOVA test repeated measures; dFriedman test; eChi-square test; f Chi-square test Monte Carlo
simulation; gWilcoxon test; hT-student test (paired-samples); *Difference in each group; SD = standard
deviation.

4. Discussion
The prevention of childhood obesity is undoubtedly the best treatment, but when obesity is already
installed, an organized intervention should be instituted for the correct dietary counseling, in order to
maintain or lose weight in children [18]. The literature has pointed out that the treatment of childhood
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overweight should include a therapy based on the modi�cation of behaviors with the involvement of
children/adolescent and the participation of tutors in the treatment process [19]. However, there is no
evidence regarding the most effective type of behavioral approach [20]. The present study contributed to
the evidence of a behavioral and personalized intervention to the children reality, through the use of a
behavioral contract in the treatment of childhood overweight. The use of reinforcement or reward systems
of the desired behavior is useful since it encourages new health related behaviors [21]. Finkelstein et al.
[22], compared two groups of adults with pre-obesity or obesity in a weight loss program. One of the
groups received a reward if the goals of weight loss were achieved and the other group received no
reward. They found that the adults who received a reward lost on average twice as much weight as those
who did not receive a reward after the four months of intervention (3,4 kg vs 1,4 kg, p < 0,05). Another
study looked at the effect of using the rewarded and unrewarded behavioral contract on weight loss with
three groups of �ve female children from �ve to ten years old. The authors concluded that children in the
rewarded group lost more weight than children in the unrewarded group after 12 weeks of follow-up [23].
Likewise, in the present study, the children and adolescents of the BG received a reward when the goals
were ful�lled, and at the end of the intervention they decreased the BMI z-score more than in the STG.

In a randomized study [24], the authors evaluated the effects of a six-month intervention for the treatment
of obesity in children aged �ve to eight years old. The children of the intervention group received monthly
sessions on eating and physical activity behavior change, also signing a behavioral change contract.
Children in the control group participated in a standard treatment with regular visits to their physician in
order to follow their advice. However, unlike the results of the present study, these authors did not obtain
signi�cant differences in the BMI z-score after six months of follow-up.

Although reference values for body composition for pediatric age have already been published [16], there
are few studies that include body composition as an outcome of nutritional intervention in this
population. In the present study, there was a signi�cant improvement in body composition at 12 months
of follow-up in the BG, particularly in the fat mass index. In a randomized study with obese children aged
seven to nine years old which aimed to compare the impact of a program of 14 group sessions with a
program of two routine counselling consultations in body composition and metabolic pro�le, the authors
found higher decreases of fat mass (kg) in the group program children, with a decrease of BMI z-score
greater than or equal to 0,25 [25]. These results corroborate those obtained in the present study, where
there was a greater decrease in fat mass (kg) after 12 months follow-up in the BG than in the STG.
However, other authors suggest that a decrease of 0,5 BMI z-score up to six months or 0,6 between six
and twelve months is associated with a clinically relevant reduction in the percentage of fat mass [26].

The present study also had some limitations that should be considered. As a limiting factor, the reduced
sample size and retrospective design are included. In addition, during the initial characterization of the
sample, there was a signi�cant difference in BMI between the two groups. This result may also be due to
a statistically signi�cant difference between the groups regarding weight and height. However, when the
BMI z-score was evaluated, no signi�cant difference was found. Also, the fact that the practice of
physical activity or time spent on sedentary activities has not been evaluated can be considered a
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confounding factor. The short follow-up may limit the conclusions regarding the long-term effects of the
intervention. However, this is a limitation of many of the intervention studies in the treatment of obesity.

As strengths to the present work, we compared the intervention with a standard treatment for pediatric
excess weight. Furthermore, it also added evidence regarding the use of the behavioral contract method in
the treatment of overweight children.

It is noteworthy, however, to consider the importance of future studies in this area with a more rigorous
methodology, in order to demonstrate the potential advantages of this type of intervention in the
treatment of pediatric overweight. Future studies should aim to be prospective, include a larger number of
participants, analyze the social condition and the pubertal stage; evaluate the practice of physical activity
and evaluate the results with a follow-up time which is longer than 12 months.

We conclude the superior outcomes presented by the BG versus STG are due to the follow-up protocol
that was based on the use behavioral contract with reward, a greater proximity and temporal adjustment
between nutrition consultations and greater accountability and commitment of the children / adolescent
to treatment.

In summary, the use of an intervention through a behavioral contract in children and adolescents affected
by overweight has shown to be effective in decreasing BMI z-score at six and twelve months of follow-up.
However, the outcomes of the behavioral approach appear to have a higher impact with a 12-month
intervention when compared with a standard dietary counseling intervention.

5. List Of Abbreviations
BG – Behavioral Group

BMI – Body Mass Index

STG – Standard Treatment Group

SD – Standard Deviation

Kg – Kilogram
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Figures

Figure 1

Flowchart of the data collection methodology.
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Figure 2

Sample selection.


