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A B S T R A C T

Background: Multidisciplinary interventions have shown some merits in weight reduction strategies in youth,
however, their impact on subsequent daily energy intake remains largely unknown. The aim of the present study
was to evaluate the nutritional responses to a 10-month multidisciplinary intervention among adolescents with
obesity, in relation to their eating behavior characteristics.
Methods: Thirty-five adolescents (mean age: 13.4 ± 1.2 years) with obesity took part in a 10-month residential
multidisciplinary weight loss program. Anthropometric measurements, body composition (dual-energy X-ray
absorptiometry), 24-h ad libitum energy intake (weighted), eating behaviors (Dutch Eating Behavior
Questionnaire) and appetite sensations (Visual Analogue Scales) were assessed on three occasions: at their ar-
rival in the institution (T0), after 5 months (T1), and at the end of the 10-month program (T2).
Results: The mean weight loss reached 11% of the adolescents’ initial body weight, with an important inter-
individual variability (−25% to +3% of their initial body weight). Results revealed sex differences change, with
boys showing a higher decrease in fat mass percent and increase in fat-free mass compared with girls. Weight
loss was accompanied by a significant decrease in emotional (−8.3%, p < 0.05) and external (−14.8%,
p < 0.001) eating scores and a significant increase in 24-h ad libitum energy intake (+246 kcal, p < 0.001).
The observed subsequent increased 24-h ad libitum energy intake at T2 compared to T0 was significantly higher
in cognitively restrained eaters (+492 kcal) compared to unrestrained eaters (+115 kcal, p = 0,015). Dietary
restraint score at baseline was inversely correlated with the percentage of weight loss (r = −0.44, p = 0.010).
Conclusion: A 10-month multidisciplinary weight loss intervention induced an increase in 24-h ad libitum energy
intake compared to baseline, especially in cognitively restrained eaters. Moreover, initially cognitively re-
strained eaters tended to lose less body weight compared to unrestrained ones. These findings suggest that
cognitive restriction may be a useful eating behavior characteristic to consider as a screening tool for identifying
adverse responders to weight loss interventions in youth.
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1. Introduction

Childhood obesity is a public health concern with one out of five
children having obesity in Europe (WHO European Childhood Obesity
Surveillance Initiative, 2016). Since obese adolescents have an 80%
increased risk of becoming obese adults (Guo & Chumlea, 1999) and
developing associated metabolic disorders that might increase their
morbidity and reduce their life expectancy (Lifshitz, 2008), developing
effective strategies to address childhood obesity remains a priority.

The social pressure to be thin has adverse effects by promoting body
dissatisfaction, negative affects and disrupted eating attitudes and be-
haviors (Caqueo-Urízar et al., 2011), and concerns for dieting and
cognitive restriction can start very early in children (Sinton & Birch,
2005; Tiggemann & Lowes, 2002). In particular, young overweight
adolescents are reporting higher sociocultural and familial pressures to
reach an ideal body weight. Although some cross-sectional studies
highlight that restrained eating is positively associated with body
weight (Braet et al., 2008; Megalakaki, Mouveaux, Hubin-Gayte, &
Wypych, 2013; Vogels et al., 2006), it remains difficult to determine
whether restrained eating is a cause or a consequence to overweight
(Snoek, Strien, Janssens, & Engels, 2007; Wardle et al., 1992). Several
studies have been conducted in adults, providing evidence for both
increased (Chaput et al., 2009; Drapeau et al., 2003; van Strien,
Herman, & Verheijden, 2014) or decreased body weight (Schaumberg,
Anderson, Anderson, Reilly, & Gorrell, 2016) among dietary restrained
individuals; however, this remains largely unexplored among children
and adolescents. Studies are particularly needed regarding the potential
effect of eating behavior traits, especially dietary restraint, on the
success and efficacy of anti-obesity interventions among adolescents.

“Restrained eating” (i.e., cognitive effort to restrict energy density
and food consumption (Hays & Roberts, 2008)) has been associated
with potential risks for overeating through its association with disin-
hibition (i.e. the tendency to overeat in response to different stimuli
(Polivy & Herman, 1985)). Cognitive restriction ignores appetite sen-
sations and internal needs but refers to external rules and diet restric-
tions to regulate energy intake. Cognitive restriction could therefore
appears as an ally to maintain (or lose) weight. Besides, when coupled
with low disinhibition rate, cognitive restriction has been associated
with beneficial dietary patterns and a successful weight management
(Johnson, Pratt, & Wardle, 2005; Sarlio-Lähteenkorva & Rissanen,
1998). However, many studies highlighted the link between cognitive
restriction and binge eating (Chaput et al., 2009; Drapeau et al., 2003;
van Strien et al., 2014), which could explain why cognitive restriction is
associated, on the long term, with weight gain.

Physical activity has recently been described as a good strategy for
decreasing eating disorders, food reward and energy intake in adults
and obese adolescents (Blanchet et al., 2018; Schwartz, King, Perreira,
Blundell, & Thivel, 2017). Recently, Martin-Gracia et al. (Martín-García
et al., 2017) found that a 3-month vigorous physical activity inter-
vention decreased emotional eating in overweight boys and girls. In
their systematic review, Schwartz et al. (Schwartz et al., 2017) con-
cluded that physical activity interventions helped to decrease daily
energy intake in adolescents with obesity. Such results suggest that the
effect of physical activity interventions on overall health, body weight
and body composition might be in part mediated by modifications in
eating behaviors in youth with obesity. However, most studies relied on
self-reported dietary intake, which, as indicated by previous work, is a
major limitation for the interpretation of findings (Schwartz et al.,
2017). Moreover, as obesity is a multifactorial disease, it appears es-
sential to combine different disciplines to favor long-term improve-
ments.

Multidisciplinary interventions combining physical activity, nutri-
tional guidelines and psychological support are recommended among
youth with obesity (Boff, RPA, Batista, de Souza, & Oliveira, 2017).
Such interventions have been shown effective (at least in the short
term), leading to significant improvements in body weight and body

composition (Knöpfli et al., 2008), physical fitness (Knöpfli et al.,
2008), cardio-metabolic profile (Bianchini et al., 2013), and health-
related quality of life (Fonvig et al., 2017) among others. However, they
have also been found to suffer from an important inter-individual
variability in the response to the programs among adolescents (Jelalian
et al., 2008). It thus seems important to better understand the main
characteristics that can explain this variability in order to better in-
dividualize these programs. Eating behavior appears as one important
candidate whose implication in the success of weight loss programs has
to be explored (Harris & George, 2008; Visona & George, 2002).

Given the clinical importance of identifying the individual de-
terminants that could help improving our long-term obesity reduction
strategies, this study aimed to explore the effect of a 10-month multi-
disciplinary intervention on body composition, energy intake and
eating behaviors in adolescents with obesity, questioning whether
certain eating behavior traits of adolescents could be associated with
the success of the intervention. This information is important because it
could help to better screen for good and adverse responders to a weight
loss program, and may provide additional tools to health care providers
wishing to reduce the inter-individual variability generally observed for
any given weight loss intervention.

2. Methods

2.1. Participants

A total of 35 adolescents (mean age: 13.4 ± 1.2 years) with obesity
as defined by Cole et al. (Cole, Bellizzi, Flegal, & Dietz, 2000) (mean
BMI z-score: 2.2 ± 0.4; BMI percentile: 98.0 ± 2.7) were enrolled in
this study (12 boys and 23 girls) through local pediatric consultations.
Convenience sampling was used in this study. To be included, the
adolescents had to: i) be aged between 11 and 15 years; ii) present a
BMI equal or above the 95th percentile for their gender and age (Cole
et al., 2000); iii) be free of any medication that could interact with the
protocol (e.g., thyroid medication, stimulant medication, medication
for diabetes); iv) present no contraindication to physical activity; and v)
take part in less than 2 h of physical activity per week (according to the
International Physical Activity Questionnaire – IPAQ). All the adoles-
cents and their legal representative received information sheets and
signed up consent forms as requested by the ethical authorities.

2.2. Protocol design

After a medical inclusion realized by a pediatrician to ensure their
ability to complete the study, the adolescents were enrolled in a 10-
month residential multidisciplinary weight loss program in a local
Pediatric Obesity Center (Tza Nou, La Bourboule, France). Maturation
status was assessed by the physician using the Tanner stages during the
first medical visit. Anthropometric measurements, body composition
(dual-energy X-ray absorptiometry), resting metabolic rate (indirect
calorimetry), daily energy intake (ad libitum buffet meals), eating be-
havior traits (Dutch Eating Behavior Questionnaire) and appetite sen-
sations (visual analogue scales) were assessed before (T0), after 5
months (T1), and at the end of the 10-month program (T2). This study
was conducted in accordance with the Helsinki declaration and re-
ceived an ethical agreement from official authorities (CPP Sud Est VI:
2015-33; Clinical Trial NCT02626273).

2.3. Measurements

The following measurements have been performed on three dif-
ferent occasions (baseline, intermediaries and at the end of the 10-
month intervention).

2.3.1. Anthropometric characteristics and body composition
Body weight and height were recorded to the nearest 0.1 kg and
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0.5 cm, respectively, while wearing light clothes and bare-footed, using
respectively a digital scale and a standard wall-mounted stadiometer.
BMI was calculated as weight (kg) divided by height squared (m2).
Afterwards, BMI was reported in the sex and age dependent French
reference curves to get the BMI percentile. Fat mass (FM) and fat-free
mass (FFM) were assessed, under fasted state, by dual-energy X-ray
absorptiometry (DXA) following standardized procedures (QDR4500A
scanner, Hologic, Waltham, MA, USA).

2.3.2. Eating behavior traits
Eating behavior traits were assessed using the Dutch Eating

Behavior Questionnaire (DEBQ) (Strien, Frijters, Bergers, & Defares,
1986). Three domains were evaluated: restrained eating (individuals’
efforts to limit their food intake to control body weight or to promote
weight loss; 10 items), emotional eating (excessive eating in response to
negative moods; 13 items) and external eating (eating in response to
food-related stimuli, regardless of the internal state of hunger or satiety;
10 items). Participants filled the 33 items in a six-point Likert scale
(never (WHO European Childhood Obesity Surveillance Initiative,
2016), seldom (Guo & Chumlea, 1999), sometimes (Lifshitz, 2008),
often (Caqueo-Urízar et al., 2011), very often (Tiggemann & Lowes,
2002) and not relevant (0)). Their answers were coded following the
instructions given by Lluch et al. (Lluch et al., 1996). Means for each
domain were calculated, with higher scores indicating greater en-
dorsement of the eating behavior. Scores equal to or above three were
used to categorize adolescents as restrained, emotional and/or external
eaters (Antinori, 2004). This questionnaire has been previously vali-
dated in its French version (Lluch et al., 1996).

2.3.3. Ad libitum energy intake
Daily ad libitum energy intake was assessed during three single test

days performed at baseline (T0), in the middle (T1) and at the end of
the program (T2). At 08:00, after an overnight fast, the adolescents
consumed a standardized calibrated breakfast respecting the re-
commendations for their age (≈500 kcal) (Pradalie, 2003). Lunch and
dinner meals were served ad libitum using a buffet-type meal. The
content of the buffets was determined based on the adolescent's food
preferences and eating habits. Top rated items as well as disliked ones
and items liked but not usually consumed were excluded to avoid over-,
under- and occasional consumption. At lunch, the menu was composed
of beef steaks, pasta, mustard, cheese, yogurt, apple sauce, fruits and
bread. Dinner menu was composed of ham/turkey, beans, mashed po-
tatoes, cheese, yogurt, apple sauce, fruits and bread. Food items were
presented in abundance and accompanied with tap water only. Ado-
lescents made their choices and composed their trays individually be-
fore joining their habitual table (5 adolescents per table). Adolescents
were told to eat until feeling comfortably satiated and had access to
extra food if wanted. Food intake was weighted by the experimenters
and the macro nutritive distribution (proportion of fat, carbohydrate
and protein) as well as the total energy consumption in kcal were cal-
culated using the software Bilnut 4.0. Total daily energy intake was
calculated by summing up breakfast, lunch and dinner meals. This
methodology has been previously validated and published (Thivel,
Genin, Mathieu, Pereira, & Metz, 2016). Between the two ad libitum test
meals, the adolescents were requested not to engage in any moderate to
vigorous physical activity and mainly performed sedentary activities
such as reading, homework, or board games.

2.3.4. Subjective appetite sensations
Appetite sensations were collected throughout the day using visual

analogue scales (150mm scales). Adolescents had to report their
hunger, fullness, desire to eat and prospective food consumption at six
regulated times: before and right after the breakfast, lunch, and dinner.
The questions were i) “How hungry do you feel?”, ii) “How full do you
feel?”, iii) “Would you like to eat something?”, iv) “How much do you
think you can eat?” (adolescents were asked to respond on a scale from

“not at all” to “a lot”). This method has been previously validated (Flint,
Raben, Blundell, & Astrup, 2000).

2.3.5. Resting metabolic rate
Resting metabolic rate (RMR) was measured in the morning, under

fasted state, using indirect calorimetry (K4b2, Cosmed, Rome, Italy).
Before each test, gas analysis was calibrated in accordance with the
manufacturer's recommendations. Participants extended in a supine
position in a thermoneutral environment (22–25 °C room temperature)
for 45min before starting the measurements. After achieving a steady
state, O2 consumption and CO2 production standardized for tempera-
ture, barometric pressure and humidity was recorded at 1min intervals
for 20–45min and averaged over the whole measurement period.
Resting metabolic rate (in kcal/day) and respiratory quotient (ratio of
CO2/O2) were thereafter calculated.

2.4. Multidisciplinary weight loss program

The 10-month residential multidisciplinary weight loss program
combined physical activity, nutritional education and psychological
support. The physical activity intervention was composed of four 60-
min physical activity sessions per week including aerobic training,
strength training, aquatic activities and leisure-time activities (e.g.
soccer). Concomitantly, the adolescents attended 2 h of physical edu-
cation per week at school. The adolescents also attended nutritional
education classes twice a month led by a dietician and received psy-
chological support through individualized consultations with a profes-
sional once a month. During the intervention, the adolescents were
submitted to a normo-caloric diet based on their age and sex re-
commendations (Murphy & Poos, 2002).

2.5. Statistical analysis

Statistical analyses were performed using Statview (version 4 for
Windows) and Stata software, Version 13 (StataCorp, College Station,
TX, US). All tests were two-sided, with a Type I error set at 0.05.
Continuous data was expressed as mean ± standard deviation (SD) or
median [interquartile range] according to statistical distribution. The
assumption of normality was assessed by using the Kolmogorov-
Smirnov test. Random-effects models for repeated data were performed
to study the evolution between T0, T1 and T2 for weight, body com-
position, RMR, eating behaviors, ad libitum energy intake and macro-
nutrient consumption among boys and girls. For appetite sensations,
area under the curves (AUC) based on the trapezoid methods was also
analyzed. Then, the following fixed effects were evaluate: time, gender
and time x gender interaction, taking into account between and within
patient variability (subject as random-effect). When appropriate, a
Šidák's post-hoc test for multiple two by two comparisons was applied.
The normality of residuals from these models was studied using the
Shapiro-Wilk test. When appropriate, a logarithmic transformation was
proposed to achieve the normality of dependent outcome.

Concerning non-repeated measures, quantitative variables were
compared between groups by means of analysis of variance (ANOVA) or
Kruskal-Wallis test when the assumptions of ANOVA were not met
(normality and homoscedasticity analyzed using the Bartlett test).
These analyses were conducted to compare (i) baseline parameters
(e.g., weight, body composition) and their variation at the end of the
10-month intervention between restrained and non-restrained eaters,
emotional and non-emotional eaters, and external and non-external
eaters and (ii) eating behavior scores between adolescents who
achieved more than 10% weight loss versus those who lost less than
10% of their initial body weight and (iii) energy intake between the
four different trajectories of cognitive restraint during the 10-month
weight loss intervention (i.e., restrained adolescents staying restrained;
restrained adolescents becoming non-restrained; non-restrained ado-
lescents staying non-restrained; and non-restrained adolescents

M. Miguet et al. Appetite 134 (2019) 125–134

127



becoming restrained). As proposed by some statisticians (Feise, 2002;
Rothman, 1990) a particular focus will be given to the magnitude of
differences, in addition to inferential statistical tests expressed using p-
values. The results were expressed using Hedges's effect-sizes and re-
gression coefficients with 95% confidence intervals. Categorical para-
meters were compared between groups using Chi-squared or Fisher's
exact tests, notably to compare restrained and non-restrained responses
to the ad libitum meal. The relationships between quantitative variables
(more precisely between baseline eating behavior scores and weight
and body composition variations) were studied estimating correlation
coefficients (Pearson or Spearman, according to statistical distribution)
applying a correction of type I error (Šidák's).

3. Results

3.1. Participant characteristics

Among the initial 41 children included, 35 completed the 10-month
intervention (85% retention). Data analyses were performed on these
35 children. Of the six participants who left the trial, 1 dropped out for
family reasons, 3 were excluded for disciplinary reasons, and 2 for
school-related reasons. None of the drop outs was related to the study
protocol.

Anthropometric and metabolic parameters were not significantly
different among boys and girls at baseline. Changes are presented in
Table 1. Body weight and BMI decreased significantly through the in-
tervention in the same way for boys and girls. FM percent decreased
significantly in both groups with a higher decrease in boys (p for in-
teraction< 0.0001). FFM significantly decreased in girls during the
intervention whereas it increased in boys (p for interaction< 0.0001).
Inter-individual body weight, FM and FFM variations among boys and
girls are presented in Fig. 1. Resting metabolic rate only changed
among boys, with a significant increase. Resting respiratory quotient
significantly decreased in both groups with no gender effect.

3.2. Energy intake, dietary profile and appetite feelings

As shown in Table 2, baseline dinner and whole day energy intake
were higher in boys compared to girls. Boys ate more proteins (in grams
and percentage). Both boys and girls showed increased ad libitum

energy intake at the end of the intervention (boys increased energy
intake at lunch, dinner and whole day; whereas girls increased their
food consumption at dinner and whole day). Both increased the per-
centage of proteins and decreased the proportion of lipids and carbo-
hydrates. At baseline, boys and girls showed similar restraint, external
and emotional eating scores. Throughout the intervention, external
eating scores decreased significantly in both groups; emotional eating
scores decreased only in boys and restraint eating scores did not
changed.

Fasting and daily hunger, satiety, desire to eat and prospective food
consumption (assessed with visual analogue scales) were not sig-
nificantly different between T0 and T2 (supplementary materials).

3.3. Relationships between eating behaviors traits, energy intake and body
composition

At baseline, significantly lower body weight and FFM were found in
external eaters compared to non-external ones (82.6 vs. 97.0 kg for
body weight, p < 0.01, hedges's g= 0.92 [0.22, 1.60], and 48.8 vs.
56.0 kg for fat-free mass, p < 0.05, hedges's g= 0.82 [0.13, 1.50]). FM

Table 1
Anthropometric and metabolic changes among boys and girls throughout the 10-month weight loss multidisciplinary program.

T0
Mean (SD)

T1
Mean (SD)

T2
Mean (SD)

Time effect Hedges g Sex effect Time x Sex Regression coefficient

Weight (kg)
Boys n= 12 90.8 (18.2) 83.5 (13.8)∗∗∗ 79.4 (12.5)∗∗∗# <0.0001 0.69 [0.20, 1.16] NS NS 1.25 [-2.30, 4.81]
Girls n=22 87.8 (16.7) 80.4 (14.8)∗∗∗ 77.6 (14.2)∗∗∗##

BMI (kg/m2)
Boys n= 12 33.6 (4.6) 30.2 (3.8)∗∗∗ 27.9 (3.5)∗∗∗### <0.0001 1.14 [0.63, 1.64] NS NS 0.94 [-0.45, 2.33]
Girls n=22 33.5 (5.1) 29.8 (4.3)∗∗∗ 28.7 (4.1)∗∗∗#

FM (%)
Boys n= 12 36.9 (5.8) 29.6 (5.0)∗∗∗ 25.4 (6.4)∗∗∗### <0.0001 1.41 [0.89, 1.93] 0.0159 0.0001 4.83 [2.81, 6.85]
Girls n=22 39.3 (4.7) 33.9 (4.9)a∗∗∗ 32.6 (5.3)b∗∗∗#

FFM (kg)
Boys n= 12 54.2 (10.6) 56.5 (9.2)∗∗ 56.8 (9.2)∗∗ 0.0244 −0.03 [-0.50, 0.43] 0.0906 <0.0001 −3.63 [-5.09, -2.17]
Girls n=22 50.8 (8.3) 50.7 (8.5) 49.7 (7.9)a∗∗#

RMR (kcal/day)
Boys n= 11 2124 (377) 2597 (338)∗∗ 2596 (457)∗∗ 0.0003 −0.56 [-1.07, -0.05] 0.0042 NS −327.60 [-645.76, 9.43]
Girls n=15 1965 (354) 2150 (355)c 2152 (387)c

RQ (VCO2/VO2)
Boys n= 11 0.90 (0.10) 0.81 (0.04)∗∗ 0.80 (0.08)∗∗ 0.0001 1.33 [0.77, 1.89] NS NS 0.01 [-0.06, 0.08]
Girls n=15 0.88 (0.04) 0.83 (0.06) 0.81 (0.09)∗

T0: 0 month; T1: 5 months; T2: 10 months; BMI: Body Mass Index; FM: Fat Mass; FFM: Fat-Free Mass; RMR: Resting Metabolic Rate; RQ: Respiratory Quotient; SD:
Standard Deviation. a: significantly different between boys and girls with p < 0.05; b: significantly different between boys and girls with p < 0.01; c: significantly
different between boys and girls with p < 0.001; *: significantly different with T0 with p < 0.05; **: significantly different with T0 with p < 0.01; ***:
significantly different with T0 with p < 0.001; #: significantly different with T1 with p < 0.05; ##: significantly different with T1 with p < 0.01; ###:
significantly different with T1 with p < 0.001.

Fig. 1. Inter-individual differences in weight, fat mass (FM) and fat-free mass
(FFM) variations in response to a 10-month multidisciplinary weight loss pro-
gram among boys and girls.
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did not differ between external and non-external eaters. Body weight,
FFM and FM did not differ between restrained and non-restrained and
between emotional and non-emotional eaters.

A significant inverse correlation was observed between the baseline
cognitive restraint eating score and the percentage of weight loss
(p=0.010; r=−0.44), with the adolescents who experienced the
greatest weight loss at T2 being the less restrained at baseline. No
significant correlation was found between baseline restraint eating
score and FM and FFM variations. Similarly, the baseline emotional
score and baseline external score were not correlated with weight, FM
and FFM variations.

The adolescents who lost more than 10% of their initial weight (at
T2 compared with baseline) showed a restraint eating score at baseline
that was significantly lower than those who lost less than 10% of their
initial weight (2.5 vs. 3.1, p= 0.014, hedges's g= 0.91 [0.19, 1.63],
Fig. 2A).

The FFM variation between baseline and T2 was significantly higher
in restrained (≈+2 kg) compared with non-restrained eaters
(≈−0.6 kg) (p = 0.012, hedges's g = 0.98 [0.21, 1.73], Fig. 2B). FM
was not differently affected between restrained and non-restrained
eaters. Emotional and external aspects of eating behavior did not in-
fluence differently fat mass or fat-free mass.

We did not find any significant correlation between body weight or
body composition and energy intake variations. However, the adoles-
cents who were cognitively restrained at T2 (end of the intervention)
increased significantly more their ad libitum energy intake (+492 kcal

in restrained eaters and +115 kcal in non-restrained eaters, p < 0.05,
hedges's g = 0.90 [0.17, 1.62], Fig. 3A). Moreover, 92% of the re-
strained eaters increased their ad libitum energy intake between T0 and
T2 compared with only 53% in the non-restrained eaters (p < 0.05,
Fig. 3B).

Finally, we classified adolescents depending on their restraint pro-
file modification: i) those who were restrained and became unrest-
rained (R » NR); ii) those who were unrestrained and stayed unrest-
rained (NR » NR); iii) those who were unrestrained and became
restrained (NR » R); and iv) those who were restrained and stayed re-
strained (R » R). Ad libitum energy intake during the intervention did
not change in the same way between groups (see Fig. 4). Time x profile
interaction was< 0.05. We found a statistically significant difference
between NR » NR and NR » R (p < 0.05; hedges's g = −0.92 [-1.81,
−0.02]) and a tendency between R » NR and NR » R (p = 0.07;
hedges's g = 1.01 [-0.08, 2.06]). In other words, adolescents who ate
the most at the end of the intervention were those who were unrest-
rained and became restrained (+558 ± 484 kcal) while the adoles-
cents who were restrained and became unrestrained ate less at T2
compared with baseline (+55 ± 445 kcal).

4. Discussion

The aim of this study was to evaluate the nutritional responses (i.e.,
energy intake, appetite sensations and eating behaviors) to a multi-
disciplinary weight loss program in adolescents with obesity and to

Table 2
Energy intake and macronutrient consumption changes among boys and girls throughout the 10-month weight loss multidisciplinary program.

T0
Mean (SD)

T1
Mean (SD)

T2
Mean (SD)

Time effect Hegde g Sex effect Time x sex Regression coefficient

Lunch EI (kcal)
Boys n= 12 1031 (225) 1236 (281)∗ 1256 (222)∗∗ 0.0020 −0.54 [-1.00, -0.07] 0.0009 0.0770 −141.95 [-305.01, 21.19]
Girls n=23 897 (238) 912 (240)b 980 (203)c

Dinner EI (kcal)
Boys n= 12 1036 (324) 940 (253) 1157 (309)# 0.0014 −0.40 [-0.87, 0.07] 0.0141 NS −10.73 [-189.60, 168.14]
Girls n=23 827 (236)a 802 (214)t 937 (241)a∗#

Total EI (kcal)
Boys n= 12 2570 (502) 2679 (420) 2917 (484)∗ 0.0006 −0.53 [-1.10, -0.52] 0.0010 NS −152.68 [-421.82, 116.47]
Girls n=23 2228 (402)a 2218 (357)b 2422 (357)b∗#

Proteins (g)
Boys n= 12 107.1 (30.6) 116.7 (29.9) 131.3 (23.7)∗∗# <0.0001 −1.25 [-1.76, -0.74] 0.0009 NS 12.41 [-4.17, 28.99]
Girls n=23 80.9 (20.3)b 84.8 (16.9)c 117.5 (23.2)∗∗∗###

Lipids (g)
Boys n= 12 67.3 (23.3) 76.5 (22.8) 75.4 (27.3) NS −0.11 [-0.57, 0.35] 0.0056 NS −8.52 [-23.85, 6.81]
Girls n=23 56.7 (18.7) 55.8 (15.4)b 56.3 (20.3)a

CHO (g)
Boys n= 12 255.8 (54.7) 250.0 (45.2) 298.5 (54.4)∗∗## 0.0020 −0.36 [-0.82, 0.11] 0.0083 NS −32.30 [-68.62, 4.01]
Girls n=23 223.0 (53.2) 215.1 (55.9) 233.5 (56.2)b

Proteins (%)
Boys n= 12 20.6 (2.6) 21.3 (2.7) 22.0 (3.2) < 0.0001 −1.42 [-1.94, -0.90] NS 0.0031 4.51 [1.89, 7.13]
Girls n=23 18.8 (2.1)a 20.0 (2.2) 24.7 (3.6)a∗∗∗###

Lipids (%)
Boys n= 12 29.1 (4.8) 31.3 (5.3) 27.5 (6.0)# 0.0211 0.39 [-0.8, 0.86] NS NS −1.26 [-5.93, 3.40]
Girls n=23 29.2 (5.4) 29.4 (5.4) 26.3 (7.6)∗#

CHO (%)
Boys n= 12 50.0 (5.0) 46.4 (5.5)∗ 49.8 (4.0)# 0.0627 0.40 [-0.07, 0.87] NS NS −3.42 [-8.00, 1.12]
Girls n=23 52.1 (6.4) 50.0 (6.0) 48.5 (6.6)∗

Restraint score
Boys n= 12 2.7 (0.8) 2.9 (0.9) 2.6 (0.7) NS −0.02 [-0.49, 0.45] NS NS 0.06 [-0.48, 0.60]
Girls n=20 2.8 (0.8) 2.7 (0.6) 2.8 (0.7)
External score
Boys n= 12 3.3 (0.6) 2.9 (0.8) 2.7 (0.8)∗ <0.0001 0.41 [-0.66, 0.89] NS NS 0.00 [-0.47, 0.48]
Girls n=20 3.3 (0.9) 2.6 (0.6)∗∗∗ 2.7 (0.6)∗∗∗

Emotional score
Boys n= 12 2.8 (1.0) 2.5 (0.9) 2.2 (0.7)∗ 0.0187 0.80 [0.30, 1.29] NS NS 0.32 [-0.27, 0.92]
Girls n=20 2.2 (0.9) 2.3 (1.0) 1.9 (0.9)

T0: 0 month; T1: 5 months; T2: 10 months; SD: Standard Deviation; CHO: Carbohydrate; NS: Not Significant; a: significantly different between boys and girls with
p < 0.05; b: significantly different between boys and girls with p < 0.01; c: significantly different between boys and girls with p < 0.001; *: significantly different
with T0 with p < 0.05; **: significantly different with T0 with p < 0.01; ***: significantly different with T0 with p < 0.001; #: significantly different with T1 with
p < 0.05; ##: significantly different with T1 with p < 0.01; ###: significantly different with T1 with p < 0.001.
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determine whether eating behaviors could be associated with the suc-
cess of the intervention. We observed that weight loss was accompanied
by a modification in the eating behaviors profile, with a significant
decrease in emotional (−8.3%, p < 0.05) and external (−14.8%,
p < 0.001) eating scores whereas 24-h ad libitum energy intake in-
creased significantly (+246 kcal, p < 0.001). The observed sub-
sequent increased 24-h ad libitum energy intake at T2 compared to T0
was significantly higher in cognitively restrained eaters (+492 kcal)
compared to unrestrained eaters (+115 kcal, p = 0.015). Moreover,
dietary restraint score at baseline was inversely correlated with the
percentage of weight loss (r = −0.44, p = 0.010).

Contrary to the current body of evidence that suggests that multi-
component interventions promote decreased daily energy intake in
adolescents with obesity (Carnier et al., 2013; Prado et al., 2015;
Thivel, Chaput, Adamo, & Goldfield, 2014), our results showed a sig-
nificantly increased daily ad libitum energy intake (+246 kcal,
p < 0.001) in response to a 10-month multidisciplinary program. This

discrepancy could be explained by the different methodologies used to
assess energy intake between the present work and the previous studies
(for review see (Schwartz et al., 2017)). Indeed, as pointed out in a
recent systematic review and meta-analysis, most studies have used
self-reported dietary recalls, which remain highly subjective; whereas
we used an objective measure of food ingestion (weighted ad libitum
buffet meals). Self-reported dietary recalls have been shown to provide
under-reported food intake, especially among obese adolescents
(Burrows, Martin, & Collins, 2010), which could partly explain the
observed differences between our results and the previous ones.

Although some previous works have shown an increased PYY3-36

concentration concomitantly with a reduction of daily energy intake in
response to a 4-month high-intensity training in obese youth (Prado
et al., 2015), or increased anorexigenic factors concentration (AGRP
and α-MSH) accompanied by decreased energy intake after a one-year
multidisciplinary weight loss intervention in obese adolescents (Carnier
et al., 2013) (both studies using self-reported methods to assess energy
intake), other studies seem to obtain results that are in line with the
increased energy intake observed in the present work. The increased
energy ingestion observed in our study could be explained by the up-
regulation of appetite hormones such as ghrelin as an adaptive response
to energy deficit and weight loss (Foster-Schubert et al., 2005; Leidy
et al., 2004). In their work, Gueugnon et al. (Gueugnon et al., 2012)
found increased fasting ghrelin concentration accompanied by un-
changed PYY (total form) after a 9-month multidisciplinary weight
reduction program in adolescents with obesity. Their results are re-
inforced by the increased hunger profile and reduced satiety profile
observed by King and colleagues after a 6-week weight loss intervention
in a similar population (King, Hester, & Gately, 2007). According to the
authors, lowering daily energy intake while increasing energy ex-
penditure through exercise is effective in inducing weight loss but fa-
vors sensitive appetite regulation in children with obesity (King et al.,
2007). Although the increased food consumption observed in the pre-
sent work is in line with these previous results, we did not find any
modification in daily appetite sensations (hunger, fullness, prospective
food consumption and desire to eat) between baseline and the end of
the study, which further supports the hypothesis that physical exercise

Fig. 2. A. Percentage of weight loss by initial restraint eating score. B. Fat-free mass variation depending on the dietary restraint subscale. <10% weight loss
n=12;>10% weight loss n=22; Restraint eaters n=10; Non-restraint eaters n=24; *p<0.05.

Fig. 3. A. Ad libitum energy intake variation
between restrained and non-restrained eaters.
B. Percentage of adolescents increasing or de-
creasing ad libitum energy intake among re-
strained and non-restrained eaters. Delta EI:
Energy Intake at T2-Energy Intake at T0;
Restraint eaters n=13; Non-restraint eaters
n=19; *: p< 0.05.

Fig. 4. Ad libitum energy intake variation depending on the trajectory of cog-
nitive restraint between baseline and the end of the program. Delta EI: Energy
Intake at T2-Energy Intake at T0; R: Restraint; NR: Non-restraint; *:
p<0.05; t: p=0.07.
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might have an uncoupled effect on appetite feelings and energy intake
in children and adolescents (Thivel & Chaput, 2014). Moreover, some
studies have shown that ingestive behaviors are independent of appetite
sensations in some context, where energy intake may be mainly driven
by external and environmental factors, but not by hunger or fullness
(Bilman, van Kleef, & van Trijp, 2017).

With regard to macronutrient consumption, our results showed an
increase in the relative energy ingested from proteins between T0 and
T2 (+4.4%, p < 0.001), while the energy derived from fat and CHO
were found to be decreased (−2.5% and −2.4%, p < 0.05). Although
the available literature indicates decreased intake of each macro-
nutrients (fat, protein and carbohydrates) after chronic multi-compo-
nent interventions in obese adolescents (Schwartz et al., 2017), these
studies also used self-reported dietary evaluations that have been
shown to provide unsatisfactory results in this population. The shift
towards an increase in protein consumption could be related to the
observed body composition variations, especially the preservation of
fat-free mass.

Multidisciplinary interventions have been described and shown as
good strategies for preventing and treating pediatric obesity and its
health-related problems (Boff et al., 2017; Knöpfli et al., 2008;
Bianchini et al., 2013; Fonvig et al., 2017). In support of these previous
studies, weight, BMI and fat mass were decreased in response to our 10-
month program combining physical activity, nutritional education and
psychological support. Although the mean weight loss reached 11% of
the adolescents baseline body weight, Fig. 1 illustrates an important
inter-individual variability with 3 adolescents who did not lose weight
and a body weight loss ranging from −25% to −2% of their initial
body weight among those who did lose body weight. Interestingly,
Fig. 1 also reveals sex differences. Indeed, boys were found to have
different body composition adaptations than girls, with a higher de-
crease in fat mass percent and an increase in fat-free mass. This is in
accordance with previous works (Knöpfli et al., 2008) (Christensen
et al., 2018) which highlighted sex-specific changes after weight loss. A
higher compliance and engagement in the physical activity program
among boys compared with girls can be suggested to explain these
differences, which is often observed in the general population (Telford,
Telford, Olive, Cochrane, & Davey, 2016). As highlighted by Browning
and Evans, the preservation of fat-free mass during weight loss appears
to be an advantage because of the strong relationship between fat-free
mass and resting energy expenditure (Browning & Evans, 2015). The
authors specified that the maximization of resting energy expenditure is
a desirable outcome in a perspective of long-term weight management.
Our results precisely showed a significant increase in resting metabolic
rate among boys, which is in line with their increased fat free mass. On
the other hand, we found the respiratory quotient significantly de-
creased among both boys and girls in response to the intervention
(indicating a shift in substrate utilization with higher fat and lower
carbohydrate oxidation at rest). In line with another trial (Barwell,
Malkova, Leggate, & Gill, 2009), this result is not surprising as it is well
established that exercise (even without inducing negative energy bal-
ance) leads to increased fat oxidation (Hansen, Shriver, & Schoeller,
2005; Votruba, Atkinson, Hirvonen, & Schoeller, 2002), which favors
weight stability (Seidell, Muller, Sorkin, & Andres, 1992).

With regard to eating behavior, previous works have shown that
adolescents with obesity scored higher on restrained eating compared
to normal-weight ones (Lluch, Herbeth, Méjean, & Siest, 2000; Wardle
et al., 1992). In our study, we did not find initial weight or body
composition differences between restrained and non-restrained eaters,
which is not in line with the literature but could be explained by the
high degree of obesity of our sample. Indeed, while most of the studies
have been conducted so far among overweight and obese youth, our
sample was composed of severely obese adolescents only. Similarly, at
the beginning of the program, emotional and non-emotional eaters did
not differ in weight, fat mass and fat-free mass. Yet, unexpected results
were found concerning the external eating score. Indeed, contradictory

to the theory of external eating, we found lower body weight in external
eaters compared to non-external ones (respectively 82.6 vs. 97.0 kg
body weight, p < 0.01). This result has already been found in previous
studies (Lluch et al., 2000; Snoek et al., 2007; Wardle et al., 1992) with
some authors suggesting a high influence of parents on overweight
children, trying to regulate their food intake and food choices, reducing
then their exposure to external food stimuli and making them less
vulnerable to external stimuli.

As previously introduced, benefits of multidisciplinary interventions
may be explained, among other mechanisms, by a modification of
eating patterns and dietary profiles. Accordingly, our results indicate a
decrease in emotional (among boys) and external (among boys and
girls) eating scores (assessed by the DEBQ) after the 10-month re-
sidential multidisciplinary weight loss program. In other words, our
intervention was effective in decreasing overeating in response to
emotional and external situations, showing that adolescents better
coped with emotional and external cues and referred more to internal
cues. In line with our results, Martin-Garcia et al. (Martín-García et al.,
2017) found decreased emotional eating scores after 3 months of vig-
orous physical activity in a similar population. Sarvestani et al. (Sabet
Sarvestani, Jamalfard, Kargar, Kaveh, & Tabatabaee, 2009) also found
decreased emotional and external eating scores in response to a 6-
month multi-disciplinary intervention. Altogether, these results
strengthen the importance of behavioral interventions on eating beha-
vior in pediatric obesity strategies. Importantly, in contrast with Sar-
vestani et al. (Sabet Sarvestani et al., 2009), we did not find any in-
crease in restraint score. This seems of particular interest in a weight
loss perspective since restrained eating ignores appetite sensations and
is therefore associated with binge eating. In that extent, Ho et al. pre-
viously demonstrated that a reduction in dietary restraint during a
multi-component intervention among adolescents with obesity was
associated with greater weight loss (Ho et al., 2013).

In a complementary analysis, we questioned whether the adoles-
cents' initial eating behaviors could be associated with the success of
the intervention. According to our results, there was a significant in-
verse correlation between adolescents’ initial (baseline) cognitive re-
strained eating score and the percentage of weight loss. Similarly, the
adolescents who lost less than 10% of their initial body weight were
found to have a significantly higher cognitive restraint score compared
to those whose weight loss exceeded 10% of their baseline weight. In
contrast to popular beliefs, cognitive restriction does not seem to be a
protective factor during weight management interventions. Several
hypotheses may be considered to explain this observation. First, as
suggested by the psychological theories on triggers overweight, cogni-
tive restraint may be responsible for weight gain through overeating
across binging (Polivy & Herman, 1985). Besides that, we found a
significantly higher ad libitum food intake at the end of the program
compared to baseline in restrained adolescents (versus non-restrained
ones). As described in the literature, restrained eaters are more vul-
nerable to visual food cues (Hofmann, Ardelt-Gattinger, Paulmichl,
Weghuber, & Blechert, 2015) and are susceptible to increase their food
consumption in a tempting situation; especially if they envision a way
to compensate this overconsumption (Urbszat, Herman, & Polivy,
2002). Indeed, Sim et al. (Sim, Lee, & Cheon, 2018) have recently de-
monstrated how exercise can be counterproductive among restrained
eaters, when they considered physical activity as a compensatory health
behavior, which “allowed” them to consume more calories. To that
extent, cognitive restraint might be incriminated as a limited factor for
weight loss achievement while it might, on the other hand, enhance the
compliance to physical activity. In line with this hypothesis, we found a
significantly higher fat-free mass variation between baseline and T2 in
restrained (≈+2 kg) compared with non-restrained eaters (≈−0.6 kg,
p < 0.05), which could, according to the compensatory health belief
model (Knäuper, Rabiau, Cohen, & Patriciu, 2004), be explained by the
previously observed higher engagement in physical activity among re-
strained versus non-restrained individuals (French, Jeffery, & Wing,
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1994). In light of this previous work, it would have been valuable to
have complementary data regarding their engagement in physical ac-
tivity.

In contrast to most of the studies, which used self-reported disin-
hibition rate with questionnaires, an objective measure of eating dis-
inhibition with ad libitum buffet meals was used in the present study. Ad
libitum buffets are tempting situations that present an array of palatable
foods and request self-control. Indeed, in the context of this experiment,
children's ability to adjust their meal intake was solicited as well as self-
discipline, as our design allowed children to overeat. Their consump-
tion, therefore, reflects their disinhibition rate. The observed higher ad
libitum energy intake (during our ad libitum test days) in restraint eaters
is of particular importance and could explain the high rate of weight
regain after weight loss interventions. Indeed, once the adolescents will
leave the institution, they will be confronted to a high availability of
food, which may challenge their eating self control and points out the
necessity of nutritional education to prepare the post-intervention
period. Further studies are needed to explore this post intervention
period.

Aside from the behavioral adaptations that occur in restrained ea-
ters, there is a combination of physiological characteristics that could
explain the lower weight loss observed in restrained compared with
non-restrained adolescents. Indeed, the previously underlined negative
correlation between restrained score and leptin levels in both obese and
lean individuals (Laessle, Wurmser, & Pirke, 2000; Prittwitz et al.,
1997) may explain the lower resting metabolic rate found among re-
strained eaters in previous works (Laessle & Kikker, 2008), and thus
their lowest weight loss against the non-restrained ones. Moreover,
from a neurocognitive perspective, restrained eating has been linked
with weight gain through modification in the spontaneous neural ac-
tivity in food reward and inhibitory brain regions (Dong, Jackson,
Wang, & Chen, 2015). In sum, even if the actual body of evidence seems
to indicate a negative effect of cognitive restraint on weight manage-
ment, further studies are needed.

Finally, the present study has to be interpreted in light of some
limitations. Although we used ad libitum buffet meals as an objective
measure of energy intake instead of self-reported diaries, our ecological
setting might also compose a limitation. Indeed, the fact that the ado-
lescents ate by small groups could have influenced their intake, which
has not been assessed in the present work. The use of a convenience
sample and the absence of a control group also have to be pointed out
as potential limitations. Moreover, it would have been valuable to
measure disinhibition using the Three Factor Eating Questionnaire;
however, by the time of our study, the children version of the TFEQ
(Bryant et al., 2018 Public Health Nutrition) was not validated yet, the
French validation process being ongoing. We also could have added
measurements of engagement in physical activity, perceptions about
how demanding was the exercise or compensatory beliefs, as well as
daily food intake (instead of just the three 24 h records at baseline,
middle and end of the intervention), which has not been done for
practical reasons. Finally, while this study seems to be the largest one
conducted so far that investigates dietary profile and eating behaviors
in adolescents with obesity after such a long multidisciplinary weight
loss intervention, physiological and neurocognitive investigations are
missing to provide some potential explanatory mechanisms.
Nonetheless, we considered in our analysis the individual trajectory/
history of cognitive restraint and their implications. Indeed, as showed
by our last analysis, some of the adolescents turned from unrestrained
at baseline to restrained by the end of the program while others swit-
ched from restrained to unrestrained, with ad libitum energy intake
being significantly different between these two subgroups. Further
studies are thus needed in this area.

In conclusion, the present results showed increased ad libitum en-
ergy intake in response to a multidisciplinary weight loss program
among adolescents with obesity, without modification of their daily
appetite feeling profiles. Importantly, we found that the adolescents’

dietary restraint score was negatively associated with their weight loss
achievement in response to the intervention, with initially high re-
strained eaters losing less weight. Restrained eaters were also found to
increase significantly more (compared to unrestrained eaters) their ad
libitum food intake at the end of the weight loss program compared to
baseline, which could potentially reflect their high disinhibition rate.
Further longitudinal interventions are needed to determine the ability
of specific eating behaviors in predicting good responders to a given
weight loss intervention in adolescents with obesity.
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