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Abstract

Objective: Current lifestyle interventions for children and adolescents with obesity often ex-
clude patients with an eating pathology, leaving the impact of eating pathologies on treat-
ment outcomes largely unconsidered. We investigated the predictive value of disordered eat-
ing symptoms on BMI z-score reduction in a sample of 111 German children and adolescents
with overweight (90th percentile < BMI <97th percentile) and obesity (BMI >97th percentile)
aged 7-15 years in an outpatient lifestyle intervention program. Methods: We defined a BMI
z-score reduction of more than 5% after 12 months as a successful outcome. Disordered eat-
ing symptoms (i.e., dietary restraint, emotional eating, external eating, and binge eating) were
assessed at baseline with the Eating Pattern Inventory (EPI-C) and the “bulimia” scale of the
Eating Disorder Inventory (EDI-2). Covariates were: baseline z-BMI, age, gender, and maternal
education level. Results: Multiple regression analysis revealed that dietary restraint signifi-
cantly predicted change in BMI z-scores between baseline and T1. Higher levels of dietary
restraint were associated with a lower BMI z-score reduction between TO and T1. To compare
non-completers with completers on the 4 eating behavior scales, we used MANCOVA. At
baseline, children who subsequently dropped out of the program prematurely showed sig-
nificantly higher dietary restraint scores than children who completed the intervention, irre-
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spectively of their gender, age, and BMI z-score at baseline and their mother’s education
level. Discussion: Our results provide further evidence that the analysis of treatment pro-
cesses in lifestyle intervention programs for children and adolescents with overweight and
obesity should take into account a broader multidimensional approach including eating and

dietary habits. © 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

Overweightand obesity are frequentand steadily increasing health problemsin childhood
and adolescence [1, 2]. Although obesity, eating disorders, and unhealthy weight practices are
interrelated [3], systematic evaluations of obesity treatment programs have not sufficiently
addressed disordered eating behavior in children and adolescents as an outcome predictor,
not least because eating pathology is often part of the exclusion criteria of obesity treatment
programs, which makes it difficult to know if it would have had an impact on treatment
outcomes [4]. The available studies were obviously mainly designed to determine the benefit
of intervention programs in terms of weight reduction [4]. According to a systematic Cochrane
review, behavioral lifestyle interventions combining physical activity, dietary attitudes, and
behavioral changes compared to standard care or self-help can produce a significant and
clinically meaningful weight reduction in children and adolescents who are overweight [5].
This statement was supported by a more recent review, although the magnitude of weight
loss was discussed critically [6]. Only single studies have examined the role of eating disorder
symptoms in weight gain prevention and weight loss treatment programs [7-9]. In a Belgian
study, 122 inpatients aged 7-17 years adhering to an obesity treatment program were char-
acterized with respect to eating disorder symptoms (Eating Disorder Examination), global
self-worth (Self-Perception Profile for Children), and psychopathological symptoms (Child
Behavior Checklist). Eating disorder symptoms (e.g., dietary restraint, eating concerns,
weight concerns, shape concerns, and total number of binges) negatively predicted weight
loss as a treatment outcome at the 2-year follow-up [8]. In a sample of 27 children with over-
weight and obesity, those with a BMI >95th percentile had the greatest concerns about weight
and shape [9]. Within this small sample, children who were more concerned about their body
shape at baseline had larger decreases in percent of body weight between pretreatment and
posttreatment after 10-12 weekly sessions of a family-based intervention. Although shape
concerns were related to short-term weight change, there was no relation between dietary
restraint, shape, weight, or eating concerns and weight change between the end of treatment
and the follow-up visit 8 months later [9].

Based on these inconsistent findings and given that the prevalence of eating disorder
symptoms in children who are overweight has increased [10, 11], we hypothesize that a
higher level of disordered eating behavior (i.e., dietary restraint, emotional eating, external
eating, and binge eating) would predict a lower BMI z-score reduction in a 1-year long outpa-
tient life-style intervention program for weight reduction in children and adolescents.

Materials and Methods

Participants
One hundred eleven children and adolescents with overweight and obesity (56 boys)
aged between 7 and 15 years (mean = SD: 11.05 * 1.97 years), who had been referred for
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Table 1. Description of the sample

Characteristic Value
Subjects, n 111
Age, years 11.05+£1.97
Range 8.0-15.0
Gender
Male 56 (50.9)
Female 55 (49.5)
BMI 29.42+4.26
Range 21.7-48.9
BMI z-score 2.490.41
Range 1.47-3.47
Maternal educational level
No educational qualification 6 (5.4)
Primary school/general secondary school 29 (26.1)
Middle school/junior high school 50 (45.0)
Highschool/College 17 (15.3)
No reply 9(8.1)
Paternal educational level
No educational qualification 1(0.9)
Primary school/general secondary school 41 (36.9)
Middle school/junior high school 27 (24.3)
High school/college 19 (17.1)
No reply 23 (20.7)

Values are presented as means * SD or numbers (%) unless otherwise stated.

weight reduction treatment by a local pediatrician (Table 1) were included. Inclusion criteria
were BMI >97th age- and sex-related percentile [12], or BMI >90th percentile, but with
further risk factors (e.g., hypertension, dyslipidemia, and orthopedic problems), and regular
school attendance.

Procedure

To analyze whether baseline eating behavioral variables can be used to predict weight
change at the 12-month follow-up in children and adolescents who attend a “best-practice”
routine-care lifestyle intervention (“Fit Kids”) [13], we conducted a longitudinal analysis with
2 assessment waves, i.e., at baseline (TO: within 3 weeks before the start of the intervention)
the body weight and height of the participants and questionnaires pertaining to eating
behavior were assessed, and at the conclusion of the program (T1: 1 year after T0) the body
weight and height of the participants were reassessed. The psychological assessment was
performed by a trained psychiatrist or psychologist and included the “bulimia” scale of the
German version of the Eating Disorder Inventory (EDI-2) and the assessment of dietary
restraint, emotional eating, and external eating with the Eating Pattern Inventory (EPI-C). If
patients displayed clinically relevant eating disorder pathology, they were referred for spe-
cialized treatment.

The outpatient lifestyle intervention “Fit-Kids” for children and adolescents with over-
weight and obesity is a routine care program (certified by the German Obesity Association)
thatis based on the evidence provided by Summerbell et al. [14], the outpatient lifestyle inter-
vention program by Reinehr et al. [13], and the guidelines of the German Nutrition Society
[15]. The program has been described in detail elsewhere [16].In short, the program combines
behavioral therapy for eating and physical activity behaviors, physical exercise, and dietary
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courses. The families are continuously involved. The program consists of 2 phases. The inter-
vention phase lasts 3 months and comprises (1) behavioral therapy sessions, (2) a dietary
training course, (3) a parents’ course to facilitate transfer into everyday family life, and (4) a
physical exercise course for children and adolescents. Each course is 90 min in duration and
takes place once every 2 weeks. During the 3 months the families visit the hospital-based
program once a week for two 90-min sessions, each. The second phase lasts 9 months. It
consists of a physical activity course once a week and a parent group once a month. The study
protocol was approved by the ethics committee of the University Medical Centre, Giessen.
Children and parents agreed to participate in this study. Parents gave their written informed
consent. The study protocol follows the suggestions of the Declaration of Helsinki.

Variables

Body weight and height were measured with patients in underwear using a calibrated
scale (digital column scale SECA 701) and a wall mounted stadiometer (SECA 222). BMI
z-scores were calculated on the basis of German reference data for children [12] using the
least mean square method by Cole [17], which normalizes the resulting distribution. A BMI
z-score reduction >5% has repeatedly been shown to be predictive of a significant reduction
of physical risk factors [18, 19].

Binge eating was assessed dimensionally using the bulimia scale of the EDI-2 [20]. Internal
consistencies (Cronbach’s ) in 13- to 18-year-old adolescent patients with eating disorders
and 2 control groups were 0.95, 0.77, and 0.78, respectively [21], indicating an adequate reli-
ability of the scale in adolescents. Convergent validity was excellent. The scale differentiated
well between patients and controls [21]. In the present study we used the scale in children. To
analyze internal consistencies in our subsample of children aged 7-12 years (n = 78), we calcu-
lated Cronbach’s o, which was 0.86, indicating a good reliability that exceeds the coefficient in
healthy adolescents [21]. We also analyzed the convergent validity of the scale in the complete
sample by calculating the correlation coefficients with the EPI-C scales (see below). The corre-
lation coefficients of the bulimia scale with the EPI-C emotional, external, and restraint eating
scales were 0.73 (p < 0.001), 0.72 (p < 0.001), and 0.34 (p < 0.001), respectively.

For the assessment of dietary restraint, emotional eating, and external eating, the EPI-C
[22] was used. The EPI-C is a self-report questionnaire for children and adolescents with
scales that show good internal consistencies (Cronbach’s a between 0.74 and 0.93). The
“emotional eating” scale assesses eating in response to feelings of loneliness, disappointment,
and unhappiness (e.g., “eating helps me when [ am disappointed”). The “dietary restraint”
scale refers to weight concerns and attempts to eat less to reduce weight or to not gain more
weight (e.g., “when [ have finished eating I worry about getting too fat”). The “external eating”
scale measures eating in response to external cues (e.g., “when I see food, I get hungry right
away, even if it is not mealtime yet”).

Treatment Outcome

Treatment outcome was defined as the change in BMI z-scores between baseline (T0)
and the end of the program (T1). Of the 111 participants, however, 21 children dropped out
of the program prematurely (those children attended the program for less than 6 months).
To consider these drop-outs (non-completers) in the analyses, we additionally compared
these non-completers with the completers of the program.

Statistical Analysis

To analyze the study hypothesis hierarchical multiple regression analyses were con-
ducted. The BMI z-score at the end of the program was used as the criterion variable and
the eating behavior scales as predictor variables. We controlled for the BMI z-score at base-
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Table 2. Prediction of weight loss by the eating behavior scales

Step/  Variable(s) entered R%q4  Change statistics Model 3
ot R%qg F p B coeffi- ¢t p
cient

1 Age, gender, maternal 0.12 0.12 3.43 0.021

educational level
2 Baseline BMI z-score 0.80 0.68 254.05 0.000
3 Dietary restraint 0.81 0.01 5.03 0.028 0.11 2.24 0.028
3 Emotional eating 0.80 0.00 0.01 0.931 0.05 0.92 0.931
3 External eating 0.80 0.00 0.85 0.360 -0.00 -0.09 0.360
3 Bulimia 0.81 0.01 3.88 0.053 0.10 197  0.053

line, age, gender, and maternal education level. Controlling for the BMI z-score at baseline led
to analysis of the prediction of “change” in the BMI z-score between baseline and the end of
the intervention. To meet the assumptions of the statistical analyses the rank scaled variable
maternal education level was transformed into a dichotomous variable using a median split.
In an additional drop-out analysis we compared the non-completers of the program with the
completers in the 4 eating behavior scales using MANCOVA. Post hoc comparisons of the
single scales in case of a significant overall effect were performed, controlling for age, gender,
maternal education level, and the BMI z-score at baseline.

Results

Sample Characteristics

The mean (£SD) baseline BMI and BMI z-score of the 111 children and adolescents with
obesity were 29.42+4.26 and 2.49+0.41, respectively. Twenty-one patients dropped out
during the program. At the end of the program, the mean (+SD) BMI and BMI z-score of the
90 completers were 27.91 + 3.81 and 2.18 + 0.51, respectively.

Associations of Potential Confounding Variables with the BMI z-Score Outcome

We found no statistically significant association between gender and change in BMI
z-score between baseline and the end of the program (r = 0.03). Maternal education level,
however, significantly predicted the change in the BMI z-score (r = -0.30, p < 0.006). The
higher the education level of the mother, the more the BMI z-score decreased until the end of
the program. Furthermore, we found age to be marginally associated with a reduction of the
BMI z-score at T1 (r=-0.21, p < 0.051).

Prediction of Weight Loss by Eating Behavior

We used multiple hierarchical regression analyses to analyze whether the eating behavior
scales predicted a change in the BMI z-score between baseline and the end of the program. In
the regression analyses maternal education level, age, gender, and the baseline BMI z-score
of the child were included in the regression model in a first step in order to control for the
influences of these variables. In a second step, the 4 eating behavior scales were included. The
4 scales together explained the significant variance in the outcome criterion over and above
the variables that were included in the first step (R%,q;= 0.031, F=3.19,p =0.018).In 4 consec-
utive regression analyses we tested each of the effect of the 4 eating scales (Table 2). Dietary
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Table 3. Comparison of eating behavior scales between noncompleters and completers of the program

Scale Range of Children/adolescents Children/adolescents ANCOVA
possible who completed the who dropped out of F p
scores program (n =90) the program (n = 21)

Dietary restraint! 8-32 21.76 (4.84) 27.12 (6.48) 15.24 <0.001

Emotional eating! 4-16 6.55 (3.66) 5.76 (2.68) 0.40 0.527

External eating’ 5-20 10.22 (4.25) 10.35 (3.55) 0.09 0.765

Bulimia? 6-24 10.20 (4.46) 10.65 (5.52) 0.40 0.530

Values are presented as means + SD, adjusted for age, gender, baseline BMI z-score, and maternal
educational level. ! Schacht et al. [22]. ? Paul and Thiel [20].

restraint significantly predicted change in BMI z-score between baseline and T1 (§ = 0.11,
R%,4;=0.01, F = 5.03, p = 0.028). Higher levels of dietary restraint at baseline were associated
with alower BMI z-score reduction between TO and T1. Emotional eating, external eating, and
binge eating were not significantly associated with change in the BMI z-score. However, there
was a trend with regard to the association of binge eating and BMI z-score reduction (p =
0.053; Table 2), indicating that higher levels of binge eating are associated with a lower BMI
z-score reduction.

Comparison between Non-Completers and Completers with Regard to Eating Behavior

We used MANCOVA to analyze the differences between the non-completers and the
completers in the 4 eating behavior scales. Multivariate F-statistics proved to be statistically
significant, indicating a difference in the 4 scales (Wilks A = 0.833, F = 4.46, p < 0.003). Post
hoc ANCOVAs revealed that the dietary restraint scale contributed most to the overall
difference (F = 15.24, p < 0.001, d = 0.96). At baseline, children who subsequently dropped
out of the program showed significantly higher dietary restraint scores than children who
completed the intervention, irrespectively of their gender, age, and BMI z-score at baseline
and their mother’s education level. Groups did not differ in terms of emotional eating, external
eating, or binge eating (Table 3).

Discussion

Weaimedtoanalyze whether disordered eating behavior predicted successful completion
of a 12-month lifestyle intervention in a clinical outpatient sample of children and adoles-
cents with overweight and obesity. We found that dietary restraint negatively predicted
weight reduction at the end of the program. This result held after exclusion of the drop-outs
and considering the pre-post difference of the continuous BMI z-score, as well as when
comparing non-completers with completers of the program.

Studies on eating behavior as a predictor of the treatment outcome in a lifestyle inter-
vention in children and adolescents with obesity are scarce [8, 9]. However, our result is in
line with the study of Braet [8], who found dietary restraint and shape/weight concerns to
predict a worse weight loss outcome. In a sample of 27 children with overweight and obesity
[9] using the Children’s Eating Disorder Examination, Levine etal. [9] found that children who
were more concerned about their body shape at baseline lost more weight after 10-12 weeks
of a family-based lifestyle intervention. Dietary restraint, however, did not predict weight
loss.
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The reason for our result is unclear. It is important to note that measures of dietary
restraint fail to predict an actual lower caloric intake and thus are not valid measures of
caloricrestriction [23]. Instead, dietary restraint refers to the cognitive effort to restrict food,
regardless of the behavioral outcome of this effort [24]. The items of the dietary restraint
scale of the EPI-C [22] were more closely aligned with the rigid control dimension of dietary
restraint (i.e., all-or-nothing approach to dieting) rather than the flexible control dimension
(i.e., a more graduated approach to dieting, in which “fattening” foods are eaten in limited
quantities without the feeling of guilt) [25]. Higher flexible restraint, but not rigid restraint,
has been shown to significantly predict a 5% weight loss posttreatment [26]. According to
prospective studies, dietary restraint in children has been associated with the risk of onset of
obesity, indicating that dietary restraint could signify inefficient weight-loss attempts of a
child [27, 28]. In the study of Schacht et al. [22], dietary restraint was the only dimension that
was associated with a higher BMI. Alternatively, increases in dietary restraint may represent
an attempt to control weight in response to weight gain [24]. Of note, there is no study
available that has compared the EPI-C dietary restraint scale with other measures of dietary
restraint.

Another explanation for our observation is that chronic dietary restraint may be asso-
ciated with chronic negative emotions, such as frustration or anger [29, 30]. Dietary restraint
may also be linked to loss of control eating, which could result in an increased intake of high-
calorie food that consequently could promote accumulation of body fat [31]. As reported
previously, we did not find an association between dietary restraintand depressive symptoms,
and depressive symptoms did not predict weight reduction [32].

Studies about adulthood obesity lifestyle intervention programs have shown conflicting
results regarding dietary restraint as a predictor of treatment outcome [33-37]. An inverse
relation of dietary restraint and weight loss was reported in a sample of 478 adults with
obesity who were treated with sibutramine [35]. In a double-blind placebo-controlled
4-month study of 80 women with obesity (age 43.9 + 10.6 years) with sibutramine (10 mg/
day) or placebo, low dietary restraint scores showed a trend toward predicting a better
treatment outcome [36]. Similarly, Teixeira et al. [37] found that lower levels of self-reported
previousdietingatbaseline prior toa 16-monthlifestyle interventionindependently predicted
successful completion. Moreover, in a large-scale study on weight loss maintenance after a
group-based lifestyle intervention, a larger weight loss was predicted by fewer previous
weight reduction attempts [38].

In contrast to these findings, Dalle Grave et al. [33] found that increased dietary restraint
predicted a positive treatment outcome in a sample of 500 Italian adults with obesity. Dela-
hanty et al. [34] found that increased dietary restraint predicted successful end-of-study
weightloss in 16 weekly sessions of a diabetes prevention program in a sample of 274 adults.
The conflicting results might point to not-yet-identified moderator variables, such as social
data, different assessment methodologies of dietary restraint, and different treatment
settings. These results should encourage researchers to conduct studies on the predictive
value of eating behavior dimensions for the treatment outcome of lifestyle interventions in
children and in adolescents.

Interestingly, none of the other eating behavior subscales (e.g., emotional eating and
external eating [EPI-C] and binge eating [EDI-2]) predicted treatment outcome. Only single
studies investigated the role of binge eating in obesity [11, 39-41]. In the study of Levine et
al. [9], loss of control over eating was not predictive of treatment outcome (i.e., weight loss).
In line with the study of Levine et al. [9], binge eating did not predict treatment outcome in
our sample, either.

Based on findings from longitudinal epidemiological studies, dieting and unhealthful
weight control behaviors were shown to predict higher BMI increments as compared to
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adolescents who did not show such behaviors [42]. Among the clinical studies that aimed to
investigate the predictive value of disordered eating behavior on treatment outcomes [7-9],
none was directly comparable to our study due to different methodological approaches, e.g.,
different questionnaires had been used to assess disordered eating symptomatology, choice
of intervention (e.g., inpatient vs. outpatient treatment program), long versus short-term
measurement (i.e., 2 years at follow-up), and differences in the mean age of the samples.

Currently, most treatment programs focus on weight reduction as the primary treatment
outcome. Since children and adolescents are subject to changes in body fat composition,
growth, hormonal status, behavioral and emotional characteristics, and eating habits,
treatment outcome variables other than pure effects on body weight (i.e., increase or decrease)
should be taken into account (i.e., habitual physical activity or healthy eating) [5]. In this
respect, our study adds valuable information for clinicians and dietary professionals to
consider disordered eating behavior symptoms in the behavioral treatment of children and
adolescents with obesity.

Our study has several limitations. First, the effect of dietary restraint on the BMI z-score
change between baseline and T1 was small (8 = 0.11, R%,4; = 0.01). This small effect raises
the question of how relevant dietary restraint might be in the clinical context. However, it
is essential to bear in mind that children and adolescents participating in weight loss
treatment constitute a heterogeneous group in terms of eating behaviors and pathology,
meaning thatthere are only a few children who show meaningful eating problems. Moreover,
besides eating behaviors, there are many other variables which influence weight loss in
treatment programs. Thus, one cannot expect to explain a large amount of variance by
dietary restraint in this heterogeneous group. Nevertheless, we have shown in our post hoc
analysis that children who subsequently dropped out from the program had significant
higher scores of dietary restraint than children who regularly completed the program (F =
15.24,p<0.001,d=0.96). Here, the effect size waslarge. In our understanding, itis important
to identify this at-risk group, i.e., obese children and adolescents reporting dietary restraint
at the start of a weight loss intervention. In future research, large homogeneous samples
with a well-defined eating pathology should be analyzed in order to cross-validate our
results and precisely study the effects of dietary restraintand other eating pathology dimen-
sions on BMI z-score change. Further limitations comprised the small study group. In
addition, we did not assess dietary habits, body composition, or basal metabolic rate, which
would have allowed us to estimate the treatment outcome more precisely than with the BMI
z-score alone. The definition of treatment outcome in this study is in line with other studies;
however, it could have been less unidimensional. In future studies, aspects of the treatment
outcome, such as dietary habits, physical activity, and choice of food, should be additionally
considered.

Conclusion

We showed that dietary restraint at baseline was associated with unsuccessful weight
reduction after 12 months in a best practice lifestyle intervention program for children and
adolescents. Evaluation and development of weight reduction programs should take into
account eating psychopathological symptoms. The definition of success of a lifestyle inter-
vention for children and adolescents with obesity should be extended from mere weight
reduction to behavioral and psychological improvements, including eating and dietary habits.
Specifically, it is essential to identify the rigid control dimension of dietary restraint, i.e., all-
or-nothing approach to dieting, because this might contribute to the development of an eating
disorder pathology. Thus, behavioral treatment programs should be tailored to children with
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(rigid) dietary restraint, which would enable these patients and their families to learn tech-
niques to modify dietary restraint and to overcome the need to strictly control their eating
habits in order to avoid the development of pathological dietary restraint.
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