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Abstract
Background: Childhood and adolescent obesity impacts on various dimensions of psychosocial health,
including health-related quality of life (HRQOL) and personal self-concept. Detecting inhibitory and promotive
factors of psychosocial health could contribute to the development of more effective obesity management. In
this context, the role of physical �tness among the predicting variables of psychosocial health has rarely
been investigated.

Objective: To identify relevant predictors of weight-speci�c HRQOL and self-concept in the context of
childhood and adolescent obesity.

Methods: The sample comprised cross-sectional data of 241 children and adolescents with obesity and
overweight (12.5 ± 2.1 years; 51.9% girls) and their parents. Information on demographics and active/inactive
lifestyle were assessed via parent report. Anthropometric data and physical �tness in relation to body weight
(W/kg) were measured. Children and adolescents completed standardized questionnaires (GW-LQ-KJ, FSK-K)
to assess HRQOL and �ve dimensions of self-concept (scholastic, social, physical, behavioral, and self-
worth).  

Results: Backward multivariable linear regression analysis showed that three subdomains of self-concept
(physical, behavioral, self-worth) were negatively associated with increasing BMI Z-scores, age, physical
activity (hours/week), low parental educational levels, or migration background. HRQOL, however, was only
signi�cantly related to relative physical �tness (W/kg; β=8.02, P<0.05) as were scholastic (β=8.92, P<0.05)
and social self-concept (social β=8.68, P<0.05).

Conclusion: The results add physical �tness as a relevant predictor of HRQOL and self-concept of children
and adolescents with obesity and overweight. Therapeutic and preventive weight management strategies
should therefore consider physical �tness as an important additional outcome measure of psychosocial
health. 

Background
Childhood and adolescent obesity is a globally recognized public-health concern [1]. In addition to physical
comorbidities, such as increased risk of developing metabolic syndrome, type 2 diabetes, cardiovascular
diseases, sleep apnea, asthma, orthopedic complications, or increased rates of cancer, among others [2], a
growing body of research has documented the psychosocial burden of overweight and obesity in affected
children and adolescents. Psychosocial impairments, such as a negative self-perception or self-concept, poor
self-esteem, stigmatization, social exclusion, bullying or depressive symptoms can result in a vicious circle of
weight gain [3–7]. A negative self-concept has been found to mediate the relationship between BMI and
health-related quality of life (HRQOL) [8], a multidimensional construct aggregating individuals’ physical and
psychological health, emotional state, and social functioning [3, 9]. In a review of HRQOL in children and
adolescents with obesity, the authors concluded that scienti�c �ndings regarding the obesity-related
impairment in all dimensions of HRQOL of children and youth were mostly congruent [10].
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Consequently, in addition to weight reduction/stagnation and lifestyle counselling, improving psychosocial
health, including HRQOL and self-concept, plays a central role in weight management programs [10]. To
target preventive and therapeutic strategies accordingly, the identi�cation of potential inhibitory and
promotive factors for psychosocial health has become a research priority [4, 10, 11]. In this regard, evidence
suggests that sex, age, socioeconomic status, and migration background not only affect the prevalence of
obesity in children and adolescents but also their HRQOL [12–15]. Further key determinants of both weight
status and psychosocial health are lifestyle patterns, such as level of physical activity, sedentary behavior, or
screen-viewing activities [13, 16, 17]. An objective measure of physical activity levels and sedentary behavior
is physical �tness [18]. Thus, prior research indicates that it is important to also include physical �tness into
the analysis of psychosocial health [19, 20]. Studies with non-overweight children have yielded promising
results in terms of psychosocial improvements associated with increased �tness [17, 21, 22]. Knowing that
�tness is a mediator in the relationship between childhood and adolescent obesity and self-concept [23] and
HRQOL [24, 25], supports the need to further investigate its role among the predictors of psychosocial health.
Therefore, the aim of this cross-sectional analysis was to examine determinants of weight-speci�c HRQOL
and subdomains of self-concept in the context of obesity in childhood and adolescence, while considering
physical �tness as an additional potentially relevant predictor.

Methods

Sample Description
The data for this cross-sectional analysis came from the Children’s Health InterventionaL TriaL (CHILT) III.
CHILT III is an 11-months, family-based, multi-component program for obesity prevention and therapy. It was
launched in 2003 at the German Sport University, Cologne. The target group were children and adolescents
aged 8–16 years with obesity or overweight if displaying cardiovascular risk factors, such as arterial
hypertension or hyperlipoproteinemia [26].

The minimum criteria for inclusion in this study were participation in the baseline CHILT III program between
2003 and 2020; complete height, weight, age, and body fat percentage data; and fully completed HRQOL
and/or self-concept questionnaires. After excluding extreme values, a �nal data set of 241 children and
adolescents (51.9% girls) and their parents (n = 459: 236 mothers, 223 fathers) remained (see Fig. 1).

Anthropometric Data
Standard calibrated scales and stadiometers were used to measure and weigh each child. Height and weight
were measured with the child barefoot. Weight included clothing, such as light sportswear. Sex- and age-
speci�c weight-for-height Z-scores (BMI ± SD) were calculated according to the German percentile graphs of
Kromayer-Hauschild (2001) [27]. Children were then categorized as overweight (≥ 90 %) or obese (≥ 97th %).
Body composition was determined by measuring skin-fold thickness to the nearest 0.2 mm in triplicate at the
triceps (tric) and subscapula (subs) with a body fat caliper (Harpender Skinfold Caliper HSK-BI, British
Indicators, West Sussex, England) following a standardized protocol [28]. The mean of the three measures
was considered the �nal value. When tric + subsc was > 35mm (n = 230) the following sex- and age-speci�c
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equations by Slaughter (1988) [29] were used to compute the body fat percentage, as these had also been
used during previous studies on similar populations [30]:

Girls, %fat = 0.546 × (sum of tric and subs) + 9.7

Boys, %fat = 0.783 × (sum of tric and subs) − 1.7

When tric + subsc was ≤ 35mm (n = 11), Slaughter’s fat-percentage equations were used, which can be found
in Rodrígez et al (2005) [31].

Demographics and Lifestyle Patterns
At the beginning of the program, parents completed standardized questionnaires assessing demographics
and lifestyle patterns of both themselves and their children. Demographic and lifestyle variables selected for
inclusion in the study were children’s sex, age, migration background, time spent in physical activity and on
media consumption, and parent’s educational background. Parents’ educational background was
dichotomized into two categories: "high," when both parents had completed secondary school
(Abitur/Fachabitur), and "low," when neither parent had an educational degree, a different other than
secondary school, or only one parent had completed secondary school [32]. The migration background of the
child was treated as a dichotomous variable assessed by the language spoken at home (German/non-
German) [33].

Regarding the child’s level of physical activity, parents were asked if and for how many minutes per week their
child was physically active apart from time spent at school. Media consumption was assessed by asking
parents to provide the total number of minutes spent by their child per day watching TV, playing a game
console, using the computer/Internet, listening to music, and/or using their mobile phone. For this study,
media consumption and physical activity were summed and transformed into continuous variables
measured in hours per week.

Physical Fitness
Physical �tness was measured in peak mechanical power (PMP [W]) and peak oxygen consumption (V̇O2max

[mL/min], data not shown) using a bicycle ergometer (Ergoline Ergometrics 900) on which the children and
adolescents exercised until exhaustion. Prior to testing, participants were familiarized with the test procedure
and the bicycle ergometer was adjusted individually (height of seat and handlebar position). Testing began
with a workload of 25 W and increased by 25 W every 2 minutes [26]. Throughout the testing session, the
participant was verbally encouraged by staff to achieve maximal effort. Due to the comparably larger sample
size, peak mechanical power (n = 238) was used as a proxy for physical �tness instead of V̇O2max (n = 228).
Test results were related to body weight as W/kg.

Health-Related Quality of Life
The weight-speci�c quality-of-life questionnaire for children and adolescents with overweight and obesity
(Fragebogen zur gewichtsbezogenen Lebensqualität für übergewichtige und adipöse Kinder und Jugendliche
[GW-LQ-KJ]) by Warschburger and Fromme (2004) [9] is a self-assessment tool speci�cally designed to
assess the HRQOL of children and adolescents with obesity and overweight. In this study, we used version B
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of the GW-LQ-KJ which consists of 11 items (eg, "Because of my weight, I was reluctant to go to the public
swimming pool"). The children and adolescents were asked to evaluate the statements by estimating the
frequency of occurrence in the last 2 weeks on a �ve-point Likert scale (ranging from "always" to "never"). The
results were recoded so that high values indicated high HRQOL. A summed score was calculated and
adjusted to be within a range of 0–100. Dividing the mean individual values by the number of completed
questionnaires provided the relative mean. For reliability analysis, Cronbach’s α was calculated. The internal
consistency of the HRQOL score of the present sample (n = 226) was satisfying, with α = 0.82.

Self-Concept
The FSK-K (Entwicklung eines Fragebogens zur Erfassung von Selbst — und Kompetenzeinschätzungen bei
Kindern) is a German version of Harter’s Self-Perception Pro�le for Children [34] and has been used in
previous studies in the context of childhood obesity [35, 36]. It is a 30-item self-report to assess the
multidimensional self-concept of children. Each item is scored on a scale of 1–4 in an alternative-statement
format, with a positive statement on one side (eg, "I want to stay the way I am") and a negative statement on
the other side (eg, "I would like to be someone else"). The child decided which side of the description was "sort
of true" or "really true" for him/her.

The FSK-K integrates �ve scales for assessing perceived domain-speci�c self-concept: scholastic
competence, social competence, physical appearance, behavioral conduct, and global self-worth. After
recoding, the highest domain-speci�c competence was de�ned as a mean score of 100. Internal consistency
of the domains of self-concept was α = 0.79 for scholastic competence (n = 231), α = 0.82 for social
competence (n = 223), α = 0.76 for physical appearance (n = 215), α = 0.77 for behavioral conduct (n = 228),
and α = 0.71 for global self-worth (n = 215).

Statistical Analysis
Descriptive statistics for anthropometric data, demographics, lifestyle patterns, and physical �tness are
provided. Continuous variables are shown as means ± standard deviation (SD), minimum (min), and
maximum (max), and categorical variables as frequencies and percentages. The in�uence of the selected
determinants on HRQOL and the dimensions of self-concept were explored by backward stepwise
multivariable linear regression analysis, with P > 0.05 designating the removal of variables. Our dependent
variables were the HRQOL scale and the scales of each of the �ve domains of self-concept. One model was
used for each domain. Predictors included in the baseline model were age, sex, BMI Z-score, body fat (%),
physical �tness (W/kg), physical activity (hours), media consumption (hours), migration background (German
[yes/no]), and parental educational background (both with Abitur [yes/no]). A squared term for age was also
included as a covariate given that the relationship between HRQOL/ (physical) self-concept and age is non-
linear [5, 6]. Signi�cance was set at P < 0.05. All analyses were performed using SPSS 27.0.

Results
The average BMI Z-score of the sample was 2.45 ± 0.46, with 212 participants classi�ed as obese (88%) and
29 (12%) considered overweight. For a more detailed description of the sample characteristics, see Tables 1
and 2.
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Table 1

Descriptive sample characteristics 
Categoric variables N %

Sex

Female

Male

Migration Background

Yes/German

No/Non-German

Percentile

Obese

Overweight

Parent’s Educational Degree*

High

 

125

116

 

209

32

 

212

29

 

57

 

51.9

48.1

 

13.3

86.7

 

88.0

12.0

 

23.7

Low 184 76.3

*High, both parents have completed secondary school;

Low, only one parent/ neither mother nor father have completed secondary school
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Table 2
Descriptive sample characteristics

Continuous variables N Mean (SD) Min Max

Physical variables        

Age (years) 241 12.5 (2.07) 7.3 17.1

Height (m) 241 1.58 (0.11) 1.23 1.89

Weight (kg) 241 76.7 (19.9) 37.4 148.4

BMI (kg/m2) 241 30.9 (4.8) 20.5 56.6

BMI Z-score 241 2.45 (0.46) 1.43 3.80

Body fat (%) 241 42.1 (9.0) 26.1 83.2

Relative Physical �tness (W/kg) 238 1.7 (0.4) 0.9 3.3

Lifestyle variables        

Physical Activity (hours/week) 162 5.1 (4.1) 0 20.0

Media Consumption (hours/week) 190 17.2 (12.4) 0 59.5

Psychosocial variables        

HRQOL 232 77.7 (14.3) 29.1 100.0

Scholastic Competence 233 75.6 (16.7) 25.0 100.0

Social Competence 232 76.0 (18.6) 25.0 100.0

Physical Appearance 233 54.1 (15.6) 25.0 100.0

Behavioral Conduct 233 74.1 (16.4) 29.2 100.0

Global Self-Worth 233 72.3 (16.3) 25.0 100.0

HRQOL, Health-Related Quality of Life; SD, Standard Deviation; Min, Minimum; Max, Maximum;
Psychosocial variables are based on scores ranging from 0 (lowest) to 100 (highest)

 

Table 3 presents the six baseline multivariable linear regression models explaining HRQOL and the
dimensions of self-concept, ie, scholastic competence, social competence, physical appearance, behavioral
conduct, and global self-worth, adjusting for all independent variables. Table 4 summarizes the resulting �nal
models after using backward stepwise multivariable regression analysis.
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Table 3
Baseline Multivariable Linear Regression Models

Variables

Coef ± s.e.

(P-value)

HRQOL Scholastic
Competence°

Social
Competence°

Physical
Appearance°

Behavioral
Conduct°

Global Self-
Worth°

N 136 136 136 136 136 136

Age (years) -3.755 
± 6.458
(0.562)

-5.039 ± 
7.192

(0.485)

-4.942 ± 
8.267
(0.551)

-0.8249 ± 
6.834 (0.223)

-6.175 ± 
0.7508
(0.412)

-12.603 ± 
7.705 (0.104)

Age squared
(years)

0.160 
± 0.264
(0.546)

0.157 ± 
0.291
(0.590)

0.189 ± 
0.335
(0.574)

0.247 ± 
0.277 (0.327)

0.210 ± 
0.304
(0.492)

0.448 ± 
0.312 (0.153)

Femalea -4.300 
± 2.533
(0.092)

-2.779 ± 
2.789
(0.321)

3.062 ± 
3.205
(0.341)

-2.606 ± 
2.650 (0.327)

-1.593 ± 
2.911
(0.663)

-0.822 ± 
2.987 (0.787)

BMI Z-score -2.457 
± 3.585
(0.495)

0.590 ± 
3.884
(0.880)

8.360 ± 
4.465
(0.064)

-10.031 ± 
3.691 (0.008)

4.845 ± 
4.055
(0.234)

-4.678 ± 
4.161 (0.263)

Body Fat (%) -0.223 
± 0.159
(0.164)

-0.005 ± 
0.176
(0.978)

-0.342 ± 
0.202
(0.093)

-0.163 ± 
0.167 (0.332)

-0.215 ± 
0.184
(0.244)

-0.049 ± 
0.188 (0.795)

High
Parental
Educational
Levelb

3.692 
± 2.906
(0.206)

6.471 ± 
3.098
(0.039)

3.198 ± 
3.561
(0.371)

0.031 ± 
2.944 (0.992)

6.814 ± 
3.234
(0.037)

6.898 ± 3.319
(0.040)

German/No
Migration
Backgroundc

-3.170 
± 4.054
(0.436)

3.135 ± 
4.373
(0.475)

-2.500 ± 
5.027
(0.620)

-3.281 ± 
4.155 (0.431)

8.332 ± 
4.565
(0.070)

1.018 ± 4.685
(0.828)

Relative
Physical
Fitness
(W/kg)

4.736 
± 3.750
(0.209)

7.769 ± 
4.012
(0.055)

8.804 ± 
4.612
(0.059)

-1.622 ± 
3.812 (0.671)

5.485 ± 
4.189
(0.193)

1.416 ± 4.298
(0.742)

Physical
Activity
(hours)

-0.309 
± 0.318
(0.334)

0.217 ± 
0.341
(0.526)

0.278 ± 
0.392
(0.479)

-0.691 ± 
0.324 (0.035)

-0.156 ± 
0.356
(0.663)

-0.192 ± 
0.365 (0.601)

Media
Consumption
(hours)

-0.128 
± 0.103
(0.220)

0.012 ± 
0.109
(0.910)

-0.171 ± 
0.126
(0.177)

-0.146 ± 
0.104 (0.164)

-0.120 ± 
0.114
(0.297)

-0.028 ± 
0.117 (0.811)

HRQOL, Health-Related Quality of Life; Coef, β-Regression Coe�cient; s.e., Standard Error; Adj, Adjusted

°Subdomains of self-concept

Reference Categories: a Male, b low parental educational level (only one parent/neither mother nor father
have Abitur), c Non-German
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Variables

Coef ± s.e.

(P-value)

HRQOL Scholastic
Competence°

Social
Competence°

Physical
Appearance°

Behavioral
Conduct°

Global Self-
Worth°

R2 0.134
(0.045)

0.114
(0.113)

0.103
(0.175)

0.218 (< 
0.001)

0.122
(0.078)

0.114 (0.111)

Adj. R2 0.065
(0.045)

0.043
(0.113)

0.031
(0.175)

0.156 (< 
0.001)

0.052
(0.078)

0.043 (0.111)

HRQOL, Health-Related Quality of Life; Coef, β-Regression Coe�cient; s.e., Standard Error; Adj, Adjusted

°Subdomains of self-concept

Reference Categories: a Male, b low parental educational level (only one parent/neither mother nor father
have Abitur), c Non-German
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Table 4
Final Models from Backward Stepwise Multivariable Linear Regression Analysis*

Variables

Coef ± s.e.

(P-value)

HRQOL Scholastic
Competence°

Social
Competence°

Physical
Appearance°

Behavioral
Conduct°

Global
Self-
Worth°

N 136 136 136 136 136 136

Age (years)       -0.245 ± 
0.641
(0.001)

  -1.599 
± 
0.719
(0.028)

Age squared
(years)

           

Femalea            

BMI Z-score       -11.557 ± 
2.726 (< 
0.001)

   

Body Fat (%)            

High Parental
Educational
Levelb

        7.165 ± 
2.942
(0.016)

8.034 
± 
3.005
(0.008)

German/No
Migration
Backgroundc

        8.983 ± 
4.442
(0.045)

 

Relative Physical
Fitness (W/kg)

8.024 ± 
3.128
(0.011)

8.916 ± 
3.289
(0.008)

8.678 ± 
3.786
(0.023)

     

Physical Activity
(hours)

      -0.623 ± 
0.301
(0.040)

   

Media
Consumption
(hours)

           

R2 0.047
(0.011)

0.052
(0.008)

0.038
(0.023)

0.190 (< 
0.001)

0.071
(0.008)

0.077
(0.005)

*After excluding all insigni�cant variables. Signi�cance was set at P < 0.05

HRQOL, Health-Related Quality of Life; Coef, β-Regression Coe�cient; s.e., Standard Error; Adj, Adjusted

°Subdomains of self-concept

Reference Categories: a Male, b low parental educational level (only one/neither mother nor father have
Abitur), c Non-German
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Variables

Coef ± s.e.

(P-value)

HRQOL Scholastic
Competence°

Social
Competence°

Physical
Appearance°

Behavioral
Conduct°

Global
Self-
Worth°

Adj. R2 0.040
(0.011)

0.045
(0.008)

0.031
(0.023)

0.171 (< 
0.001)

0.057
(0.008)

0.063
(0.005)

*After excluding all insigni�cant variables. Signi�cance was set at P < 0.05

HRQOL, Health-Related Quality of Life; Coef, β-Regression Coe�cient; s.e., Standard Error; Adj, Adjusted

°Subdomains of self-concept

Reference Categories: a Male, b low parental educational level (only one/neither mother nor father have
Abitur), c Non-German

 

After all other factors had been accounted for in the �nal models explaining HRQOL, scholastic competence,
and social competence, relative physical �tness remained the only signi�cant predictor. Participants with high
levels of relative physical �tness (W/kg) showed higher HRQOL (β = 8.024 ± 3.1283, P = 0.011; R2 = 0.040, P = 
0.011) and perceived scholastic (β = 8.9162 ± 3.289, P = 0.008; R2 = 0.045, P = 0.008) and social competence
(β = 8.6878 ± 3.7986, P = 0.023; R2 = 0.031, P = 0.023). While relative physical �tness explained approximately
3.1–4.75% of total variability in each of the �rst three models, it showed no signi�cant association with the
other domains of self-concept.

BMI Z-score, demographic variables, and lifestyle variables, were not signi�cant predictors of HRQOL or
social and scholastic competence. We found BMI Z-score and physical activity to be signi�cantly associated
with only one of the dependent variables investigated. More precisely, BMI Z-score (β=−11.557 ± 2.726, P < 
0.001) and self-reported physical activity (β=−0.623 ± 0.301, P = 0.040) signi�cantly predicted physical
appearance. Jointly with age (β=−0.245 ± 0.641, P = 0.001), the three predictors accounted for approximately
17% of the total variability in the �nal physical appearance model (R2 = 0.171, P < 0.001), which showed no
further signi�cant associations with the other observed predictors.

Concerning the �rst four regression models, predictors of parental educational background and migration
background were not signi�cant. In the �fth model explaining behavioral conduct, however, parents’
educational background (β = 7.165 ± 2.942, P = 0.016) and migration background (β = 8.983 ± 4.442, P = 
0.045) explained a signi�cant proportion of variance (R2 = 0.057, P = 0.008), indicating that children and
adolescents with obesity and overweight who have a migration background or whose parents had
comparatively low education assessed their behavioral conduct as worse than their German counterparts.
Higher parental education was also positively associated with global self-worth (β = 8.034 ± 3.005, P = 0.008),
and together with age (β=−1.599 ± 0.719, P = 0.028) accounted for approximately 6% of total variability in the
�nal global self-worth model (R2 = 0.063, P = 0.005). We were unable to �nd further signi�cant predictors in
the behavioral conduct and global self-worth models. Sex, body fat, age squared and media consumption
were not signi�cant predictors in any of the �nal regression models.
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Discussion

Main Findings
In the context of weight loss and weight management of children and adolescents with obesity, psychosocial
aspects such as HRQOL and self-concept play a crucial role [4, 10]. Thus, a comprehensive understanding of
the dynamics between weight and determinants of psychosocial health and their possible in�uencing factors
is a key step toward improving obesity prevention and care. In line with the literature, especially perceived
physical appearance was inversely related to obesity and physical activity [4]. Additionally, the results
demonstrate a negative association between subdomains of self-concept, migration background and low
parental education in the context of childhood and adolescent obesity. Lastly, our results revealed that
relative physical �tness was a major determinant of HRQOL and perceived social and scholastic competence.

Role of Demographic Variables Underlying the Relationship
between Weight Status and Psychosocial Health
Consistently with the literature, we identi�ed the physical self-concept to be signi�cantly associated to BMI Z-
scores [14, 35]. The higher the Z-score, the more dissatis�ed participants were with their physical appearance.
Many studies have concluded that girls with overweight or obesity are especially susceptible to body
dissatisfaction [5, 7, 37], however, other studies have not yielded results containing differences between the
sexes [38, 39]. While we did not �nd differences related to sex between any dimension of self-concept or
HRQOL, we did �nd age to be a signi�cant predictor in our study. These results are not surprising when
considered in the context of the effects of puberty. Pubescent individuals are particularly vulnerable to low
self-esteem and negative body image [5, 6, 37]. Our �ndings support those of earlier research, which
suggested that addressing body image should be included in obesity-treatment agendas to improve patients’
psychosocial well-being, particularly in adolescence [40].

Migration background and low socioeconomic status have also been identi�ed as key determinants of
obesity and are also associated with determinants of psychosocial health [12, 15, 33, 41, 42]. We found an
adverse association between self-concept, migration background and parental educational degree in our
sample of children and adolescents with obesity and overweight. This supports the relevance of interventions
at an early stage in childhood to address children who — due to their familial background — are particularly at
risk of developing obesity and psychosocial impairments [42–44]. Considering the observed age effect, the
need for early action is especially evident. The strong in�uence of familial background and behavior-speci�c
family variables (e.g. lifestyle patterns and nutrition) in the context of both obesity and the subdomains of
self-concept underpin the need for parental involvement in intervention strategies [45, 46].

The Association between Physical Fitness, Physical Activity,
Media Consumption and Psychosocial Health
Our results con�rm and reemphasize previous �ndings on the positive association between physical �tness
and HRQOL in childhood [20, 22], adolescence [21, 24, 47, 48], and in the context of childhood and adolescent
obesity [24]. In the present analysis, we furthermore found relative physical �tness to be the strongest and
only remaining determinant of two domains of self-concept: perceived scholastic and social competence.
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It is important to note that objectively measured �tness played a greater role for the selected markers of
psychosocial health than subjectively measured physical activity or self-reported media consumption in our
sample. In comparison to relative physical �tness, self-reported media consumption was not signi�cant and
physical activity was negatively associated solely to perceived physical appearance. These results were not
consistent with previous studies [16, 17, 49]. The negative relationship between physical activity and
appearance may be explained by the fact that engaging in physical activity may reveal fundamental
movement-skill di�culties compared to nonoverweight peers, leading to an impairment of physical self-
concept [50]. Therefore, our �ndings indicate that interventions which — in addition to physical �tness
improvements — focus on the motor skills of children and adolescents with obesity and overweight may be
crucial [50, 51].

In weight management programs, most participating families focus on weight loss as the key determinant of
program success [48]. Lifestyle changes and psychosocial health outcomes, however, should be regarded as
equally important outcome measures – especially when considering the underlying causal relationships [9,
10, 34]. Our results demonstrate that physical �tness is an important factor in this relationship between
physical and psychosocial health. Several studies have underlined the importance of physical �tness in
therapy programs as an essential strategy, not only for weight loss but also for enhancing the emotional,
physical, and social domains of HRQOL of children and adolescents with obesity [17, 19, 23, 49]. Because
physical �tness is associated to both physical and psychosocial dimensions, a focus on improving �tness
could lead to more sustainable therapy outcomes than short-term weight loss.

Strengths And Limitations
The primary limitation of our study is the cross-sectional design, which does not allow any conclusions to be
drawn regarding the causal direction of the relationship between the observed variables. Furthermore, several
obesity-relevant factors were not included in our study due to incomplete data such as dietary habits, type of
school, single parenting, and parents’ BMI. As such, there may be additional factors that could confound the
association between the independent variables. Selection bias, information bias and social desirability bias,
ie self-reports on physical activity and media consumption, are further limitations. As a treatment-seeking
population, the participants potentially shared characteristics, such as motivation, that distinguished them
from other groups. Besides, as some data were self-reported, the study is not free from information bias.

Despite these limitations, a major strength of our study is that physical �tness, body height, weight, and fat
percentage were objectively measured by trained staff according to standardized methods. In addition to the
large sample and the number of determinants analyzed, a further strength is the utilization of a weight-
speci�c HRQOL-measurement tool that has been shown to have good psychometric properties.

Conclusion And Implications
This study identi�es physical �tness as a key predictor of weight speci�c HRQOL and subdomains of self-
concept in the context of childhood and adolescent obesity. The �ndings suggest that improvements in
physical �tness may hold even more promise for positive psychosocial health outcomes in obesity treatment
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and prevention programs than weight loss or participation in physical activity alone. Future longitudinal
studies are required to investigate the robustness and causality of our �ndings.

Abbreviations
HRQOL Health-related Quality of Life

Declarations
Ethics approval

Ethics approval was granted by the Sports University of Cologne for the ethic request with the number
107/2014 (“Children’s Health InterventionaL Trial III – ein ambulantes Schulungsprorgamm zur Pravention
und Therapie von Ubergewicht und Adipositas im Kindes- und Jugendalter”). It is provided as supplementary
material.

Consent for Publication

All CHILT III participants and their parents were informed that their aggregated data would be anonymized
and used for analysis and publication. Consent was provided by the participants’ parents.

Availability of Data and Materials

The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.

Competing interests

The authors declare that they have no competing interests

Funding

This research did not receive any �nancial support from funding agencies in the public, commercial, or not-
for-pro�t sectors.

Authors’ Contributions

NE analyzed the data and wrote the manuscript. CJ supervised the analysis, provided methodological
guidance, and revised the manuscript. DF, MK, and FH (who work as sports scientists in the program) and LS
and SV (who are responsible for the areas of nutrition and psychology in the program) conducted the medical
tests and gathered the data. CJ is the leader of the CHILT III program and created the study design. All
authors reviewed and approved the �nal version of the manuscript.

Acknowledgements



Page 15/19

We gratefully acknowledge all CHILT III participants and their parents. We would also like to thank Hidayet
Oruc and Jonas Juretzko for their support during the program and Selina Müller for her help in researching
and calculating the HROQL scores.

References
1. Papoutsi GS, Drichoutis AC, Nayga RM. The Causes of Childhood Obesity: A Survey. Journal of

Economic Surveys. 2013;27:743–67. doi:10.1111/j.1467-6419.2011.00717.x.

2. Kelsey MM, Zaepfel A, Bjornstad P, Nadeau KJ. Age-related consequences of childhood obesity.
Gerontology. 2014;60:222–8. doi:10.1159/000356023.

3. Buttitta M, Rousseau A, Guerrien A. A New Understanding of Quality of Life in Children and Adolescents
with Obesity: Contribution of the Self-determination Theory. Curr Obes Rep. 2017;6:432–7.
doi:10.1007/s13679-017-0281-8.

4. Gri�ths LJ, Parsons TJ, Hill AJ. Self-esteem and quality of life in obese children and adolescents: a
systematic review. Int J Pediatr Obes. 2010;5:282–304. doi:10.3109/17477160903473697.

5. Helfert S, Warschburger P. The face of appearance-related social pressure: gender, age and body mass
variations in peer and parental pressure during adolescence. Child Adolesc Psychiatry Ment Health.
2013;7:16. doi:10.1186/1753-2000-7-16.

�. Harrist AW, Swindle TM, Hubbs-Tait L, Topham GL, Shriver LH, Page MC. The Social and Emotional Lives
of Overweight, Obese, and Severely Obese Children. Child Dev. 2016;87:1564–80.
doi:10.1111/cdev.12548.

7. Sánchez-Miguel PA, González JJP, Sánchez-Oliva D, Alonso DA, Leo FM. The importance of body
satisfaction to physical self-concept and body mass index in Spanish adolescents. Int J Psychol.
2019;54:521–9. doi:10.1002/ijop.12488.

�. Wallander JL, Taylor WC, Grunbaum JA, Franklin FA, Harrison GG, Kelder SH, Schuster MA. Weight status,
quality of life, and self-concept in African American, Hispanic, and white �fth-grade children. Obesity
(Silver Spring). 2009;17:1363–8. doi:10.1038/oby.2008.668.

9. Warschburger P, Fromme C, Petermann F. Konzeption und Analyse eines gewichtsspezi�schen
Lebensqualitätsfragebogens für übergewichtige und adipöse Kinder und Jugendliche (GW-LQ-KJ).
Zeitschrift für Klinische Psychologie, Psychiatrie und Psychotherapie,. 2005:356–69.

10. Buttitta M, Iliescu C, Rousseau A, Guerrien A. Quality of life in overweight and obese children and
adolescents: a literature review. Qual Life Res. 2014;23:1117–39. doi:10.1007/s11136-013-0568-5.

11. Tsiros MD, Olds T, Buckley JD, Grimshaw P, Brennan L, Walkley J, et al. Health-related quality of life in
obese children and adolescents. Int J Obes (Lond). 2009;33:387–400. doi:10.1038/ijo.2009.42.

12. Schenk L, Neuhauser H, Ellert U, Poethko-Müller C, Kleiser C, Mensink G. Kinder- und
Jugendgesundheitssurvey (KiGGS 2003-2006): Kinder und Jugendliche mit Migrationshintergrund in
Deutschland 2008: Robert Koch-Institut. doi:10.25646/3140.

13. Meixner L, Cohrdes C, Schienkiewitz A, Mensink GBM. Health-related quality of life in children and
adolescents with overweight and obesity: results from the German KIGGS survey. BMC Public Health.
2020;20:1722. doi:10.1186/s12889-020-09834-8.



Page 16/19

14. Ottova V, Erhart M, Rajmil L, Dettenborn-Betz L, Ravens-Sieberer U. Overweight and its impact on the
health-related quality of life in children and adolescents: results from the European KIDSCREEN survey.
Qual Life Res. 2012;21:59–69. doi:10.1007/s11136-011-9922-7.

15. Zeller MH, Modi AC. Predictors of health-related quality of life in obese youth. Obesity (Silver Spring).
2006;14:122–30. doi:10.1038/oby.2006.15.

1�. Gopinath B, Hardy LL, Baur LA, Burlutsky G, Mitchell P. Physical activity and sedentary behaviors and
health-related quality of life in adolescents. Pediatrics. 2012;130:e167-74. doi:10.1542/peds.2011-3637.

17. Vedul-Kjelsås V, Sigmundsson H, Stensdotter A-K, Haga M. The relationship between motor competence,
physical �tness and self-perception in children. Child Care Health Dev. 2012;38:394–402.
doi:10.1111/j.1365-2214.2011.01275.x.

1�. Ortega FB, Ruiz JR, Castillo MJ, Sjöström M. Physical �tness in childhood and adolescence: a powerful
marker of health. Int J Obes (Lond). 2008;32:1–11. doi:10.1038/sj.ijo.0803774;

19. Kelly NR, Mazzeo SE, Evans RK, Stern M, Thacker LF, Thornton LM, Laver JH. Physical activity, �tness
and psychosocial functioning of obese adolescents. Mental Health and Physical Activity. 2011;4:31–7.
doi:10.1016/j.mhpa.2010.11.001.

20. Morales PF, Sánchez-López M, Moya-Martínez P, García-Prieto JC, Martínez-Andrés M, García NL,
Martínez-Vizcaíno V. Health-related quality of life, obesity, and �tness in schoolchildren: the Cuenca
study. Qual Life Res. 2013;22:1515–23. doi:10.1007/s11136-012-0282-8.

21. Evaristo OS, Moreira C, Lopes L, Abreu S, Agostinis-Sobrinho C, Oliveira-Santos J, et al. Cardiorespiratory
�tness and health-related quality of life in adolescents: A longitudinal analysis from the LabMed
Physical Activity Study. Am J Hum Biol. 2019;31:e23304. doi:10.1002/ajhb.23304.

22. Bermejo-Cantarero A, Álvarez-Bueno C, Martínez-Vizcaino V, Redondo-Tébar A, Pozuelo-Carrascosa DP,
Sánchez-López M. Relationship between both cardiorespiratory and muscular �tness and health-related
quality of life in children and adolescents: a systematic review and meta-analysis of observational
studies. Health Qual Life Outcomes. 2021;19:127. doi:10.1186/s12955-021-01766-0.

23. Mitchell NG, Moore JB, Bibeau WS, Rudasill KM. Cardiovascular �tness moderates the relations between
estimates of obesity and physical self-perceptions in rural elementary school students. J Phys Act
Health. 2012;9:288–94. doi:10.1123/jpah.9.2.288.

24. Perez-Sousa MA, Olivares PR, Escobar-Alvarez JA, Parraça JA, Gusi N. Fitness as mediator between
weight status and dimensions of health-related quality of life. Health Qual Life Outcomes. 2018;16:155.
doi:10.1186/s12955-018-0981-0.

25. Eddolls WTB, McNarry MA, Lester L, Winn CON, Stratton G, Mackintosh KA. The association between
physical activity, �tness and body mass index on mental well-being and quality of life in adolescents.
Qual Life Res. 2018;27:2313–20. doi:10.1007/s11136-018-1915-3.

2�. Lier LM, Breuer C, Ferrari N, Friesen D, Maisonave F, Schmidt N, Graf C. Individual Physical Activity
Behaviour and Group Composition as Determinants of the Effectiveness of a Childhood Obesity
Intervention Program. Obes Facts. 2020:1–8. doi:10.1159/000512293.

27. Kromeyer-Hauschild K, Wabitsch M, Kunze D, Geller F, Geiß HC, Hesse V, et al. Perzentile für den Body-
mass-Index für das Kindes- und Jugendalter unter Heranziehung verschiedener deutscher Stichproben.



Page 17/19

Monatsschr Kinderheilkd. 2001;149:807–18. doi:10.1007/s001120170107.

2�. Lohman TG, Roche AF, Martorell R. Anthropometric standardization reference manual. Champaign, IL:
Human Kinetics Books; 1988.

29. Slaughter MH, Lohman TG, Boileau RA, Horswill CA, Stillman RJ, van Loan MD, Da Bemben. Skinfold
equations for estimation of body fatness in children and youth. Human Biology. 1988;60:709–23.

30. Chan D, Li H am, Yin J, NELSON E. New Skinfold-thickness Equation for Predicting Percentage Body Fat
in Chinese Obese Children. Hong Kong Journal of Paediatrics. 2008;14:96–102.

31. Rodríguez G, Moreno LA, Blay MG, Blay VA, Fleta J, Sarría A, Bueno M. Body fat measurement in
adolescents: comparison of skinfold thickness equations with dual-energy X-ray absorptiometry. Eur J
Clin Nutr. 2005;59:1158–66. doi:10.1038/sj.ejcn.1602226.

32. Plachta-Danielzik S, Müller MJ. Socio-Economic Aspects. In: Kiess W, Wabitsch M, Maffeis C, Sharma
AM, editors. Metabolic Syndrome and Obesity in Childhood and Adolescence. Basel: S. KARGER AG;
2015. p. 68–74. doi:10.1159/000368106.

33. Bau A-M, Sannemann J, Ernert A, Babitsch B. Ein�ussfaktoren auf die gesundheitsbezogene
Lebensqualität von 10- bis 15-jährigen Mädchen in Berlin. [Association between health-related quality of
life and selected indicators for 10- to 15-year-old girls in Berlin]. Gesundheitswesen. 2011;73:273–9.
doi:10.1055/s-0030-1247583.

34. Wünsche P, Schneewind KA. Entwicklung eines Fragebogens zur Erfassung von Selbst- und
Kompetenzeinschätzungen bei Kindern (FSK-K). Diagnostica. 1989:217–35.

35. Reinehr T, Kersting M, Wollenhaupt A, Alexy U, Kling B, Ströbele K, Andler W. Evaluation der Schulung
"OBELDICKS" für adipöse Kinder und Jugendliche. [Evaluation of the training program "OBELDICKS" for
obese children and adolescents]. Klin Padiatr. 2005;217:1–8. doi:10.1055/s-2004-816246.

3�. Warschburger P, Kröller K. Adipositas im Kindes- und Jugendalter. Zeitschrift für
Gesundheitspsychologie. 2005;13:69–78. doi:10.1026/0943-8149.13.2.69.

37. Mäkinen M, Puukko-Viertomies L-R, Lindberg N, Siimes MA, Aalberg V. Body dissatisfaction and body
mass in girls and boys transitioning from early to mid-adolescence: additional role of self-esteem and
eating habits. BMC Psychiatry. 2012;12:35. doi:10.1186/ 1471-244x-12-35.

3�. Bjornelv S, Nordahl HM, Holmen TL. Psychological factors and weight problems in adolescents. The role
of eating problems, emotional problems, and personality traits: the Young-HUNT study. Soc Psychiatry
Psychiatr Epidemiol. 2011;46:353–62. doi:10.1007/s00127-010-0197-z.

39. Rankin J, Matthews L, Cobley S, Han A, Sanders R, Wiltshire HD, Baker JS. Psychological consequences
of childhood obesity: psychiatric comorbidity and prevention. Adolesc Health Med Ther. 2016;7:125–46.
doi:10.2147/ahmt.s101631.

40. Gow ML, Tee MSY, Garnett SP, Baur LA, Aldwell K, Thomas S, et al. Pediatric obesity treatment, self-
esteem, and body image: A systematic review with meta-analysis. Pediatr Obes. 2020;15:e12600.
doi:10.1111/ijpo.12600.

41. Krause L, Ellert U, Kroll LE, Lampert T. Gesundheitsbezogene Lebensqualität von übergewichtigen und
adipösen Jugendlichen : Welche Unterschiede zeigen sich nach Sozialstatus und Schulbildung? [Health-
related quality of life of overweight and obese adolescents: what differences can be seen by socio-



Page 18/19

economic status and education?]. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz.
2014;57:445–54. doi:10.1007/s00103-014-1943-2.

42. Reiss F, Meyrose A-K, Otto C, Lampert T, Klasen F, Ravens-Sieberer U. Socioeconomic status, stressful life
situations and mental health problems in children and adolescents: Results of the German BELLA cohort-
study. PLoS One. 2019;14:e0213700. doi:10.1371/journal.pone.0213700.

43. Lange D, Plachta-Danielzik S, Landsberg B, Müller MJ. Soziale Ungleichheit, Migrationshintergrund,
Lebenswelten und Ubergewicht bei Kindern und Jugendlichen. Ergebnisse der Kieler Adipositas-
Präventionsstudie (KOPS). [Social inequality, migration, and healthy environments as determinants of
overweight of children and adolescents. Results of the Kiel Obesity Prevention Study (KOPS)].
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2010;53:707–15.
doi:10.1007/s00103-010-1081-4.

44. Vrijkotte TGM, Oostvogels AJJM, Stronks K, Roseboom TJ, Hof MHP. Growth patterns from birth to
overweight at age 5-6 years of children with various backgrounds in socioeconomic status and country
of origin: the ABCD study. Pediatr Obes. 2020;15:e12635. doi:10.1111/ijpo.12635.

45. Cislak A, Safron M, Pratt M, Gaspar T, Luszczynska A. Family-related predictors of body weight and
weight-related behaviours among children and adolescents: a systematic umbrella review. Child Care
Health Dev. 2012;38:321–31. doi:10.1111/j.1365-2214.2011.01285.x.

4�. Gerards SMPL, Sleddens EFC, Dagnelie PC, Vries NK de, Kremers SPJ. Interventions addressing general
parenting to prevent or treat childhood obesity. Int J Pediatr Obes. 2011;6:e28-45.
doi:10.3109/17477166.2011.575147.

47. Riiser K, Ommundsen Y, Småstuen MC, Løndal K, Misvær N, Helseth S. The relationship between �tness
and health-related quality of life and the mediating role of self-determined motivation in overweight
adolescents. Scand J Public Health. 2014;42:766–72. doi:10.1177/1403494814550517.

4�. Marques A, Mota J, Gaspar T, Matos MG de. Associations between self-reported �tness and self-rated
health, life-satisfaction and health-related quality of life among adolescents. Journal of Exercise Science
& Fitness. 2017;15:8–11. doi:10.1016/j.jesf.2017.03.001.

49. Babic MJ, Morgan PJ, Plotnikoff RC, Lonsdale C, White RL, Lubans DR. Physical activity and physical
self-concept in youth: systematic review and meta-analysis. Sports Med. 2014;44:1589–601.
doi:10.1007/s40279-014-0229-z.

50. Poulsen AA, Desha L, Ziviani J, Gri�ths L, Heaslop A, Khan A, Leong GM. Fundamental movement skills
and self-concept of children who are overweight. Int J Pediatr Obes. 2011;6:e464-71.
doi:10.3109/17477166.2011.575143.

51. Korsten-Reck U, Kaspar T, Korsten K, Kromeyer-Hauschild K, Bös K, Berg A, Dickhuth H-H. Motor abilities
and aerobic �tness of obese children. Int J Sports Med. 2007;28:762–7. doi:10.1055/s-2007-964968.

Figures



Page 19/19

Figure 1

Flow Chart of Number of Participants in the Study HRQOL, Health-Related Quality of Life; CHILT, CHildren’s
InterventionaL Trial °subdomains of self-concept

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

AdditionalFile.pdf

https://assets.researchsquare.com/files/rs-562059/v1/0813dd5069ad3a63f725dcbf.pdf

