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ABSTRACT:  51 

Background: Adolescence is a key developmental stage marked by physiological and 52 

behavioural changes. Eating behaviour, modifiable and sex-dependent, may be altered 53 

and linked to future health issues. This cross-sectional study aims to assess whether 54 

eating behaviours and body composition are associated in an adolescent sample.  55 

Methods: Participants aged 12.5-17.5 years were recruited from 10 European cities, 56 

with valid data on age, sex, socio-demographic status, body composition and physical 57 

activity and who had also completed the specific eating behaviour questionnaire “Eating 58 

Behaviour and Weight Problems Inventory for Children”. Different linear regression 59 

models were adjusted for relevant confounders, and ANCOVA models were performed.  60 

Results: Eating Behaviours related to weight concerns, dietary restraint, emotional 61 

eating, fear of weight gain, healthy nutrition and figure dissatisfaction were strongly 62 

positively associated with higher Body Mass Index (BMI), Fat Mass Index (FMI) and 63 

Waist Circumference (WC), especially in males (betas resulting from the association 64 

between these behavioural subscales and body composition in males, ranged from 0.174 65 

to 0.974 for BMI, 0.172 to 0.930 for FMI, and 0.128 to 0.889 for WC). The strongest 66 

association was detected in the weight concerns subscale for both males and females.  67 

Conclusion: Eating behaviours across all domains are significantly linked to body 68 

composition, with variations depending on the specific behavioural domain and the 69 

adolescent’s sex. These findings are critical for identifying specific behavioural patterns 70 

that contribute to obesity and related health issues, providing new insights for more 71 

targeted prevention strategies during this crucial stage of development. 72 

 73 

KEYWORDS: Eating behaviour, body composition, sex-differences, adolescents, 74 

obesity.  75 
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1. INTRODUCTION 76 

 77 

Childhood and adolescent obesity are major public health challenges, with global obesity 78 

rates in this population increasing tenfold in the past four decades (1). Excess weight in 79 

adolescence strongly predicts adult obesity and increases the risk of metabolic diseases 80 

and related morbidity (2). Obesity’s multifactorial causes include modifiable lifestyle 81 

factors like eating habits (3) which are formed in childhood and continue to develop in 82 

adolescence. Healthy habits during this period can ensure long-term health (4). 83 

Eating behaviour refers to how individuals relate to the act of eating, encompassing the 84 

patterns and habits involved in choosing, consuming, and interacting with food (5, 6). It 85 

is shaped by a complex interplay of biological, psychological, and socio-cultural aspects 86 

such as emotional state, and personal experiences (7). This may influence an individual's 87 

energy intake (8)—that was extensively studied—and the choice of one food over another, 88 

which has received more recent attention (9).  Eating behaviours are increasingly 89 

recognized as key determinants of obesity, as they shape both the quantity and quality of 90 

food consumed (10). Understanding how these behaviours relate to body composition 91 

during adolescence is particularly important, as this developmental stage is marked by 92 

rapid physical and psychological changes that may influence long-term health trajectories 93 

(11). 94 

Various tools are used to assess eating behaviour (12, 13), mostly in children and adults 95 

often to predict eating disorders and weight-related issues (14). However, at the time of 96 

the HELENA study, very few validated instruments were specifically designed for 97 

adolescents, although more have emerged in recent years (15, 16). The “Eating Behavior 98 

and Weight Problems Inventory for Children” (EWI-C) was developed with data from 99 

966 German students aged 11-16. It allows measuring different subscales that make eating 100 
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behaviour, addressing relevant issues in the diagnosis and treatment of obesity in 101 

adolescents (17). These subscales include not only eating-related behaviours, but also 102 

parenting food practices, body image, and attitudes toward obesity or nutrition, offering 103 

a broader psychosocial perspective. These dimensions have been shown to influence 104 

adolescents’ eating patterns and weight-related outcomes (18-20). Additionally, the EWI-105 

C assesses other behavioural aspects such as food cue responsiveness, emotional eating, 106 

weight concerns or dietary restraint, which reflect different psychological and 107 

environmental influences on food intake (17). Emotional eating and dietary restraint, for 108 

instance, have been linked to increased energy intake and disinhibited eating patterns (21, 109 

22). Furthermore, a previous study using the EWI-C questionnaire showed significant 110 

associations between behavioural subscales, such as food cue responsiveness, and 111 

increased consumption of high-energy-dense foods (23), which is also related to increased 112 

weight and body fat (24). Together, these subscales provide a comprehensive framework 113 

for understanding the multifaceted psychological, emotional, and attitudinal factors 114 

related to eating and their association with body composition in adolescents. 115 

Evidence on sex and gender differences in psychological and attitudinal factors related to 116 

eating during adolescence is also scarce. Sexual characteristics contribute to variability 117 

in eating disorders and obesity prevalence (25), with previous studies noting sex 118 

differences in eating behaviours in preschool and school-aged children (26). Most of these 119 

studies show that females are more concerned with healthy eating and body image (27).  120 

Several studies have examined the association between eating behaviours and body 121 

composition in school-age children (28),  but few have focused on adolescents or used 122 

multiple adiposity indicators beyond body mass index (BMI). Socio-economic status 123 

(SES) and physical activity (PA) are important factors related to both body composition 124 

and eating behaviours. Lower SES has been associated with higher adiposity and less 125 
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healthy eating patterns, potentially due to reduced access to nutritious foods, limited 126 

nutritional knowledge, and lifestyle constraints that promote the consumption of energy-127 

dense foods and lower intake of fruits and vegetables (29-31). Similarly, lower levels of 128 

PA are linked to higher fat mass and lower muscle mass (32), and less healthy eating 129 

patterns (33). However, despite their relevance, few studies have explicitly accounted for 130 

SES and PA as potential confounders when examining the relationship between eating 131 

behaviours and body composition in adolescents. 132 

Therefore, the aim of the present study was to assess whether eating-related psychological 133 

and attitudinal constructs and body composition are associated in adolescents and to 134 

identify potential differences in these associations according to their sex. Authors 135 

hypothesized that food approach behaviours, such as weight concerns, dietary restraint 136 

and emotional eating, would be positively associated with body composition indicators 137 

in adolescents, and that these associations would differ by sex, even after adjusting for 138 

socio-economic status and physical activity. 139 

2. METHODS 140 

2.1 Study design and population. 141 

 142 

The HELENA study (Healthy lifestyle in Europe by Nutrition in Adolescence), a 143 

multicentre and cross-sectional study, was conducted in 2007-2008 to obtain standardised 144 

and reliable data on the nutritional status of adolescents aged between 12.5 and 17.5 years 145 

in 10 European cities: Athens (Greece), Dortmund (Germany), Gent (Belgium), 146 

Heraklion (Crete), Lille (France), Pecs (Hungary), Rome (Italy), Stockholm (Sweden), 147 

Vienna (Austria), Zaragoza (Spain). Eligibility criteria included adolescents not 148 

participating in another study simultaneously as well as being free of any acute infection 149 

of duration at least 1 week before. A total of 3,528 adolescents were included in this study 150 
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(34). The study protocol was approved by the relevant ethics committees of each 151 

participating city and followed the ethical guidelines of the Declaration of Helsinki 1964 152 

(revision of Edinburgh 2000), the Good Clinical Practice and the legislation about clinical 153 

research in humans (35). Participants and their parents signed written informed consent.  154 

As shown in Figure 1, the final sample of the present study included 2,059 adolescents 155 

(55,3% female) with valid age, sex, and sociodemographic status data. They were also 156 

required to have valid data on body composition and complete the specific questionnaire 157 

on eating-related psychological and attitudinal constructs (EWI-C). In addition to the 158 

above, valid data on objectively measured moderate-vigorous physical activity (MVPA) 159 

was used as a covariable. The flow chart shows the selection process of the participants 160 

for the present study (Fig 1). 161 

2.2 EWI- C questionnaire 162 

Eating-related psychological and attitudinal constructs were assessed using the EWI-C 163 

questionnaire, designed and validated for adolescents (17). It was originally available in 164 

German and English language, however, it was later translated and culturally adapted to 165 

every language spoken in the countries included in the HELENA study (36). This 166 

instrument was selected based on its validation status and availability at the time of data 167 

collection, prior to the development of newer tools. The EWI-C consists of 60 questions 168 

assigned to 10 subscales. 1, Strength and motivation to eat: evaluates the internal drive 169 

and desire to eat (e.g., “If I see someone else eating, I start to feel hungry, even if it isn’t 170 

time to eat.”). 2, Importance and impact of eating: measures how eating influences daily 171 

life and emotional well-being (“I feel particularly comfortable after I have eaten.”). 3, 172 

Eating as a means to coping with emotional stress: explores the use of food to manage 173 

negative emotions (“Eating makes it easier for me to overcome disappointments.”). 4, 174 

Problems concerning eating and weight: identifies concerns about eating habits and body 175 
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weight (“I am constantly aware that I weigh too much.”). 5, Dietary restraint: assesses 176 

efforts to control food intake, often for weight reasons (“I do not eat certain foods because 177 

they are fattening.”). 6, Attitude toward healthy nutrition: reflects beliefs about healthy 178 

eating (“I make sure that I eat as many healthy foods as possible.”).  7, Attitude toward 179 

the obese: examines biases or stereotypes toward individuals with obesity (“I do not like 180 

fat people.”). 8, Parental pressure to eat: measures perceived pressure from parents 181 

regarding eating (“My parents always insist that I eat everything on my plate.”). 9, Fear 182 

of gaining weight: captures anxiety about weight gain (“After eating I worry that I will 183 

get fat.”) and 10, Figure dissatisfaction:  assesses dissatisfaction with body image (“I think 184 

my thighs are too fat.”). The questions have four defined response categories which were 185 

assigned values from 1 to 4: 1-Does not apply at all; 2-Seldom applies; 3-Occasionally 186 

applies; and 4- Always applies (17).   187 

To calculate the total score for each subscale, the mean of all item responses within that 188 

subscale for each participant was computed. This approach provides an overview of the 189 

sample's scores across the different domains of eating-related psychological and 190 

attitudinal constructs. 191 

 192 

To simplify the name of the subscales and making the article more readable, we propose 193 

abbreviated names that are displayed in Table 1. 194 

Table 1. Equivalence in the name of the EWI questionnaire subscales. 195 

Original subscale name Abbreviated subscale name 

EWI 1: Hunger level and susceptibility to food cues. Food cue responsiveness 

EWI 2: Importance and impact of eating on sense of well-

being. 

Well-being nutrition 

EWI 3: Eating as a means of coping with emotional stress. Emotional eating 

EWI 4: Concerns about eating and weight. Weight concerns 

EWI 5: Dietary restraint. Dietary restraint 
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EWI 6: Attitude toward healthful nutrition. Healthy nutrition  

EWI 7: Attitude toward the obese.  Obesity perception 

EWI 8: Pressures to eat from parents. Parental pressure 

EWI 9: Fear of weight gain. Weight gain fear 

EWI 10: Figure dissatisfaction.  Figure dissatisfaction 

 196 

2.3 Anthropometric measurements 197 

A team of trained professionals measured the participants’ weight (kg) and height (m) 198 

according to standardized methods (37). A stadiometer (SECA 225, SECA, Hamburg, 199 

Germany) was used to determine height (accuracy of 0.1 cm). An electronic scale with an 200 

accuracy of 0.1 kg (SECA 861, SECA, Hamburg, Germany) was used to measure weight. 201 

The body mass index (BMI) was calculated by dividing body weight (kg) by height 202 

squared (m2), and participants were classified according to their age and sex as having 203 

underweight, normal weight, overweight, or obesity, using the cut-off points suggested 204 

by Cole et al. (38). Body fat percentage was calculated from skinfold thickness 205 

measurements using the Slaughter’s equation (39). Fat mass index (FMI) was calculated 206 

by dividing fat mass (kg) by height squared (m2), this index adjusts for body size similarly 207 

to the method used for BMI. Fat-free mass index (FFMI) was calculated by dividing lean 208 

mass (kg) to height (m2). Waist circumference (WC) measurements were performed three 209 

consecutive times with a non-elastic tape (SECA 200, SECA, Hamburg, Germany) to the 210 

nearest 0.1 cm at the midpoint between the lower rib and the iliac crest (40).  For BMI z-211 

score calculation, the reference values of Cole et al. were used (38). For WC, FMI and 212 

FFMI z-score cut-off points were established according to the studied sample itself. 213 

 214 

2.4 Sociodemographic characteristics  215 

Demographic characteristics of the participants and information on age and sex were 216 

collected using a general questionnaire. A modified version of the Family Affluence Scale 217 
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(FAS) was used in this study, a valid indicator to measure the socio-economic status and 218 

material circumstances of adolescents (41). A score of 0-2 reflects low family wealth, 3-219 

5 medium family wealth and 6-8 high family wealth, so participants were grouped into 3 220 

categories: low, medium, or high socio-economic status. FAS has been included as a 221 

covariate in the analyses due to its potential influence on both eating behaviours and body 222 

composition in adolescents. 223 

 224 

2.5 Physical Activity 225 

Physical activity was included as a covariate in the analyses due to its relevance across 226 

all stages of life (42) and its potential influence on body composition (43, 44), particularly 227 

during adolescence. The GT1M monitor (ActiGraph©, Pensacola, FL, USA) was used to 228 

assess adolescents' physical activity levels. The process for using this device and data 229 

collection has been previously described (45). After downloading the data, they were 230 

expressed as mean physical activity in counts per minute. At least 3 days of recording 231 

with a minimum of 8 or more hours of recording per day were necessary for the adolescent 232 

to be included in the analysis. Moderate-vigorous physical activity (MVPA) variable was 233 

defined as time in minutes in which PA was >2000 counts/min (45). 234 

 235 

2.6 Statistical Analysis 236 

To check for normality of continuous variables the Shapiro-Wilk test has been performed. 237 

Since not all variables followed a normal distribution, sex-specific descriptive 238 

characteristics are shown as a median and interquartile range for the continuous variables; 239 

the Mann-Whitney U-test was used for between-group comparisons. Moreover, Pearson's 240 

Chi-square test was performed to establish sex comparisons on categorical variables, 241 

which are shown as absolute and relative frequencies. 242 
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Then, multiple linear regression models were conducted to examine the association 243 

between EWI-C subscales (independent variables) and body composition indicators 244 

(dependent variables). All models were adjusted for age, socio-economic status (FAS), 245 

physical activity (MVPA) and city of origin as confounders. Analysis was performed in 246 

the whole sample and stratified by sex. Normality of residuals of the main regression 247 

models were examined via Q-Q plots and tests of normality. 248 

Furthermore, according to EWI-C answers, the sample was grouped into three response 249 

categories (“Totally disagree”, “Disagree”, and “Agree”) for each subscale. This 250 

transformation was performed using the Visual Binning function in SPSS, which 251 

automatically calculates percentiles to create balanced groups based on the distribution 252 

of responses within each subscale. This step was necessary to ensure sufficient sample 253 

sizes in each group, particularly where extreme response options were underrepresented, 254 

and to improve the statistical power of the ANCOVA analysis. Subsequently, analysis of 255 

covariance (ANCOVA) models was applied to examine differences in adiposity 256 

indicators (BMI, FMI, WC, FFMI), across these response categories. All models were 257 

adjusted for age, socio-economic status (FAS), moderate-to-vigorous physical activity 258 

(MVPA), and city of origin. Post hoc pairwise comparisons were performed using 259 

Bonferroni adjustment to identify specific differences between the three response 260 

categories within each subscale. 261 

SPSS STATISTICS v.26 (IBM Corp. Released 2017) and R studio statistical software 262 

have been used to perform all statistical analysis. The value p < 0.05 was established as 263 

indicative of significant findings.  264 

3. RESULTS 265 
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Table 2 shows the main characteristics of the HELENA participants included in the 266 

present study. The residuals showed an approximately normal distribution with no major 267 

deviations, supporting the validity of the reported findings (Annex I). 268 

For the EWI subscales, Table 3 shows significant differences between sexes for all 269 

subscales except in “Food cue responsiveness”. Males had a significant higher score 270 

compared to females in the subscales named “well-being nutrition”, “obesity perception” 271 

and “parental pressure” subscales. In contrast, the remaining EWI subscales showed 272 

females having significantly higher scores than males (p≤ 0.001). Annex II show 273 

correlations between EWI subscales for females and males separately (p < 0.05). 274 
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 275 

Table 2. General characteristics of the sample.  

 TOTAL MALES FEMALES P 

Sex 2059 (100%) 920 (44.7%) 1139 (55.3%)  

Age (years) 14.67 (1.92) 14.75 (2.08) 14.67 (1.92) .803 

Centre    .507 

Athens (Greece) 188 (9.1%) 84 (9.1%) 104 (9.1%)  

Dortmund (Germany) 228 (11.1%) 130 (14.1%) 98 (8.6%)  

Gent (Belgium) 252 (12.2%) 120 (13.0%) 132 (11.6%)  

Heraklion (Crete) 63 (3.1%) 12 (1.3%) 51 (4.5 %)  

Lille (France) 192 (9.3%) 79 (8.6%) 113 (9.9%)  

Pecs (Hungary) 263 (12.8%) 116 (12.6%) 147 (12.9%)  

Rome (Italy) 164 (8.0%) 65 (7.1%) 99 (8.7%)  

Stockholm (Sweden) 202 (9.8%) 74 (8.0%) 128 (11.2%)  

Vienna (Austria) 172 (8.4%) 77 (8.4%) 95 (8.3%)  

Zaragoza (Spain) 335 (16.3%) 163 (17.7%) 172 (15.1%)  

Weight (kg) 56.50 (14.50) 60.30 (16.68) 54.50 (12.60) <.001 

Height (cm) 165.10 (12.70) 170.50 (13.18) 162.20 (9.60) <.001 

Waist (cm) 70.00 (9.50)  71.73 (10.09) 68.43 (9.90) <.001 

BMI categories    .731 

Underweight 90 (4.4%) 41 (4.5%) 49 (4.3%)  

Normal weight 1657 (80.5%) 733(79.7%) 924 (81.1%)  

Overweight 241 (11.7%) 110 (12%) 131 (11.5%)  

Obesity 71 (3.4%) 36 (3.9%) 35 (3.1%)  

BMI z score -.066 (1.21) -.033 (1.11) -.083 (1.22) .118 

FMI z score -.283 (1.06) -.356 (0.96) -.220 (1.13) .588 

WC z score -.180 (1.18) -.087 (1.16) -.280 (1.22) <.001 

MVPA (mins) 54.36 (29.67) 64.13 (32.74) 48.78 (24.51) <.001 

FAS     .002 

Low 262 (12.7%) 90 (10.5%) 172 (15.1%)  

Medium 1147 (55.7%) 527 (57.3%) 620 (54.5%)  

High 650 (31.5%) 303 (32.9%) 347 (30.5%)  
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Table 3. Median scores on EWI-C subscales in the total sample and by sex. 276 

 277 

 278 

The relationships between EWI subscales and adiposity indicators for males and females 279 

are shown in Figure 2. Findings are statistically significant showing a negative association 280 

between “Food cue responsiveness”, “Well-being nutrition” and “Parental pressure” 281 

subscales and the three adiposity indicators in both males and females. However, “Obesity 282 

perception” only presented a significant negative association with WC, in males. Positive 283 

associations were observed between the rest of EWI-C subscales and adiposity indicators 284 

in both sexes. In contrast to the analysis in the total sample (Annex III), the association 285 

between “Emotional eating” and waist circumference was statistically significant only in 286 

males (β = 0.224, 95% CI: 0.095,0.354).  287 

Notably, subscales related to weight concerns showed stronger associations with 288 

adiposity indicators in males; for instance, each additional point on the “Weight concerns” 289 

subscale was associated with a β coefficient of 0.974 (95% CI: 0.891, 1.057) in BMI. 290 

EWI subscales TOTAL MALES FEMALES P 

1- Hunger level and susceptibility to food cues 2.00 (.75) 1.87 (.88) 2.00 (.75) .056 

2- Importance and impact of eating on sense of 

well-being 

2.43 (.86) 2.57 (.71) 2.43 (.86) <.001 

3- Eating as a means of coping with emotional 

stress 

1.50 (.88) 1.37 (.63) 1.62 (1.00) <.001 

4- Concerns about eating and weight 1.62 (1.25) 1.37 (.88) 2.00 (1.25) <.001 

5-  Dietary restraint 1.71 (1.14) 1.42 (.86) 2.00 (1.14) <.001 

6-  Attitude toward healthful nutrition 2.50 (.75) 2.50 (1.00) 2.75 (.75) <.001 

7-  Attitude toward the obese 2.40 (1.00) 2.40 (1.00) 2.20 (1.20) .008 

8- Pressures to eat from parents 2.40 (1.00) 2.41 (1.00) 2.39 (1.00) <.001 

9-  Fear of weight gain 2.00 (1.67) 1.33 (1.00) 2.33 (1.67) <.001 

10-  Figure dissatisfaction 1.80 (1.40) 1.40 (1.00) 2.40 (1.40) <.001 



14 
 

Conversely, higher scores on the “Parental pressure” subscale were associated with lower 291 

BMI values (β =-0.305, 95% CI: -0.402, -0.028). Overall, the strength of associations 292 

between EWI-C subscales and adiposity indicators tended to be higher in males than in 293 

females. 294 

Table 4 presents adjusted mean values of adiposity indicators across grouped responses 295 

to the EWI-C subscales, stratified by sex. These comparisons were conducted using 296 

ANCOVA models adjusted for age, socio-economic status (FAS), physical activity 297 

(MVPA), and city of origin. These results confirm previous findings of the strong 298 

association of EWI scales related to body and weight concerns with higher adiposity 299 

indicators, especially in males. In general, higher agreement on these behaviours in both 300 

sexes are associated to higher body fat. It is noteworthy that in the results of response 301 

groupings, many more females tend to be found in the “agree” category than males as, 302 

for example, in “Weight gain fear” where only 132 males agree (14.3%) and a total of 303 

553 females (48.5%) (p < 0.001).  Post hoc pairwise comparisons using Bonferroni 304 

adjustment indicated that, for most subscales, the “Agree” group differed significantly 305 

from the other two categories, particularly in scales related to weight and body concerns 306 

(all p < 0.001), while differences between “Totally disagree” and “Disagree” were less 307 

consistent. For the ANCOVA analyses, age showed consistent positive associations with 308 

BMI and WC across both sexes, while FAS was negatively associated with most body 309 

composition outcomes. Full beta coefficients and 95% confidence intervals are available 310 

in Supplementary Annex IV.311 
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Table 4.  Adjusted means of body composition indicators across EWI-C Subscale Response Categories. ANCOVA models, by 
sex.  
  N (%) BMI FMI WC FFMI 

   Mean±SD p Mean±SD p Mean±SD p Mean±SD p 

Food cue 
responsiveness 

          

Male    <.001  <.001  <.001  .551 

Totally disagree 396 (43,0%) 21,57±3,71  4,89±3,42  74,56±9,17  15,55±3,35  
Disagree 283 (30,8%) 21,06±3,49  4,31±3,15  73,91±8,62  15,41±3,29  
Agree 241 (26,2%) 20,15±3,34  3,73±2,71  71,65±8,01  15,61±3,46  

Female    .001  .001  .011  .849 

Totally disagree 441 (38,7%) 21,25±3,40  5,80±2,41  70,076±8,00  16,85±3,34  
Disagree 366 (32,1%) 21,49±3,66  5,97±2,79  70,65±8,107  16,74±3,16  
Agree 332 (29,1%) 20,60±3,08  5,33±2,29  69,02±6,62  16,72±3,44  

Well-being 
nutrition 

          

Male    <.001  <.001  <.001  .522 

Totally disagree 229 (24,9%) 22,15±3,92  5,14±3,51  75,54±9,62  15,70±3,28  
Disagree 308 (33,5%) 21,00±3,61  4,49±3,36  73,44±9,16  15,50±3,35  
Agree 383 (41,6%) 20,41±3,19  3,90±2,74  72,56±7,71  15,44±3,43  

Female    <.001  <.001  <.001  .703 

Totally disagree 379 (33,3) 21,74±3,66  6,09±2,67  70,86±8,46  16,83±3,42  

Disagree 403 (35,4%) 21,25±3,28  5,78±2,39  70,34±7,48  16,84±3,29  
Agree 357 (31,3%) 20,38±3,15  5,25±2,42  68,54±6,81  16,65±3,22  

Emotional 
eating 

          

Male    .004  .001  .002  .721 

Totally disagree 453 (49,2%) 20,77±3,29  4,13±2,87  72,84±8,09  15,52±3,27  
Disagree 299 (32,5%) 21,02±3,70  4,43±3,33  73,54±8,95  15,50±3,53  
Agree 168 (18,3%) 21,80±4,04  5,11±3,65  75,75±9,90  1,56±3,36  

Female    .082  .023  .076  .380 

Totally disagree 341 (29,9%) 20,92±3,32  5,55±2,40  69,51±7,59  16,76±3,32  
Disagree 370 (32,5%) 20,92±3,13  5,52±2,84  69,36±7,56  16,94±3,37  
Agree 428 (37,6%) 21,49±3,70  6,03±2,77  70,81±7,80  16,64±3,26  

Weight 
concerns 

          

Male    <.001  <.001  <.001  .083 

Totally disagree 450 (48,9%) 19,34±2,30  2,95±1,48  69,97±5,54  15,23±3,20  
Disagree 310 (33,7%) 21,54±3,09  4,70±2,79  74,62±8,48  15,91±3,35  
Agree 160 (17,4%) 24,85±4,21  7,95±4,34  81,82±10,57  15,60±3,36  

Female    <.001  <.001  <.001  .348 

Totally disagree 273 (24,0%) 18,46±1,91  3,92±1,18  64,82±4,52  16,55±3,32  
Disagree 400 (35,1%) 20,99±2,71  5,53±2,03  69,16±6,33  16,87±3,46  
Agree 466 (40,9%) 22,99±3,52  6,94±2,78  73,63±8,27  16,84±3,18  
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Dietary 
restraint 

          

Male    <.001  <.001  <.001  .775 

Totally disagree 473 (51,4%) 19,81±2,71  3,28±1,98  71,04±6,51  15,32±3,22  
Disagree 252 (27,4%) 21,44±3,61  4,74±3,20  74,50±9,11  15,60±3,40  
Agree 195 (21,2%) 23,50±4,04  6,72±4,13  78,64±10,58  15,92±3,61  

Female    <.001  <.001  <.001  .138 

Totally disagree 322 (28,3%) 19,49±3,00  4,71±2,23  67,04±6,52  16,60±3,43  
Disagree 270 (23,7%) 20,83±3,03  5,46±2,27  69,73±7,09  16,61±3,42  
Agree 547 (48,0%) 22,26±3,40  6,44±2,57  71,77±8,05  16,96±3,28  

Healthy 
nutrition  

          

Male    .004  .001  .008  .813 

Totally disagree 381 (41,4%) 20,62±3,30  3,91±2,71  72,75±8,27  15,32±3,24  
Disagree 273 (29,7%) 21,33±3,90  4,80±3,41  74,32±9,32  15,70±3,50  
Agree 266 (28,9%) 21,34±3,61  4,71±3,51  74,07±8,85  15,65±3,40  

Female    .001  .001  .001  .328 

Totally disagree 333 (29,2%) 20,59±3,50  5,32±2,62  68,70±7,55  16,61±3,28  
Disagree 405 (35,6%) 21,21±3,46  5,81±2,51  70,18±7,64  16,98±3,32  
Agree 401 (35,2%) 21,52±3,24  5,96±2,41  70,76±7,72  16,70±3,33  

Obesity 
perception 

          

Male    .395  .241  .185  .273 
Totally disagree 339 (36,8%)  21,18±3,86  4,60±3,43  74,22±9,55  15,32±3,39  
Disagree 266 (28,9%) 20,80±3,28  4,14±2,79  73,42±8,05  15,48±3,30  
Agree 315 (34,2%) 21,09±3,53  4,43±3,25  73,07±8,48  15,77±3,36  

Female    .880  .951  .281  .181 
Totally disagree 481 (42,2%) 21,03±3,64  5,70±2,62  70,25±8,07  16,76±3,32  
Disagree 310 (27,2%) 21,16±3,28  5,67±2,45  70,12±7,27  16,59±3,31  
Agree 348 (30,6%) 21,27±3,21  5,79±2,44  69,37±7,46  16,96±3,30  

Parental 
pressure 

          

Male    <.001  <.001  <.001  .586 
Totally disagree 307 (33,4%) 21,81±3,60  4,85±3,35  75,34±8,68  15,27±3,39  
Disagree 320 (34,8%) 21,05±3,76  4,47±3,33  73,51±9,37  15,65±3,22  
Agree 293 (31,8%) 20,22±3,19  3,87±2,78  71,87±7,84  15,65±3,48  

Female    <.001  <.001  <.001  .300 
Totally disagree 444 (39,0%) 21,83±3,51  5,99±2,58  71,16±8,23  16,80±3,35  
Disagree 395 (34,7%) 21,07±3,44  5,79±2,61  69,96±7,37  16,90±3,35  
Agree 300 (26,3%) 20,21±3,00  5,22±2,22  68,14±6,85  16,58±3,03  

Weight gain 
fear 

          

Male    <.001  <.001  <.001  .578 
Totally disagree 379 (41,2%) 19,76±2,80  3,30±2,09  70,71±6,72  15,62±3,26  
Disagree 409 (44,5%) 21,52±3,70  4,74±3,36  74,49±9,00  15,43±3,45  
Agree 132 (14,3%) 23,25±3,86  6,52±3,92  79,12±10,04  15,52±3,39  

Female    <.001  <.001  <.001  .158 
Totally disagree 169 (14,8%) 19,03±3,22  4,32±2,22  65,89±6,63  16,78±3,10  
Disagree 417 (36,6%) 20,51±3,04  5,37±2,31  69,09±6,77  16,56±3,42  
Agree 553 (48,6%) 22,25±3,32  6,41±2,53  71,84±8,03  16,94±3,29  
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 312 

 313 

4. DISCUSSION  314 

The present study provides additional evidence on the association between eating-related 315 

psychological and attitudinal constructs and adiposity indicators in European adolescents: 316 

Behaviours related to weight concerns, dietary restraint, emotional eating, fear of weight 317 

gain, healthy nutrition, and figure dissatisfaction were strongly positively associated with 318 

higher BMI, FMI and WC.  319 

Our findings revealed significant sex differences in eating-related psychological and 320 

attitudinal constructs, with females scoring higher. Scores on the "Emotional eating," 321 

"Weight concerns," "Weight gain fear," and "Healthy nutrition" subscales align with 322 

existing literature, showing that females are more concerned about these behaviours (46, 323 

47), which have been associated with a likelihood of developing eating disorders (48). 324 

Females also scored higher on the “Dietary restraint” and “Figure dissatisfaction” 325 

subscales, reflecting concerns about weight and body image (49, 50). Other study show 326 

that while adolescents are generally dissatisfied with their body image, males prefer a 327 

larger size, while females prefer a slimmer one (51).  328 

Males scored higher on the “Well-being nutrition”, “Obesity perception”, and “Parental 329 

pressure” subscales. This first of these subscales, similar to the “Enjoyment of food' 330 

subscale” (13), suggests that males are less concerned about food intake. This finding 331 

aligns with a previous study reporting higher scores in boys (52), although other research 332 

in children has found the opposite pattern, with girls scoring higher (13, 53). In the same 333 

Figure 
dissatisfaction 

          

Male    <.001  <.001  <.001  .491 
Totally disagree 519 (56,4%) 19,59±2,36  3,12±1,61  70,40±5,92  15,42±3,25  
Disagree 293 (31,8%) 21,91±3,45  5,05±3,03  75,36±8,93  15,76±3,47  
Agree 108 (11,7%) 25,61±4,22  8,86±4,55  84,21±10,14  15,37±3,59  

Female    <.001  <.001  <.001  .850 
Totally disagree 275 (24,1%) 18,75±2,14  4,15±1,41  65,27±5,11  16,76±3,34  
Disagree 377 (33,1%) 20,66±3,07  5,44±2,36  68,98±6,39  16,87±3,31  
Agree 487 (42,8%) 22,85±3,33  6,82±2,52  73,34±8,19  16,71±3,31  
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way, “obesity perception” scoring higher in males, aligns with research showing males 334 

tend to express stronger weight stigma (54). It is important to note that several items in 335 

this subscale are framed in gendered and appearance-focused terms, often targeting 336 

women (e.g., ‘A woman only looks good when she is slim’), which may reflect and 337 

reinforce societal biases, which could influence how participants—particularly males—338 

respond to these items (55). Regarding the “Parental pressure” subscale, studies have 339 

found similar results, where males tend to receive more parental pressure than females 340 

(56). Higher body weight may be more socially accepted in males than females, as shown 341 

above and supported by other studies (57); parents may encourage overeating in males 342 

while preventing significant weight gain in females (58). 343 

In the EWI validation study, sex differences mirrored our findings, with females scoring 344 

higher on “Weight concerns,” “Dietary restraint,” “Weight gain fear,” and “Figure 345 

dissatisfaction,” and lower on “Food cue responsiveness,” “Well-being nutrition,” 346 

“Obesity perception,” and “Parental pressure.” There was no significance in the 347 

“Emotional eating” subscale, where females scored higher in our study (17). This 348 

difference could be due to the diverse cultures and countries included in our sample (59). 349 

The observed sex differences may reflect how behavioural subscales are perceived and 350 

expressed differently by males and females. Males might be more likely to openly display 351 

behaviours such as high food cues responsiveness or low dietary restraint (60), which are 352 

directly linked to body composition, thereby strengthening the statistical associations in 353 

their group. However, previous research suggests that males are less likely to 354 

acknowledge behaviours such as emotional eating (61), possibly due to social stigma or 355 

gender norms, and may only report such behaviours when adiposity is more evident (62). 356 

In contrast, females tend to express greater concern about weight and body image, even 357 

in without elevated adiposity (61). These gendered patterns of perception and reporting 358 
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may influence both the strength and visibility of associations between eating-related 359 

psychological and attitudinal constructs and adiposity indicators in each group (63). 360 

The association between eating-related psychological and attitudinal constructs and 361 

adiposity indicators varied by subscale. Although fat-free mass index was included as an 362 

adiposity indicator in our models, results were not shown in detail due to the lack of 363 

statistically significant associations. Previous studies have also reported weak or 364 

inconsistent associations between fat-free mass and eating behaviours in adolescents (64), 365 

suggesting that FFM may be more influenced by other aspects such as physical activity 366 

and developmental factors than by behavioural traits (65).  367 

Our findings reveal that both “Food cue responsiveness” and “Well-being nutrition” 368 

subscales showed a negative relationship with the three adiposity indictors (BMI, FMI, 369 

WC). This contrasts with previous studies, which either reported no significant 370 

associations with similar behaviour subscales as “food responsiveness” in CEBQ (66), or 371 

found positive associations between food responsiveness and obesity indicators in 372 

children, as shown in the meta-analysis by Kininmonth et al. (67). Another study showed 373 

that food approach traits, like enjoyment of food and hunger, were positively linked to 374 

growth rates in weight, BMI, and body fat percentage (68).   375 

The results from the “Emotional eating” subscale suggest that adolescents may eat in 376 

response to emotional states rather than for pleasure. This may be explained by 377 

psychological factors like anxiety, linked to emotional eating and higher rates of 378 

overweight and obesity (21). In this subscale, as in others like “weight concerns” or 379 

“figure dissatisfaction”, betas were higher in males, while females were more likely to 380 

“agree” with the subscale. This indicates that although emotional eating is more prevalent 381 

among females, its association with adiposity indicators is stronger in males, possibly 382 

reflecting a more pronounced impact when present (62). A recent study align with our 383 
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findings on the association of this subscale and body fat in sex-segmented young people 384 

(69). 385 

A strong positive relationship was found between subscales related to concerns about 386 

weight, body image, and eating (“Weight concerns”, Weight gain fear”, “Dietary 387 

restraint”, “Healthy nutrition”, “Figure dissatisfaction”), and adiposity indicators, with 388 

“Weight concerns” and “Dietary restraint” showing the highest beta scores. These 389 

findings align with previous studies where BMI was significantly correlated with 390 

restrictive eating, body dissatisfaction, and worry about gaining weight (49, 70-72). 391 

Adolescents with concerns about weight or body image may engage in dietary restraint. 392 

Although some literature distinguishes between flexible and rigid cognitive control of 393 

eating behaviour—each potentially associated with either positive or detrimental effects 394 

(73)—it remains uncertain whether these distinctions apply directly to dietary restraint or 395 

have consistent implications for body composition.  396 

"Parental pressure" was negatively associated with body composition, with higher 397 

pressure linked to lower excess fat in children. Previous research found that children's 398 

BMI predicted parental feeding practices such as pressure to eat and restriction, but not 399 

the reverse (74). This is consistent with other study that conclude that parental concern 400 

tends to vary according to children weight status (56). A systematic review found mostly 401 

non-significant associations between parental pressure to eat and weight outcomes in 402 

children and adolescents. However, high-quality studies suggested that such pressure to 403 

eat may lead to lower weight outcomes over time (75), possibly due to changes in 404 

children's eating behaviour in response to parental control. 405 

The associations between eating-related psychological and attitudinal constructs and 406 

body composition may be bidirectional or unidirectional, as in this cross-sectional study, 407 

both are measured simultaneously, making the direction of causality unclear. 408 



21 
 

Additionally, other factors not accounted for, may influence this relationship (76). In some 409 

subscales, apparent inconsistences may arise, such as higher fear of weight gain 410 

correlating with greater body fat. This could reflect either a fear of gaining additional 411 

weight or that such fear has contributed to a problematic relationship with food (77), 412 

leading to excess weight. Moreover, it is established that individuals with higher body fat 413 

are at greater risk for eating disorders (78), which could potentially explain these results. 414 

Finally, individuals with overweight or obesity may feel uncomfortable endorsing 415 

attitudes perceived as pro-eating when responding to questionnaires, which could also 416 

influence the results. 417 

Excess adiposity status has a multifactorial origin (79) and does not depend only on one 418 

variable such as eating behaviour, even if this includes several dimensions. Therefore, it 419 

was essential to adjust for factors such as socio-economic status and physical activity, 420 

where eating behaviour-adiposity association was stronger. Similar findings were 421 

observed in another study that accounted for socio-demographic factors in the 422 

relationship between stress, eating behaviours, physical activity, and adolescent 423 

overweight/obesity (70). Prior research, suggests that associations between eating 424 

behaviours and body composition vary based on factors such as gender, age, socio-425 

economic status, physical activity, and social context (80).  426 

 427 

4.5 Strengths and limitations. 428 

Strengths of this study include a large sample size, a well-defined methodology, and its 429 

focus on eating-related psychological and attitudinal constructs and body composition in 430 

adolescents, an area with limited research compared to children. This study further 431 

contributes by examining sex differences and adjusting for additional influencing 432 

variables. The use of the EWI questionnaire, previously analysed only once and never in 433 
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relation to body composition, adds unique value to the research (23). A limitation of this 434 

study is the use of a self-reported questionnaire, which may introduce biases due to the 435 

complex developmental stage of adolescence. While the questionnaire was originally 436 

validated in English and German, subsequently translated, and culturally adapted to other 437 

languages, it was not revalidated in each translated version, which may have introduced 438 

minor inconsistencies. Additionally, results were adjusted for age and sex but not tanner 439 

stages to avoid reducing the sample size. Lastly, due to the cross-sectional design, long-440 

term effects on the tracking of eating-related psychological and attitudinal constructs 441 

could not be assessed. 442 

 443 

5. CONCLUSIONS 444 

The present findings suggest a direct association between eating-related psychological 445 

and attitudinal constructs and body adiposity indicators in adolescents. Positive 446 

associations were found for subscales like "Emotional eating," "Weight concerns," 447 

"Dietary restraint," "Healthy nutrition," "Weight gain fear," and "Figure dissatisfaction," 448 

while negative associations were observed for "Food cue responsiveness," "Well-being 449 

nutrition," and "Parental pressure." Associations were stronger in males, and notable sex 450 

differences in responses may reflect contextual and perceptual factors, highlighting the 451 

need to critically evaluate how such measures are designed and interpreted. This can help 452 

improve eating behaviour guidelines and develop interventions to prevent fat 453 

accumulation during this critical age. Given the social pressures and physiological 454 

changes adolescents face, it is crucial to promote health while addressing concerns about 455 

food, weight, and body dissatisfaction. Further studies, particularly longitudinal research, 456 

are needed to confirm these associations in adolescents and track them from early 457 

childhood.  458 
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Figure 1. Flow chart of the sample selection process. 756 
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vigorous physical activity.  758 

Table 2. General characteristics of the sample. 759 

The data are shown as median and interquartile range for continuous variables with a non-normal distribution and N (%) for categorical 760 

variables. P value significance in Mann-Whitney U test for numerical variable or the Chi-square test for categorical variables. 761 

Significant differences by sex (p < 0.05) are shown in bold font. BMI: Body Mass Index, FMI: Fat Mass Index, WC: Waist 762 

Circumference, MVPA: Moderate-Vigorous Physical Activity, FAS: Family Affluence Scale. 763 

Table 3. Median scores on eating behaviours subscales in the total sample and by 764 
sex. 765 

The data are shown as median and interquartile range as continuous variables with a non-normal distribution. P value significance in 766 

Mann-Whitney U test for numerical variable. Significant differences by sex (p < 0.05) are shown in bold font. 767 

Figure 2. Forest plot of the association of EWI-C subscales and BMI, FMI, WC. 768 

Multiple linear regression on the adjusted model of the behavioural eating subscales (EWI-C) and adiposity indicators adjusted for 769 

covariates: age, FAS, MVPA and centre. The analysis was carried out separately on male (N=920) and female (N=1139) participants. 770 

(1) Food cue responsiveness: Hunger level and susceptibility to food cues; (2) Well-being nutrition: Importance and impact of eating 771 

on sense of well-being nutrition; (3) Emotional eating: Eating as a means of coping with emotional stress; (4) Weight concerns: 772 

Concerns about eating and weight; (5) Dietary restraint: Dietary restraint; (6) Healthy nutrition : Attitude toward healthful nutrition; 773 
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(7) Obesity perception: Attitude toward the obese; (8) Parental pressure: Pressures to eat from parents; (9) Weight gain fear: Fear of 774 

weight gain; (10) Figure dissatisfaction: Figure dissatisfaction. 775 

Table 4.  Adjusted means of body composition indicators across EWI-C Subscale Response 776 

Categories. ANCOVA models, by sex.  777 

Grouped answers of EWI-C by sex. The percentage indicated is the percentage of each sex in each response group out of the total.  778 

The analysis was carried separately on male (N=920) and female (N=1139) participants. Analysis was adjusted for covariates: age, 779 

FAS, MVPA and centre. (1) Food cue responsiveness: Hunger level and susceptibility to food cues; (2) Well-being nutrition: 780 

Importance and impact of eating on sense of well-being; (3) Emotional eating: Eating as a means of coping with emotional stress; (4) 781 

Weight concerns: Concerns about eating and weight; (5) Dietary restraint: Dietary restraint; (6) Healthy nutrition : Attitude toward 782 

healthful nutrition; (7) Obesity perception: Attitude toward the obese; (8) Parental pressure: Pressures to eat from parents; (9) Weight 783 

gain fear: Fear of weight gain; (10) Figure dissatisfaction: Figure dissatisfaction. Significant differences (p < 0.05) are shown in bold 784 
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