
https://helda.helsinki.fi

Beyond the tip of the iceberg : Adolescent weight development

of women and men with features of binge eating disorder

Mustelin, Linda

2018-08

Mustelin , L , Kaprio , J & Keski-Rahkonen , A 2018 , ' Beyond the tip of the iceberg :

Adolescent weight development of women and men with features of binge eating disorder ' ,

Eating behaviors , vol. 30 , pp. 83-87 . https://doi.org/10.1016/j.eatbeh.2018.06.004

http://hdl.handle.net/10138/316304

https://doi.org/10.1016/j.eatbeh.2018.06.004

cc_by_nc_nd

acceptedVersion

Downloaded from Helda, University of Helsinki institutional repository.

This is an electronic reprint of the original article.

This reprint may differ from the original in pagination and typographic detail.

Please cite the original version.



 1 

BEYOND THE TIP OF THE ICEBERG: WEIGHT 

TRAJECTORIES OF WOMEN AND MEN WITH FEATURES OF 

BINGE EATING DISORDER  

Linda Mustelin, MD, PhD, MPH, Jaakko Kaprio MD, PhD, Anna Keski-Rahkonen, MD, 

PhD, MPH 

Department of Public Health, University of Helsinki, Finland, Institute for Molecular 

Medicine Finland FIMM, University of Helsinki, Helsinki, Finland 

Corresponding author: 

Dr. Linda Mustelin, Department of Public Health, University of Helsinki, PO Box 20, 

Tukholmankatu 2B, 5th floor, 00014 University of Helsinki, Finland 

linda.mustelin@helsinki.fi 

 

 

 

 

 

 

 

 

 

 

 

  

mailto:linda.mustelin@helsinki.fi


 2 

ABSTRACT 
 

Objective: Binge eating disorder (BED) represents the tip of the iceberg of disordered eating 

behaviors related to overweight and obesity. Little is known about how subclinical symptoms 

reminiscent of BED relate to weight development in adolescence and young adulthood.  

Method: Women (n=2825) and men (n=2423) from the community-based longitudinal 

FinnTwin16 cohort participated. Seven eating-related cognitions and behaviors similar to the 

defining features of BED were extracted from the Eating Disorder Inventory-2 and were 

assessed at a mean age of 24. We used linear mixed models to assess the association of 

features of BED with BMI trajectories across five waves of data collection (mean ages 16, 17, 

18, 24, and 34).  

Results: The number of features of BED at wave 4 (age 24) was significantly associated with 

BMI from age 16 years onwards. Women and men with more features of BED continued to 

gain more weight throughout adolescence and early adulthood.  

Conclusions: Features of BED in young adulthood were preceded by steeper weight 

trajectories in adolescence. A higher number of features were consistently associated with 

higher BMI and more weight gain.  

 

Key words: eating behavior, binge eating disorder, body mass index, weight gain, adolescents, 

epidemiology, cohort studies, longitudinal studies 
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INTRODUCTION 
The spectrum of illnesses and disorders in the community resembles an iceberg: the visible 

part of the iceberg represents the clinically apparent cases of disease, whereas the submerged 

part represents the latent or subclinical cases that form the bulk of the phenomenon (1, 2). 

With a population prevalence of <1%-3.5% (3-7) BED represents the tip of the iceberg of 

disinhibited eating behaviors. It is associated with obesity (8) and often preceded by 

unfavorable weight trajectories (6). While clinical BED is relatively rare, subclinical features 

of BED are widespread in the population (9). Yet, such features are often overlooked because 

their clinical significance remains unclear. 

The core behavioral features of BED, binge eating and loss of control eating, predict weight 

gain and overweight among children and adolescents (10-12). These symptoms appear 

longstanding (13-15). Far less is known about how other subclinical BED symptoms relate to 

weight development in adolescence. The focus of previous research has been on individual 

behaviors. Yet, little is known about the cumulative effect of several simultaneous behaviors 

and cognitions. 

We have previously reported an association between features of BED and BMI in young 

adults (9). In the present study we studied whether these features were associated with weight 

gain in adolescence. Specifically, we compared weight trajectories in adolescence between 

subjects reporting different numbers of BED-related features as young adults. 

 

SUBJECTS AND METHODS 

FINNTWIN16 BIRTH COHORTS 

This nationwide longitudinal cohort study of health behaviors in twins and their families  

identified twin births in 1975-79 from the central population register of Finland (16). Data 

collection and analysis were approved by the ethics committee of the Department of Public 

Health of University of Helsinki and the IRB of Indiana University.  
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The twins and their parents were sent baseline self-report questionnaires when the twins were 

16 y (wave 1). Follow-up questionnaires were mailed to the twins when they were 17 y (wave 

2), 18 y (wave 3), 22-27 y (mean 24 y, wave 4), and finally 31-37 y (mean 34 y, wave 5). The 

cohort and waves of data collection have been previously described in detail (17, 18). The 

analyses in the present study were restricted to individuals who participated in wave 4 (2,825 

women and 2,423 men), when features of BED were assessed. Of them, 74% participated in 

wave 5, and 94% had at least one valid measure of BMI in adolescence. 

ASSESSMENT OF BMI AND FEATURES OF BED 

We calculated BMI from self-reported height and weight at each wave: age 16 through 34 y. 

Self-reported BMI correlated closely with measured BMI in a subsample of this cohort (19). 

The wave 4 questionnaire included three subscales of the Eating Disorder Inventory-2 (EDI): 

Bulimia, Drive for Thinness, and Body Dissatisfaction. Here we focus on seven items similar 

to the defining features of BED: six items from the Bulimia subscale: ‘I eat when I'm upset’, 

‘I stuff myself with food’, ‘I have gone on eating binges where I have felt that I could not 

stop’, ‘I think about bingeing (overeating)’, ‘I eat moderately in front of others and stuff 

myself when they're gone’, ‘I eat or drink in secrecy’ and one item from the Drive for 

Thinness subscale: ‘I feel extremely guilty after overeating’. Subjects were defined as 

positive for each item if they reported it sometimes, often, usually, or always, and negative if 

their answer was ‘rarely’ or ‘never’. Finally, subjects were grouped according to how many 

features they reported.  The resulting sum score had seven categories ranging from ‘no 

features’ to ‘six or seven features’ (9). 

STATISTICAL ANALYSES 

We used a multilevel growth curve modeling approach to estimate how the number of BED 

features at age 24 was associated with BMI trajectories over all five waves: age 16 (wave 1) 

through 34 years (wave 5). Specifically, we used mixed-effects linear regression fit by 

maximum likelihood estimation, with random intercepts and an unstructured covariance 

structure. The data were treated as irregularly spaced, accounting for the subjects’ actual age 
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at each wave. We also tested for interaction of the number of BED features with age. To 

account for correlation within twin pairs, we used robust variance estimation for clustered 

data (20). We conducted all analyses separately for women and men using Stata 13.1. 

RESULTS 

BMI AT AGE 16 

The number of features of BED reported at age 24 was significantly associated with BMI at 

baseline (age 16) in both sexes. Mean BMI according to number of features is presented in 

Table 1. The clustering of six or seven features of BED was more common among women 

(n=108, 3.9%) than men (n=6, 0.3%). Of these individuals, 15% of women and 33% of men 

were already overweight or obese (BMI > 25) at age 16, as compared to 3% of those reporting 

no features (Table 1). 

FEATURES OF BED AND WEIGHT TRAJECTORIES 

The number of features of BED was associated with BMI trajectories from age 16 to 34 

(Figure 1, Supplementary Table). The more BED features the subjects reported, the higher 

was their BMI through all fives waves.  This was true both for women (β=0.34, p<0.001) and 

men (β=0.24, p<0.001). A significant interaction between the total number of BED features 

and age in both women (β=0.018, p<0.001) and men (β=0.030, p<0.001) indicated that the 

BMI trajectories of those endorsing more BED features were not only consistently higher, but 

also steeper. At the end of follow-up (age 34), 24% of the women and 60% of the men 

reporting 6 or 7 features were obese, as compared to 6% of women and 7% of men reporting 

no features. 

 To test the relative impact of clinical vs. subclinical BED features, we reran the 

analyses after excluding 16 women fulfilling diagnostic criteria for DSM-5 BED (6). The 

results remained virtually unchanged (β=0.33, p<0.001), suggesting that the subclinical “bulk 

of the iceberg” accounted for most of the association with BMI on the population level. 
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DISCUSSION 
Like an iceberg, the bulk of a health problem in a population may be hidden from view (1). 

Clinical BED is relatively rare (3-7) but its related features, both behaviors and cognitions, 

are common (9). We investigated whether such features of BED measured at mean age 24 

were associated with weight development in adolescence and early adulthood. We found that 

the number of features of BED at age 24 was significantly associated with BMI at each wave 

from age 16 years onwards. Those reporting a higher number of BED features also continued 

to gain more weight throughout almost 20 years of follow-up.  

The observation that disordered eating is associated with long-term weight gain is supported 

by several previous studies (10-12, 21). To our knowledge, our study is the first to 

systematically quantify how clustering of subclinical features of BED relates to weight 

development. The more BED-related cognitions and behaviors participants reported, the 

higher and steeper their weight trajectories were over time. Even subjects reporting just one 

or a few BED features gained more weight than those reporting none. It thus appears that 

these features form the bulk of the iceberg that may have significant public health 

consequences.  

Adolescence and young adulthood are critical periods for weight gain (22, 23). In our sample, 

it is apparent that the diverging of weight trajectories had started before age 16, perhaps 

already in childhood (24). Previous studies have shown that loss of control eating is present 

already in childhood (12, 25), but in our setting we cannot establish whether weight gain was 

preceded by disordered eating or vice versa. Weight gain in childhood or adolescence may 

also have preceded the features of BED, as being heavier than one’s peers may trigger weight 

loss attempts and loss of control (26, 27). More research is needed on the onset and timing of 

these behaviors. 

Limitations  

Our study is subject to a number of limitations. First, the BED features were only assessed 

once, at age 24, and we therefore lack information on how these behaviors and cognitions 
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evolved in adolescence. Second, all study variables were self-reported via questionnaire, 

which may cause reporting bias, particularly underreporting of weight and overreporting of 

height, potentially leading to underestimation of BMI. However, self-reported BMI correlated 

closely with measured BMI in a subsample of this cohort (19). Third, missing data due to 

attrition could affect the results. Yet, our response rates were high throughout follow-up (17, 

18), the statistical methods used are robust to missing data, and we found no evidence of 

selective attrition in respect to BED features between Waves 4 and 5 (9). 

Conclusions 

The hidden bulk of the iceberg of BED features is associated with unfavorable weight 

development throughout adolescence and into the fourth decade of life. Although subclinical 

eating-disorder features are often overlooked, they are common in the population and are 

potential intervention targets for obesity prevention. Interventions reducing binge eating have 

shown effectiveness for weight loss and obesity prevention in youth (28, 29). Regulation of 

eating is also where the neurobiology of obesity points to (30). We posit that obesity 

prevention programs should target disordered eating alongside with traditional risk factors 

such as sedentary lifestyle and energy-dense diets. Given that the unfavorable weight 

development starts early, interventions should be timed accordingly.  
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Figure legend: 

Figure 1. Weight trajectories (mean BMI) from adolescence to adulthood of women and men 

reporting different numbers of features of binge eating disorder at mean age 24. 
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Table 1. BMI and proportion of overweight and obese subjects at age 16 according to total 

number of BED features at age 24. 

  Women (N=2550*) 

 N (%) Mean 

BMI 

95% 

confiden

ce 

interval 

Linear 

regression 

Overweight 

or obese (%) 

Obese  

(%) 

0 835 (33) 19.8 19.6, 19.9  3.1 0.4 

1  672 (26) 20.0 19.8, 20.2  2.0 0.4 

2 445 (17) 20.4 20.2, 20.7  3.6 0.7 

3 266 (10) 20.9 20.5, 21.2  5.6 0.8 

4 150 (5.9) 20.9 20.4, 21.3  6.0 0.7 

5 90 (3.5) 21.2 20.6, 21.8  11 0.0 

6-7 92 (3.6) 21.9 21.3, 22.6  15 4.3 

    β=0.33, 

p<0.001 

  

  Men (N=2105*) 

0 920 (44) 20.3 20.1, 20.4  3.2 0.3 

1  847 (40) 20.4 20.2, 20.5  3.4 0.2 

2 214 (10) 20.7 20.3, 21.0  5.1 0.5 

3 73 (3.5) 20.8 20.2, 21.3  5.5 0.0 

4 28 (1.3) 20.7 20.1, 21.3  0.0 0.0 

5 17 (0.81) 21.8 20.6, 23.0  12 0.0 

6-7 6 (0.29) 21.7 17.6, 25.9  33 0.0 

    β=0.19, 

p=0.002 

  

*Number of subjects with data available both for features of BED at age 24 and BMI at age 

16. 
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Supplementary Table. Mixed effects model of the longitudinal association between binge-eating summary score and BMI trajectories 

through age 16 to 34. 

 Women Men 

 Body mass index (kg/m2) 

Estimate (β) 95% 

Confidence 

interval 

p-value Estimate (β) 95%  

Confidence 

interval 

p-value 

Fixed effect       

Binge-eating summary score  0.34 0.28; 0.41 <0.001 0.24 0.13; 0.36 <0.001 

Age 0.19 0.17; 0.20 <0.001 0.28 0.27; 0.30 <0.001 

Binge-eating summary score x 

Age 

0.018 0.01; 0.02 <0.001 0.030 0.014; 0.046 <0.001 

Intercept 19.8 19.7; 19.9 <0.001 20.6 20.5; 20.7 <0.001 

Random effect       

Level 2 variance (between 

individuals) 

      

Age 0.042 0.037; 0.048  0.025 0.020; 0.030  

Intercept 5.24 4.57; 6.01  4.22 3.76; 4.73  

Covariance (Age, Intercept) 0.053 0.015; 0.090  0.029 0.002; 0.055  

Level 1 variance (within 

individuals) 

      

Residual 1.31 1.19; 1.43  1.62 1.49; 1.77  


