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Abstract
Background  Disordered eating behaviors (DEBs), a risk factor for the development of eating disorders (EDs), are 
prevalent in young people and different DEBs frequently co-occur. Previous studies on DEB-patterns have largely used 
traditional retrospective questionnaires to assess DEBs. In addition, most previous studies did not specifically exclude 
individuals with clinical EDs, which limits current knowledge concerning purely subclinical patterns of DEBs. In the 
present study, we aimed to explore phenotypes and group sizes of subclinical patterns of DEBs reported in everyday 
life via smartphone-based ecological momentary assessment (EMA) in adolescents and young adults from the 
general population without lifetime EDs. In secondary analyses, we further aimed to investigate whether DEB-patterns 
would be associated with additional previously identified risk factors for ED-development.

Methods  EMA was conducted in a community sample of 14–21-year-olds from Dresden, Germany, over four days 
for up to eight times a day and covered engagement in four DEBs: skipping eating, restrained eating, eating large 
amounts of food, and loss-of-control eating. Data were analyzed from N = 966 individuals without lifetime EDs with an 
EMA compliance rate of at least 50% (81.9% of the total sample; average compliance: 84.6%). Latent profile analyses 
were performed to identify subclinical patterns of DEBs, stratified by sex. Associations between symptomatic profiles 
and ED-risk factors were tested via regression analyses.

Results  Based on theoretical deliberations, statistical indices, interpretability, and parsimony, a three-profile solution, 
namely no DEBs, high-mixed DEBs, and low-mixed DEBs, was selected for both sexes. Both symptomatic profiles in 
both sexes were associated with more unfavorable manifestations in additional ED risk factors compared to the no 
DEBs profile, with the highest number of associations being observed in the female high-mixed profile.

Conclusions  The present findings suggest that problematic manifestations of DEBs in young people may occur 
even in the absence of an ED diagnosis and that they are associated with additional risk factors for EDs, warranting 
increased efforts in targeted prevention, early identification and intervention in order to counteract symptom 
progression.
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Background
Disordered eating behaviors (DEBs) refer to maladaptive 
eating behaviors, such as restrictive eating or binge eat-
ing, that represent symptoms of clinical eating disorders 
(EDs), but may also occur among individuals without 
clinical EDs with lesser intensity and/or frequency [1]. 
A recent meta-analysis reported that approximately 22% 
of children and adolescents are affected by problematic 
levels of ED symptoms [2]. Similarly, DEBs specifically 
are highly prevalent among both adolescents and young 
adults [3–5] and show a higher prevalence than clinical 
ED diagnoses [6, 7] For example, among 11–17 year old 
Germans, restrictive eating was affirmed by 34.8%, and 
engagement in binge eating was indicated by 16.0% of 
participants respectively [5]. A high prevalence of DEBs 
in young people is a cause for concern because they have 
been linked to numerous adverse psychosocial, physi-
cal, and mental health outcomes in both cross-sectional 
and longitudinal studies [7–12]. Critically, DEBs have 
also been shown to precede the onset of clinical eating 
disorders [13–17], which, once manifested, are related 
to detrimental health consequences, including increased 
mortality [18], as well as significant economic burden for 
the society [19]. Thus, young individuals engaging in sub-
clinical DEBs represent a high-risk group for the devel-
opment of clinical EDs that also most often have their 
onset in adolescence or young adulthood [20–22]. In this 
context, it is essential to study the phenotypes of specific 
DEBs as well as their co-occurrence with additional risk 
factors for ED development, such as eating-and body-
related factors, aspects of psychological functioning and 
psychopathology, as well as facets of interpersonal diffi-
culties [e.g., 14, 23–25], to inform prevention, detection, 
and early intervention.

It is important to note, that DEBs often do not manifest 
in an isolated manner. Rather, studies applying different 
cluster-analytical approaches in population- or commu-
nity-based samples have identified several subgroups of 
DEB-patterns. These patterns have been characterized 
by different combinations and/or severities of specific 
DEBs, group sizes, as well as differential associations 
with adverse outcomes [26–33]. For example, based on 
five self-reported DEBs and closely related symptoms in 
422 adolescent girls, Viborg et al. [33] identified six clus-
ters. Those were described by the authors as (1) no eating 
problems, (2) social eating problems, (3) fear of not being 
able to stop eating, (4) weight concerns, (5) multiple eating 
problems without purging, and (6) multiple eating prob-
lems including purging [33]. Associations with adverse 
outcomes varied across the clusters. For example, the 

two multiple eating problems clusters showed greater 
self-reported psychological difficulties than all remaining 
clusters. Other clusters were also characterized by more 
unfavorable scores on adverse outcomes compared to the 
no eating problems-cluster, such as lower body esteem in 
all but the social eating problem-cluster [33].

Notably, the above-mentioned previous studies on dif-
ferent DEB-patterns in young people are marked by some 
methodological limitations. Firstly, previous cluster-ana-
lytical studies have typically either not reported clinical 
ED-diagnoses [e.g., 26, 29–31, 33] or included individuals 
both with and without diagnosed EDs [28]. Consequently, 
phenotypes of DEB patterns and their relationships with 
adverse outcomes/risk factors are less clear exclusively 
in young individuals without clinical lifetime EDs, who 
represent potential high-risk groups for developing these 
disorders. As a second limitation, previous cluster-ana-
lytical studies have largely relied on retrospective self-
report questionnaires [e.g., 26, 28–33] that cover widely 
varying timeframes and are prone to recall-bias [34].

The use of ecological momentary assessment (EMA), 
which employs repeated (near-)real-time measurements 
of behaviors in everyday life and in the natural environ-
ment, resulting in reduced recall-bias and high ecologi-
cal validity [35], could address the limitations of previous 
studies. EMA-data have been formerly used to identify 
different types of eating episodes that are shared across 
individuals, for example in women with Anorexia Ner-
vosa (AN) [36] or regarding disinhibited eating in chil-
dren and adolescents [37]. However, to the best of our 
knowledge, no previous study has followed this approach 
in the identification of distinct patterns of DEBs in young 
non-clinical people.

Accordingly, building on and extending the previous 
literature, the current study used available EMA-data col-
lected in an epidemiological cohort study of adolescents 
and young adults to explore DEB-patterns based on four 
types of DEBs in both male and female individuals free 
from a lifetime ED-diagnosis. More specifically, the aim 
of the present study was to examine respective pheno-
types, group sizes, and associations with additional risk 
factors for developing a clinical ED. Since to our knowl-
edge no previous cluster-analytic study has examined 
subgroups based on the exact same set of DEBs included 
in the present study (i.e., restrained eating, skipping eat-
ing, loss-of-control eating, and eating large amounts 
of food), we refrained from making specific predictions 
regarding the number of subgroups or their respec-
tive sizes and instead followed a strictly exploratory 
approach. Nevertheless, based on previous findings, one 
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large asymptomatic subgroup was expected, as well as 
several—to be specified—symptomatic subgroups [28–
33]. Despite some inconsistent findings [32], given that 
some previous studies reported differences in DEB-pat-
terns between males and females [26, 31, 38], the present 
work also examined DEB-patterns separated by sex.

To characterize subgroups, we focused on variables 
that met both of the following criteria: (1) Variables that 
have been implicated as risk factors for the development 
of EDs from a theoretical perspective. Specifically, we 
drew from a comprehensive systematic review on differ-
ent theoretical models of disordered eating by Pennesi 
and Wade [24] in order to be able to include a broad the-
matic range of theoretical risk factors, rather than focus-
ing on one specific isolated model. (2) Variables were 
further only included if there was at least some empirical 
evidence supporting their relevance as prospective risk 
factors for ED-development [14, 15, 23, 25, 39–44]. Spe-
cifically, we included facets of psychopathology, eating-
and body-related aspects, aspects of psychological and 
interpersonal functioning, and developmental factors. 
We expected the symptomatic groups to be characterized 
by more unfavorable manifestations in risk factors com-
pared to the asymptomatic group.

Methods
Study design and procedures
The present analyses are based on baseline data from 
the first cohort of the Behavior and Mind Health 
(BeMIND) study [45]. The study was conducted in line 
with the Declaration of Helsinki and ethical clearance 
was obtained from the ethics committee of TU Dresden 
(No. EK381102014). The BeMIND study was designed as 
a comprehensive cross-sectional and longitudinal epide-
miological cohort study program investigating various 
aspects of health and disease of adolescents and young 
adults aged 14–21 years from the community living in 
the eastern German city of Dresden. All individuals in 
the respective age range living in Dresden at the times of 
sampling and data collection were generally eligible for 
participation. In 2015, a random age- and sex-stratified 
sample was drawn from the city’s municipal population 
registry and subsequently contacted via written mail 
(with a maximum of two reminder letters). Study par-
ticipation required written informed consent/assent from 
the participants, as well as from all legal guardians in the 
case of minors. Exclusion criteria were insufficient Ger-
man language skills, permanent institutionalization, and 
not living in Dresden during study conductance. Recruit-
ment resulted in a total of N = 1,180 participants at base-
line (participation/response rate: 21.7%). Most frequent 
reasons indicated for non-participation were lack of time 
and lack of interest. Further details on the recruitment 
process and baseline sample characteristics are provided 

in Beesdo-Baum et al. [45]. From 11/2015 to 12/2016, 
participants took part in the comprehensive baseline 
assessment, including diagnostic, experimental, and bio-
marker-related procedures. Two in-person appointments 
were conducted at the study center at TU Dresden, which 
took place approximately 7 days apart from each other. 
Both in-person appointments included the completion 
of self-report questionnaires on a tablet computer. In 
between the two appointments, participants completed 
EMA (please see below) and an online-assessment com-
prising various additional self-report questionnaires.

Diagnostic interview
Within their first lab appointment, participants were 
interviewed face-to-face using an updated research ver-
sion (DIA-X-5/D-CIDI) [46] of the computerized and 
fully standardized Munich Composite International 
Diagnostic Interview (DIA-X/M-CIDI) [47] to establish 
lifetime and 12-month diagnoses of mental disorders 
based on DSM-5 criteria [48]. ED-diagnoses covered 
by the DIA-X-5 are: AN, Bulimia Nervosa (BN), Binge-
Eating Disorder (BED), other specified eating disorders 
(including atypical AN, purging disorder, BN of limited 
duration, and BED of limited duration), and unspecified 
eating disorders (UFEDs). Please note that BN and BED 
of limited frequency, respectively, were not specifically 
coded within the DIA-X-5/D-CIDI and affected individu-
als would fall into the UFED-category within the pres-
ent study. Night Eating Syndrome and feeding disorders 
are not assessed within the DIA-X-5 and thus are not 
included. The DIA-X-5 has demonstrated good test-retest 
reliability for EDs [46]. Since the current study aimed 
to investigate strictly subclinical DEB-patterns and tak-
ing into account that individuals with past ED-diagnoses 
tend to show residual ED-symptoms even after remission 
or recovery [49], individuals with lifetime ED-diagnoses 
(dichotomously coded as presence or absence of any life-
time-ED or any lifetime other specified eating disorder or 
UFED) were excluded in the present analyses. Although 
UFEDs are less well defined than AN, BN, BED, and other 
specified eating disorders, individuals with UFEDs have 
previously shown levels of ED symptomatology compara-
ble to those in other ED-diagnoses [50]. Thus, in the pres-
ent study, UFED was considered a clinically relevant ED. 
When information on ED-diagnosis (n = 10) was missing, 
ED-diagnoses were conservatively coded as not fulfilled.

Ecological momentary assessment
EMA-measurements took place over four consecutive 
days, including two week- and two weekend-days, and 
were implemented using a self-developed smartphone-
app. Each day included a total of eight semi-randomly 
scheduled assessments (one assessment in the morn-
ing and before bedtime respectively, six assessments 
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throughout the day) which were adjusted to individual 
sleeping and wake times, as well as time frames during 
which participants did not want to be disturbed. Partici-
pants were not aware of when exactly the assessments 
would be prompted and received an acoustic alarm 
whenever an assessment was to be completed. Assess-
ments could be postponed three times for five min each 
or skipped entirely by the participant. The minimum 
time period between two consecutive assessments was 
30  min. A small number of assessments (n = 18) occur-
ring within less than 30 min (if the previous assessment 
had been postponed) were excluded from the analy-
ses. Each EMA-assessment included overall 203–248 
items, addressing a wide range of different experiences 
and behaviors in young people’s everyday lives. In order 
to facilitate efficient and quick assessments and to limit 
participant burden (resulting in ~ 3 min per assessment), 
branching rules were used (please see Beesdo-Baum et al. 
for details [45]. DEBs were measured at every assessment 
(see below).

Participants were equipped with a study smartphone 
and received a technical introduction from trained study 
personnel. On the day prior to the four-day EMA-period, 
participants were presented up to three practice assess-
ments to allow for further familiarization with the pro-
cedure and to minimize reactivity. The practice-data are 
not included in the present analyses.

Measures
Sociodemographic information
Self-reported social class was collected within the first 
in-person study appointment as part of questionnaires 
displayed on a tablet computer adjacent the personal 
diagnostic interview. Participants were asked to assign 
themselves to one out of five categories: lowest, lower 
middle, middle, upper middle, or upper class. The level 
of education was judged by information provided during 
the demographic section of the diagnostic interview. Par-
ticipants were initially asked to provide information on 
whether they were still attending school. If they affirmed, 
the type of primary/secondary school they attended was 
assessed. In those indicating that they had completed 
school, the type of primary/secondary school degree that 
they had obtained was collected. Based on this informa-
tion, individuals were allocated to one out of four cat-
egories of education: low (corresponding to elementary 
school or lower secondary school), middle (correspond-
ing to secondary school), high (corresponding to higher 
secondary school/A-level), and other (corresponding to, 
e.g., private schools).”

Disordered eating behaviors
Self-reported severities of four distinct DEBs were 
assessed throughout the EMA period, using one single 

item each after initially asking participants whether they 
had eaten since the last assessment. If participants stated 
they had not, one item assessing skipping eating (“You 
have stated you have not eaten since the last assessment. 
Was one reason not to eat the attempt to control your 
weight or body shape?”) was presented. If eating was 
affirmed, restrained eating (“Since the last assessment, 
I tried to limit the amount of food that I ate”), loss-of-
control eating (“Since the last assessment, I lost control 
over my eating behavior), and eating large amounts of 
food (“Since the last assessment, I ate as if in a rush or 
I ate a large amount of food given the circumstances”) 
were assessed. All items were rated on a continuous seek 
bar, ranging from not at all (0) to absolutely (100), with 
higher values indicating greater DEB severity. Items were 
adapted from another study [51] in which items had been 
adapted for EMA-purposes from the well-established 
Eating Disorder Examination-Questionnaire [52]. Impor-
tantly, while it is acknowledged that a variety of other 
DEBs, such a dysfunctional compensatory behaviors, 
exist [e.g., 5], the BeMIND study did not focus on eating 
pathology, but rather aimed to assess a large variety of 
aspects of mental health. Given the need to limit partici-
pant burden, we only assessed four types of DEBs within 
the present study. Related limitations are addressed in 
the discussion. Within a previous study [53] also based 
on the baseline assessment of the first BeMIND study 
cohort, we were able to demonstrate that, individuals 
with 12-month ED-diagnoses were characterized by sig-
nificantly higher average levels across the four types of 
DEBs compared to participants without, which provides 
tentative support for the items’ validity.

Psychopathology
Self-reported depressive symptoms within the past 2 
weeks were measured using the German version of the 
depression module of the Patient Health Questionnaire 
(PHQ-9) [54, 55] which was administered during the first 
lab appointment on a tablet computer. A maximum of 
two missing items are allowed to calculate the total score. 
The total score (possible range: 0–27, with higher scores 
reflecting greater symptom severity) is obtained by sum-
ming the scores across all available items, multiplying it 
by 9, and dividing it by the number of items completed. 
Cronbach’s alpha within the present sample was 0.79.

Self-reported anxiety symptoms within the past 4 
weeks were measured using the German version of the 
Cross-Cutting Dimensional Anxiety Scale (Cross-D) 
[56, 57] displayed on a tablet computer during the first 
appointment. A higher sum score (possible range: 0–40) 
across all ten items indicates greater symptom severity. 
Cronbach’s alpha within the present sample was 0.83.
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Eating-and body-related factors
Self-reported engagement in dieting within the past 12 
months was measured as part of the online assessment 
using the following single item adapted from based on 
the Health Behaviour in School-aged Children study 
[58, 59]: “How often have you gone on a diet within the 
past 12 months? By ‘diet’ we mean changing one’s eat-
ing habits so one can lose weight.” Participants selected 
their reply from 5 categories (0 = no time, 4 = seven times 
or more). For the present analyses, in line with previous 
work [4], the item was dichotomously coded (no dieting 
vs. any dieting within the past 12 months).

Presence of lifetime weight-, shape-, and eating-concerns 
was assessed using a single item administered within the 
diagnostic interview (“Was there ever a time in your life 
when you had a great deal of concern about your weight, 
how much you eat, or being too fat?”; dichotomously 
coded as yes or no).

Self-reported body satisfaction was measured within the 
online assessment using a single item (“How satisfied are 
you with your overall physical appearance?”) which was 
adapted from Merikangas et al. [60]. A German adapta-
tion was developed by the BeMIND-study team. Body 
satisfaction was rated on an 11-point Likert scale (0 = not 
satisfied at all to 10 = very satisfied).

The eating as a means of coping with emotional stress-
subscale from the Eating Behaviour and Weight Problems 
Inventory for Children (EWI-C) [61], completed during 
the second in-person appointment on a tablet computer, 
was used as an approximate measure of emotional eat-
ing. A higher subscale-score (mean across eight items 
rated from 0 to 3 multiplied by ten; possible range: 0–30) 
indicates a greater extent to which a person reacts with 
(increased) food intake to emotional distress. Cronbach’s 
alpha within the present sample was 0.86.

Attitude toward the obese (considered as an approxi-
mation of the thin ideal previously described as an ED-
risk factor [14]) were also measured using the respective 
subscale from the EWI-C [61]. A higher subscale-score 
across five items (mean across five items rated from 0 to 
3 multiplied by ten; possible range: 0–30) indicates more 
negative attitudes towards higher weight people. Cron-
bach’s alpha within the present sample was 0.82.

Psychological functioning
The Short Scale for Measuring General Self-efficacy 
Beliefs (ASKU) [62] was delivered as a self-report mea-
sure for self-efficacy within the online assessment. A 
mean score (possible range: 1–5) is calculated based on 
three items, with a higher score indicating higher self-
efficacy. Cronbach’s alpha within the present sample was 
0.86.

Self-esteem was measured using the Single-Item Self-
Esteem Scale (SISE) [63] within the online assessment. 

A German translation was developed by the BeMIND-
study team. A higher rating (range: 1–7) indicates a 
higher self-esteem.

To assess trait emotion regulation skills, participants 
filled out the Emotion Regulation Skills Questionnaire 
(ERSQ) [64] comprising 27 items as part of the online 
assessment. The mean across all items represents the 
total ERSQ score (possible range: 0–4), with higher 
scores corresponding to a more frequent implementation 
of adaptive emotion regulation skills. Cronbach’s alpha 
within the present sample was 0.94.

Interpersonal factors
As an approximate measure of interpersonal functioning, 
which has been identified as a prospective ED risk factor 
[14], the Relationship Questionnaire (RQ) [65, 66] assess-
ing self-reported adult attachment styles was adminis-
tered within the online assessment. The RQ comprises 
four items, relating to one out of four adult attachment 
styles, respectively (secure, preoccupied, dismissing, and 
fearful), each depicting a short description of the con-
cept of the self and others in the context relationships. 
A higher score (possible range: 1–7) indicates greater 
endorsement of the respective attachment style. Since 
secure attachment is not expected to be a risk factor for 
the development of EDs, only ratings of the three remain-
ing styles were included as characterizing variables in the 
present study.

Self-reported social support was measured using the 
Oslo-3-Items-Social-Support Scale [67] administered 
within the online questionnaire assessment. Items are 
rated on a scale from 1 to 4 (item 1) and 1–5 (items 2 
and 3) and are summed for a total score (possible range: 
3–14), with higher scores indicating greater perceived 
social support. Wording of item three was slightly 
adapted for a better suitability towards the age group in 
the present sample. Cronbach’s alpha within the present 
sample was 0.63.

Developmental factors
Experiences of sexual abuse and physical neglect in 
childhood and/or adolescence were measured via the 
respective subscales of the German version [68] of the 
Childhood Trauma Questionnaire (CTQ) [69] admin-
istered on a tablet computer within the first in-person 
appointment. Each subscale contains five items that are 
summed for a subscale score respectively, with higher 
scores (possible range: 5–25) indicating more severe 
related experiences. Cronbach’s alpha within the present 
sample was 0.85 for sexual abuse and 0.39 for physical 
neglect. Low internal consistency for the physical neglect 
subscale, in contrast to other CTQ-subscales, has been 
previously reported in other studies [68, 70] and caution 
when interpreting this outcome is warranted.
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As a measure of perceived adverse parental behaviors 
(as approximations of previous adverse aspects of paren-
tal behaviors/relationships with parents identified as pro-
spective ED-risk factors [42, 43]), participants completed 
the German version [71] of the Measure of Parental Style 
(MOPS) [72] within the online assessment. The MOPS 
contains three subscales, each assessed separately for 
perceived maternal and paternal behavior respectively. 
In line with the German version of the questionnaire, 
mean scores were obtained across the respective items 
rated from 1 to 3: indifference (6 items), abuse (6 items), 
and over-control (3 items). In the German version [71], 
and in contrast to the original version [72], one item has 
been moved from the over-control-subscale to the abuse-
subscale due to higher factors loadings. The MOPS for 
maternal or paternal behaviors was only completed if 
participants indicated that they were raised by a female 
or male caregiver, respectively. Otherwise, respective 
scores are missing. Cronbach’s alphas within the present 
sample were as follows: maternal indifference 0.90, pater-
nal indifference 0.93, maternal abuse 0.85, paternal abuse 
0.90, maternal over-control 0.64, and paternal over-con-
trol 0.62.

Body Mass Index standard deviation score
The Body Mass Index Standard Deviation Score (BMI-
SDS; i.e., the individual standard deviation of an indi-
vidual’s BMI (kg/m2) from the age- and sex-specific 
BMI-median) was calculated based on weight and height 
of the participants. These measurements were typically 
obtained during the second lab visit using a standard dig-
ital scale and stadiometer. In case of missing values, self-
reported height and weight from the ED-section of the 
DIA-X-5 were used. BMI-SDS was calculated using the 
method proposed by Cole et al. [73], based on national 
BMI norms [74, 75].

Data analytic plan
Inclusion and exclusion of participants
From the initial total sample (N = 1,180), n = 111 (9.4%) 
were excluded due to a lifetime ED-diagnosis or other 
specified eating disorder/UFED-diagnosis. Further, 
n = 103 were excluded from the present analyses due to 
the following methodological reasons: n = 25 did not 
complete any EMA, n = 74 filled in less than 50% of EMA-
assessments resulting in unreliable and insufficient data, 
n = 3 provided implausible information on eating behav-
ior (i.e., did not indicate any eating episode during any of 
the EMA-assessments), and n = 1 indicated eating during 
every assessment, therefore lacking values for the subse-
quent question on skipping eating and thus the respec-
tive indicator variable for latent profile analysis (LPA).

The final sample consisted of N = 966 (81.9% of the total 
sample, n = 537 female, n = 429 male).

Statistical analyses
LPAs separated by sex were performed in RStudio [76] 
(Version 2023.3.0.386, R version 4.3.0.) using the Pack-
age TidyLPA (Version 1.1.0) [77]. Participants’ average 
scores of each DEB, based on available EMA reports, 
were used as indicator variables to fit models ranging 
from one to six profiles. In line with current standards 
and recommendations, theoretical deliberations, inter-
pretability, parsimony, and different statistical measures 
[78–80] were considered to inform model selection (i.e., 
to select an adequate profile solution). With respect to 
statistical indices, we first considered the Bayesian infor-
mation criterion (BIC) [81] and the sample size-adjusted 
BIC (SABIC) [82], with lower values indicating better 
model fit. The BIC and SABIC have demonstrated good 
performance in selecting the appropriate number of pro-
files [83]. Critically, the distribution of our indicator vari-
ables was right-skewed (with most individuals reporting 
low average levels of DEBs), which has been shown to 
have a potentially detrimental effect on model selection 
based on the BIC and SABIC [79]. Accordingly, we also 
considered entropy [84], which has been shown to be less 
affected by non-normality of indicators [79]. Entropy [84] 
indicates the degree of certainty with which individuals 
are assigned to profiles. Higher values (range: 0–1) indi-
cate a better fit and should ideally be 0.8 or higher [78, 
80]. Finally, we used the bootstrapped likelihood ratio 
test (BLRT) [85] to determine whether a solution with n 
profiles would provide an advantage over n − 1 profiles, 
as indicated by a significant test result. Individuals were 
each assigned to their most likely profile based on pos-
terior probabilities [77]. Given the exploratory nature of 
the present LPA, we initially conducted all analyses with 
two different model specifications: (a) assuming equal 
variances and equal covariances, and (b) assuming vary-
ing variances and varying covariances. Since the former 
specifications consistently yielded poor entropy values 
(< 0.55), the specifications listed in (b) were retained.

All other analyses were conducted in Stata 17 [86]. Fol-
lowing standard procedures [78], subsequent to LPA, 
we investigated whether symptomatic profiles would be 
associated with more unfavorable manifestations of cor-
relates previously identified as ED-risk factors within 
other studies compared to the asymptomatic group. Sep-
arated by sex, we performed linear and logistic regres-
sions with the profile-membership as the independent 
variable and the asymptomatic profile set as the base 
group, and correlates as dependent variables. Continuous 
correlates were z-standardized so that beta-coefficients 
comparing profiles could be interpreted as Cohen’s d, 
with values ranging from 0.2 to < 0.5 indicating a small 
effect size, values from 0.5 to < 0.8 indicating a medium 
effect size, and values > 0.8 indicating a large effect size 
[87]. All regression models were adjusted for age. Missing 
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values for correlate-variables were handled by pairwise 
deletion. Information on missing values for each depen-
dent variable can be retrieved in the Supplementary 
Material (Tables S1 and S2). For descriptive purposes, we 
also tested whether profiles differed by age and BMI-SDS, 
which was tested by linear regression. BMI-SDS was not 
z-standardized since its units already indicate standard 
deviations. Age was also not z-standardized to facilitate 
interpretation.

We applied a conventional level of significance of 
p < 0.05. Because of the exploratory nature of the pres-
ent analyses, we did not correct for multiple testing 
[88]. Therefore, caution is warranted in the interpreta-
tion of significant results. Further, although originally 
intended for all analyses pertaining to the BeMIND study 
[45], analyses were not weighted regarding age and sex 
because the TidyLPA-package, to the best of our knowl-
edge, does not support sampling weights. Related impli-
cations are discussed in the limitations-section.

Results
Sample characteristics
Sociodemographic information and descriptive statis-
tics separated by sex are provided in Table  1. Differ-
ences in sociodemographic characteristics were tested 
comparing the included sample to both the subsample 
excluded due to lifetime EDs, as well as those excluded 
due to methodological reasons, respectively. More infor-
mation can be retrieved in the Supplementary Material 
(S3). In brief, the excluded subsample with a lifetime 
ED was older (p < 0.001) had a higher proportion of 
females (p < 0.001), and a higher BMI-SDS (p = 0.002) 
compared to the included participants, but there were 
no differences regarding social class, education, and 
nationality. Participants excluded due to methodologi-
cal reasons were significantly different from the included 
ones regarding education (p < 0.001), with a higher pro-
portion of individuals with low education (p < 0.001), and 
a lower proportion of individuals with high education 
(p = 0.001) compared to the included sample. There were 
no differences regarding age, sex, social class, national-
ity, and BMI-SDS. Information on the exclusion of single 
EMA-assessments can be retrieved in the Supplementary 
Material (S4).

Latent profile analyses
Statistical indices for all potential model solutions 
inspected in both females and males are displayed in 
Table 2. For both females and males, the BLRT continued 
to yield a significant result with every additional profile, 
which is a familiar phenomenon [78]. Similarly, entropy 
was high across profile solutions, and BIC/SABIC kept 
decreasing with adding each additional profile. For both 
males and females, however, the inspection of scree plots 
(see the Supplementary Material, Figures S5 and S6) dis-
playing BICs for each profile solution indicated a sharp 
decrease for the three-profile-model, with only small 
decreases as more profiles were added. This indicated 
a good statistical fit for the three-profile-solutions. In 
terms of interpretability, it was concluded that the four-
profile solutions were not superior to the three-profile 
solutions. Considering the characteristics of the BIC as 
well as interpretability and parsimony, the three-pro-
file solutions were retained for both females and males 
respectively. For the sake of transparency, profile plots for 
the four-and five-profile solutions in females and males 
respectively are provided in the Supplementary Material 
(Figures S7–S10). Profile plots separated by sex for the 
final model solution are displayed in Figs. 1 and 2. Pro-
files for both sexes were named no DEBs (females n = 173, 
32.2%; males n = 160; 37.3%), high-mixed DEBs (females 
n = 168, 31.3%; males n = 117; 27.3%), and low-mixed 
DEBs (females n = 196, 36.5%; males n = 152, 35.4%). 
Within the profiles labeled as “no DEBs”, values for all 

Table 1  Sample descriptives of the analysis sample separated 
by sex
Variables Females

n = 537
Males
n = 429

Age, mean (SD) 17.23 (2.28) 17.15 (2.28)
German nationality, n (%) 528 (98.3) 414 (96.5)
Education, n (%)
 Low, n (%) 5 (0.9) 8 (1.9)
  Middle, n (%) 100 (18.6) 83 (19.4)
  High, n (%) 415 (77.3) 325 (75.8)
  Other, n (%) 17 (3.2) 13 (3.0)
Social class, n (%)a

  Lowest, n (%) 9 (1.7) 9 (2.1)
  Lower middle, n (%) 67 (12.5) 53 (12.4)
  Middle, n (%) 329 (61.3) 259 (60.4)
  Upper middle, n (%) 120 (22.4) 97 (22.6)
  Upper, n (%) 3 (0.6) 2 (0.5)
Severities of DEBs (possible range: 0–100)
  Skipping eating, mean (SD) 5.13 (10.43) 4.19 (8.50)
 Min– Max 0–91.67 0–56.16
 Eating large amounts of food, mean (SD) 4.79 (7.75) 5.25 (8.53)
 Min– Max 0–56.71 0–54.93
 Loss-of-control eating, mean (SD) 4.76 (8.14) 4.87 (9.55)
 Min– Max 0–76.80 0–100
 Restriction, mean (SD) 10.46 (16.01) 8.30 (14.00)
 Min– Max 0–99.75 0–89
BMI-SDS, mean (SD) 0.15 (0.88) 0.03 (0.99)
EMA-compliance in %, mean 85.2 (12.06) 83.7 (13.70)
BMI-SDS, Body Mass Index standard deviation score; EMA, ecological 
momentary assessment
aavailable from n = 528 in females, n = 420 in males



Page 8 of 17Peschel et al. Child and Adolescent Psychiatry and Mental Health           (2024) 18:69 

DEBs were close to zero. Within the profiles labeled as 
“high-mixed DEBs”, levels of all four DEBs were markedly 
elevated, with restrained eating being the descriptively 
most highly elevated DEB compared to the three remain-
ing ones. Finally, the profiles labeled as “low-mixed 
DEBs” was characterized by only mildly elevated levels of 
all four DEBs.

Validation analyses females
Descriptive values for validation variables separated by 
profile and statistics for regression analyses are provided 
in Table  3. Compared to the no DEBs-profile, individu-
als in the low-mixed and high-mixed profiles had higher 

depressive symptom scores, lower body satisfaction, 
lower social support, and higher physical neglect scores. 
Further, the low-mixed profile showed higher scores 
for maternal indifference. Additionally, the high-mixed 
profile showed higher anxiety symptom scores, greater 
odds of both dieting within the past year and lifetime 
weight-, shape- and eating concerns, higher scores for 
eating as a means of coping with emotional stress, lower 
emotion regulation skills, higher scores for both fear-
ful and dismissing attachment, as well as higher scores 
for maternal over-control and abuse, and paternal indif-
ference compared to the no DEBs-profile. Effect sizes 
were mostly small. Both symptomatic profiles did not 

Table 2  Fit indices for 1–6 profile solutions in females and males
Group Profiles BIC SABIC Entropy BLRT value BLRT p-value
Females 1 15,388 15,344 1 NA NA

2 12,286 12,194 0.98 3197 0.01
3a 11,401 11,262 0.94 979 0.01
4 11,240 11,052 0.90 256 0.01
5 11,094 10,859 0.90 240 0.01
6 10,972 10,689 0.89 217 0.01

Males 1 12,541 12,496 1 NA NA
2 9680 9588 0.98 2952 0.01
3a 9044 8904 0.93 727 0.01
4 8877 8690 0.91 257 0.01
5 8748 8513 0.91 220 0.01
6 8594 8311 0.90 245 0.01

BIC, Bayesian information criterion; BLRT, bootstrapped likelihood ratio test; NA, not applicable; SABIC, sample size-adjusted Bayesian information criterion
aSelected profile solution

Fig. 1  Profile plot for the final three-profile solution in females. Note Profile centroids and 95% confidence intervals. DEBs, disordered eating behaviors; 
EMA, ecological momentary assessment
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significantly differ from the no DEBs profile with respect 
to age (p’s > 0.20). However, BMI-SDS was higher in the 
low-mixed (M = 0.16, SD = 0.81, b = 0.30, CI 95% 0.12–
0.47, p = 0.001) and in the high-mixed profile (M = 0.43, 
SD = 0.87, b = 0.57, CI 95% 0.39–0.75, p < 0.001) compared 
to the no DEBs profile (M = − 0.14, SD = 0.88).

Validation analyses males
Descriptive values for validation variables separated 
by profile and statistics for regression analyses are pro-
vided in Table  4. Both the high and low-mixed profiles 
had significantly greater odds of dieting in the past year 
and higher scores in preoccupied attachment compared 
to the no DEBs profile. Please note the wide confidence 
intervals pertaining to the effect of dieting, likely due to 
the overall small number of cases confirming dieting. 
Additionally, compared to the no DEBs-profile, the high-
mixed profile had significantly greater odds of lifetime 
weight-, shape and eating concerns, lower body satisfac-
tion, higher physical neglect scores, and higher scores 
for maternal/paternal abuse and indifference, as well as 
paternal over-control. Again, effect sizes were mostly 
small.

Compared to the no DEBs-profile (M = − 0.24, 
SD = 0.85), BMI-SDS was higher both in the low-
mixed (M = 0.06, SD = 1.02, b = 0.30, CI 95% 0.09–0.52, 
p = 0.006) and in the high-mixed profile (M = 0.37, 
SD = 1.03, b = 0.62, CI 95% 0.39–0.52, p < 0.001). Finally, 
the participants in the high-mixed profile were younger 

than participants in the no DEBs-profile (b = − 0.62, CI 
95% − 1.17 to − 0.08, p = 0.024), while age did not differ 
between the low-mixed profile and the no DEBs-profile 
(p > 0.40).

Discussion
The aim of the present study was to explore patterns of 
DEBs reported in the daily lives of young people who 
were free from a lifetime ED-diagnosis and to examine 
whether such patterns would be associated with previ-
ously established risk factors for EDs. For both females 
and males, a three-profile solution, including profiles 
labelled as no DEBs (32.2% female, 37.3% male), high-
mixed DEBs (31.3% female, 27.3% male), and low-mixed 
DEBs (36.5% female, 35.4% male), respectively, was 
selected. Profiles with elevated DEB-scores (referred 
to as symptomatic profiles from hereon) were associ-
ated with various previously established ED-risk factors, 
with the female high-mixed-profile showing the largest 
amount of respective associations, followed by the male 
high-mixed profile, the female low-mixed profile, and the 
male low-mixed profile. Within the female symptomatic 
profiles, associations were found with respect to aspects 
of psychopathology, eating-and body-related factors, psy-
chological functioning (high-mixed only), interpersonal 
factors, as well as developmental factors. Male symp-
tomatic profiles were associated with aspects of eating-
and body-related factors, interpersonal factors, as well as 
developmental factors (high-mixed only).

Fig. 2  Profile plot for the final three-profile solution in males. Note Profile centroids and 95% confidence intervals. DEBs, disordered eating behaviors; 
EMA, ecological momentary assessment
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Similarly to the present profile solution, previous latent 
class analyses have identified DEB-classes characterized 
by both overeating/binge eating and attempting to limit 
food intake both in young adult females [26] and young 
adult males [38]. In a similar manner, a latent class analy-
sis by Stevenson et al. [32] yielded a similar mixed pat-
tern in female and male university students, respectively, 
characterized by binge eating, restraint, but also other 
DEBs, such as purging and laxative use. Accordingly, 
clusters with various mixed DEBs appear to be common 
in young non-clinical individuals, and the present study 
has confirmed this even in individuals who are free from 
lifetime ED-diagnoses. Importantly, in addition to mixed 
patterns, previous studies have also identified more spe-
cific clusters characterized by predominantly one type 
of DEB [26, 30, 32]. For example, the study by Cain et 
al. [26] yielded one class endorsing limiting attempts 
and another class endorsing overeating. By contrast, 
the present study only yielded two mixed symptomatic 
profiles distinguished by varying DEB-severities. One 
might speculate that this may be due to the strictly sub-
clinical nature of the present sample. Previous studies on 
DEB-patterns in young people have mostly not explicitly 
excluded individuals with current or lifetime EDs. It is 
possible that more distinct patterns would emerge if indi-
viduals with clinical eating pathologies were included. 
Nonetheless, it should be noted that, although partici-
pants in the high-mixed profile showed elevated levels 
in all four DEBs examined in the present study, levels of 
restrained eating were descriptively higher than those of 
skipping eating, eating large amounts of food, and loss-
of-control eating. This resembles previously reported 
differences in overall prevalence rates of similar DEBs in 
German adolescents [5] and may indicate that restrained 
eating may be a particularly common DEB-type in young 
people with more pronounced, yet subclinical levels, of 
DEBs.

Moreover, although sex differences in isolated DEBs, 
including loss-of-control eating and overeating, have 
been previously reported [89], phenotypes of DEB-pat-
terns appeared to be relatively consistent across both 
sexes in the present study. This is in line with a previous 
investigation [32], while other studies have shown sex-
related differences in DEB-patterns [26, 38]. Importantly, 
when considering sex differences, males have been sug-
gested to engage particularly in DEBs focused on achiev-
ing muscularity (rather than pursuing a thin body-ideal 
as often found in females), such as strict dieting practices 
(e.g., excessive protein consumption) [90]. Accordingly, 
in the future, when aiming to identify relevant sex differ-
ences in patterns of DEBs, it may be beneficial to include 
additional indicator variables that more specifically 
reflect symptoms of particular relevance to males.

Further, the sizes of the symptomatic profiles in the 
present study were quite large, with only approximately 
32% of females and 37% of males belonging to the asymp-
tomatic profiles. While similarly high numbers have 
been previously described for young females [26], others 
have reported markedly lower numbers [27, 31, 32, 38]. 
For example, Micali et al. [31], found 87% of 16-year old 
girls, and 96.5% of 16-year old boys to belong to asymp-
tomatic classes. There may be different reasons for the 
discrepancies compared to the present study’s findings. 
On the one hand, differences in indicators used to estab-
lish DEB-patterns may offer a possible explanation for 
the marked variations in asymptomatic and symptom-
atic group sizes found in different studies. For example, 
Micali et al. [31] operationalized “weight control behav-
iors” as purging (self-induced vomiting, using medication 
to control weight, laxative use) and fasting. Particularly 
purging behaviors have been shown to be rare in German 
non-clinical adolescents [5]. Both the study by Cain et al. 
[26], which also reported high number for symptomatic 
classes and the present study included less extreme DEBs, 
such as limiting food intake, which has been shown to be 
more prevalent in German young non-clinical individuals 
[5]. On the other hand, one could also speculate that the 
greater size of symptomatic groups in the present study 
may result from the assessment of DEBs in daily life, with 
likely less recall bias compared to assessments using ret-
rospective questionnaires, which could potentially lead 
to some degree of underreporting of DEBs. Moreover, 
DEBs within the present study were assessed on a fine-
grained scale, ranging from 0 to 100. This likely rather 
sensitive measurement may have allowed for identifying 
also milder expressions of DEBs (also reflected in the rel-
atively low DEB-scores in the low-mixed profiles), which 
may offer another explanation for the rather large symp-
tomatic group sizes in the present study. Generally, when 
considering the entire female and male analysis samples, 
low average self-reported severities of DEBs through-
out the EMA-period indicated that incidents with more 
intense DEBs appeared to be infrequent. This could raise 
the question whether expression of DEBs even reached 
problematic levels in the present participants.

Nonetheless, validation analyses provided some sup-
port for the validity of the symptomatic profiles identified 
in the present study. Symptomatic profiles were associ-
ated with more unfavorable manifestations in a number 
of correlates (which also have been identified as prospec-
tive ED-risk factors in previous studies [e.g., 14, 15, 23, 
25, 41–44]) compared to the asymptomatic group in both 
sexes. Associations were thematically diverse, including 
aspects of psychopathology, psychological functioning, 
interpersonal, developmental, and eating-and body-
related factors. Generally, this suggests that young indi-
viduals of both sexes who engage in DEBs, which may 
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already put them at an increased risk for developing a 
clinical ED [13–16], show more unfavorable manifesta-
tions in various additional risk factors (identified within 
previous investigations) for ED-development. Moreover, 
the present findings are in line with previous cross-sec-
tional studies, reporting associations between DEBs and 
greater affective symptoms [9], difficulties in emotion 
regulation [91], more pronounced levels of eating to cope 
with negative emotions [92] lower levels of social support 
[93], and more pronounced interpersonal problems [94]. 
Types of correlates associated with symptomatic profiles 
in the present study also reflect aspects thought to impact 
the development of EDs from a theoretical perspective 
according to various theoretical models (for a review, 
see [24]). As one example for a particularly prominent 
model, the Transdiagnostic Model of EDs [95] suggests 
that the over-evaluation of weight, shape, and eating (and 
their control), difficulties in emotion regulation, inter-
personal difficulties, perfectionism and low self-esteem 
drive eating pathology, including DEBs. While perfec-
tionism was not assessed within the present study and no 
associations were found between self-esteem and symp-
tomatic profiles, present findings do support associa-
tions between DEBs and facets of problems with emotion 
regulation, interpersonal difficulties (including adverse 
developmental conditions that may be considered special 
cases of problematic interpersonal experiences [95]), and 
over-evaluation of weight, shape, and eating (including 
engagement in dieting to lose weight), although differ-
ences between the different profiles should be taken into 
consideration.

Moreover, many of the correlates associated with 
symptomatic profiles in the present sample are also 
markers of compromised psychological functioning and 
mental health. Accordingly, awareness regarding DEBs in 
young people, even if they do not meet diagnostic crite-
ria for a clinical ED, needs to be raised among clinicians. 
In this context, the focus should be placed on improving 
screening processes in young people (as suggested by 
national guidelines [96]), monitoring, implementation of 
early interventions, as well as targeted prevention. Pre-
vious prevention approaches have mostly emphasized 
eating-and body-related factors (for an overview, see 97) 
that temporally predate the development of EDs and are 
associated with a heightened likelihood of their onset, 
thus making them risk factors in the true sense of word 
[98, 99]. Based on findings from risk factor research, it 
has been previously argued that including other aspects, 
such as interpersonal or affective problems, in prevention 
programs may appear promising [14]. Findings from the 
present study support this demand, by underlining the 
relevance of such thematically more diverse aspects in 
the context of subclinical eating pathology, albeit only by 

providing information on correlates (rather than true risk 
factors) on a cross-sectional level.

However, several limitations must be considered when 
interpreting the present findings. The relatively short 
EMA-assessment period, which was selected to reduce 
participant burden within the comprehensive cohort 
study assessments, may have resulted in limited reliability 
in assessing DEBs. A longer assessment period may have 
yielded potentially more differentiated profiles. While 
the present study does provide evidence that evaluating 
DEB-patterns based on repeated reports from everyday 
life is feasible, future investigations should cover longer 
assessment periods. In addition, the present LPA only 
included a limited selection of DEBs as behavioral indica-
tors of eating pathology, while the latter may also encom-
pass further behavioral (e.g., excessive exercise), cognitive 
(e.g., over-evaluation of weight and shape), and affective 
(e.g., fear of weight gain) phenomena [48]. Thus, includ-
ing additional indicators of eating pathology experienced 
in everyday life in future LPAs may yield more compre-
hensive and fine-grained phenotypes of subclinical eating 
pathology and should be considered in future studies.

Another content-related limitation concerns the use of 
several single-item measures (e.g., self-esteem, body sat-
isfaction, types of attachment styles) within the present 
study. Single-item measures were chosen in some cases 
to limit participant burden related to the comprehen-
sive assessments within the BeMIND study, and such 
measures have frequently demonstrated good validity in 
previous studies [100, 101]. Nonetheless, assessment of 
rather complex constructs, such as those examined in the 
present study, via such single-item measures may limit 
the conclusions that can be drawn from the present find-
ings and future studies may benefit from applying more 
sophisticated questionnaires.

Moreover, the present study conducted LPA among a 
sample relatively heterogeneous in age, including both 
adolescents and young adults. This may be critical since 
it has been shown that DEB-patterns may vary at differ-
ent time points across the course of adolescence [31]. 
While we did not conduct LPAs separated by age groups 
in the present study to retain sufficient statistical power, 
age-stratified analyses are warranted in future investiga-
tions. These could not only provide further insights on 
age-dependent phenotypes, but also age-specific asso-
ciations with ED-risk factors, which may be particularly 
important in informing prevention efforts. Further, no 
sampling weights were applied in the present analyses, 
which precludes drawing conclusions at a general popu-
lation level due to the lack of representativeness. Com-
pared to the target population of the BeMIND-study 
(14–21-years-olds living in Dresden), the present sample 
contained a higher proportion of females and a lower 
proportion of older participants [45]. Further, the overall 



Page 14 of 17Peschel et al. Child and Adolescent Psychiatry and Mental Health           (2024) 18:69 

BeMIND study sample includes an overall disproportion-
ately high percentage of individuals with high education 
[45]. This should be considered when interpreting the 
present results. Future studies should aim at investigating 
representative samples or implement appropriate weigh-
ing procedures to allow for the generalization of the find-
ings to the general population.

Finally, the present study only investigated cross-sec-
tional associations between DEB-patterns and ED-risk 
factors previously identified by other studies [e.g., 14, 15, 
23, 25, 41–44], precluding any conclusions about whether 
either symptomatic DEB-profiles or respective risk fac-
tors are indeed linked to an increased risk for the devel-
opment of more serious eating pathology in the present 
sample. Longitudinal investigations are warranted. None-
theless, the present study was, to our knowledge, the first 
study to investigate subclinical DEB-patterns based on 
daily life-reports from individuals from the general popu-
lation, providing ecologically valid insights into DEB-pat-
terns shown by young people in their everyday lives.

Conclusion
The present study suggests that patterns of subclinical 
DEBs in the daily lives of adolescents tend to be common 
in both males and females, even in those never diagnosed 
with an ED. We also found that DEB-patterns are associ-
ated with a number of additional risk factors for develop-
ing a clinical ED, with more unfavorable manifestations in 
these risk factors also implying facets of impaired psycho-
logical functioning in symptomatic young people. Clinical 
attention to those who engage in DEBs, even at a non-clin-
ical level, appears warranted.
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