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Abstract 

Background:  Adolescence is a critical period for the development of eating disorders, but data is lacking on the 
heterogeneity of their evolution during that time-period. Group-based trajectories can be used to understand how 
eating disorders emerge and evolve over time. The aim of this study was to identify groups of individuals with distinct 
levels of eating disorder symptoms between 12 and 20 years and the onset of different types of symptoms. We 
also studied sex differences in the evolution and course of eating disorder symptoms from early adolescence to 
adulthood.

Methods:  Using archival data from the QLSCD cohort, trajectories of eating disorder symptomatology were esti-
mated from ages 12 to 20 years using semiparametric models. These trajectories included overall eating disor-
der symptomatology as measured by the SCOFF (Sick, Control, One Stone, Fat, Food), sex, and symptom-specific 
trajectories.

Results:  Two groups of adolescents following distinct trajectories of eating disorder symptoms were identified. The 
first trajectory group included 30.9% of youth with sharply rising levels between 12 and 15 years, followed by high 
levels of symptoms between 15 and 20 years. The second trajectory group included 69.1% of youth with low and sta-
ble levels of symptoms between 12 and 20 years. Sex-specific models indicated that the proportion of girls in the high 
trajectory group was 1.3 times higher than the proportion of boys (42.8% girls vs. 32.3% boys). Trajectories of SCOFF 
items were similar for loss-of-control eating, feeling overweight, and attributing importance to food. The weight loss 
item had a different developmental pattern, increasing between 12 and 15 years and then decreasing between 17 
and 20 years.

Conclusions:  The largest increase in eating disorder symptoms in adolescence is between the ages of 12 and 15 . 
Yet, most prevention programs start after 15 years of age. Our findings suggest that, unlike common practices, eating 
disorder prevention programs should aim to start before puberty.
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Introduction
Adolescence is a critical time period for the develop-
ment of eating disorders (EDs). EDs are present in 1–3% 
of adolescents, while around 30% of adolescent girls and 
15% of adolescent boys present with disordered eating 
at a subclinical level [1–3]. Moreover, EDs are debilitat-
ing psychiatric disorders associated with several negative 
outcomes, and their typical symptoms include preoccu-
pation with eating, compensatory behaviors, and body 
image disturbances [1, 2]. Not only can EDs lead to 
decreased quality of life, problems at work and school, 
and social isolation, but they are often associated with 
several psychiatric comorbidities (e.g., depression, anxi-
ety) as well as physical health problems and even death 
[4]. Consequently, there is a pressing need to better 
understand how ED symptoms develop and how they 
lead to full-blown EDs.

Sex differences in eating disorders
Research has shown differences between sexes when 
it comes to ED symptom presentations and risk factors 
[5–10]. Of note, biological sex and psychosocial gender 
have often been used interchangeably in the literature 
and although the two constructs are closely related, they 
should be distinguished. Therefore, we would like to 
clarify that the terms “men”, “women”, “boys”, and “girls” 
will be used to refer to the biological construct that is sex 
throughout the present manuscript. On the one hand, 
men are more likely to have Binge Eating Disorder (BED) 
than other EDs, to engage in more exercising and fasting, 
to have less body image distortions, and to have higher 
body mass index (BMI) and obesity rates than women 
[5–7]. On the other hand, in community samples, women 
are approximately four times more likely to have Ano-
rexia Nervosa (AN) and Bulimia Nervosa (BN) than men, 
with this number increasing to ten times more likely in 
clinical settings [11]. In addition to symptom presenta-
tion, at least a few ED risk factors differ between sexes. 

For example, a longitudinal study found that childhood 
body dissatisfaction predicted weight and shape concerns 
in girls, while it only predicted weight and shape con-
cerns in boys when interacting with BMI [8]. However, 
findings are mixed when it comes to other ED risk fac-
tors during adolescence; all sexes are affected by weight/
appearance anxiety, use of tobacco, and poor communi-
cation with parents, among other factors [9, 10]. Given 
that the clinical presentation of EDs is often different 
in boys and men, sex-specific developmental patterns 
before ED onset should be clarified.

Development of eating disorder symptoms
The evolution and development of ED symptoms need 
to be further studied, as it is unclear how early certain 
symptoms develop and cluster over time. Eating behav-
iors in childhood and preadolescence might represent 
early risk factors for later development of EDs in adult-
hood [12–16]. Additionally, some studies have shown 
that bingeing and purging-type symptoms (such as 
those present in BED and BN) appear later than restric-
tive symptoms (such as those present in AN) [17, 18]. 
Group-based developmental trajectories analyses repre-
sent a powerful way to better understand the develop-
ment of EDs. Developmental trajectories have been used 
to study the evolution of BMI and weight status in youth 
[19, 20]. It is also possible to investigate the association 
between such trajectories and the onset of ED symptoms 
[20]. Studies on trajectories of ED symptoms suggest that 
symptomatology increases during adolescence, which is 
consistent with the typical onset of the first symptoms of 
AN and BN [7, 21]. Another study focusing on ED risk 
from 12 to 19  years identified three trajectory groups, 
interpreted as low risk, early onset, and late-onset ED 
risk trajectories [22].

Reviews have shown that prevention for EDs (e.g., the 
Body Project intervention), targeting the general popula-
tion, tends to focus on body image as opposed to other 
components of EDs, and tends to start in high school. 

Plain English summary 

Eating disorders, typically involving preoccupation with eating, excessive exercise, and body image issues, are particu-
larly common in adolescence. However, their evolution over time remains unclear as certain signs and symptoms may 
appear sooner than others. The current study studied the development of eating disorder symptoms in a community 
cohort followed from birth to adulthood. This study describes trajectories of eating disorder symptoms and risk from 
age 12 to 20 in both boys and girls. Results showed that the largest increase in eating disorder symptoms occurs 
between 12 and 15 years of age, both in overall symptomatology as well as in specific symptoms such as loss-of-con-
trol when eating, feeling overweight, and attributing importance to food. Additionally, more girls than boys appeared 
at risk for eating disorders, although the patterns represented by the trajectories were similar in both sexes. Our results 
highlight the importance of starting early prevention programs before the beginning of adolescence, when symp-
toms usually start to manifest.
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As these interventions typically result in modest reduc-
tions of symptoms, clarifying aspects of ED develop-
ment would have important implications on preventive 
interventions [23, 24]. Still, there is a lack of research 
on developmental trajectories of ED symptoms in large 
community samples including both boys and girls, as 
previous studies mainly focused on clinical samples or 
exclusively relied on girls and women participants [12–
18, 20]. Additionally, it is still unclear when and how dif-
ferent ED symptoms appear during adolescence in the 
general population.

Aims of the study
The overarching aim of this study was to identify tra-
jectory groups of individuals with distinct levels of ED 
symptoms during adolescence, in a large longitudi-
nal community sample representative of the Quebec 
(Canada) population. The first aim was to describe het-
erogeneity (i.e., presence of diverse trajectory subgroups 
diverging in ED symptom evolution) in overall ED symp-
tomatology in the Quebec Longitudinal Study of Child 
Development (QLSCD) cohort from ages 12 to 20. Sec-
ond, the trajectories were modeled separately for each 
sex in order to assess potential sex-specificity in devel-
opmental patterns between boys and girls. Finally, trajec-
tories for specific ED symptoms from early adolescence 
to early adulthood were analyzed to assess heterogeneity. 
Results might help to obtain a better understanding of the 
development of ED symptoms over time in adolescence.

Methods
Participants
This study used archival data from a community-based 
longitudinal cohort, the Quebec Longitudinal Study of 
Child Development (QLSCD). Details on the QLSCD 
design and data collections have been published else-
where [25, 26]. Briefly, 2123 participants were recruited 
randomly at the age of 5  months through the Quebec 
Master Birth registry, in 1997–1998 [25, 26]. Follow-ups 
took place every one to two years and involved collecting 
data about the child’s health, psychosocial development, 
and environment. The time points of interest in the pre-
sent study were at ages 12, 15, 17, and 20, where a ques-
tionnaire that evaluated mental health [27], including ED 
symptoms, was completed by the participants. See Orri 
et al. [26] for more details about the characteristics of the 
cohort.

This study was approved by the Health Research Eth-
ics Committees of the Quebec Statistics Institute and the 
Sainte-Justine Hospital Research Center Ethic Commit-
tee. The participants themselves or their primary caregiv-
ers signed a written informed consent form before each 
data collection.

Eating disorder risk
The Sick, Control, One stone (i.e., weight loss), Fat, 
Food (SCOFF) questionnaire was administered to assess 
ED symptoms [28, 29]. The present study is the first to 
report analyses based on the SCOFF in adolescents from 
the QLSCD cohort. The SCOFF includes the five follow-
ing items: (1) Do you make yourself sick because you 
feel uncomfortably full? (i.e., purging) (2) Do you worry 
that you have lost control over how much you eat? (i.e., 
loss-of-control eating) (3) Have you recently lost more 
than 6 kg in a 3-month period? (i.e., weight loss) (4) Do 
you believe yourself to be fat when others say you are 
too thin? (i.e., feeling overweight) (5) Would you say that 
food dominates your life? (i.e., attributing importance to 
food) [28, 29]. The SCOFF total score reflects the number 
of ED symptoms and ranges from 0 to 5 [28, 29]. Ques-
tions are typically answered by “yes (1)” or “no (0)”, with 
a score of two or more being considered as a risk for 
EDs [28, 29]. This cut-off of 2 has been established and 
considered clinically relevant based on previous studies 
about the psychometric properties of the SCOFF [28, 29]. 
Throughout the manuscript, the terms “high levels” and 
“low levels” of ED symptoms refer to this cut-off of 2/5 
(i.e., individuals with high levels of symptoms are those 
with a score of two or more at the SCOFF).

While the original version of the SCOFF was admin-
istered at age 12, a slightly modified version was used at 
ages 15, 17, and 20 to allow for a more thorough under-
standing of the severity of ED symptoms. At these three 
time points, participants’ responses were collected based 
on a Likert scale (i.e., never (0), sometimes (1) or often 
(2)). One exception to this was for the 3rd question (i.e., 
have you recently lost more than 6  kg in a 3-month 
period?) at 20  years, where the typical binary scale was 
used. In order to study the evolution of the ED symptom 
across each measurement time, and to be more compa-
rable with previous studies using the SCOFF, the Likert 
scale used at ages 15, 17 and 20 was re-coded as follows: 
never = no (0); sometimes or often = yes (1). This re-cod-
ing allowed the calculation of the ED symptom levels var-
iable, classifying adolescents as having “high level” (1) or 
“low level” (0) of ED symptoms, with the cut-off set at 2/5 
[28, 29]. These binary ED symptom levels variables from 
12 to 20 years were used to model the trajectories.

Missing values
At age 12, 1336 participants (52.2% girls) completed the 
SCOFF. At 15 years, this number was 1443 (52.2% girls), 
then 1269 (54.1% girls), and 1243 (57.8% girls) at ages 17 
and 20, respectively. Data were not completely missing at 
random as boys were more likely to be missing a value 
than girls. The semiparametric analyses presented below 
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are designed to handle missing data when modeling the 
trajectories using the maximum likelihood method of 
estimation [30]. Thus, youths were included in the anal-
yses if their ED symptoms were assessed at least once 
between 12 and 20  years. In sum, 872 participants pro-
vided data at four time points, 417 at three time point, 
193 at two time point, and 166 at one time point.

Statistical analyses
A semiparametric procedure in the Proc Traj program 
of SAS (version 9.4), also known as latent class growth 
analysis, was used to model the different groups of ED 
symptom trajectories within the QLSCD cohort. This 
procedure was used without any a priori hypotheses. 
Proc Traj provides an estimate of the proportions of indi-
viduals in the study population following each trajectory 
group, as well as the probabilities that each individual has 
to belong to the different trajectory groups [30]. Partici-
pants are then assigned to the trajectory group to which 
they have the highest probability of belonging to. The 
Bayesian Information Criterion (BIC) guided the choices 
when optimizing the models, with a BIC closer to 0 being 
an indicator of a better model fit [30]. Proc Traj default 
start value was used to estimate the trajectories.

In order to optimize the replicability of the results, the 
GRoLTS checklist for reporting latent class trajectory 
study was used [31]. Time was coded in the models as 
years (12, 15, 17 and 20); however, the use of archival data 
did not allow us to control for possible time-unstruc-
turedness. Graphs for each model estimated during the 
final model’s selection process, as well as syntax files can 
be made available upon request.

First, ED symptomatology trajectories for the entire 
cohort were modeled using the SCOFF score (i.e., high 
level vs. low level of symptoms). In addition, an alterna-
tive approach was used, and the trajectory model was run 
without the weight loss item of the SCOFF. The removal 
of the weight loss item led to a stricter criterion for hav-
ing “high level of symptoms”, as the threshold of two was 
kept (i.e., the scores ranged from 0 to 4 instead of 0 to 
5). This decision was made since the weight loss item 
refers to significant weight loss in a short period of time, 
a symptom characteristic of AN which has a lower preva-
lence than other EDs [32, 33]. Consequently, the weight 
loss item may not be the most representative or frequent 
ED symptom in the QLSCD cohort. Second, analyses 
were performed separately for each sex. Third, trajecto-
ries were modeled for each individual item of the SCOFF.

In order to identify the ideal number of trajectory 
groups, models with different numbers of groups were 
tested (i.e., 1, 2, 3 and/or 4 groups). Then, different trajec-
tory shapes (i.e., stable, linear, and quadratic) were tested 
to identify the models that would best fit the data. With 
binary outcomes like those used in the current study, the 
Proc Traj procedure estimates the probability of having 
the behavior at each measurement time, in this case the 
probability of having high levels of ED symptoms.

Results
Demographics
Table  1 shows the demographic distribution (sex, eth-
nicity), and the proportions of ED symptoms at each 
time point. Across time points, the sample consisted of 

Table 1  Participant characteristics and ED symptoms (SCOFF items) from early adolescence to early adulthood

Sick, Control, One Stone, Fat, and Food refer to the five items of the SCOFF questionnaire. ED risk indicates the number of people (%) that has at least 2 items on the 
SCOFF questionnaire are scored positive. The numbers listed for the Sick, Control, One stone, Fat or Food item indicates the number of people (%) scoring positive on 
the item of interest

Variable
n (%)

12 years
n = 1336

15 years
n = 1443

17 years
n = 1269

20 years
n = 1243

Sex, n boys/girls (%) 638/698 (47.8/52.3) 690/753 (47.8/52.3) 582/687 (45.9/54.1) 525/718 (42.2/57.8)

Ethnic origin, n (%)

 Canadian/European 1104 (82.6) 1186 (82.1) 1036 (81.6) 1010 (81.3)

 American–Indian 41 (3.1) 40 (2.8) 43 (3.4) 35 (2.8)

 African, Haitian 22 (1.7) 24 (1.7) 24 (1.9) 25 (2.0)

 Other 162 (12.1) 183 (12.7) 161 (12.7) 167 (13.4)

 Unknown 7 (0.5) 10 (0.7) 5 (0.4) 6 (0.5)

ED risk n (%) 299 (22.4%) 489 (33.9%) 447 (35.2%) 124 (10%)

Sick n (%) 204 (15.2%) 54 (3.7%) 67 (5.3%) 64 (5.1%)

Control n (%) 240 (17.8%) 561 (38.9%) 486 (38.4%) 475 (38.2%)

One stone n (%) 186 (13.9%) 202 (15.9%) 227 (15.7%) 125 (10.1%)

Fat n (%) 167 (12.4%) 314 (21.8%) 244 (19.2%) 207 (16.7%)

Food n (%) 335 (24.9%) 649 (45%) 632 (49.9%) 500 (40.2%)
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approximately 54% girls, and was primarily of Canadian/
European origin (81.9%).

Trajectories of overall symptom levels
Table 2 shows the process of identifying the model with 
the best fit for ED symptoms in the entire sample and by 
sex. The most optimal model was a model with two tra-
jectory groups defined by a quadratic equation (P < 0.01). 
There was a high symptom levels trajectory group (30.9% 
of the cohort) and a low symptom levels trajectory group 
(69.1% of the cohort). Mean posterior probabilities were 
between 0.83 and 0.89, indicating a good model fit, based 
on the guidelines of Nagin et al. [27]. The high-level tra-
jectory group already had higher ED symptom levels at 
age 12. The low-level trajectory group remained low 
throughout the follow-up period, and it showed a slight 
decrease over time. Figure  1 shows the model with the 
best fit for the evolution of ED symptom levels in the cohort. Additional file  2: Figure S1 has more details on 

the numerical characteristics of the final models.

Trajectories of overall symptom levels without the weight 
loss item
With this alternative approach, the model with the best fit 
had two trajectory group, one was a constant (low-level) 
and the other was quadratic (high-level) (P < 0.0001). This 
model had a good fit, with mean posterior probabilities 
between 0.84 and 0.88. Excluding the weight loss item 
led to similar proportions of individuals in each group of 
trajectories for overall ED symptomatology compared to 
the model including the weight loss item. In the model 
excluding the weight loss item (Additional file  1), the 
high-level trajectory group was more stable from ages 
17 to 20 than in the models including this item (Fig. 1). 
This was also verified by a McNemar test (SPSS), which 
revealed a significant difference in ED symptom lev-
els between 17 and 20  years when the weight loss item 
(P < 0.001) was included but not when it was excluded 
(P > 0.05).

ED symptoms in boys and girls
As proportion of girls in the high-level trajectory 
was higher than for boys (chi-square P < 0.0001), ED 
symptoms trajectories were tested for boys and girls 
separately. Figure  2 shows the selected models for ED 
symptoms for girls (Fig. 2A) and boys (Fig. 2B). In these 
two models, two trajectory groups were identified (see 
Table 2). For girls, the model with the best fit had two 
significant quadratic trajectory groups (P < 0.0001). 
For boys, the model with the best fit had one linear 
(low-level, P = 0.02) and one quadratic (high-level, 
P < 0.0001) trajectory groups. The proportion of indi-
viduals in each trajectory group was as follows: for girls, 
57.2% in the low-level group and 42.8% in the high-level 

Table 2  Model fit for eating disorder symptom levels trajectories

Selected models are displayed in bold

BIC Bayesian Information Criterion

Model # of trajectory 
groups

Order (0 = constant, 
1 = linear, 2 = quadratic)

BIC

(A) Full sample

Step 1: identify the ideal number of trajectory groups

 1 3 2 2 2 − 2748.6

 2 4 2 2 2 2 − 2762.04

 3 2 2 2 − 2734.8
 4 1 2 − 2879

Step 2: identify the ideal shape for the trajectories

 3 2 2 2 − 2734.8
 5 2 1 2 − 2735.9

(B) Only girls

Step 1: identify the ideal number of trajectory groups

 1 3 2, 2, 2 − 1595.21

 2 2 2, 2 − 1579.29
 3 1 2 − 1661.45

Step 2: identify the ideal shape for the trajectories

 2 2 2, 2 − 1579.29
 4 2 1, 2 − 1582.03

 5 2 2, 1 − 1634.24

(C) Only boys

Step 1: identify the ideal number of trajectory groups

 1 3 2, 2, 2 − 1109.16

 2 2 2, 2 − 1093.35
 3 1 2 − 1118.05

Step 2: identify the ideal shape for the trajectories

 2 2 2, 2 − 1096.62

 4 2 1, 2 − 1093.35
 5 2 0, 2 − 1103.28

 6 2 1, 1 − 1115.36

Fig. 1  ED risk trajectories from 12 to 20 years of age, including both 
sexes. The dashed lines represent estimated values, whereas the solid 
lines represent observed values
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group; for boys, 67.7% in the low-level group and 32.2% 
in the high-level group. This means that the proportion 
of girls with high levels of ED symptoms was 1.3 times 
higher than the proportion of boys with high levels of 
ED symptoms. Within the high-level trajectory groups, 
the risk of ED did not peak as high for boys as it did for 
girls. These models have good fits, with mean posterior 
probabilities between 0.79 and 0.86.

Trajectories of specific ED symptoms
Figure  3 shows the selected models for each individual 
item (i.e., A-purging, B-loss-of-control eating, C-weight 
loss, D-feeling overweight, and E-attributing impor-
tance to food). All five models showed the best fit with 
two trajectory groups (i.e., high symptom levels and low 
symptom levels). The mean posterior probabilities were 
between 0.79 and 1.00, indicating a good fit. It can be 

Fig. 2  ED risk trajectories from 12 to 20 years of age for girls (A) and boys (B). The dashed lines represent estimated values, whereas the solid lines 
represent observed values

Fig. 3  Trajectories for each symptom of eating disorders from 12 to 20 years of age for both sexes. A Purging, B loss-of-control eating, C weight 
loss, D feeling overweight, and E attributing importance to food. The dashed lines represent estimated values, whereas the solid lines represent 
observed values
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noted that the trajectory patterns are similar for all items, 
particularly for the loss-of-control eating, feeling over-
weight and attributing importance to food symptoms. 
Indeed, the loss-of-control eating, weight loss, feeling 
overweight and attributing importance to food models 
(Fig.  3B, C, D, E) with the best fits had significant con-
stant (low-level) and quadratic (high-level) trajectory 
groups (P < 0.001). The purging model (Fig. 3A) had two 
linear trajectory groups (low-level, P > 0.05; high-level, 
P < 0.05). Additionally, for the purging item, symptom 
levels were lower than for the other items (Fig. 3A). For 
the weight loss item (Fig.  3C), a significant decrease in 
symptom level can be observed from ages 17 to 20 in the 
high-level trajectory group. Finally, the five low-level tra-
jectory groups remained low and stable.

Discussion
The present study investigated heterogeneity in ED 
symptoms from early adolescence to young adulthood 
in a large, longitudinal community sample, consider-
ing both sex and symptom type. Individuals in the tra-
jectory group associated with high levels of symptoms 
consisted of a substantial part of the cohort (30.9%) and 
were already at higher risk of EDs at 12 years of age than 
those in the trajectory group associated with low levels 
of ED symptoms. Unsurprisingly, there were more girls 
in the trajectory group associated with high levels of ED 
symptoms than there were boys; however, boys and girls 
presented similar patterns of ED symptom trajectories. 
Trajectories by symptom types showed that some symp-
toms (i.e., purging) peak later in adolescence, while other 
symptoms (i.e., loss-of-control eating, feeling overweight, 
attributing importance to food) follow similar patterns 
and stay stable from 15  to 20 years.

Our findings support previous research that have found 
patterns with two or three trajectory groups of ED symp-
toms; typically a low-level trajectory group that remains 
low throughout adolescence, and a high-level trajectory 
group whose risk increases throughout adolescence [20, 
22]. A new finding of the present study was that the most 
prominent rise in ED symptoms throughout adolescence 
occurred between 12 and 15  years of age. The preced-
ing finding highlights that ED preventive interventions 
might not target signs and symptoms early enough [23, 
24]. Specifically, most preventive intervention programs 
start in mid-adolescence or adulthood [24]. Indeed, Ciao 
et al. reviewed the literature on ED preventive programs, 
and a closer look at the included studies suggests that 
only one third of the programs targeted youth during 
middle school or early high school [24]. Our study high-
lights the importance of starting preventive interventions 
programs for EDs prior to the onset of adolescence, before 
ED symptoms start to increase. The rise in ED symptoms 

between ages 12 and 15 aligns with the beginning of 
puberty, which has been associated with physical, hor-
monal, and social changes [34, 35]. Moreover, there may 
be an increase in environmental stressors such as peer 
pressure around 12 to 15 years, which has been shown to 
influence the development of psychopathology including 
EDs, as young adolescents begin high school [36]. More 
research is needed to clarify the associations between 
these factors and ED symptoms evolution.

Another new finding of the present study is that, 
although girls were 1.3 times more likely to be in the 
high-level trajectory group than boys, ED symptom pat-
terns from early adolescence to young adulthood were 
similar for boys and girls. Although girls also presented 
with more ED symptoms, our findings suggest that both 
boys and girls can already be at risk for developing EDs as 
early as 12 years old.

To further describe ED symptomatology over time, tra-
jectories of specific symptoms were modeled. The weight 
loss item was the only symptom showing a decrease 
towards 17 to 20 years old. The removal of this symptom 
from the overall ED symptomatology model seemed to 
stabilize the trajectories and accounted for the decrease 
in ED symptoms at the end of adolescence. The weight 
loss item can be seen as a “physical” symptom, while 
other items of the SCOFF are more cognitive and behav-
ioral, which may explain their distinctions. On this sub-
ject, Slane and colleagues [21] found that an increase in 
BMI was associated with an increase in cognitive symp-
toms (i.e., weight preoccupations, body dissatisfaction) 
related to EDs from late childhood to early adulthood. 
They also suggested that women gain weight faster at the 
beginning of adulthood than during other developmental 
periods, possibly explaining high levels of ED symptoms 
related to weight concerns and other ED cognitions at 
this age [21]. This represents a hypothesis to explain the 
decreasing pattern observed in the high-level trajectory 
group of the weight loss symptom reported here.

Being in the high-level trajectory group for the purging 
item of the SCOFF was less common than for other ED 
symptoms. This finding, as well as the proportion of indi-
viduals in the high-purging trajectory group (16.4%), is 
in line with previous data suggesting prevalence between 
1–15% for purging symptoms in community samples of 
young adults [37–39]. Previous studies also considered 
other purging methods (e.g., diuretic and laxative use; 
[37–40]), however the purging item of the SCOFF is 
specific to vomiting. The high-purging trajectory group 
increased more slowly and peaked later in adolescence 
than the high-level trajectory groups for other SCOFF 
items. A few hypotheses can explain this. For example, it 
is possible to speculate that this specific behavior might 
be socially learned over time and might depend more on 
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the social environment during adolescence than other 
symptoms. Supporting this hypothesis, previous studies 
have highlighted the role of peers and social environment 
in the development of purging behaviors during adoles-
cence [41]. Also, the important environmental changes 
happening at the end of adolescence can represent stress-
ful events for at-risk adolescents and might contribute 
to the peak of purging behaviors observed later in ado-
lescence [42]. Overall, our findings indicate that purging 
behaviors, although indicative of significant disordered 
eating, may not be as common as other ED symptoms 
in young adolescents. Thus, the prevalence of purging 
behaviors should be considered when screening to detect 
disordered eating behaviors in this age group.

The loss-of-control eating, feeling overweight, and 
attributing importance to food symptoms all had rela-
tively similar trajectories, with high proportions of indi-
viduals presenting with high-level of those behaviors, and 
relatively stable trajectories from 15 to 20 years. Almost 
half of the sample was in the high-level trajectory group 
for the loss-of-control eating (40.9%) and the attribut-
ing importance to food (53.9%) symptoms. These three 
items (i.e., loss-of-control eating, feeling overweight, 
and attributing importance to food) might be some-
what related, possibly through their link with cognitions 
related to body image and weight concerns [43–45]. Both 
feeling overweight and attributing importance to food 
can be considered maintenance factors for binge-purging 
behaviors, while loss-of-control eating is a component of 
binge eating [4, 46, 47]. Thus, these factors could repre-
sent important preventive and therapeutic treatment tar-
gets in EDs and need to be further studied.

Strengths of the current study are the use of a relatively 
large, community-based sample that included boys and 
girls, which improves the generalizability of the findings, 
as well as the long period of data collection that covered 
all adolescence, starting at 12  years. A few limitations 
however need to be considered when interpreting the 
results. First, due to the research objective of the present 
study, which was to qualitatively describe the heteroge-
neity of ED symptom development in the QLSCD using 
a statistical basis, we opted for the Proc Traj procedure. 
The latter has been widely used over the years and is a 
practical choice given its relative ease of use and inter-
pretation [30, 48–50]. However, we are aware that a limi-
tation of this approach compared to others (e.g. growth 
mixture models, which also have their own drawbacks) 
is that it does not take into account inter-individual vari-
ability within a trajectory group (i.e. it is fixed at 0; [48]). 
A second limitation concerns the use of data from indi-
viduals in the community; therefore, they might not be 
generalizable to clinical populations. Third, as is often 
the case with longitudinal studies, there was a substantial 

amount of missing data at the different timepoints in 
adolescence, particularly in boys. However, this was 
handled using maximum likelihood estimation. Fourth, 
cultural differences might exist in ED symptom presen-
tations and this was not assessed in the current study. 
Future studies should investigate developmental trajecto-
ries of ED symptoms in a more ethnically diverse sample 
as done in the present study. Fifth, the SCOFF is a self-
reported questionnaire, and some items might be open 
to interpretation during assessment, which could have 
induced a bias. The SCOFF does not assess all types of 
disordered eating behaviors, with some possibly being 
more common in the general population (e.g., excessive 
exercise, dietary restraint, emotional eating).  Lastly, the 
dichotomization of the SCOFF score as recommended by 
previous studies [28, 29] might have led to a loss of infor-
mation in the trajectory model on overall levels of eating 
disorder symptoms.  On the other hand, the estimation 
of separate trajectories for the five eating disorder symp-
toms assessed by the SCOFF allowed us to qualitatively 
examine the evolution of each SCOFF symptom across 
time in the QLSCD cohort.

Conclusions
This study identified different trajectory groups based 
on individual’s ED symptom levels from early adoles-
cence to young adulthood, in a community cohort. Our 
findings indicate a peak in ED symptom levels between 
12 and 15 years of age—a period where most ED preven-
tion programs have not started yet. Although ED preven-
tion programs during high school have been shown to 
be effective in adolescents, results of our study suggest 
that these programs may not be offered early enough to 
prevent EDs in the most efficient way, considering at-
risk individuals already have elevated ED symptoms at 
12 years of age. Thus, our findings highlight the need for 
the development of ED prevention programs specifically 
designed for children, before they enter adolescence and 
develop the first signs of EDs. Such early interventions, in 
turn, will help to prevent full-blown EDs and their associ-
ated negative outcomes.

Abbreviations
ED: Eating disorders; AN: Anorexia nervosa; BN: Bulimia nervosa; BED: Binge 
eating disorder; BMI: Body mass index; QLSCD: Quebec Longitudinal Study of 
Child Development; SCOFF: Sick, Control, One Stone, Fat, Food; BIC: Bayesian 
Information Criterion.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40337-​022-​00603-z.

Additional file 1. Model fit statistics and group membership for each 
retained trajectory model.

https://doi.org/10.1186/s40337-022-00603-z
https://doi.org/10.1186/s40337-022-00603-z


Page 9 of 10Breton et al. Journal of Eating Disorders           (2022) 10:84 	

Additional file 2. Eating disorder symptom level trajectories from 12 to 
20 years, including both sex (without the weight loss item).

Acknowledgements
The authors thank the participating families for their contribution.

Author contributions
LB designed and supervised the specific study described in this manuscript. 
EB, RD and LB analyzed and interpreted the data, generated the figures and 
table, and drafted the manuscript. SC, LD, FV, MB and RET designed, initiated 
and directed the longitudinal cohort. All authors revised, edited and approved 
the final version of the manuscript. All authors read and approved the final 
manuscript.

Funding
LB is supported by a salary award from the Fonds de recherche du Québec—
Santé (FRQS) (chercheur boursier senior). EB is supported by a doctoral 
research award from the FRQS. RD is supported by a Master’s research award 
from the CHU Sainte-Justine and from the Concordia’s Centre for Clinical 
Research in Health. The Quebec Longitudinal Study of Child Development 
(QLSCD) was supported by funding from the Québec Statistics Institute 
(ISQ), the Québec Government’s Ministry of Health, Ministry of Education, 
Ministry of Family Affairs, The Lucie and André Chagnon Foundation, and 
the Robert‐Sauvé Research Institute of Health and Security at Work. The 
Fonds de Recherche du Québec—Santé (FRQS), the Fonds de Recherche du 
Québec—Societé et Culture, the Social Science and Humanities Research 
Council of Canada, the Canadian Institutes of Health Research (CIHR), and the 
CHU Sainte‐Justine Research Centre also contributed to this study.

Availability of data and materials
The data that support the findings of this study are available from The 
Research Unit on Children’s Psychosocial maladjustment (GRIP) but restrictions 
apply to the availability of these data, which were used under license for the 
current study, and so are not publicly available. Data are however available 
from the authors upon reasonable request and with permission of the GRIP.

Declarations

Ethics approval and consent to participate
The study was approved by the Health Research Ethics Committees of the 
Québec Statistics Institute and the research ethics committee at Sainte-Justine 
Hospital Research Center. Parents of study participants all gave their written 
informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Sainte-Justine Hospital Research Centre, Montreal, Canada. 2 Department 
of Psychiatry and Addictology, University of Montreal, Montreal, Canada. 
3 Department of Psychology, Concordia University, 7141 Sherbrooke Street 
West, Montreal, QC H4B 1R6, Canada. 4 School of Public Health, University 
of Montreal, Montreal, Canada. 5 School of Epidemiology and Public Health, 
University of Ottawa, Ottawa, Canada. 6 School of Psychoeducation, University 
of Montreal, Montreal, Canada. 7 Department of Psychology, University Laval, 
Quebec, Canada. 8 Department of Psychology and Pediatrics, University 
of Montreal, Montreal, Canada. 9 Department of Psychiatry, McGill University, 
Montreal, Canada. 

Received: 30 November 2021   Accepted: 10 June 2022

References
	1.	 Treasure J, Duarte TA, Schmidt U. Eating disorders. Lancet. 

2020;395(10227):899–911.
	2.	 Zeiler M, Waldherr K, Philipp J, Nitsch M, Dür W, Karwautz A, et al. Preva-

lence of eating disorder risk and associations with health-related quality 
of life: results from a large school-based population screening. Eur Eat 
Disord Rev J Eat Disord Assoc. 2016;24(1):9–18.

	3.	 Swanson SA, Crow SJ, Le Grange D, Swendsen J, Merikangas KR. 
Prevalence and correlates of eating disorders in adolescents. Arch Gen 
Psychiatry. 2011;68(7):714–23.

	4.	 American Psychiatric Association. Diagnostic and statistical manual of 
mental disorders. 5th ed. Washington, DC: American Psychiatric Associa-
tion; 2013.

	5.	 O’Dea J, Abraham S. Onset of disordered eating attitudes and behaviors 
in early adolescence: interplay of pubertal status, gender, weight, and 
age. Adolescence. 1999;34:671–9.

	6.	 Valente S, Di Girolamo G, Forlani M, Biondini A, Scudellari P, De Ronchi 
D, et al. Sex-specific issues in eating disorders: a clinical and psycho-
pathological investigation. Eat Weight Disord Stud Anorex Bulim Obes. 
2017;22(4):707–15.

	7.	 Verschueren M, Claes L, Palmeroni N, Bogaerts A, Gandhi A, Moons P, 
et al. Eating disorder symptomatology in adolescent boys and girls: 
identifying distinct developmental trajectory classes. J Youth Adolesc. 
2020;49(2):410–26.

	8.	 Micali N, Stavola BD, Ploubidis G, Simonoff E, Treasure J, Field AE. 
Adolescent eating disorder behaviours and cognitions: gender-
specific effects of child, maternal and family risk factors. Br J Psychiatry. 
2015;207(4):320–7.

	9.	 Argyrides M, Anastasiades E, Alexiou E. Risk and protective factors of 
disordered eating in adolescents based on gender and body mass index. 
Int J Environ Res Public Health. 2020;17(24):9238.

	10.	 Hautala LA, Junnila J, Helenius H, Väänänen AM, Liuksila PR, Räihä H, et al. 
Towards understanding gender differences in disordered eating among 
adolescents. J Clin Nurs. 2008;17(13):1803–13.

	11.	 Murray SB, Nagata JM, Griffiths S, Calzo JP, Brown TA, Mitchison D, et al. 
The enigma of male eating disorders: a critical review and synthesis. Clin 
Psychol Rev. 2017;57:1–11.

	12.	 Evans EH, Adamson AJ, Basterfield L, Le Couteur A, Reilly JK, Reilly JJ, et al. 
Risk factors for eating disorder symptoms at 12 years of age: a 6-year 
longitudinal cohort study. Appetite. 2017;108:12–20.

	13.	 Herle M, Stavola BD, Hübel C, Abdulkadir M, Ferreira DS, Loos RJF, et al. 
A longitudinal study of eating behaviours in childhood and later eating 
disorder behaviours and diagnoses. Br J Psychiatry. 2020;216(2):113–9.

	14.	 Kotler LA, Cohen P, Davies M, Pine DS, Walsh BT. Longitudinal relation-
ships between childhood, adolescent, and adult eating disorders. J Am 
Acad Child Adolesc Psychiatry. 2001;40(12):1434–40.

	15.	 Munkholm A, Olsen EM, Rask CU, Clemmensen L, Rimvall MK, Jeppesen 
P, et al. Eating behaviours in preadolescence are associated with body 
dissatisfaction and mental disorders—results of the CCC2000 study. 
Appetite. 2016;101:46–54.

	16.	 van Eeden AE, Oldehinkel AJ, van Hoeken D, Hoek HW. Risk factors in 
preadolescent boys and girls for the development of eating pathology in 
young adulthood. Int J Eat Disord. 2021;54(7):1147–59.

	17.	 Nagl M, Jacobi C, Paul M, Beesdo-Baum K, Höfler M, Lieb R, et al. Preva-
lence, incidence, and natural course of anorexia and bulimia nervosa 
among adolescents and young adults. Eur Child Adolesc Psychiatry. 
2016;25(8):903–18.

	18.	 Udo T, Grilo CM. Prevalence and correlates of DSM-5-defined eating dis-
orders in a nationally representative sample of U.S. adults. Biol Psychiatry. 
2018;84(5):345–54.

	19.	 Pryor L, Brendgen M, Boivin M, Dubois L, Japel C, Falissard B, et al. 
Overweight during childhood and internalizing symptoms in early 
adolescence: the mediating role of peer victimization and the desire to 
be thinner. J Affect Disord. 2016;202:203–9.

	20.	 Yoon C, Mason SM, Hooper L, Eisenberg ME, Neumark-Sztainer D. 
Disordered eating behaviors and 15-year trajectories in body mass index: 
findings from Project Eating and Activity in Teens and Young Adults (EAT). 
J Adolesc Health. 2020;66(2):181–8.

	21.	 Slane JD, Klump KL, McGue M, Iacono WG. Developmental trajectories of 
disordered eating from early adolescence to young adulthood: a longitu-
dinal study. Int J Eat Disord. 2014;47(7):793–801.



Page 10 of 10Breton et al. Journal of Eating Disorders           (2022) 10:84 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	22.	 Fairweather-Schmidt AK, Wade TD. Characterizing and predicting 
trajectories of disordered eating over adolescence. J Abnorm Psychol. 
2016;125(3):369–80.

	23.	 Stice E, Becker CB, Yokum S. Eating disorder prevention: current evidence-
base and future directions. Int J Eat Disord. 2013;46(5):478–85.

	24.	 Ciao AC, Loth K, Neumark-Sztainer D. Preventing eating disorder pathol-
ogy: common and unique features of successful eating disorders preven-
tion programs. Curr Psychiatry Rep. 2014;16(7):453.

	25.	 Jetté M, Des Groseilliers L. Survey description and methodology. Londi-
tudinal Study of Child Development in Québec (ÉLDEQ 1998–2002). 
2000;1(1).

	26.	 Orri M, Boivin M, Chen C, Ahun MN, Geoffroy MC, Ouellet-Morin I, et al. 
Cohort profile: Quebec Longitudinal Study of Child Development 
(QLSCD). Soc Psychiatry Psychiatr Epidemiol. 2020;56:883–94.

	27.	 Côté SM, Orri M, Brendgen M, Vitaro F, Boivin M, Japel C, et al. Psychomet-
ric properties of the Mental Health and Social Inadaptation Assessment 
for Adolescents (MIA) in a population-based sample. Int J Methods 
Psychiatr Res. 2017;26(4):e1566.

	28.	 Garcia FD, Grigioni S, Allais E, Houy-Durand E, Thibaut F, Déchelotte 
P. Detection of eating disorders in patients: validity and reliability of 
the French version of the SCOFF questionnaire. Clin Nutr Edinb Scotl. 
2011;30(2):178–81.

	29.	 Hill LS, Reid F, Morgan JF, Lacey JH. SCOFF, the development of an eating 
disorder screening questionnaire. Int J Eat Disord. 2010;43(4):344–51.

	30.	 Nagin DS. Analyzing developmental trajectories: a semiparametric, 
group-based approach. Psychol Methods. 1999;4(2):139.

	31.	 van de Schoot R, Sijbrandij M, Winter SD, Depaoli S, Vermunt JK. The 
GRoLTS-Checklist: guidelines for reporting on latent trajectory studies. 
Struct Equ Model Multidiscip J. 2017;24(3):451–67.

	32.	 Rozzell K, Moon DY, Klimek P, Brown T, Blashill AJ. Prevalence of eat-
ing disorders among US children aged 9 to 10 years. JAMA Pediatr. 
2019;173(1):100–1.

	33.	 Herpertz-Dahlmann B. Adolescent eating disorders: update on defini-
tions, symptomatology, epidemiology, and comorbidity. Child Adolesc 
Psychiatr Clin N Am. 2015;24(1):177–96.

	34.	 Pfeifer JH, Allen NB. Puberty initiates cascading relationships between 
neurodevelopmental, social, and internalizing processes across adoles-
cence. Biol Psychiatry. 2021;89(2):99–108.

	35.	 Graber JA. Pubertal timing and the development of psychopathology in 
adolescence and beyond. Horm Behav. 2013;64(2):262–9.

	36.	 Marcos YQ, Sebastián MJQ, Aubalat LP, Ausina JB, Treasure J. Peer and 
family influence in eating disorders: a meta-analysis. Eur Psychiatry. 
2013;28(4):199–206.

	37.	 Allen KL, Crosby RD, Oddy WH, Byrne SM. Eating disorder symptom 
trajectories in adolescence: effects of time, participant sex, and early 
adolescent depressive symptoms. J Eat Disord. 2013;1(1):32.

	38.	 Combs JL, Pearson CM, Smith GT. A risk model for preadolescent disor-
dered eating. Int J Eat Disord. 2011;44(7):596–604.

	39.	 Serra R, Kiekens G, Vanderlinden J, Vrieze E, Auerbach RP, Benjet C, et al. 
Binge eating and purging in first-year college students: prevalence, 
psychiatric comorbidity, and academic performance. Int J Eat Disord. 
2020;53(3):339–48.

	40.	 Glazer KB, Sonneville KR, Micali N, Swanson SA, Crosby R, Horton NJ, et al. 
The course of eating disorders involving bingeing and purging among 
adolescent girls: prevalence, stability, and transitions. J Adolesc Health Off 
Publ Soc Adolesc Med. 2019;64(2):165–71.

	41.	 Keel PK, Forney KJ. Psychosocial risk factors for eating disorders. Int J Eat 
Disord. 2013;46(5):433–9.

	42.	 Timmermans M, van Lier PAC, Koot HM. The role of stressful events in the 
development of behavioural and emotional problems from early child-
hood to late adolescence. Psychol Med. 2010;40(10):1659–68.

	43.	 Grilo CM, Crosby RD, Machado PPP. Examining the distinctiveness of body 
image concerns in patients with anorexia nervosa and bulimia nervosa. 
Int J Eat Disord. 2019;52(11):1229–36.

	44.	 Lewer M, Bauer A, Hartmann AS, Vocks S. Different facets of body image 
disturbance in binge eating disorder: a review. Nutrients. 2017;9(12):1294.

	45.	 Yiu A, Murray SM, Arlt JM, Eneva KT, Chen EY. The importance of body 
image concerns in overweight and normal weight individuals with binge 
eating disorder. Body Image. 2017;22:6–12.

	46.	 Mehak A, Racine SE. “Feeling fat”, eating pathology, and eating 
pathology-related impairment in young men and women. Eat Disord. 
2021;29(5):523–38.

	47.	 Dakanalis A, Clerici M, Bartoli F, Caslini M, Crocamo C, Riva G, et al. Risk 
and maintenance factors for young women’s DSM-5 eating disorders. 
Arch Womens Ment Health. 2017;20(6):721–31.

	48.	 Nguena Nguefack HL, Pagé MG, Katz J, Choinière M, Vanasse A, Dorais 
M, et al. Trajectory modelling techniques useful to epidemiological 
research: a comparative narrative review of approaches. Clin Epidemiol. 
2020;12:1205–22.

	49.	 Nagin DS, Odgers CL. Group-based trajectory modeling (nearly) two 
decades later. J Quant Criminol. 2010;26(4):445–53.

	50.	 Nagin DS, Odgers CL. Group-based trajectory modeling in clinical 
research. Annu Rev Clin Psychol. 2010;6(1):109–38.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Developmental trajectories of eating disorder symptoms: A longitudinal study from early adolescence to young adulthood
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Sex differences in eating disorders
	Development of eating disorder symptoms
	Aims of the study

	Methods
	Participants
	Eating disorder risk
	Missing values
	Statistical analyses

	Results
	Demographics
	Trajectories of overall symptom levels
	Trajectories of overall symptom levels without the weight loss item
	ED symptoms in boys and girls
	Trajectories of specific ED symptoms

	Discussion
	Conclusions
	Acknowledgements
	References


