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a b s t r a c t

Age at onset (AAO) of eating disorders has classically been described in adolescence.
from 806 subjects with anorexia nervosa (AN) or bulimia nervosa (BN) and perform
ed a normal dis-
tribution admixture analysis to determine their AAO. No significant differences were found concerning
the AAO functions of AN and BN subjects. Both groups had a mean AAO of about 18 years. Most of the
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1. Introduction

Eating disorders (ED) are a heter
diseases, with no single cause nor a
et (AAO) has been classically situat
subjects with AN (75.3%) and BN (83.3%) belonged to the early onset group. The definition of AAO for ED
may be crucial for planning treatment modalities, with specific consideration of their clinical history and
course.

us group of psychiatric

et al., 2014; Azorin et al., 2013; Liu et al., 2013; Nowrouzi et al.,
2015; Ortiz et al., 2011; Tibi et al., 2015; Tozzi et al., 2011). This
procedure tests for the presence of subgroups with higher inner
ogeneo

predictable course, whose age homogeneity within the studied variable and it allows the iden-

ed to adolescence and tifications of point of rarities (i.e. cut offs) between subgroups.

University of Naples SUN were enrolled into the study. Diagnosis
young adulthood (Halmi, 2005). Initial studies, conducted in
clinical populations, described a bimodal distribution of AAO for
anorexia nervosa (AN), with two peaks at 14 and 18 years of age
(Halmi et al., 1979), and a slightly later onset for bulimia nervosa
(BN), nearing young adulthood with rare cases beginning before
adolescence (Fairburn and Cooper, 1984; Mitchell et al., 1985).
Subsequent epidemiological research challenged this evidence:
several clinical studies did not find a bimodal distribution of AAO
for AN (Matsumoto et al., 2001; Abbate-Daga et al., 2007; Favaro
et al., 2009) and reported a unimodal distribution for BN, with an
AAO between 18 and 19 years (Mitchell et al., 1985; Fairburn and
Harrison, 2003). Such discrepancies underline that no univocal
definition of AAO for ED exists to date. A possible avenue for
overcoming this issue is to estimate AAO thresholds for AN and BN
by means of a validated statistical procedure. Therefore, in the
present study we assessed AAO of AN and BN in a clinical sample
of ED patients by using the admixture analysis method, which is a
statistical procedure already successfully applied in a number of
psychiatric disorders to define AAO (Aderka et al., 2012; Anholt
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2. Methods

ED patients consecutively admitted to the outpatient unit of the
Eating Disorders Center of the Department of Psychiatry of the
of AN and BN were ascertained according to the DSM-IV-TR cri-
teria (APA, 2000) by means of the Structured Clinical Interview for
DSM-IV – Patient Edition (SCID-IP; First et al., 2002). A total of 806
ED patients (792 females, 14 males) were recruited before entering
the usual treatment program; subjects gave informed consent to
provide their clinical and socio-demographical data, after having
received a detailed description of the analytical procedures. AAO
was assessed by a direct clinical interview performed by a trained
psychiatrist and this information was matched with a systematic
review of medical records. AAO was defined as the age at which
each patient first met the DSM-IV diagnostic criteria for AN or BN.

Testing different numbers of AAO subgroups, we used a normal
distribution admixture analysis, performed with the statistical
package MCLUST implemented in the software R (R Development
Core Team, USA, 2008). This package performs the decomposition
of the variable distribution into the mixture of normal
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components, testing a range of number of AAO subgroups (1–9)
using the expectation-maximization algorithm. The choice of the
mixture model that best fitted the AAO distribution was made

characterization of the disorder, possibly empowering the search
for genetic determinants of risk (Manchia et al., 2013). Indeed, an
early AAO of a psychiatric disorder is thought to be related to
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according to the Schwarz's Bayesian Information Criteria (BIC;
Fraley and Raftery, 1999) using the highest BIC among the fitted
models (Fraley and Raftery, 2007). The admixture analysis was
performed on the AN and BN subgroups and the identified AAO
functions were then compared with the Kolmogorov-Smirnov (K-
S) test.

3. Results
The whole sample included 379 AN individuals and 427 BN

Abbate-Daga, G., Pierò, A., Rigardetto, R., Gandione, M., Gramaglia, C., Fassino, S.,
2007. Clinical, psychological and personality features related to age of onset of
subjects. The AN sample had a mean AAO of 18.0 years (SD¼5.4)
and a two normal components model best fitted the observed
distribution of AAO (BIC¼�2186.1). The AN group had an early
onset (EO) component (75.3%) with mean 16.2 years (SD¼2.6) and
a late onset (LO) component (21%) with mean of 23.6 years
(SD¼7.8); the cut-off point for AN was at 22 years (EO groupo22
years; LO groupZ22 years). No improvement of the fit was ob-
served with three and four components models (3 components:
BIC¼�2194.8; 4 components: BIC¼�2209.4).

The BN group had a mean AAO of 18.2 years (SD¼5.2) and a
two normal components model best fitted the observed distribu-
tion of AAO (BIC¼�2436.0), with an EO component (83.3%) with
mean 16.7 years (SD¼2.7) and a LO component (16.7%) with mean
of 25.3 (SD¼7.9); the cut-off point was at 24 years (EO groupo24
years; LO groupZ24 years). Again, there was no improvement of
the fit with a three (BIC¼�2443.9) and a four (BIC¼�2455.6)
components model.

The K-S test showed that the theoretical AAO functions of AN
and BN samples did not differ significantly (D¼0.05, p¼0.4).

4. Discussion
To our knowledge, this is the first study that applied admixture

2

analysis to identify AAO subgroups in AN and BN subjects. Al-
though limited by a relatively small clinical sample, in our study,
we were able to identify a bimodal normal distribution of AAO
with an EO and LO component for both ED. Moreover, we did not
confirm a significantly earlier AAO of AN, with respect to BN. Our
data tend to support the idea that, at least in our catchment area,
individuals suffering from AN and BN do not differ in terms of
AAO. However, these findings should be treated with some caution
as we analyzed our cases retrospectively and that data were col-
lected in a clinic specialized in ED. Indeed, Micali et al. (2013), in a
case-register study assessing the incidence of ED in the general
population, found that the peak age at incident diagnosis of AN
was between the ages of 10–14 years whereas diagnoses of BN
peaked between 15 and 19 years. While the study of ED cases from
the general population allows to identify also age when presenting
to primary care and eventually the obstacles along the pathways to
care, in that study the peak ages at incident diagnoses were based
only on the ‘first-time’ diagnosis for an ED, which could be not
strictly correspondent to the true AAO of the disorder. To our
knowledge, although our study may suffer from the same limita-
tion regarding the “first time” diagnosis of ED, no previously
published study applied admixture analysis to investigate AAO of
ED and thus further studies conducted with this approach in the
general population might provide a reliable support to present
findings, which, if confirmed, may have relevant implications for
the classification and treatment of ED.

AAO represents a crucial clinical feature of psychiatric dis-
orders, since its identification allows refining the phenotypic
greater symptoms’ severity (Sanchez-Gistau et al., 2013), worse
cognitive functioning (Hoff et al., 1996), higher comorbidity (Hoff
et al., 1996) and suboptimal clinical outcomes (Hollis, 2000). Fur-
thermore, as repeatedly recognized by literature, the treatment of
ED should be based on a multimodal model (Halmi, 2005), which
should require knowledge of the epidemiology of ED, and the
planning of ED services should adapt to the characteristics of the
local catchment area (Hoek, 2009) in order to ensure to this het-
erogeneous clinical population the most appropriate treatment
options, rooted in their real clinical history and course. Thus, the
definition of AAO thresholds for AN and BN with statistical vali-
dation of proposed cut-offs could help to better characterize their
clinical characteristics, which could be relevant to afford the un-
met needs for treatment, implement tailored treatment programs
and identify barriers to treatment (Kessler et al., 2007).

In conclusion, our study provides for the first time AAO cut-off
points for AN and BN identified by a robust analytical approach.
Further research, possibly conducted in primary care or in the
general population, is needed to further validate the proposed cut-
offs and to verify if and how subgroups of ED patients, identified
by the above proposed AAO cut-off points, may differ in their
clinical and prognostic aspects. The narrower clinical delineation
of AAO-based subgroups might enable a more accurate prognosis
and guide in treatment decision-making for ED.
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