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Abstract The original cognitive-behavioural (CB) model
of bulimia nervosa, which provided the basis for the widely
used CB therapy, proposed that specific dysfunctional cognitions and behaviours maintain the disorder. However,
amongst treatment completers, only 40–50 % have a full
and lasting response. The enhanced CB model (CB-E),
upon which the enhanced version of the CB treatment was
based, extended the original approach by including four
additional maintenance factors. This study evaluated and
compared both CB models in a large clinical treatment
seeking sample (N = 679), applying both DSM-IV and
DSM-5 criteria for bulimic-type eating disorders. Application of the DSM-5 criteria reduced the number of cases
of DSM-IV bulimic-type eating disorders not otherwise
specified to 29.6 %. Structural equation modelling analysis
indicated that (a) although both models provided a good fit
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to the data, the CB-E model accounted for a greater proportion of variance in eating-disordered behaviours than
the original one, (b) interpersonal problems, clinical perfectionism and low self-esteem were indirectly associated
with dietary restraint through over-evaluation of shape and
weight, (c) interpersonal problems and mood intolerance
were directly linked to binge eating, whereas restraint only
indirectly affected binge eating through mood intolerance,
suggesting that factors other than restraint may play a more
critical role in the maintenance of binge eating. In terms
of strength of the associations, differences across DSM-5
bulimic-type eating disorder diagnostic groups were not
observed. The results are discussed with reference to theory
and research, including neurobiological findings and recent
hypotheses.
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Introduction
A considerable treatment literature has been published
on bulimia nervosa (BN) [1, 2], which is marked by a
chronic and relapse-ridden course, can result into serious medical complications, and is associated with severe
comorbid psychopathology and functional impairment
[3, 4]. The bulk of this literature has focused on the use
of cognitive-behavioural therapy (CBT), which is widely
considered as the treatment of choice for BN [1, 2, 5].
The theory [6] that underpins and guides CBT [7] is
primarily concerned with the psychopathological processes that account for the persistence of the disorder.
This theory assumes a dysfunctional system for evaluating self-worth [6], whereby self-worth is largely or
even exclusively defined in terms of shape and weight
and related control [8]. This over-evaluation of shape
and weight (OSW) can then lead to dietary restraint,
which often includes the adoption of rigid dietary rules
about eating and food [6–10]. Due to the psychological
and physiological effects of dietary restraint, when these
inflexible dietary rules, which are extremely difficult to
maintain, are broken, all attempts to control eating are
abandoned and a binge occurs [6]. Although several randomised controlled trials have shown that CBT is more
effective than a wide range of alternative treatments
[1, 2, 5, 11], amongst BN treatment completers, only
40–50 % have a full and lasting response [12–14]. The
developers of the original CB theory argued that four
additional factors might account for the persistence of
dysfunctional cognitions (OSW) and eating-disordered
behaviours in some patients that present obstacles for
change: (a) interpersonal problems; (b) core low selfesteem; (c) clinical perfectionism; and (d) mood intolerance [12, 13]. Accordingly, they reformulated the original CB theory into an enhanced version by encapsulating
these factors that considered being “trans-diagnostic” as
well [13]. According to the enhanced CB version (CBE) [13], the difficulties in establishing and/or maintaining interpersonal relationships may directly precipitate
episodes of binge eating, affect all of the other maintenance factors and/or amplify OSW [12, 15]. The pervasive low self-esteem that often persists after recovery
[16] is thought to lead to attempts to control shape and
weight and similarly contribute to negative affect [13,
17]. Despite adverse consequences, when clinical perfectionism or over-evaluation of striving for and achieving personally demanding standards [18] is present, it
might encourage increased striving to achieve unrealistic high standards in the valued domain of shape and
weight and foster dietary restraint [13, 18–20]. The final
maintenance factor of mood intolerance (i.e. inability to
appropriately cope with adverse affective states followed
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by dysfunctional impulsive behaviours) [13] is believed
to directly affect and maintain binge eating [12, 17, 21–
24]. The CB-E approach is consistent with research that
documented two subtypes of patients with BN and binge
eating disorder (BED) based on purely dietary restraint
(i.e. approximately 60–70 % of samples) versus dietarynegative affect (i.e. approximately 30–40 % of samples)
dimensions [25, 26].
The enhanced CB treatment (CBT-E) approach [7]
that derives from the CB-E theory [13] has attracted
the interest of clinicians because it is an individual
and “modular” form of CBT, in which specific modules may address one or more of the four particular
maintaining mechanisms operating in the individual
patient’s case [23]. Although recent randomized control trials provided support for its efficacy in any form
of eating disorder (ED) [27, 28], this does not necessarily provide evidence for the adequacy of the CB-E
theoretical model on which the treatment is based. In
fact, there has recently been increased interest on testing some conceptual relationships of the CB-E model
in non-clinical adolescent and adult samples [17, 20,
24]. However, it still remains unclear whether the CB-E
model adequately represents the conceptual relationships between the four hypothesized maintenance variables, OSW, and disordered behaviours, and how well
it accounts for eating-disordered behaviours (i.e. binge
eating) amongst bulimic-type ED patients. In fact, the
only study with a clinical sample of individuals with
DSM-IV—including sub-threshold—anorexia nervosa
(AN), and BN investigated only the mutual relationships between each maintenance factor, and their associations with OSW [15]. Moreover, since the CB-E
model was developed to expand and improve the original CB model [13], an empirical comparison of the two
CB models, in an attempt to evaluate whether the predictive ability of the original model would be improved
by the inclusion of the four additional maintenance factors (CB-E model), could potentially have implications
for understanding the persistence of bulimic-type EDs
and provide indirect support for the utility of the CBT-E
[7, 15, 17, 22–24].
The current study aimed at extending research in this
area by testing and comparing the original and CB-E
models in a large clinical sample seeking treatment for
bulimic-type EDs, which include BN and its variants
[bulimic-type ED not otherwise specified (EDNOS), i.e.
EDs “clinically significant”, but not meeting full DSM-IV
diagnostic criteria for BN, or needing additional study,
such as BED] [29]. It was expected that even though both
theoretical models (Fig. 1) would provide a good fit to the
observed data, the CB-E maintenance model would
account for a greater proportion of the variance in dietary
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Fig. 1 Hypothesized a enhanced and b original cognitive-behavioural models under investigation

restraint and binge eating (i.e. the hallmark behaviour of
all bulimic-type EDs) [13, 29]. Evaluating whether the
strength of the conceptual relationships of both CB maintenance models is similar or different across diagnostic
groups and formally testing the significance of the mediation or indirect effects embedded within the CB models
(Fig. 1) in each diagnostic group were additional aims of
the study. It is worth of note that prior the completion of
the study, the APA Task Force made several changes to
ED diagnoses in the DSM-5 [30] in order to reduce the
preponderance of the DSM-IV [31] Anorexic and bulimictype EDNOS category [29, 32] that formed the most common ED among those seeking treatment [33]. Regarding
bulimic-type EDNOS, in addition to making BED a formal diagnosis, DSM-5 [30] revised the behavioural criteria (i.e. the threshold for frequency and duration), eliminated the diagnostic subtypes for BN, and changed the
EDNOS designation to Other Specified Feeding or ED;
Online Resource 1 summarizes the diagnostic criteria for
bulimic-type EDs from the fourth to the fifth editions. As
a consequence, all cases initially diagnosed as BN and
bulimic-type EDNOS using the DSM-IV [31] criteria
were re-categorized using the new DSM-5 criteria [30].
All analyses conducted to evaluate our hypothesis (Fig. 1)
and potential differences across groups were based on
DSM-5 diagnosis of BN, BED, and bulimic-type

EDNOS1; for simplicity, this last term was used in the
current manuscript to refer to bulimic-type diagnoses that
fell into the Other Specified Feeding or ED group. Re-categorizing diagnoses also allowed us to evaluate the degree
to which the use of DSM-5 criteria [30] decreased the
proportion of DSM-IV [31] bulimic-type EDNOS cases.
This is also a novel contribution to the current literature
given that prior research using the same [34] or a similar
[3, 35] procedure focused on community samples rather
than on clinical treatment seeking samples.
1

It is should be noted that, although both CB models posit that binge
eating may encourage in some individuals compensatory behaviours
aimed at counteracting the effects of binge eating on weight [6, 13]
for details, in the current manuscript we focused on binge eating and
did not incorporate compensatory behaviours neither in the form of
purging nor in the form of non-purging for three main reasons: (1)
the scheme distinguishing purging and non-purging BN subtypes has
been eliminated from DSM-5 (Online Resource 1); (2) the DSM-5
BN and BED diagnoses are distinguished by the presence versus
absence of recurrent inappropriate compensatory behaviours (Online
Resource 1); and (3) the necessary prerequisite of the advanced statistical procedure (see “Statistical Analyses”) used for evaluating if
the strength of the conceptual relationships of both CB maintenance
models (Fig. 1) is similar or different across DSM-5 BN, BED, and
bulimic-type EDNOS (that includes also sub-threshold BED cases) is
that the model under investigation should contain the same number
of latent variables, each of which includes the same number of measured/observed variables for all groups of interest [39].
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Methods
Participants and procedures
Participants were drawn from a sample of 893 individuals
consecutively referred to, and assessed for treatment of an
ED, at five medium-large sized specialized care centres for
EDs in Northern, Central, and Southern Italy between February 2011 and June 2013. Though a portion of this data set
has already been used to evaluate the role of attachment in
DSM-IV EDs [36], there is no overlap between those
results and those presented here. In the current study, participants, who met DSM-IV diagnostic criteria for BN
(n = 275) or bulimic-type EDNOS (n = 404), were
included. Exclusion criteria comprised concurrent treatment for eating and weight-related disturbances, severe
psychiatric conditions (psychosis) and intellectual disabilities, and insufficient knowledge of Italian. The flowchart of
study participants is available in Online Resource 2. DSMIV [31] ED and lifetime Axis I psychiatric disorder diagnoses were based on the Structured Clinical Interview for
DSM-IV Axis I Disorders (SCID-I/P) [37]. The ED diagnoses were confirmed by findings from the Eating Disorder
Examination-Interview-12.0D (EDE) [38], administered to
assess dietary restraint and frequency of binge eating episodes as well (see measures section). At each participating
centre, clinicians with experience and training in assessing
and treating EDs carried out the diagnostic procedures.
Approximately 22 % of the SCID-I/Ps and 20 % of the
EDEs conducted were audio-recorded and rated by a
blinded clinician to establish inter-rater reliability (κ),
which was as follows: between .95 and 1.0 for lifetime and
current (i.e. EDs) Axis I disorders; and 1.0 for diagnoses of
EDs assessed by the means of EDE. All cases initially diagnosed as BN and bulimic-type EDNOS using the DSM-IV
[31] criteria were re-categorized with the new DSM-5 criteria [30] on the basis of information from the interview
records [34].2
Measures
The baseline routine assessment included the SCID-I/P
[37], the EDE 12.0D [38], the SCID–II for assessing Axis
II personality disorders3 [40], the Beck Depression Inventory-II (BDI) [41] for assessing depression severity, and
measurement of height and weight, from which body mass
index (BMI = kg/m2) was calculated. Participants
2

Data were analysed first by research clinicians and subsequently by
the principal investigator (AD) of the project (κ = 1.0).
3

Approximately 20 % of the SCID-II conducted were audiorecorded and rated by a blinded clinician to establish inter-rater reliability (κ = .99).
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completed also selective scales of standardized instruments
(described below) in counterbalanced order in an attempt to
offset possible ordering effects. Except for diagnostic
items, the EDE 12.0D generates four subscales (i.e.
restraint, shape, weight, and eating concern) and provides
information regarding the frequency of different forms of
overeating, including objective bulimic episodes (OBEs;
there is a sense of loss of control over eating and an objectively large amount of food is consumed) over the preceding 28 days [38]. In the current study, the EDE weight concern and shape concern subscales were used to assess
OSW, whereas the five items of the EDE restraint subscale
provided a measure of dietary restraint,4 as recommended
[8, 24]. Following scholars’ recommendations [42], the
number of OBEs and the Binge Eating Scale [43], that
examines behavioural signs, cognitions and feelings during
a binge eating episode (i.e. guilt), were used for measuring
the frequency and severity of binge eating. Scales of the
third version of the Eating Disorder Inventory [44] were
used to measure mood intolerance (via the eight items of
the emotional dysregulation scale), low self-esteem (via the
five items of self-esteem scale), and interpersonal problems
(via the interpersonal insecurity scale and the interpersonal
alienation scale). Three subscales (i.e. personal standards,
concern over mistakes, and doubts about action) of the
Frost Multidimensional Perfectionism Scale [45] were used
to measure clinical perfectionism, as recommended [18]. In
our total sample (N = 679), just as in each diagnostic
group, the internal reliability estimates of each measure
were ≥0.90.
Statistical analyses
After re-categorizing all DSM-IV cases using DSM-5
diagnostic criteria, differences in demographic and clinical
variables between diagnostic groups were assessed by
means of ANOVA or χ2 test, as appropriate, followed by
post hoc pairwise comparisons with Bonferroni correction
if needed [46]. The appropriate measures of effect size for
continuous (partial η2) or categorical variables (Cramer’ s
ϕ) were calculated. Cut-off conventions for partial η2 are
as follows: small (.01–.09), medium (.10–.24), and large
(≥.25) [46]. Cut-off conventions for Cramer’ s ϕ (with

4

The concept of restraint has been operationalized in various ways,
frequently distinguishing the components of dietary restriction
(concrete efforts to achieve a desired weight by effecting a negative
energy balance between caloric intake and expenditure) versus dietary restraint (the intent to diet and attempts to follow dietary rules
or control intake, regardless as to whether or not such attempts are
successful) [47]. The subscale used here, coherently with the underpinnings of both CB models [6, 13], assesses dietary restraint, and
it should not be considered as a valid measure of actual caloric consumption [47].
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df = 2) are as follows: small (.07–.20), medium (.21–.34),
and large (≥.35) [46]. There were no missing data. Latent
variable structural equation modelling (SEM) was used to
examine both hypothesized CB models, depicted in Fig. 1.
It involves estimation of (a) a measurement model and (b)
a structural model while accounting for measurement
error [39]. The measurement model tests the proposed
measurement of study constructs by estimating factor
loadings between observed/measured variables and underlying latent variables (Online Resource 3), using confirmatory factor analysis. The structural model retains the components of the measurement model and tests the specified
structural relationships between latent variables (i.e. the
directional paths; Fig. 1); BMI and depression severity
(i.e. BDI score) were covariates in each structural model
and specified to predict each of the latent variables [39] in
an attempt to reduce their effects on the relationships
between the latent variables under investigation [17, 48].5
SEM analyses were performed in Mplus version 6.12 [49]
with a maximum likelihood approach (as pre-analysis of
the data did not reveal any evidence for univariate and
multivariate non-normality). Criteria for good measurement and structural model fit were as follows: Comparative Fit Index and Tucker–Lewis Index values ≥.95, standardized root-mean-square residual values ≤.08, and
root-mean-square error of approximation values ≤.06 [39,
49]. The Chi-square statistic (χ2) is also reported. To
obtain the most parsimonious and accurate representation
of the data, we planned to trim non-significant structural
paths and to add paths not originally specified
(trimmed/revised model) but that impacted the fit of the
model to the data based on the modification indices values
(MIs > 5.0) provided by Mplus [39, 49]; the trimmed/
revised models were re-examined for good fit, and the initial (hypothesized) and trimmed/revised (nested) models
were compared using the Chi-square difference test (∆χ2)
[39]. Because the original and CB-E structural models
were not nested models (i.e. hierarchically related to one
other in the sense that their parameter sets are subsets of
one another), it was not possible to use the ∆χ2 to statistically compare model fit, and therefore, we compared the
predictive utility of each CB model by examining the percentage of variance accounted for in dietary restraint and
binge eating by each model, as recommended [24, 39].
After testing the proposed measurement and structural CB (i.e. enhanced and original) models in the entire
diagnostically mixed sample, participants (N = 679) were
5

In our SEM analyses, we did not control for any other socio-demographic and clinical characteristics (i.e. age, age of onset, presence/
absence of comorbidity) though evaluated and reported in this manuscript, since preliminary analyses indicated that they were unrelated
to scales/subscales used to specify our latent variables.

grouped according to DSM-5 diagnosis, and multi-group
SEM analyses were performed to determine whether the
factor loadings and structural paths values differed or were
similar across diagnostic groups (i.e. to investigate measurement and structural invariance). Measurement and structural invariance is supported if the strength of the factor
loadings and the path estimates is equivalent across groups,
respectively. To test for invariance, constrained (i.e. measurement or structural parameters were fixed to be equal for
the groups) and unconstrained (i.e. parameters were allowed
to vary; nested) models were compared using the ∆χ2 [39];
a non-significant ∆χ2 indicates that model parameters are
invariant across DSM-5 diagnostic groups. Finally, as testing the significance of the mediation or indirect effects using
bootstrap procedure has been recommended [50], Mplus
[49] was specified to (a) create 5,000 bootstrap samples
from the data set by random sampling with replacement and
(b) generate indirect effects and bias-corrected confidence
intervals (95 % CIs) around the indirect effects when analysing the (final) structural models (Fig. 2). If the 95 % CI does
not include zero, the indirect effect is statistically significant
at .05 [50]. The type of mediation (partial or full) for each
DSM-5 diagnostic group was determined by whether or not
there was a significant direct path in (final) structural models (Fig. 2). If there was not a significant direct path, then
full mediation occurred [39, 49, 50].

Results
As can been seen in Table 1, the proportion of bulimictype EDNOS cases identified based on DSM-IV criteria
dropped from 59.5 to 29.9 % (related samples Wilcoxon
signed rank test, p < 0.001) when DSM-5 criteria were
used. Among the initial 404 DSM-IV bulimic-type EDNOS
cases, six were reclassified as BN, and 195 as BED. The
socio-demographic and clinical characteristics and differences between DSM-5 bulimic-type ED groups are summarized in Table 2.
When the measurement components of the CB-E (Model
1; Table 3) and original CB (Model 2; Table 3) models were
specified and tested, the results indicated that each model
provided a good fit to the entire sample data, and all loadings were significant. Furthermore, for each CB model the
results of multiple-group analyses revealed factor loadings
(i.e. measurement) invariance across the diagnostic groups,
as the difference in fit between the constrained and unconstrained models was non-significant (Models 3–6; Table 3).
Thus, all latent variables were adequately operationalized
(by their respective observed/measured variables) and their
meaning did not vary [39] by DSM-5 diagnosis. Online
Resource 3 provides the standardized factor loadings for
each diagnostic group.
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a

b

Fig. 2 Final a enhanced and b original cognitive-behavioural model
for the total sample (N = 679) with standardised coefficients. Ellipses
represent unobserved latent variables. The observed/measured covariates in the model (i.e. body mass index, depression severity) are estimated and depicted in the supplemental material (Online Resource

4). The values in parentheses from left to right are the path coefficients for the structural model for each DSM-5 diagnostic group in
the following order: bulimia nervosa (n = 281), binge eating disorder
(n = 195), and bulimic-type eating disorder not otherwise specified
(n = 203). * p < 0.05

Table 1 Bulimic-type eating disorder cases under DSM-IV and
DSM-5 criteria

The revised model (Model 9; Table 3) provided a significantly better fit than the trimmed model, and consequently
was retained [39]. The significant structural coefficients
from this final model are presented in Fig. 2a (for full
details regarding covariates see Online Resource 4). The
model, controlling for BMI and depression severity (i.e.
BDI score), accounted for 53.6 % of the variance in OSW,
49.2 % of the variance in dietary restraint, and 40.1 % of
the variance in binge eating. Multiple-group analyses did
not reveal structural path differences across the three diagnostic groups in the final structural model (Fig. 2a), as the
difference in fit between the constrained and unconstrained
models6 was non-significant (Models 10–11; Table 3). The
bootstrap procedure showed that all indirect effects embedded within the final structural model (Fig. 2a) were significant in each diagnostic group (Table 4).
When the structural components of the original CB
model (Fig. 1b) were specified, the results indicated that

N = 679

BN

BED

BT EDNOS

DSM-IV

n = 275 (40.5 %)

–

n = 404 (59.5 %)

DSM-5

n = 281 (41.4 %)

n = 195 (28.7 %)

n = 203 (29.9 %)

BN bulimia nervosa, BED binge eating disorder, BT EDNOS bulimictype eating disorder not otherwise specified

When the structural components of the hypothesized
CB-E model (Fig. 1a) were specified, the results indicated
that the model provided a good fit to the entire sample data
(Model 7; Table 3), and all paths were significant apart
from that from dietary restraint to binge eating (Fig. 2a).
The hypothesized model did not provide a better fit to the
data than the trimmed model, in which the non-significant
path was deleted (Model 8; Table 3). Thus, the (most parsimonious) trimmed model was retained [39]. However, from
the inspection of the MIs, we noted one un-estimated path
with a very large MI value (>5.0) in the trimmed model—
the path from dietary restraint to mood intolerance. Therefore, this path was added and the model was re-evaluated.
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6

In each model, factor loadings between the groups were held invariant [39]; however, error variances and path coefficients from the
covariates to the latent variables were allowed to vary across groups
[17, 39].
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Table 2 Demographic and clinical characteristics of the sample
Variable

Age (years)b
Age at onset (years)b
BMI (kg/m2)b
Overweight during childhood, n (%)

1. BN

2. BED

3. BT EDNOS Testa

n = 281

n = 195

n = 203

26.8 (7.8)
23.9 (9.9)
23.7 (5.9)

31.1 (10.9) 27.7 (9.8)
26.9 (11.5) 22.8 (8.3)
30.3 (9.4) 25.8 (7.0)

37 (13.2)

68 (34.9)

Comparisona
χ2

F
12.69**
9.12**
46.55**

37 (18.22)

Effect
sizea
η2

1 < 2; 2 > 3
1 < 2; 2 > 3
1 < 2; 2 > 3

ϕ

0.05
0.03
0.14

34.10** 1 < 2; 2 > 3

0.28

Gender (women), n (%)

261 (92.9) 169 (86.6) 181 (89.2)

5.40

Caucasian, n (%)

275 (97.9) 189 (97.0) 201 (99.0)

2.17

Post-high school education, n (%)

146 (51.9) 107 (54.9) 110 (54.2)

0.45

Never married, n (%)

183 (65.1) 105 (53.9) 120 (59.1)

6.22*

Employed full time, n (%)

185 (65.8) 146 (74.8) 142 (70.0)

4.46

Lifetime major depression, n (%)

140 (49.8)

78 (40.0)

85 (41.8)

6.87*

Lifetime anxiety disorders, n (%)

70 (24.9)

44 (22.6)

40 (19.7)

1.82

Lifetime substance dependence/abuse, n (%)

53 (18.9)

48 (24.6)

39 (19.2)

2.68

Personality disorder, n (%)

92 (32.7)

49 (25.1)

34 (16.7)

12.10** 1 > 3; 2 > 3

0.16

History of anorexia nervosa, n (%)

73 (26.0)
4.2 (1.1)

13 (6.7)
4.0 (1.9)

27 (13.3)
4.1 (1.8)

33.10** 1 > 2; 1 > 3; 2 < 3

0.27

0.92

3.9 (1.2)

3.7 (1.9)

3.8 (1.5)

1.01

3.7 (1.6)
19.2 (6.3)

3.2 (1.5)
18.9 (6.0)

3.5 (1.4)
2.9 (0.7)

6.28*
691.97**

1>2
1 > 3; 2 > 3

0.02
0.68

30.9 (7.4)
18.1 (7.4)

31.2 (7.9)
17.9 (7.5)

12.8 (8.9)
17.7 (7.8)

367.77**
0.16

1 > 3; 2 > 3

0.52

23.4 (9.8)

22.6 (8.9)

22.0 (8.0)

1.45

EDI3—interpersonal alienation (possible score
range 0–28)b

20.9 (9.3)

22.2 (10.4) 21.5 (9.5)

1.04

EDI3—emotional dysregulation (possible score
range 0–32)b

26.5 (8.5)

26.7 (8.4)

25.2 (9.9)

1.71

FMPS—personal standards (possible score range 25.2 (6.3)
7–35)b

24.3 (8.2)

24.7 (7.0)

0.95

FMPS—concern over mistakes (possible score
range 9–45)b

30.3 (7.1)

31.5 (9.0)

31.0 (8.4)

1.33

FMPS—doubts about action (possible score
range 4–20)b

12.9 (4.4)

12.8 (4.1)

12.6 (4.3)

0.29

BDI (possible score range 0–63)b

24.9 (13.1) 20.0 (9.5)

14.1 (7.7)

60.01**

Previous psychiatric treatment, n (%)

193 (68.7) 109 (55.9) 137 (67.5)

EDE—shape concern (possible score range
0–6)b
EDE—weight concern (possible score range
0–6)b
EDE—restraint (possible score range 0–6)b
EDE—number of objective binge eating episodes in the past 28 daysb
Binge Eating Scale (possible score range 0–46)b
EDI3—low self-esteem (possible score range
0–24)b
EDI3—interpersonal insecurity (possible score
range 0–28)b

Previous psychiatric hospitalization, n (%)

48 (17.1)

12 (6.2)

10 (4.9)

1>2

0.07

1>2

0.09

1 > 2; 1 > 3; 2 > 3 0.17
9.25** 1 > 2; 2 < 3

0.13

23.90** 1 > 2; 1 > 3

0.22

BN bulimia nervosa, BED binge eating disorder, BT EDNOS bulimic-type eating disorder not otherwise specified, BMI body mass index, EDE
Eating Disorder Examination-Interview, EDI3 Eating Disorder Inventory-3, FMPS Frost Multidimensional Perfectionism Scale, BDI Beck
Depression Inventory-II
a

Differences for continuous variables between the diagnostic groups were assessed, using analysis of variance (df = 2, 677); for categorical
variables, χ2 was adopted (df = 2)

All post hoc pairwise comparisons reported were significant at p < 0.016 (adjusted) or less. The appropriate measures of effect size for continuous [partial η2: small (.01–.09), medium (.10–.24), large (≥.25)] or categorical variables with df = 2 [Cramer’ s ϕ: small (.07–.20), medium
(.21–.34), large (≥.35)] are reported
b

Mean (standard deviation) values

* p < 0.05; ** p < 0.001

13

Eur Arch Psychiatry Clin Neurosci
Table 3 Goodness-of-fit Indices for the measurement, structural cognitive-behavioural models, and evaluation of measurement and structural
invariance (multiple-group analysis) across diagnostic groups
χ2 (df)

CFI

TLI

SRMR

RMSEA
(90 % CIs)

499.91 (303)*

0.991

0.991

0.037

40.80 (24)*

0.989

0.988

0.036

0.027
(0.017, 0.037)
0.028
(0.018, 0.038)

1,539.86 (949)*

0.991

0.991

0.037

1,499.73 (909)*

0.991

0.991

0.037

Constrained Original CB model (Model 5)

134.09 (84)*

0.989

0.988

0.036

Unconstrained Original CB model (Model 6)

122.41 (72)*

0.989

0.988

0.036

CB-E structural model and structural invariance
CB-E model (Model 7)

563.66 (329)*

0.969

0.967

0.060

CB-E Trimmed model (Model 8)

564.67 (330)*

0.969

0.967

0.061

CB-E revised model (Model 9 or Final Model)

548.64 (329)*

0.980

0.978

0.049

Constrained CB-E model (Model 10)

1,669.15 (1,011)*

0.978

0.977

0.051

Unconstrained CB-E model (Model 11)

1,642.99 (987)*

0.978

0.977

0.051

Original CB structural model and structural invariance
Original CB model (Model 12)
53.94 (32)*

0.959

0.958

0.049

0.040
(0.030, 0.050)

Original CB-trimmed model (Model 13 or Final Model)
54.92 (33)*

0.959

0.958

0.049

0.040
(0.030, 0.050)

Constrained original CB model (Model 14)

167.19 (101)*

0.957

0.952

0.052

0.045
(0.035, 0.054)

Unconstrained original CB model (Model 15)

165.18 (99)*

0.957

0.952

0.052

0.045
(0.035, 0.054)

Measurement model
CB-E model (Model 1)
Original CB model (Model 2)
Measurement invariance
Constrained CB-E model (Model 3)
Unconstrained CB-E model (Model 4)

0.027
(0.017, 0.037)
0.027
(0.017, 0.037)
0.028
(0.018, 0.039)
0.028
(0.018, 0.038)
0.040
(0.030, 0.051)
0.040
(0.030, 0.050)
0.036
(0.026, 0.047)
0.039
(0.028, 0.049)
0.039
(0.028, 0.049)

∆χ2 (∆df)

40.13 (40)

11.68 (12)

1.01 (1)
16.03 (1)*

26.16 (24)

0.98 (1)

2.01 (2)

χ2 Chi square, df degrees of freedom, CFI Comparative Fit Index, TLI Tucker–Lewis Index, SRMR standardized root-mean-square residual,
RMSEA root-mean-square error of approximation, CIs confidence intervals, ∆ difference values, CB-E enhanced cognitive-behavioural model,
Original CB model original cognitive-behavioural model
* p < 0.001

the model provided a good fit to the entire sample data
(Model 12; Table 3). However, as shown in Fig. 2b dietary
restraint did not predict binge eating, while all other specified paths were statistically significant. The trimmed model,
in which the non-significant path was deleted, did not result
in decreased model fit (Model 13; Table 3) and thus was
retained [39]. This final model, controlling for BMI and
depression severity (i.e. BDI score), accounted for 34.6 %
of the variance in dietary restraint and 0.4 % of the variance
in binge eating (for full details regarding covariates see
Online Resource 4). The results of multiple-group analyses
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did not reveal structural path differences across the three
diagnostic groups (Models 14–15; Table 3) in the final
structural model (Fig. 2b). The test of the significance of
indirect effects was not performed since the lack of the link
between restraint and binge eating precludes (Fig. 2b) the
existence of mediation [50].7
7

The results did not change when both CB models were tested separately in each DSM-5 bulimic-type ED diagnostic group. For fit of
the measurement and structural (original and enhanced) CB models,
see Online Resource 5.
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Table 4 Tests of mediation:
examination of indirect effects

Indirect path

Diagnostic
group

β

95 % CIsa

Type of
mediationb

IP → OSW → DR

BN
BED
BT EDNOS
BN
BED
BT EDNOS
BN
BED

0.14
0.11
0.12
0.21
0.15
0.19
0.36
0.28

0.088–0.212
0.056–0.194
0.095–0.179
0.140–0.255
0.077–0.222
0.120–0.240
0.281–0.444
0.197–0.305

Full
Full
Full
Partial
Partial
Partial
Full
Full

BT EDNOS
BN
BED
BT EDNOS
BN
BED
BT EDNOS
BN
BED
BT EDNOS
BN
BED
BT EDNOS
BN
BED
BT EDNOS
BN
BED
BT EDNOS
BN
BED
BT EDNOS
BN
BED
BT EDNOS
BN
BED

0.33
0.02
0.02
0.02
0.07
0.06
0.06
0.25
0.22
0.23
0.20
0.17
0.16
0.04
0.03
0.04
0.06
0.05
0.05
0.10
0.10
0.09
0.08
0.09
0.06
0.21
0.22

0.230–0.372
0.010–0.054
0.006–0.068
0.004–0.040
0.038–0.154
0.032–0.120
0.014–0.111
0.151–0.290
0.133–0.278
0.121–0.261
0.100–0.258
0.099–0.230
0.096–0.204
0.020–0.109
0.007–0.100
0.012–0.103
0.025–0.140
0.025–0.114
0.010–0.108
0.041–0.165
0.039–0.192
0.029–0.155
0.045–0.175
0.058–0.188
0.005–0.099
0.116–0.269
0.133–0.277

Full
Partial
Partial
Partial
Partial
Partial
Partial
Full
Full
Full
Full
Full
Full
Partial
Partial
Partial
Full
Full
Full
Full
Full
Full
Partial
Partial
Partial
Full
Full

BT EDNOS

0.20

0.150–0.280

Full

CP → OSW → DR

CLSE → OSW → DR

IP → CLSE → MI

IP → CLSE → OSW

OSW → DR → MI

β standardized indirect effect,
CIs bias-corrected confidence
intervals, BN bulimia nervosa,
BED binge eating disorder, BT
EDNOS bulimic-type eating
disorder not otherwise specified,
IP interpersonal problems, OSW
over-evaluation of shape and
weight, DR dietary restraint, CP
clinical perfectionism, CLSE
core low self-esteem, MI mood
intolerance, BE binge eating
a

If the 95 % CI does not
include zero, the indirect effect
is statistically significant at the
0.05
b

Partial or full mediation was
determined by whether there
was a significant direct path in
the structural model; if so, then
it would indicate partial mediation and if not, then it would
indicate full mediation

CP → DR → MI

IP → CP → OSW

IP → CP → DR

CLSE → MI → BE

IP → MI → BE

DR → MI → BE

Discussion
The present study aimed at evaluating and comparing in a
large sample of individuals with DSM-5 bulimic-type EDs
the original and enhanced CB maintenance models upon
which the versions of the CBT (original vs. enhanced)
are based. We found that the following: (a) interpersonal
problems, clinical perfectionism and core low self-esteem
were associated with greater OSW, which, in turn, was
associated with increased dietary restraint; (b) there was a
direct path from interpersonal problems to the other three
maintaining factors, as well as from core low self-esteem

to mood intolerance; (c) increased clinical perfectionism
was associated with increased dietary restraint, whereas
increased interpersonal problems and mood intolerance
were associated with increased binge eating; (d) dietary
restraint only indirectly affected binge eating through
mood intolerance; (e) differences across DSM-5 diagnostic groups (i.e. BN, BED, and bulimic-type EDNOS) on the
strength of the associations among the CB and CB-E latent
variables were not observed (Fig. 2 and Online Resource
4); and (f) although both CB models fitted the data well,
the CB-E model fitted the data even better and accounted
for a greater proportion of variance in dietary restraint and
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binge eating than the original model. This last finding supports our hypothesis and suggests that the added hypothesized maintenance variables in the CB model improved its
explanatory utility.
The direct path from interpersonal problems to the other
three maintaining factors, and the results regarding how
each maintenance factor is inter-related with each other,
as well as their associations with OSW, all are in accordance with previous findings across individuals with different DSM-IV ED diagnosis, included individuals with
threshold and sub-threshold AN [15], and together provide
support for the trans-diagnostic nature of the maintenance
factors as they pertain to OSW [7, 12, 13, 23]. The finding
indicating that clinical perfectionism, interpersonal problems, and core low self-esteem impacted dietary restraint
through OSW, highlights the importance of dysfunctional
cognitions amongst bulimic-type ED patients and are consistent with CB-E theory and past research [8, 13, 17–20,
48, 51]. Furthermore, the multiple mediating effects of the
maintenance factors presented in Table 4 seem to expand
on the extant literature indicating that low self-esteem,
clinical perfectionism, and mood intolerance are present in
bulimic-type ED patients at various levels [15–20, 48, 52],
as they contribute to gaining insight into how these factors
act in several ways to maintain the OSW and disordered
behaviours.
While clinical perfectionism was the only maintaining variable directly linked to dietary restraint, interpersonal problems and mood intolerance were directly linked
to binge eating, emphasizing the direct key role that both
factors may have in its occurrence [11, 21, 22, 44, 48, 52,
53]. The positive and significant relationships between
mood intolerance and binge eating are in accordance with
CB-E model, which postulate that binge eating has a regulatory function and occur in an attempt to reduce the negative affective states [13]. However, in the current study,
there was no direct relationship between dietary restraint
and binge eating. This finding, as well as the evidence that
interventions for binge eating that do not focus on reducing OSW and/or dietary restraint (i.e. interpersonal therapy, dialectical-behaviour therapy) decrease binge eating
relative to assessment-only control conditions [1, 2, 11,
54, 55], seems incompatible with the theoretical assertion
of both CB models, i.e. OSW affects binging indirectly
through increasing the likelihood of dietary restraint [6,
13]. Although there is evidence that initial dietary restraint
levels predict future onset of binge eating among asymptomatic individuals [24, 56, 57], as in this study, prior
research using clinical interviews or ecological momentary
assessment failed to support the dietary restraint–binge
eating relationship among bulimic-type ED patients [9,
58–60]. Although, the impact of dietary restraint on binge
eating deserves further elucidation, the direct paths from
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interpersonal problems and mood intolerance to binge eating lend some credence to scholars’ suggestion that factors other than restraint may play a more critical role in
the maintenance of binge eating among clinical samples
[21, 47, 48, 54, 55], and highlight the importance of their
inclusion in the CB-E theory, assessment, and target [12,
13, 21, 23, 28]. Moreover, the present study indicated that
the dietary restraint–binge eating relationship is fully mediated and explained by mood intolerance. Although this
indirect effect was unexpected, it appears consistent with
findings from studies indicating that dietary manipulations
that transiently deplete tryptophan levels (and consequently
5-HT synthesis in the brain) contribute to dysphoric mood
in bulimic-type ED subjects [61, 62], increasing the likelihood that an individual might binge eat to relieve dysphoria [21, 22, 48, 60, 61]. Furthermore, based on the results
of neurobiological, molecular-genetic, and brain-imaging
studies, Steiger and colleagues [63] postulated that factors
affecting 5-HT functional activity may indirectly influence susceptibility to binge eating by heightening affective
instability. Abnormal 5-HT status in subjects with bulimictype EDs may represents the cumulative effects of chronic
dietary restraint [64–66], an inherited disposition, the consequence of exposure to intense developmental stressors,
and traumatic experiences, and/or their combination [63].
Thus, a better understanding of the underlying serotonergic
susceptibilities may explain heterogeneous clinical manifestations within the bulimic-type ED population and help
clinicians to select the most appropriate treatment [63].
For instance, people with bulimic-type EDs whose variations in 5-HT status are mainly secondary consequences
of dietary attempts may have relatively focal treatment
needs (i.e. eating-symptom-focused therapies, such as the
original version of CBT). However, different clinical pictures need to be considered. bulimic-type ED patients
may benefit from more elaborate forms of interventions,
such as the CBT-E [7, 12, 13, 27], in case of more severe
5-HT abnormalities [63], and particularly if they are at
least partly linked to affective instability mediated by 5-HT
functioning or severe developmental disruptions that can
affect both 5-HT functioning and affective instability [63].
Apart from the biological perceptive, cognitive factors may
also play a central role in understanding the nature of the
association between dietary restraint and binge eating. For
instance, according to the abstinence violation effect (AVE)
model, the inevitable violation of strict and inflexible dietary rules is thought to activate all-or-none thinking (e.g.
perfect restraint vs. complete failure) [67]. This “dichotomous” thinking style, which is common among people who
binge eat and addressed within CBT and CBT-E [7, 13], is
believed to heighten negative mood and disinhibit attempts
to control what one eats [47, 67]. Support for the AVE has
been observed among binge-eaters [68, 69]. Furthermore,
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longitudinal investigations amongst asymptomatic individuals revealed that the emotional distress caused by repeated
perceived dietary failures increases mood deflection, which
in turn results in increase binge eating [48, 57].
One of several changes to ED diagnoses that the APA
Task Force made in DSM-5 [30] to decrease the preponderance of the EDNOS category [29, 32] was the recognition
of BED as a formal ED. When the DSM-5 criteria were
applied to the current sample, the proportion of bulimictype EDNOS cases identified based on DSM-IV [31] criteria was reduced by 29.6 %; this reduction was due primarily to the reclassification of individuals into the BED
diagnostic category. In sharp contrast to other ED diagnoses, the DSM-5 diagnosis of BED [30] does not include a
criterion pertaining to body image, probably because of the
belief that shape and weight concerns may simply reflect
the (over)weight problems of BED patients [70]. However,
research indicated that individuals with BED consistently
described themselves as fatter than healthy controls
matched for BMI, and their shape and weight concerns
decrease as binge eating frequency decreases, even when
BMI does not change [70]. The notion that body image
concerns might be a clinical feature of BED is further supported by emerging research indicating that: (a) BED
patients, as compared to normal-weight, overweight, and
obese controls, have significantly greater shape and weight
concerns, as well as greater eating-related psychopathology
and psychological problems, including greater levels of
depression and lower core self-esteem [71]; (b) greater
body image concerns are predictors of poorer post-treatment outcomes, regardless of the specific type of treatment
for BED [72], [70]; (c) BED patients report greater levels
of shape and weight concerns than non-eating-disordered
psychiatric controls [71]. The current study also provides
evidence that shape and weight concerns are relevant in
BED as in the other bulimic-type ED diagnostic groups
(Table 2), as the differences across DSM-5 diagnostic
groups, were minimal and not significant.8 Based on the
emerging empirical evidence summarized above and
because the absence of a feature reflecting a disturbance in
body image for the BED diagnosis casts this ED merely as
a behavioural overeating construct, scholars have suggested
the routine assessment of shape and weight concerns during clinical practice, as well as the incorporation of body
image disturbance in the diagnostic scheme for BED in
future DSM revisions, either as an individual criterion or as
a diagnostic specifier (i.e. a sub-category within a diagnosis
that assists with treatment matching and/or prediction of
8

The significant group differences associated with body image concerns persisted even after adjusting for significant group differences
in BMI, age, and depression levels; these are available from the corresponding author upon request.

treatment outcome) [70, 71]. Although much research is
still needed, a similar change would be consistent with a
‘‘trans-diagnostic’’ view of EDs [13], in which body image
disturbance would be a core diagnostic feature of all EDs.
Apart from body image concerns, the preliminary evidence that all diagnostic groups report comparable scores
in all measures used to assess the four maintaining factors (incorporated in the CB-E model) supports the suggestion that intrapersonal problems, core low self-esteem,
clinical perfectionism, and mood intolerance are related to
all bulimic-type EDs without differences at the diagnostic level [13, 15, 17, 36]. On the other hand, differences
between BED and the other bulimic-type ED diagnostic
groups were also observed (Table 2). Prior research comparing individuals with provisional DSM-IV BED to either
DSM-IV BN purging or non-purging subtypes found significant differences in both current (age, BMI, and dietary
restraint at the time of the assessment) and age-historical
variables (age of onset) [73–75]. The same pattern was
observed in this study using DSM-5 criteria, although the
magnitude of the differences was less prominent, and the
mean of some of the variables measured at the time of the
assessment is higher (i.e. dietary restraint), or lower (i.e.
BMI) that one might generally expect for the BED group
[73]. Nevertheless, the variability of both current and agehistorical variables within BED population is well documented [73, 74], and mean values of both dietary restraint
and BMI for BED cases are quite close to those observed
in other clinical studies [76, 77], [73]. Since the mean age
of our BED participants at the time of assessment is consistent with that reported in several Italian studies [76, 78],
but lower than that of American studies (ranging from 38
to 48 years) [73], the possibility that Italians with BED
are less tolerant of their overweight condition [78, 79] and
thus seek treatment more often than their US counterparts
should not be ruled out. However, future studies are needed
to corroborate this hypothesis.
To our knowledge, this was the first study evaluating
the impact of DSM-5 diagnostic criteria in a large treatment seeking sample for bulimic-type EDs, examining
and comparing both the original and the enhanced CB
models and, at the same time, testing the measurement
and structural invariance and the significance of their
proposed indirect effects. There are, however, a number
of limitations that must be considered. First, despite the
sophisticated data analytic procedures used in the present study, the findings need to be interpreted with caution, as, the cross-sectional nature of our data precludes
any firm conclusions about the sequence of model variables and does not allow examination of causal relationships and feedback maintenance loops within the model
(i.e. if binge eating encourages dietary restraint) [57, 80].
Empirical testing of these feedback loops would need an
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enhanced experimental and longitudinal design [39, 57,
81]. Second, although the inclusion of semi-structured
interviews would reduce social desirability, the use of
self-report measures of some constructs of interest does
open results up to these known biases; thus, replication
with other methods of data collection (e.g. ecological
momentary assessment) would be beneficial. Finally, as
noted, we just re-categorized bulimic-type EDNOS cases
previously diagnosed under DSM-IV criteria. Although
the same or a similar procedure had been performed by
previous research [3, 34, 35], it should be noted that participants were not interviewed again and we only relied
on notes made during the previous clinical interviews
[37, 38]. Overall, the results suggest that the four added
hypothesized maintenance variables in the CB model
improved its explanatory utility amongst bulimic-type ED
patients. Assessment and target of the additional maintenance factors proposed by the CB-E theory may result
in improved treatment outcomes amongst patients with
bulimic-type EDs who, along with the specific dysfunctional cognitions and behaviours, show significant clinical
perfectionism, core low self-esteem, interpersonal problems, and mood intolerance.
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